1. Introduction

1.1 Background information

Finger millet Eleusine coracanais the fourth most important food crops of Nepal.
is a vital crop for mid-hills where it is commordyown as a relay crop in maize/millet
system and as a mono crop in the hilly areas ofwastern region. Finger millet
occupied 265,496 ha of land and produced 291,098 the productivity of 1,096
kg/ha (NARC, 2010). Use of microorganisms in prepgafoods from locally available
plant and animal materials is a traditional practisince pre-historic times.
Development of spontaneous food fermentation wamsgsily governed by climatic
conditions, the availability of typical raw matdsasocio-cultural ethos, and ethnical
preferences.

Fermented foods are defined as foods that have sadgacted to the action of selected
microorganisms or enzymes by which a biochemicafiy organoleptically modified
substrate is produced, resulting in an acceptabbelyst for human consumption.
Growth and activity of microorganisms play an esisénole in biochemical changes in
the substrates during fermentation. Traditionainfemted foods are generally nutritious
and form the basic components of the diet as staplienct, condiment and beverage,

providing calories, proteins, vitamins, and mingital the people (Tamang, 1998).

The food is considered fermented when one or mbits oonstituents have been acted
upon by microorganisms to produce a consideraligred product acceptable for
human use. Steinkraus (199¥fined fermented foods as the food substancesatbat
overgrown by edible microorganisms whose enzymealdhyze the polysaccharides,
proteins, lipids to non-toxic products with attiget flavor, aroma, and texture.
Preparation of fermented foods and beverages iegotechnology from the most
primitive to the most advanced, and achieving aoumsling range of sensory and
textural qualities in the final products. While ma$ these fermentations remained at
household arts, others have achieved massive cari@hepplication and play a
significant part in most national economies. Aktlsdermentations have been classified

as indigenous, native to a country or culture.

Alcoholic beverages have played an important neleuman spiritual and cultural life
both in eastern and western society. Most Asiam belzes rice with molded starters.
The industrial development of indigenous fermentedds and beverages can be



divided into four areas: raw material developmstdrter culture development, process
development and finished product development. Inymeveloped countries and even
in some developing countries, their important ietigus fermented foods have been
well investigated and statistical data on produxgtioonsumption, impact on socio-
economy, biochemistry, nutritional profile, prodoct method etc. are available.

However, in Nepal many indigenous fermented foadsyat to be investigated.

Several traditional fermented foods and beveragespeoduced at household level.
There are many regional variations to the produciwd each fermented products.
Fermented foods make up an important contributionthe human diet in many
countries because fermentation is an inexpenssientdogy that preserves food and
improves its nutritional value and sensory progsriiMurty and Kumar, 1995). The
South African Council for Scientific and Industridesearch (CSIR) was tasked with
developing the brewing of sorghum beer to an indaldevel in 1954. This lead to the
development of the industrially produced sorghunerbépaque) that now well
described and industrialized in South Africa, Baisa& and Zimbabwe (Gadagaal,
1999).

Fermentation of cereals leads a decrease in tle¢ dé\carbohydrates as well as some
non-digestible polysaccharides. Certain amino acitsy be synthesized and the
availability of B- complex vitamins may be improveBermentation also provides
optimum pH conditions for enzymatic degradationpbiytate, which is present in
cereals in the form of complexes with polyvalentiar@s such as iron, zinc, calcium,
magnesium, and proteins. Such a reduction in phytady increase the amount of
soluble iron, zinc, and calcium several folds. Femtation significantly improves the
protein quality as well as the level of lysine iaize, millet, sorghum, and other cereals
(Hamad and Fields, 1979). During cereal fermematigeveral volatile contribute to a

complex blend of flavors in the product (Chavan Kadam, 1989).

In Nepal, the history of alcoholic beverages ddbesk to ancient times. These
technologies were developed by ethnic groups wbdkebrating various festivals,
feasts and settlement of marriage (Regmi, 20078. Kitowledge of home brewing has
been handed down from generation to generationowittknowing science and
technology. In fact, the exact nature of fermentatis still not fully known to them.
Among the various fermented foodand, toongba nigar, hyaun thonandraksi are

the major alcoholic beverages traditionally predasmad consumed in various parts of



Nepal. Murcha (a traditional alcoholic fermentation starter) necessary for the
preparation of these beverages in Nepal, some péarisdia and China. Traditional
alcoholic beverages have strong ritual importanu# @ae deep-rooted in the cultural
heritage of the various ethnic groups of peopleid@activities require provision and
consumption of appreciable quantities of alcohbkwerages by thematwali (alcohol
drinkers of the non-Bramnin Nepali community modtlgnbu, Rai, Gurung, Tamang,
Sunwar, Newar, Sherpa)andandraksi are essential to solemnize marriage ceremony
of non-Bramnin Hindu Nepalese and the Bhuddhiftesi Fermented beverages are
offered to perform theitri puja or kul puja (a religious practice to pray family God and
Goddesses). Among theepchatribe, mong chegfinger millet jand) is essential to
perform various cultural functionsToongba and rice-maderaksi are among the

important materials to perform the ritual practiéehe Limbu calledonsin mundhum

In East African countries, among other uses, miiehalted and used to brew various
traditional beers (Ekundayo, 1996). Malting is siynp biochemical modification of
the grain to produce malt that has enhanced raridti quality compared to normal
grain. During malting, the grain develops amylaynzymes, which hydrolyze starch
to fermentable sugars. Some advantages broughtt dipumalting include the
improvement of grain nutritional quality by reduginthe antinutritinal factors
responsible for poor digestibility and increasiradgpability of the grains. Use of millet
to replace extensive imported barley malt in brgmmras been tried (Skinner, 1976;
Nout and Davies, 1982). Sorghum has substitutedyaralt in the production of lager
beer in Nigeria. The malting of finger millet ispgrior to other millet and is ranked
next to barley (Malleshi et al., 1986). Tayler al. (2006) also reported that finger
millet malt has a higher level gfamylase activity than that of sorghum and much les
than that of barley. Millet in the form of malt ppobably a much better option than

using unmalted grain as adjunct in brewing (Tay2909).

In many countries, millet has been used succegsé@dl a substitute for barley, for
instance, finger millet has been used in the E&sta\(Kenya) and in India as a major
ingredient in the traditional manufacture of matical maltsters and brewers in Kenya
claim that millet malt is preferred locally becausfets higher enzymatic activity and
flavor (Nout, 1981). Millet is also a good sourdeze andg-amylases and malted millet
is extremely used in weaning, infant, and suppldéargrfood formulations (Malleshi,

2005). Pearl millet is widely home malted in suth&an Africa for small scale



brewing of traditional African beer. A small amousindustrially malted in Zimbabwe
for producing commercial opaque beer (Pelengbeal, 2004). Finger millet is

important millet and its malting has been practibeth at home and industrial levels in
India and in some of the African countries (Ravargr1991). Malted ragi flour or
extract derived from it is extensively used in fireparation of weaning and infant

foods, beverages or other pharmaceutical prepasafdarayanaswanst al, 1971).

1.2 Problem statement

Notwithstanding the aforementioned scope, traditiofood fermentations are not
without shortcomings. Indigenous fermentationsuareontrolled and often unhygienic,
labor intensive, primitive, and normally not intatgd into the economic mainstream.
Moreover, they have limited export potential and, Some cases, the impact of
fermentation on nutritive value and safety is questble. The microbiology of many
indigenous fermentated foods is undoubtedly quteglex and in many cases specific
information on microflora involved appears lackingurther research should be
directed towards identifying the benefits and riaksociated with specific indigenous
fermented foods and elucidating the contributiohgnicroorganisms, enzymes and

other food constituents in the fermentation proeess

Tribal brewing process lacks scientific backgrourSiesme forms of improvement are
imperative to transfer household brewing art in thedern industry. The following

requirements for industrializing traditional bregitechnology can be suggested:

» Scientific knowledge of the basic raw materials

» Scientific production process and quality managedragsiem

* High production rate machinery of hygienic design

* Hygienic packaging and distribution system withc@gleattention being paid to the
shelf life.

In tribal cereal-based alcoholic fermentation, itiadal fermentation starters are used
as the starter culture. The starters are mixedumadt of a wide variety of
microorganisms. Eventually, the use of such strtierquently leads to inconsistent
product quality resulting in the loss of money ayubdwill. Failure to adopt hygienic
practices and controlled cultural and fermentattonditions (pH, temperature, etc.)
makes the problem further worse. Although theskrtelogies are primitive, they have

played a major role in the socio-economic condgioh Nepalese people, especially in



hills. Such technologies are also receiving renewserest from the scientific
communities because indigenous foods are intimats$pciated with our identity and
survival. Hence, efforts expended towards the dgreknt of indigenous foods are

imperative.

In traditional method of cereal fermentation, &k tprocedures are followed as a code
of practice under ambient conditions. Sanitary dims are not strictly maintained.
The use omurchameans the use of mixed micro-flora where the pcbduality never
comes out to be uniform. Moreover, there will beegual chance of being success or
failure in obtaining a sound product. The use okedi microflora may produce
different metabolites that ultimately affect theatity of the end productMurcha may
vary in types and concentration of microflora thegy result in inconsistent and poor

quality products.

Although the technology of cereal fermentation haen known since antiquity in
Nepal, its production is still limited to home biieg scale. No consolidated efforts
have been made to commercialize traditional aldohmverages. One of the major
factors in hindering its development is the lowopty given to the research and
development in our country. Japanese sake, whichanmaaditional product once, has
now been commercialized and marketed worldwide. foueapid urbanization, many
of the indigenous practices in developing countaes on the verge of extinction.
Awareness on indigenous knowledge is likely to hetpserve the identity of local

communities.

A significant number of researches and reviewsnarcha and similar amylolytic
fermentation starters are now available (Bhatra &fiiner, 1974; Karki, 1986;
Gautam, 1987; Verma, 1991; Shrestbiaal, 2002; Shrestha and Rati, 2003; Dwatg
al; 2007; Tsuyoshet al, 2005). These works, however, appear to be ldriteeither
simple description or isolation and identificatiohmurchg or assessment of brewing
value of murcha. Study on the preparation of fermentation starteing isolated
cultures and physico-chemical and microbiologichhracteristics of the prepared

product using the defined starter are relativerse.

Improvement on the traditional cereal fermentatalhrequire certain scientific inputs.
Thus, at a time when improvement of traditionahtemogies is being recognized as a
powerful alternative to socioeconomic empowermanhe underdeveloped countries,

research on indigenous starters suchmascha is essential. Fermentation starters



similar to murcha are found in many Asian countries. As a result efies of
researches, many of them, for instance ChicbseKoreannuruk Malaysianragi and
Japanesdoji, have now evolved as commercial commodities. Thémgess contain
yeasts, molds, and lactic acid bacteria and are fase¢he preparation of a wide variety
of cereal based alcoholic beverages. A criticalw@ Nepalese traditional alcoholic
cereal fermentation reveals that the productiortgsses are laden with problems. The
problems can be considered in the categories alugtamn environment, microbiology,
process control, and nutritional and toxicologsialtus.

1.3 Significance of the study

Grains such as finger millet, broken rice, low dyalmaize, etc., are normally
considered inferior for food use, but can be usedafcoholic fermentation to produce
product of preference. The spent grains obtaineer dhe preparation of alcoholic
beverages can be utilized for cattle feed. Thugatdermentation can become a viable
option for the rural mass if adequate attention ewgiven on its promotion,
development, and standardization. The preparatiomomnemade beerjahd) and
whisky (raksi) is mainly the business of women and it has playetgnificant role in
gender empowerment. It is a traditional work depebb into a new economic
opportunity with market demands in the peri-urban arban areas. The indigenous
skill of brewing can be regarded as a human caitddstantiated as a key to successful
livelihood diversification of the poor and margim@mmunity. Such income generating

capabilities of women also help improve the cam murtritional status of children.

Several traditional fermentation technologies fraksian and Africa have been
upgraded to high technology production system bezaf the continual efforts on
research and development. Their experience can dsel @o upgrade Nepalese
indigenous fermented foods and beverages. The aaweint of appropriate
technologies aimed at upgrading the quality of Negemfoods will be indispensable for
the growth and survival of cottage level food femta¢éion businesses. The use of
defined fermentation starter to carryout fermentathot only ensures safety of the
product, but one can also incorporate desirabldiptic flora into the product. The
fermentation not only enriches the diet throughelilggment of flavor, savory, and
taste, but also improves the substrate biologioalty protein, essential amino acids,

essential fatty acids, and vitamins status (Steunr1995).



Development of stable fermentation starters willaneattractive proposition for use in
small-scale food fermentation. A good defined starhay reduce fermentation time,
minimizes dry matter losses, avoid the growth oflagirable microorganisms that
causes off-flavor in the product. In the exercise upgrading traditional food

fermentation technique, it would, therefore, be twahile to investigate the effect of

inoculum enrichment on product characteristics.

In many countries, millet malt has been successfudied as a substitute for barley
malt, for instance, finger millet in East Africacaindia (Nout, 1981). However, works

related to the malting of finger millets are scamtdNepalese context. In Nepal, there
are five breweries in operation at present and yredabout 500,000 hL of beer
annually utilizing about 7,000 MT of barley malathare imported from abroad. This
proves that about 3,000 m Nepalese rupees (40 nj $S%eing spent to purchase
barley malt annually. Finger millet malt, if sultsted to barley malt, partly if not

totally, could help to reduce the overflow of a Bugepali currency, thereby making
benefit to both industrialists and farmers. Moregowe the developing countries, today
there is a growing demand for gluten-free food baderages from people with celiac
disease and other intolerances who cannot eat giodiom wheat, barley or rye

(Fasano and Catassi, 2001).



2. Objectives of the study

In Nepal, finger millet is extensively used to paep alcoholic beverages using
traditional fermentation starter and studies relate its commercialization through
product development are scarce. Therefore, theab\adsjectives of this study were to:

1. improve the safety and wholesomeness of fermeniggif millet through the
use of defined alcoholic fermentation starter, and
2. study the malting characteristics of Nepalese fingdlet varieties with the

view to determining their suitability in brewingger beer.
The specific objectives of this study were to:

1. prepare defined cereal-based alcoholic fermentatiarer using pure culture of
yeast and mold,

2. study the effects of fermentation containers amwd maaterials on the chemical
and sensory quality of fermented cereals,

3. investigate the effect of semi-solid state fermeomtaon the chemical and
sensory quality of fermented millet,

4. clarify finger millet jand using different fining agents and to investigdte t
effect of clarification on the chemical and orgaptic quality of the millet
jand,

5. study the storage stability of fermented millet@im temperatre,

6. compare the chemical and sensory quality of fingélet fermented by using
defined starter and traditional starterurchg,

7. study the effect of finger millet varieties and m@ration time on the enzymatic
activities and chemical properties of their malrasts,

8. investigate the effect of malt kilning temperatoreenzyme activity of malt,

9. compare among different methods of finger millettmzashing,

10. study the effects of gibberellic acid treatmeniuitiet malt quality,

11.optimize the mashing process for finger millet masing response surface
methodology, and

12.analyze chemical, physical and sensory charadteriet the finger millet and

barley beers.



3. Literature Review

3.1 Introduction to millet

The term “millet” is used for several small seedethual grasses that are of minor
importance in the West but a staple in the diet&\fotan and Asiatic people (Casey
and Lorenz, 1977)Five types of millets are common: common mill&agium
miliaceun), foxtail millet (Setaria italicg, finger millet Eleusine coracana pearl
millet (Pennisetum typhoideynand barnyard milletEichinochloa frumentacéaIn
many part of the Asia, finger millet is often caleied an antidiabetic food. It is
believed to contain less carbohydrate and morer fthan other common cereals
(Ravindran, 1991).

Finger millet was domesticated in Africa some 396@ars ago and in the same period it
was introduced into India. Finger millet, also kmoasragi in India, is another staple
food in Eastern Africa and in Asia e.g. India, Niefha&eder, 2004)Africa is the centre

of origin and still today the major producing area several cereal crops, notably
sorghum, various millet spp., and African rice. 3&¢raditional crops have been called
‘orphan crops’ or even ‘lost crops’. Finger milletamed so because the plant head
resembles the fingers of the hand, is widely cated in East Africa. It has some
potentially very useful characteristics with redpecbrewing. Research has shown that
like sorghum, some finger millet species contaimdemsed tannins. Malts of the
tannin-containing varieties have quite high diastpbwer; especially th@-amylase

activity of these types is much higher than in karg (Tayloret al, 2006).

Millet is a grain that has often been associateith iood but it has a whole host of
nutritional benefits for people as well. Nutritishimay recommend millet if one suffer
from asthma, migraines, or thyroid problems. Miletsmall, round in shape, and can
be white, grey, yellow, or red. It is a tasty graiith a mildly sweet, nut like flavor. It
is rich in fiber, B-complex vitamins (such as nigcthiamine), lectin, and contains
some vit. E. Millet is also high in minerals sughieon, magnesium, phosphorous and
potassium (Ravindran, 1991).

In Nepal, finger millet, locally called a®dois consumed generally by a small segment
of the population in the form of dumpling, porridgadroti. The production of paddy,
maize, millet, wheat and barley in Nepal in thery2@08/09 B.S. were 45,23,693; 19,
30,669; 2,92,683; 13,43,862 and 23,224 metric empectively www.moac.gov.np
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In recent years, finger millet has gained imporéahecause of its nutritional strengths
in terms of dietary fiber, functional fiber, an@usth pattern as well as high calcium and

iron contents.
3.2 Chemical composition of finger millet

3.2.1Proximate composition

The average crude protein (% db), moisture (% wtde fat (%, db), crude fiber (%,
db), ash (% db) and total carbohydrates (% db)erdstwere 9.8, 12.40, 1.6, 4.3, 2.8
and 81.5 respectively in three Sri Lankan fingeHanivarieties. Its crude fiber and
mineral contents were markedly higher than thosehafat (1.2% fiber, 1.5% minerals)
and rice (0.2% fiber, 0.6% minerals); its proteimswrelatively better balanced; it
contained more lysine, threonine and valine thdmermillets (Ravindran, 1991). The
range of protein content in finger millet has beeported to vary from 5.6 to 11.8%
(Deosthaleet al., 1970; Pore and Magar, 1977). Protein content geNan millet was
reported to be 11.7% (Iwuagwu and lzuagbe (1986koAding to McDonouglet al
(2000), the protein content in finger millet rangedm 4.9 to 11.3%. USDA (2007)
reported that protein (%), carbohydrates (%),(%&), crude fiber (%), ash (%) and
calcium (mg %) contents in finger millet (12% maigt content basis) were 7.3, 74,
1.3, 11.7, 2.6 and 358 respectively.

Protein, carbohydrate, fat, crude fiber, and miherater contents in finger millet were
7.3, 72, 1.3, 3.6 and 2.7% respectively. Similadgicium and phosphorus contents
were 344 and 283 mg% respectivehit://www.hesco.in/ecofood.phpaccessed on

July 30, 2011) According to Leder (2004) proteiat, fcarbohydrate, crude fiber and
ash contents in finger millet were 6.0, 1.5, 75, &d 2.6 g/100 g edible portion at 12

% moisture content basis. According to Obilana &mginyasa (2002), the major
nutrient contents in finger millet grain were 12%isture, 74% carbohydrate, 7.3%
protein, 1.3% fat, and 2.6% ash. However, fingeltetnalso has a higher content of
antinutrients, such as phytic acid (0.48%), thatdbdivalent cations and tannins
(0.61%) which complexes proteins and carbohydratiesteby decreasing nutrient

bioavailability and present grounds for concerngt@et al, 1977; Ravindran, 1991).
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Table 3.1 Proximate composition, vitamins and minerals cosiijoon of finger millet

Constituent Content (db) Constituents Content (db)
Protein (%) 12.0 Vitamins (mg/100 g)

Eather extractable lipids (%) 4.7 Thiamin 0.19620.
Fiber (%) 11.3 Niacin 0.13-25
Carbohydrates (% by diff.) 67.0 Riboflavin 0.06 A®
Mineral matter (%) 5.0 Minerals (mg/100g)

Calcium (mg/100 g) 56 Calcium 220 - 855
Phosphorus (mg/100 g) 32 Phosphorus 131 -904
Iron (mg/100 g) 7 Iron 6.4-15
Thiamin (mg/100 g) 0.45 (Source: Hulseal, 1980)

Source: Matz, 1991)

3.2.2 Phytic acid content

Phytic acid is present in grains and seeds of teriegumes, oilseeds, and nuts as the
main phosphorus storage form. At pH values normadigurring in foods, as well as
under physiological conditions, phytic acid is niagady charged and has the potential
to bind cations or other positively charged funatibgroups of molecules. The average
phytic acid content in three Sri Lankan finger stilvarieties was 0.48% db. The
average percentage of the phosphate present phttie acid form in finger millet was
60%. For this reason, though the phosphate coofanillets is high, its availability at
the absorption level would be low (Ravindran, 19jetary phytic acid has been
reported to inhibit intestinal absorption of cemtdivalent minerals such as Ca and Mg,
limit protein and starch digestibility, hinder mmaé bioavailability and inhibit

proteolytic and amylolytic enzymes (Odeoemelan@sd, 2009).

Mean phytate P content in 3 hill region Indian &ngnillet varieties was 224.6 mg%,
while those of 7 base regions Indian finger milat. was 194.9 mg% (Wadikat al.,
2006). Udayasekhara and Deosthale (1988) havetegpan average phytate content of
188 mg% in colored finger millet variety. Phyticidacontent of few Kenyan finger
millet var. ranged between 851.6 — 1419 mg% (Makadthal, 2002). According to
Leder (2004) phytic acid content in several fingeitlet ranged from 208 to 246
mg/100 g.

11



3.2.3 Minerals

Sripriyaet al. (1997) reported that calcium, phosphorus, iroppes, manganese, and
zinc contents in finger millet (Co-13, brown vangre 340.15, 276.41, 5.61, 0.54, 3.58,
and 2.23 mg/100 g dm respectively. Finger millethe richest source of calcium
among cereals, of which only 162 mg/100 g is abélan human body in native millet.
They reported that germination was more effectivincreasing the bioavailability of
Ca, P, and Fe.

The average major minerals viz., K, Na, Mg, Ca, Bndontents in three Sri Lankan
finger millet finger millet varieties were 0.57,0d, 0.13 0.24 and 0.24 % m/m (db)
respectively. Similarly, average trace minerals,vizn, Zn, Cu, and Fe contents were
5, 2, 4 and 5 mg/100 g dm respectively (Ravindi®&91). Calcium and iron contents
in ragi varieties have been reported to be 220 6- &% 3 — 20 mg% respectively
(Balakrishna Raet al.,1973). Makokhaet al. (2002) reported that Mn, Fe, Ca, Na, K
and Mg contents in four Kenyan finger millet vaanged from 3.7 — 121.3; 1.9 — 4.6;
26.6 — 132; 274 — 380.6; 391.1 — 489 and 128 -317@/100 g dm respectively. They
also reported that natural fermentation of fingeaflen resulted in an increase in

availability of iron, manganese, calcium, and magna.

US NRC (1996) reported that calcium, chlorine, @ppodine, iron, magnesium, and
manganese contents in finger millet grain were 388, 0.5, 10, 9.9, 140 and 1.9
mg/100 g respectively. Samantray al (1989) has reported the following mineral

contents in different finger millets and their nsa[Table 3.2).
3.2.4 Tannin and oxalate

The range of tannin content in nine Nigerian millatieties was from 0.48 to 0.53%
(Odoemelan and Osu, 2009). Tannin content in brivger millet variety ranged from
0.35 to 2.39% (Udayasekhara and Deosthale, 198®)tannins reduce the nutritional
quality of foods as they can bind both exogenouws emdogenous proteins including
enzymes in the digestive tract, affecting the zdiiion of proteins (Asquith and Buttler,
1986). The average tannin content in three Indidndgions finger millet was 0.34%
as tannic acid, while those of base region severwas 0.53% (Wadikaet al, 2006).
Total and water-soluble oxalate contents in thnee.&kan finger millet varieties were
29 and 15 g/100 g dm respectively (Ravindran, 1991)
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Table 3.2Mineral contents in different finger millets arteeir malts

Contents (mg/kg)

Minerals Millet Malt

1. Copper 9-10 7-9

2. Magnesium 1.9-29 25-28

3. Iron 0.2-20 0.2-0.45

4. Zinc 23 -50 33-37

5. calcium 54-6.2 8.6-8.8

6. Potassium 4.8-6.0 3.3-3.9

7. Sodium 0.09-0.14 0.16 - 1.15
8. Sulphur 16-19 15-1.8

9. Phosphorous 0.15-0.406 0.25-0.775

(Source:Samantraet al,, 1989)

3.2.5Total phenolics

According to Odoemelan and Osu (2009) the mear pitanolics content in nine
Nigerian millets was 2.4%. Polyphenols are knownntabit the activity of digestive
enzymes such as amylase, glucosidase, pepsinintrgpd lipases and the subject has
been studied extensively (Rohanal, 2002). Synergy between phenolics may play a
role in mediating amylase inhibition and therefbeere the potential to contribute to
the management of type Il diabetes mellitus, whilcharacterized by high blood
glucose level (Saitet al, 1998). Polyphenols may act as inhibitors of asgland

glycosidase leading to a decrease in post-prahg@rglycemia (Bailey, 2001).

Phenolic compounds, present in all plants are @atgimportance for food and
beverages derived from plants, since these compowmd responsible for their
organoleptic properties. Consequently, they arsetjorelated to the quality of such
products, and thus their analysis is of consideraitterest. Moreover, in recent years,
numerous research studies have associated withcahsumption of food rich in
polyphenols with the prevention of cardiovasculisedses, certain types of cancer and
other diseases related to aging due to their agtox properties (Borbolaet al.,
2003). Total phenolics in finger millet grain webeb5 — 0.59 mg% db, as catechin
equivalent (Siwela, 2009).
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3.3 Traditional cereal-based alcoholic beverages

3.3.1 Classification of traditional beverages

Indigenous fermented foods may be classified adegrdo a number of different

criteria. They may be classified in accordance \ilith raw materials used, the major
type of fermentation taking place, the usage of pmeduct, and the district of

production. In general, fermented products aresdiad according to the usage of the
products and the major fermentation process takiage; e.g. alcoholic foods and
beverages, vinegars, breads, fermented porridgesraacks, and lactic acid fermented
fish products. The type of cereals used in the ésiation process and the region of the
fermentation form the sub-classes of each cateddtginkraus (1983) has classified
indigenous cereal-based alcoholic foods and beesrago three categories based on

the way in which saccharification is carried out.
Those in which saliva is the amylolytic agent

It may come as a surprise to some readers to khatwih ancient time’s saliva was
used as a source of diastage (amylase) for theecsiom of starch to sugars in
fermented alcoholic beverages such as JapassKodama and Yoshizawa, 1977)
and South Americachicha It may be more of a surprise to know that in Areles

regions of Bolivia and Peru, the Indians still makéchaby the salvation process. The
process may have arisen when mother pre-chew d@iniseir infants and having pre-
chewed material leftover found that it became sveeet, if left in liquid, it fermented

spontaneously to give an alcoholic beverage.

Those in which starch hydrolysis is accomplished bgnalting

Malting is a means of converting starch to sudgaustsweetening cereal grains — was
most likely discovered soon after man started tsinvg and storing grain. Grains
stored in pots or in piles where first moistenimgl aubsequent heating could occur and
would undergo a natural malting step. Malted giaifree water would be fermented
by omnipresent yeasts producing a very early, pebeer. Examples of beverages of
this categories are Africakaffir (kaffircorn) (sorghum) beer also known laantubeer,
Ezyptianbouza(wheat-based), Kenyamusaa(maize and finger millet or a mixture of

finger millet and sorghum),
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Those in which starch hydrolysis and fermentation ee accomplished by
amylolytic molds and yeasts

This category ranges from very primitive Thai riegnes to highly sophisticated
Japanesesake which itself developed from a primitive beverade. all cases,
saccharification of the starchy substrate is duengmily to amylase produced by
filamentous fungi. The essential amylase produrarge fromAspergillus oryzaeised
in Japanesesake manufacture to molds of the genekéucor and Rhizopus to
Amylomycesouxii and others that play varying roles in the fermigoma The essential
alcohol producers vary from. rouxii andS. cerevisiago Endomycopsis burtonii, E.
fibuligera, Candida lactosaand related yeasts. The starters are generaftyplex
mixtures of essential and nonessential microorgasifepending upon the conditions
of fermentation, the basic starchy substrates cancdnverted either to alcoholic
beverages or to sweet/sour alcoholic pastes thataen with a spoon.

More than 200 alcoholic beverages are describdtbnean literature written between
the seventeenth centuries. Some of these beveragesdentical but differ in

nomeniclature; however, most of the products vacgording to the methods of
preparation, raw materials used, and the seasgmoadifuction(Lee and Kim, 1993).

The most important fermentation products of cer@alshe Asia-Pacific region are
acids and alcohols, which are both flavor compouwsmts food preservatives. Alcohol
fermentation is more important than acid fermeatain this region in terms of the
relative amounts of cereals used for fermentatiod the varieties of the products
produced. European beer uses barley malt as theagriraw material, while Asian

beer utilizes rice with molded starter as the raatanal. Fermented products from
maize are usually found in Africa and in Centradl @outh America while those from
sorghum and millet are found in Africa and SouthaA&ood fermentations based on
rice are practiced in India, China, South-east Aaial the Far East, while those from

wheat are particularly important in the Middle E&sirkey, and the Far East.

Finger millet being less preferred for human constiom as compared to other cereal
grains is used for the production of alcoholic vages (Osti, 2004). According to
Pederson (1971)toongbais an alcoholic beverage prepared from millet irestv

Bengal. The millet seeds are boiled, cooled, andulated with yeast and fermented

for 10 days in section of bamboo.
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Table 3.3 Examples of cereal alcoholic beverages prepardéuki Asia-Pacific region

Product name Country Major Micro-organisms Appearances
ingredients and usage
Rice wine
Shaosinghjiu China Rice S. cerevisiae Clear liquid
Chohgju Korea Rice S. cerevisiae Clear liquid
Sake Japan Rice S. sake Clear liquid
Rice beer
Takju Korea Rice, wheat Lactic acid bacteria, Turbid drink
S. cerevisiae
Tapuy Philippines Rice, glutin- Saccharomyces Sour, sweet
ous rice Mucor, Rhizopus liquid, paste
Aspergillus
Leuconostoc
L. plantarum
Brebali Indonesia glutinous Mucor indicus Dark brown
rice Candida liquid, sour
alcoholic
Jaanr India Finger Hansenula anomala Sweet-sour
Himalaya millet alcoholic
paste; mixed
Alc. rice paste with water
Khaomak Thailand  Glutinous Rhizopus Mucor, Semisolid,
rice Saccharomyces sweet
Hansenula alcoholic
Tapai pulut  Malaysia Glutinous  Chlamydomucaqr Semisolid,
rice Endomycopsis sweet
Hansenula alcoholic
Tape-ketan Indonesia Glutinous  A. rouxii, E. burtonii Sweet-sour
rice E. fibulinger alcoholic
paste
Lao-chao China Rice RhizopusA. rouxii Paste
Bhattejaanr India Glutinous Hansenula anomala Sweet-sour
Sikkim rice Mucor rouxianus alcoholic
paste

(Source: FAO, 1999)

The yeast is generally sold as small cakes in theket place which has been identified
asEndomycopsis fibuligeraChhangandtoongbaare the fermented products prepared
in Sikkim. Similarly, braga is a fermented drink prepared from millet in Roman

(Pederson, 1971). The South American Indians used i their preparation called
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chica or chichara a light beverage andia, a heavy beverag®ito is the traditional
beverage popularly consumed throughout Nigeria gwmn its refreshing nature and
low price.Pito is also widely consumed in Ghana (Mwesigye andr@k{1995). Many
alcoholic beverages prepared from rice have beported. Clear products which are
generally referred to aShaosingjiuin China,chongjuin Korea andsakein Japan
contain at least 15% alcohol and are designateat@svine. Turbid beverages such as
takjuin Korea, jand in Nepal andapuyin the Philippines contain less than 8% alcohol
along with suspended insoluble solids and live tgeakapanessakeis a clear, pale
yellow, rice wine with a characteristic aroma, ldittacid and slight sweetness
(Murakami, 1972).

3.3.2 Technology of traditional cereal-based alcolio beverages
making

Methods of preparing trational cereal-based alaoHmverage in different parts of the
world are presented in Fig. 3.1 to 3.3 (Saehal, 1986; Tamangt al, 1996).

Glutinous rice Glutinous rice
Wash Sofk and steam Wash, cook and cool in “mandro”
v
Cool to room temperature Innoculate withmurcha
T and mix thoroughly
Mix with preparedagi, spread (1 cm
deep) on bamboo trays and cover with v
banana leaves Place in an earthen pot
l and saccharify for1 —2 d
Incubate at room temperature l
for48 —-72h Ferment in an air-tight container
1 for 2- 8 days at ambient ten
Tape keta (Indonesiar l

Bhattejaar (Indian'

Fig. 3.1 Flow charts for the manufacture of Indonesianetliktan and Indian
Bhattejaanr
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Mix 1 partchuwith 8 parts
water in an earthen |

l

Incubate for 10 da

|

Mix evenly steam cooked and
cooled millet (4 parts ramillet)

|

Add 6 parts of cooked
millet after 2 — 3 days

1

Add 7 — 8 parts of cooked
millet to the fermented mash
up to 6 times in every 2 -3 d

1

Remove clear liquid

Quing — chu — jiyChinese)

Polished rice powder (4
parts), wheat flour (1/2 part)
and water (8 part

l

Boil to make gruel, cool and
addnurukpowder (1 part)

l

Ferment for 12 days and add
12 parts of cooked rice cake

|

Add 16 parts of steamed
rice and ferment for 12 days

v

Put into a sack and press

v

Remove clear liquid
and discard filter cake

|

Sam — hai —j{Korean)

Fig. 3.2 Flow chart for the production of rice wines ini@dand Korea.

Polished rice (4 part

}

Wash, steep, and ste

Mix with 1 part powderediurukand
10 parts water in an earthen jar

}

Ferment for 2 — 3 d & sieve

!

Takit (Korean

Glutinous rict

}

Roast and cook without a co

Cool on a tray & Innoculate
with powderedubod

}

Pre-fermen

}

Tapuy(Phillipines

Fig. 3.3 Flow charts for the processingtakju andtapuy.
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3.3.3 Traditional cereal-based alcoholic beverages Nepal

In Nepal, the history of alcoholic beverages ddbesk to ancient times. These
technologies were developed by ethnic groups wtelebrating various festivals and
settlement of marriage. The knowledge of home bigwhas been passed on to
generations but they are quite ignorant about thead dimensions of microbial
biochemistry or their complex mechanisms. In fdoe, exact nature of fermentation is
still not fully known to them. Among the varioustigented alcoholic beveraggand,
toongba hyaunthon and poko are the major alcoholic fermented liquor traditithy
consumed in various parts of Nepal. A wide rangeasf materials can be used for
fermentation. The materials may include: riSatjva oryzag maize Zea may wheat

(Triticum vulgap, millet (Eleusine coracankeetc.
3.3.3.1 Traditional process of millet fermentation

A brief outline of the conventional method of fimgaillet fermentation in Nepal is

shown in Fig 3.4. Millet is dehusked by poundingaimortar and pestle locally known
as Okhli. The husk, immature grains and other light paticlare removed by

winnowing using a woven bamboo tray calledNengla The millet is washed with

fresh water for several times to remove the adheligd Sometimes, the millet is

steeped in water for overnight to loosen the did washed. Both red and black millet
varieties are used for fermentation, however, blachket variety is said to produce
better qualityjand or toongbathan that of red one.

Finger millet

|

Washing, dehusking, winnowing and wast

|

Cooking, cooling & addition of murcha

|

Packing into fermentation contail

!

Alcoholic fermentatio

|

Fermented millet

Fig. 3.4 Steps involved in the traditional finger millefrfentation process in Nepal.
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The millet is cooked with the required amount otevauntil rupture. Some makers use
a little amount of coriander seeds, (raw or rogstieiing cooking in order to improve
the taste and smell of the finished product. Anotlaiation of millet cooking method
is to heat the water about to boil, add the prepardlet, cook until the grains becomes
soft, drain the excess water, cover and keep umddrheat until the grains are splited.
Some part of the millet can be substituted witreottereals (viz., rice or wheat, singly
or in combination, generally 10 to 20% by weighttatal cereal) to improve the taste
and smell of the product. It is said that additadrrice or wheat enhances the mouth
feel and taste of the jand. Extent of cooking a@lspends on the type of beverages to be
prepared from the fermented millet. Rmongbamaking, the seeds are cooked just
about to rupture, whereas fland andraksi making, they are cooked until completely
splitted. It is said that completely splitted milgain can intensify the amount of solid

content in the jand and hence could be used aksditsiie for rice.

Janto Okhal

Fig 3.5 Okhali and Janto
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Fig. 3.6 Nanglo

The cooked millet is spread over a plastic sheeato the mass, powderedurcha
sprinkled and mixed thoroughly. The inoculated miadiiled in a deep bamboo basket
lined with banana leaves or heaped in a polyetleykdreet and left for 24 to 48 h for
biomass development (aerobic fermentation). Duvitigfer season, the mass is either
placed in the sun, near the fireplace or coveretth wiarm clothes to increase the
temperature. The presence of characteristic plgascoholic smell and visible puffy
colonies of mold indicate the end of biomass dgualent. The amount ahurchaused

is governed by the prevailing fermentation tempemtquality ofmurchaused and the
type of intended product. During winter, people ase-half of anurchacake (i.e. 20
g) fortoongbaand a whole murcha cake (40 g) faksi making to each 10 kg of millet

used for fermentation, while during summer, the am@f murcha is reduced by half.

If the fermented millet is meant fewongba a slow fermentation with little amount of
murcha is preferred, while forand making relatively a higher amount ofurchais
used. Use of littlenurcha(10 to 15 g for every 10 kg millet) and longemfentation
time (>20 days) is said to give a better qualityngba Millet wished-forraksi making
generally requires the highest amoohimurchathan those fotoongbaandjand. For
rake making, some brewers add a little amountnairchato the fermenting mash
before 3 to 4 days of the completion of fermentatidddition of extra starter during

fermentation is thought to augment the yield anengjth of theraksi.

The biomass-developed millet is now packed intor@erly cleaned closed-necked
earthen vessel locally called &hyampoor plastic bucket, the mouth is plugged and
set aside for alcoholic fermentation. Fermentati®rnproceeded from 6 to 7 days
(minimum) to as long as 6 to 12 months to obtalmghly maturedand (Rai, 1991;

Yadav, 1993). Plastic containers of varying gradssength, and capacity are
abundantly available now a day. Traditionally, kanwares have usually remained the
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material of choice as fermentation vessel. The anpores present therein play an
important role in harboring some of the useful m@rganisms from the previous
fermenting lot and may help to inoculate them upepetitive use of the same vessel.
Some people ferment millet from Poush (DecembeBalgun (February) and serve as

toongbauntil Bhadra (August).

Fig 3.7 Biomass development of cooked millet.

Despite the method outlined above, variation magupdn practice from locality to
locality depending up on the availability of raw teréal, geographical factors, types of
murchaand the optional ingredients used to create speffects in the rural context.
The final quality of the beverage mostly dependstlom technical knowhow of the

brewers and the choice of the raw materials.

Fig 3.8 Ghyampo — a customary cereal fermentation vessel.

For raksi and jand (chhyang making, Tamang households of Kathmandu district,

Nepal, wet the cereals (e.g. wheat, millet, or mgior a whole day. The grain is

22



steamed, cooled, ground and mixed witanapu(50 gmanapuper 15.8 kg of steamed
grain, i.e. 0.32%manapuby weight of cooked cereal fgand and 2.37% foraksi
making). The mass is kept in a large earthen vé&slamp® and allowed to ferment
for 3 to 6 days fochhyangand for 7 to 10 days falksi preparation. Fochhyang
preparation, some amount of cold water is addetthécfermented mash, stirred, and
allowed to settle for overnight. On the next dég tlear white liquid calledhhyangis

racked and consumed (Rajbanshi, 2005).
3.3.3.2 Some important cereal-based alcoholic beagyes of Nepal
Jand

Jand (also spelfjandh jnar, jaanr, jnard) is a generic term that refers to sweet-sour
cereal beer made by fermenting grains like fingéitem(Eleusine coracana rice
(Oryza sativ, wheat Triticum spp), and maize4ea may} etc. usingmurcha(Rai,
2006). It finds a very prominent place in Limbu d@Ra culture in particular and among
other ethnic groups in general. The tradition déhgjand to guests is a unique way
of showing hospitality. It is also used in seve@lful events, ritual rites, settling
disputes and appeasing deiti@andis prepared by leaching out the readily extraetabl
contents from the fermented mash with water (ugudakewarm). A strainer made of
thin bamboo strips or perforated aluminum straisenormally used for straining the
liquor. This beverage is served in a vessel cabbedgba(a small brass bowl) or deep
aluminum mug. The beverage is cloudy in appearandehas a very short shelf-life of
about few hours (Rai, 1991).

Jand is a common drunk in the region, and is traditipnprepared by almost all
Nepalese and Tibetans. This slightly acidic, aldichbeverage is now prepared by
small cottage industries. The wajrhard, derived from the Mangaranti language (the
Mangarantis being one of the ethnic groups of thepdlese), is known by many
synonymschhyangby the Tibetanschii by the Rong, antbongbaby the Nepalese.
Finger millet is sometimes supplemented with a Smalount of wheat or corn
(Tamanget al., 1988).

Some aspects génd have been reviewed by Aid@&b al. (2005). They have described
the role ofmucaraceoudungi in producing amylases needed to saccharity leuefy
the starch. The amylase activity has been repaaedach its peak on the second day
of fermentation. The authors have also mentionedpitesence of mixture of yeasts

(Pitchia anomala Saccharomyces cerevisja€andida galbratqh and lactic acid
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bacteria kactobacillus bifermentasn numbers exceeding 16fu/g in maturedand.
According to Pederson (1971ghhyanis a millet beer brewed in Sikkim but
Venkataramu and Basapu (1993) had definedctitgyangas a traditional fermented
beverage made from ragi (finger millet) or barleyd a&onsumed by the population in
the sub-himalayan region and other Tibetan setthésriEhe amount ofmurchato be
added to the cooked cereal is regulated by theapimey temperature and the type of
the beverage to be made. Generally, 10 to 20 gwtipredmurchais added to 1 kg of
cooked cereal (Yadav, 1993). The sensory qualityanfl naturally depends on its
physico-chemcial properties, which in turn are dhej@mt on several factors including
the quality of nurcha A simplified relation of this interdependencysisown in Fig.
3.9 and the components of the block are listeckibld 3.4 (Rai, 2006).

Organoleptic quality
of the product

Type of cereals Murchaquality Ferm. conditions

Fig. 3.9 Interdependency of various factors affectijagd quality.

According to Thapa and Tamang (2004) in the tradél process of finegr millet

fermentation, the dry seeds are cleaned, washecc@okkd with enough water. The
excess water is drained off and the cooked seezlsmead on a bamboo mat for
cooling to 20 to 25C. Powderednurchais mixed at the rate of 2% by weight of the
cooked millet, filled into bamboo basket and left 2 — 4 days for saccharification.
The mass is then transferred into a closed eagibeand fermented for 3 to 7 days at
ambient condition (25 to 3).

Tamanget al (1988) have described the following method offenting finger millet
for jand andtoongbamaking in Darjeeling and Sikkim of India. Fingeillet seeds are
boiled in an open cooker for about 30 min and spb@a leaves preferably of banana
plants. Murcha is powdered and sprinkled over the boiled and exbadeeds. After
thorough mixing, the seeds are piled in a heapt ke4 h, placed in an earthen pot
and covered with leaves followed by cow dung. llpaur areas, the seeds are allowed to

ferment in a polythene bag.
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If air is allowed access and the pot is not kegighit during fermentation, the product
turns sour. The fermented cereal is placed in dloamwesseltbongbg, water is added
and after 10 min, the beverage is ready to drirknfally through a bamboo straw).
This liquor is believed to be a good tonic, esdécfar post-natal women.

Table 3.4 Factors affecting overall sensory qualityjarfid

Factors Components

Raw materials Cereal substrates such as fingegetmitheat,
rice, maize etc. used in the fermentation.

Fermentation conditions Temperature, pH, aerohidiyation of
fermentation, solid-or semi-solid state of
fermentation.

Murchaquality Species and strains of the essential

microorganisms (yeasts, molds, lactic acid
bacteria), presence of extracllular enzymes,
amylase in particular.

Physico-chemical properties jgind Alcohol, acidity, pH, reducing and non
reducing sugars, total soluble solids, esters, and
other congeners.

Organoleptic properties gdnd Taste, smell mouth-feel and color

Accoridng to Rai (1991) finger millet is the matdrof choice for the preparation of
jand andtoongbabecause:

* Itis a cheap raw material

* ltis less preferred for food

* It can remain discrete (i.e. without much liquei@ac} for a long time and thus
promotes easy handling in the case of jand fernientaand

* It imparts clean flavour and aroma.

Nigar
Nigar is the clear liquid that spontaneously accumuldtesig prolonged fermentation

of cereal. The product likersakeand is highly prized by the consumekigar can

therefore, be classified as a cereal wine ratteer thbeer (Rai, 2006).
Toongba

Toongbais another variation of serving fermented fingahllen About 500 g of the

fermented millet is transferred to a cylindricainti@oo or wooden barrel (Fig. 3. 10)
containing about one-fourth of hot water. The jugradually and spontaneously is
extracted and after about 15 min, the extract cked in through a bamboo or metal
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pipe calledpeepa The mash can be repeatedly steeped and suckedeixhaust the
extract. People say that a good quatitpngbatastes slight bitter and has peppery

sensation.

peepa for sucking the extract

lid

metal brace
barrel (~ 1/2 kg capacity)

Fig 3.10 Toongba— a vessel used for serving fermented millet.

Rakshi

Raski is an unaged congeneric spirit obtained by potilldison of the slurry of
fermented cereal. The product likens whiskey and farying alcohol contents,
generally between 15 to 40% (v/v). Several basseaeches have been doneraksi
productionfrom different cereals usingiurchaas well as pure cultures isolated from
traditional fermentation startersngrchas (Rai, 1984; Subba, 1985; Shrestha, 1985;
Yadav, 1993, Bhandari, 1997).

After the completion of fermentation, the mash ixed with some portion of water,
poured into thevhoshi(a flat bottom copper, brass or aluminium potpbout 1/5 of

its volume andpaini (earthen pot having holes at the bottom) is plamest it. Nani
(earthen pot for collecting distillate) is kept iohes the paini and bata (condenser) is
placed on top of thpaini. Thebatais filled with cold water and firing is made. Dag
distillation, water and other volatiles are evapeda passed through the small holes of
paini and condensed on the cold surfacéatia which in turn is collected in theani.
The water in thévatais chaged from time to time when its temperatweeeds 45C.

As the number of water changes increases, thdlatistbecomes weaker in alcohol

content. A conventional distillation assembly i®wh in Fig. 3.11.
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copper pot for
batch condensation

earthen column

vapor

condensed ethanol
receiving pot
fermented wash

copper still

Fig 3.11 A conventioal assembly used faksi distillation.
Poko

Pokois a traditional rice based beverage charactetigedreamy color, soft texture,
juicy and sour taste with mildly alcoholic and astio flavor. This product is widely
used by the rural people of central Nepal, espgcial Kathmandu valley during
occasions like weddings, festivals, cultural cedtions, as well as special offerings to
the goddesses. Nepalese people believepthiad promotes good health, nourishes the

body, and gives vigor and stamina.

A protocol for poko preparation is given in Figl3.(Shrestha and Rati, 2003).

Rice

'

Soaking for 24 h (73 % moisture contt

'

Cooking/autoclaving and cooling

Addition of starter (0.— 0.2 %

|

Incubation at 30 £ 2 °C for 5 days

Fig. 3.12 A protocol forpokopreparation.

Although it is a common dietary item, its produatiis confined to home scale so far.
Murcha, the rice-based starters knownraanapuor wheat- based starters known as

mana bring about the traditional poko fermentatiglixed types of microorganisms
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belonging tomucoralesgroup and yeasts followed by lactic acid bacteraiavolved

in poko fermentation (Gajurel and Baidya, 1979bss$#dtine and Ray, 1988).
Hyaun thon

It is an undistilled alcoholic beverage indigendadNepal, particularly in Kathmandu
valley among Newar community. It is prepared by twnbination of solid and
submerged state fermentation of red ricak(wa usingmana The clear red colored
liquid obtained after fermentation is called Agaun thon Among the Newar
community, it is one of the socially and culturadlgcepted alcoholic beverages and is
prepared traditionally usingakuwa manaand water generally in the ratios of 1:1:3.
According to Narayan Rajthala (personal commuroca2008, Lubu, Lalitpur), the

termhyaun thonis a Newari word meaning red rice wine).

A general method of preparitgyaun thons outlined in Fig. 3.13 (Regmi, 2007).
Hakuwa rict

Steebina. drainina and steam

Cooling, filling into fermentation
vessel and mixing with ricenana

|

Closing & fermentation in the dark place

v

Racking, bottling and stora Pressing of residi

Rackedhyaun thon Pressevaun thol

Fig. 3.13 An outline of traditional method difyaun thorpreparation.

Hakuwa does not refer to the wild variety of red rid®ryza rufipogoh which is
considered as the most weed pest of paddy in tithMod South America. In Nepal,
the purpose of reddening rice is especially for gheparation ohyaun thon For the
preparation ohakuwa the paddy is threshed, heaped, and covered adtypstraw for
about 8 — 10 days. In Eucador and Latin Ameitekuwais prepared by heaping moist
rice (17 — 22% moisture) on open hard floors. The i3 covered with tarpaulin and

turned after 4 to 5 days. The resultant produdigigt golden to cinnamon-brown in
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color and is calledSierra rice (Regmi, 2007). Somewhat similar fermented rice is
prepared in the Yangtse Delta of China where petistice is mixed with rice bran in
the proportion of 10 to 1, piled, and covered wite-straw mat. After about 6 months,
the rice is dried and screened. Delayed drying reaylt stack burning. Green peas are
often added tdwyaun thonto neutralize acidity. It is believed that goodatity hyaun
thonis possible during winter season (Personel comaation, 2007). Sometimes red
chilies are mixed wittmanaand it is believed that use of chili protects freml eyes.
Hari Gopal Maharjan (personal communication, 20084, Lalitpur) has described the
following method of preparindhyaun thon It involves mainly three steps, viz.,
preparation of red rice, riamanaandhyaun thonfermentation. Preparation of red rice

(hakuwg involves the following process:

The paddy is harvested, heaped, left for 6 — 9 ddysng which the color of the

paddy turns brown to red) and threshed. Alterngtjvihe harvested paddy is
threshed and kept in a jute sack for 7 — 9 days. @addy is now sun dried and
milled to obtained red rice. The colortwkuwadepends on the length of time for
which the paddy is left in heap or sack (for 5days, the color becomes brown

and for 9 - 11 days, the color turns red).

Red rice flakuwg is soaked in water for 2 h at room temperaturaingd, steamed in a
clay pot locally called awansi and cooled. Ricenana(made fromhakuwg and
cooked rice are mixed in equal parts, filled intogerly cleaned and steam treated
earthen container locally called ahy@mpo(sometimes water is added to the rice-
manamixture at the rate of 3 parts water to each glacboked rice), stoppered and left
for fermentation. Now a cylindrical strainer made of bamboo (called asachain
Newari language) is inserted into tByampe pressed against the fermented mass and

left for sometime during which cleiyaun thoris collected into théacha

If hakuwarice flour is used instead of rice, the resultirayerage is called &mrthu or
taku (in Newari language, the tertaku means thicljand). Karthu is turbid while
hyaun thonis more or less clear. Fdarthu preparation, red rice is ground using
requisite quantity of water and fermented with meanasimilar to that ohyaun thon
Karthu fermentation requires less time (15 - 30 dayshai that ofhyaun thon It is
said thathyaun thontastes sweet over 3 4 months of fermentation; thereafter it
develops a slight bitter taste and again turns stesée. About 30 lit ohyaun thonare

expected to obtain from 40 kilogram each of rin@ana and hakuwa Hyaun thon
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prepared in months other than Magh (Jan — Felgligdal to be either spoilt or not of a

good quality.
3.4 Cereal based alcoholic fermentation starters
3.4.1 Introduction to traditional fermentation starters

It is often mentioned that today’s modern biotedbgy originated from the alcoholic
fermentation of primitive peoples. Since indigenéersnented foods were produced by
natural fermentation, the origin of cereal ferméntatechnology is obscure. Unlike
fruit and milk fermentations, cereal fermentati@yuires a saccharification process,
which is accomplished with some difficulty. Onerpitive method of saccharification
would be chewing cereals and splitting them in ptdeallow sacharifiction to occur
through the action of salivary amylase, followedddgoholic fermentation by natural
yeasts. Another method of cereal saccharificat®rthrough the malting process.
However, in Asia the malting process is rarely usedtraditional fermentation
processes. Instead, fermentation starters prefemedthe growth of molds and yeasts
on raw or cooked cereals are commonly used. TheougEmentation starters might
very well have its origin in the process of Euchible daughter of the legendary king of
Woo of 4000 BC, known a the Goddess of rice-win€lninese culture (Lee, 1984).

Hamei is a traditional fermentation starter used for theeparation of various
indigenous alcoholic beverages in North East Indiaditionally hameiis prepared
from crused raw rice mixed with powdered barkyahgli (Albizia myriophylla and a
pinch of previously prepared powdereaimei The dough is pressed into flat cakes and
kept over rice husk in bamboo basket for 2 — 3 dday®om temperature. (20 — 30 °C)
and then sun dried for 2 — 3 daydameiis used to prepare a rice-based beverage
locally calledAtingbaand a distilled clear liquor calleduin Manipur (Tamanget al.,
2007).

Murchais a starter widely used in Nepal, India and Bhuta the preparation ofand
andraksi, both being alcoholic beverages form starchy graime later being a distilled
one. In many Asian countries, mixed-culture dougbcula in the form of dry powder
or hard balls are extensively used as starter mdtio prepare various fermented
alcoholic beverages from starchy substrates. Tke&s#er cultures are known under
different names such asurchdmarchadbhaka¥phabin India, Nepal, Bhutan and Tibet
of China,ragi in Indonesianuruk in Korea,bubodin the Philippineschiu-yuehin

China andoogpangin Thailand. The sweet and sour alcoholic bevesggepared by
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these starters arape ketanin Indonesiajand/chhangin the Himalayan regions of
Nepal, India, and Bhutakrachaein Thailand,Jao-chaoin China and Taiwan. Koji, an
amylolytic mycotoxin-freeAspergillus oryzaeculture on steamed rice is used along
with a culture ofSaccharomycet prepare the common alcoholic drisékein Japan
(Inoueet al, 1992).

According to Karki (1994) two types &oji, a Chinese starter type calletknapu
(murchg and a granular type calledanaare prepared in NepaChuis commonly
used in the Asia-Pacific region as an enzyme sofac¢he degradation of complex
plant tissue to produce cereal-wines, soy saush, dhd meat sauce, sour bread and

fermented porridge and snacks.

The appropriate season for the preparationclud is July in which the ambient
temperature varies between 20 to 30 °C in Nortlddnma and the Korean peninsular.
The first documentation @huwas found in Shu-Ching written in the Chou dynasty,
which it is stated thathu is essential for making alcoholic beverages. Bgeculated
that man must have discovereltu much earlier than was documented in the literature
(Yokotsuka, 198h According to Chi-Min-Yao-Shu written by Jia-Si-Xad Late Wei
kingdom in the B century, dozens of preparation method fiw, the cereal
fermentation starter, were described (Yoon, 198®8}thodology forchu preparation is
very similar to that forshi or Koreanmejuy which is a moldy starter prepared from
soybeans, for soy sauce fermentation. AccordinGhoMin-Yao-Shu (AD 530-550),
chuwas prepared from barley, rice and wheat and caridssified as described in Fig.
3.14 (Yoon, 1993).

— Fen-chu(without bran):Shen-chu

— Ping-chu
(Cake type)
Chu—— —» Cu-chu(With bran):Bai-lao-chu

— San-chu—» Huang-yi, Huang-tcheng
(Granular type)

Fig. 3.14Classification of fermentation starters as degctiim chi-Min-Yao-Su.
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Table 3.5 summarizes the names of fermentatiotessansd in different countries and
their ingredients. In the preparation of fermewtati starters, besides using
microorganisms and binders, certain spices areilatsoporated, namely garli@&(lium

sativun), ginger Zingiber officinale, Rog¢ pepper. These spices probably inhibit

contaminating organisms and stimulate the usefydmisms in the starters.

Table 3.5 Fermentation starters used in different countries

Country Name Ingredients Shape Microorganisms
China chu Wheat, barley, millet,  Granular/cake Rhizopus,
rice (whole, grits or flour) Amylomyces
Korea nuruk Wheat, rice, barley Large cakes ﬁspeirglllus
(whole, grits or flour) mylomyces
yeasts
meiju Soybean (whole) Large balls Aspergillus
Bacillus
Japan koji Wheat, rice (whole Granular Aspergillus
, grits or flour)
Indonesia ragi Rice flour Small cakes Amylomyces,

Endomycopsis
Malasia ragi Rice flour Small cakes

Philippines bubod  Rice flour Small cakes  Mucor,
Rhizopus,
Saccharomyces

Thailand loopang Bran Powder Amylomyces
Aspergillus

India murcha Rice Flat cake Hansenula
anomala, Mucor
fragilis,
Rhizopus
arrhizus

(Source: FAO, 1999)

3.4.2 Methods of preparing fermentation starters

According to Steinkraus (1983), methods of pregatmaditional fermentation starters

in different countries are given in Figs. 3.15 &ntb.
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Whole-wheat flour or gritg Polished ric

] |

Add water (3(= 40 % moistur Soak in water for 17 h at 25° C
and drain excess wa

Wrap in a cloth and press in a l
molder to make cakes (5 cm Steam for 70 min and cool to 35° C
thick; 13 — 30 cm dia.) l

l Inoculate withA. oryzae
Incubate for 10 days at 30 — 40 °C l

|

Incubate at 2*- 28°C for 50 |

Incubate for 7 days at 35 — 40 °C l
Dry for 2 weeks at 30 °C and age Dry
for 1 month at room temberati l

¢

nuruk (Korean

koji (Japan

Fig. 3.15 Flow chart for the preparation of solid fermentstarters in different

countries.
Rice floul Glutinous rict
Moisten with water or sugar Grind while we
cane juice to form a thick pt l
l Mix with water, unwed
Inoculate with agi powder roots and ginger
Flatten into cakes or Mold into flattened cakes or balls
mold into hemispher: l
l Sprinkle with powdered
Place on bamboo tray and bSbod P
cover with muslin cloth l
Incubate at 25 - 30° C for 2 — 5 days Incubate for 3 days and dry
and dn l

Buboc (Philippines

Rag (Indonesia

Fig. 3.16 Flow chart for the preparation of solid fermenstdrters in Indonesia and
Philippine
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Roasted wheat
Roasted barley, steamed barley
and raw barley (1 part each) l
1 Crushing to grits
Mix, grind, spray with water and mold l

into cakes (6 cm dia; 2.7 cm thickess Place on dried mugwort

leaves and spray water

v with mixing
Place on earthen floor
in a sealed room l

Pile, incubate overnight,

v pound and transfer to a

Turn upside down after 1 week and wooden box
dry for another wee l
l Press hard into a mold
by steeping, make a hole
Pile the cakes and keep in the centre and cover
for 1 week with mugwort leaves

: l

Make a hole in the centre of Incubate for 3 weeks
the cakes, hang on a string
to allow mold

and dry in the st growth and sun dry

1 |

Shen-chu Chun-Jiu-chu

Fig. 3.17 Flow charts for the solid fermentationasfu preparation
(Source: Yokotsuka, 1985)

3.4.3 Plants used for starter preparation in Nepal

The plants presently used vary widely both withpees to type and parts of the herbs
employed for starter makindg?olygala areceatalocally known asturne) has been
identified among them. The roots of this herb ie ffast were used as fresh in the
fermentation of starchy products. As lifestyle afp@eh with time and emerged busy,
they found it tedious to dig out the roots eachetithey needed. Furthermore, they
could not carry the plant wherever they migratedhese eventually led to the

development for preserving the natural micro florahe herb root by subtracting them
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in suitable starchy cereal flour as the media. Adiogy to Raiet al, (1999) a number
of wild plants serve as the source of valuable aofiigra in the preparatiomurcha
Although the root and bark d¢folygala aricaetais probably most prized fanurcha
making, the whole plant oVernonia spp contains fermenting yeasts, namely
Saccharomyces cerevisiaad Pichia anamola The author further reported that the
potential brewing yeasts presents hhsbiscus rosasinsis L.Scoparia dulcts L
Veronica cienrl L. LessVeronica spp and Polygalla arillata were Zygoascus
hellenicus Zygosaccharomyces bajliSaccharomyces cerevisiaand Pichia (syn.
Hansenulajanomolaand strains oFilobasidium capsuligenumespectively. KGat al
(2001) has documented 88urchaplants from the Eastern region of Nepal which are
given in Table 3.6. Of the various plants studig, authors considered two species,
viz., Polygala arillataandInula spp as important imurchapreparation. Out of some
16 ethnic groups interviewed, 12 of them were fotm@repare and sathurcha The
list, in the descending order of involvement in tharchatrade is: Limbu, Tamang,

Gurung, Majhi, Rai, Kumahal, Magar, Urau, Sherphintal and Meche.

3.4.4 Traditional starter for cereal-based alcohot fermentation in Nepal

Murcha, an amylolytic fermentation starter indigenous Nepal, is used in the
preparation of alcoholic beverages suchaasl in the Darjeeling hills and Sikkim in
India, Nepal, and Bhutan (Tamaegal, 1996). It is a dry, round to flattened, creamy
white to dusty white, solid ball-like starter rangifrom 1.9 to 11.8 cm in diameter and
from 21.1 g in weight.Murchais a Nepali word. Different ethnic communitiestoé
region call it by their own dialect such kisesungby Limboo,bharamaby Tamang,
bopkhaor khabedby rai, phab by Bhutia and Tibetans, artouth/thanbumby the
Lepcha.Marchais produced at home exclusively by women. Thissagracticed as a

hereditary trade that passes from mother to dau@hselyoshiet al.,, 2005).

In Nepal, murcha starter cakes are of two typesanapuand mana (Karki, 1986;
Shrestheet al, 2002). It has become a tradition to prepategchabetween September
10 and 20. There is a cultural belief that the iqualf starter would be better if it is
made during “Ganesh Chaturthi” (a famous Hinduivet, which generally falls in the
month of September. Threanapuis prepared from rice flour and millet grain; whas
the manais prepared from wheat flakes or red rice locatpwn ashakuwa(Regmi,

2007). The method aghanaandmanapupreparation is kept so secrete by some people
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of the Lubhu area of Kathmandu valley, Nepal, whtdls not even taught to daughter

but only to daughter-in-law.

Table 3.6 Plants used fdvlurchamaking in the Eastern Nepal

Name

Vernacular name

Plant parts used

Ananas comosus.) Mer
Anaphalis triplinevis
Artocarpus heterophylusamk
Asparagus racemosWild
Buddleja asiaticd.our
Capsicum annurh.

Carica papaya..

Centella asiaticd..

Clematis grewiaeflora
Clerodendrum indicunL.) Kize
Christella appendiculatéBl.) Holtt
Dolichos lab-labL.

Drymaria cordatawild.
Elephantopus scabdr.
Elephantopusp.
Geniosporum coloratur®. Don
Ichnocarpus fructesceri®. Br
Ichnocarpussp.

Inula sp.

Juglan regial.

Ophiopogon parviflorugHook.f) Hara

Piper chabaHunter

Piper longumL.

Piper nigrumL.

Plumbago zeylanica.
Polygala abyssynic8uch. Hum.
Polygala arillataBuch.Hum.
Polygala triphylaBuch. Hum.
Polygalasp.

Pteridium revolutun{Bl.) Nakai
Scoparia dulcid..

Sida acuta Burnir

Spergula arvensik.

Spilathus acmelldL.) Less
Vernonia cineredL.) Less
Vernoniasp.

Woodfordia fructicos&urz
Zingiber officinaleRoxb.

Anaras
Buki Phul

Rukh Katahar

Kurilo
Bhimsenpati
Khursani
Mewa
Ghodtapre
Mahagagro
Bhatu

Pire Unyu/ Uneu

Hiude simi
Abhijalo
Mulapate
Anglah lena
Sengreng
Dudhe
Tite
Chhatre
Okhar
Lasunpate
Chabo
Pipla
Marich
Chitu
Gahate jhar
Khedei
Pulukna
Angtellek
Unyu
Chini jhar
Khareto
Lwangta
Pire jhar
Phulange
Nighare
Dhaenro
Adhuwa

Leaf

Whole

Fruit-stalk, leaf & bark
Root

Leaf and tender shoot
Fruit

Root

Whole

Whole

Tender shoot

Tender leaf

Root

Whole

Root

Whole

Tender shoot and flower

Whole
Root-bark
Whole
Bark
Root-tuber
Whole
Whole
Whole
Whole
Whole
Root-bark and flower
Whole
Whole
Tender leaf
Whole
Leaf
Whole
Whole
Whole
Whole
Flower
Rhizome

(Source: KCet al,, 2001)
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Mana is generally used imyaun thonmaking. According to Karki (1986) during
murcha preparation rice flour is mixed with powdereturchaplant in the ratio of
90:3.5 (m/m). According to him, about 10% of therchaproduction is industrialized
and its shelf-life has been reported to be one.year

Thapa (2002) has described the following methodnafcha preparation. Glutinous
rice is soaked in water for 6 — 8 h and crushed foot-driven heavy wooden mortar
and pestle. For 1 kg of rice, ingredients addetude roots ofPlumbago zeylanica.,
2.5 g; leaves oBuddleja asiaticd.our, 1.2 g; flowers oWernonia cineredL) Less 1.2

g; ginger, 5.0 g; red dry chilli, 1.2 g; and prawty preparednarchaas a mother
culture, 10.0 g. The mixture is kneaded, shapdd fiat cakes of varying sizes, placed
individually on a platform suspended below the ingilmade up of bamboo strips
above the kitchen and bedded with fresh fronds eshd [Glaphylopteriolopsis
erubescengWall ex Hook) Ching]. The bed of the cakes isex@d with dry ferns and
jute bag. These cakes left to ferment for 1 — 3dayn-dried for 2 - 3 days and stored
in a dry place for more than a year.

According to Rai (2006), sonmaurchaproducers pound soaked cereals along with sun
dried or freshmurchaplant and a small amount ofiurchaseed (about 1%). The
molded mass (in the form of ball of about 1.5 crm. dir flat cakes of 0.5 - 1 cm thick
and 3 - 10 cm dia.) is placed in a single layeraomat lined with fern leaves and
covered with fern leaves. Data amurchaproduction in Nepal is scanty. However, it
can assume that the annual production would négdsethan 100 MT. This trade is one
of the important economic activities in Matuwalinomunities (collective term for

those with the tradition of drinking alcohol).
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Rai (1984) has given the following method of prémgmurcha

Receiving cerea Receiving herbs
l l
Clezlning Cleaning
Grinding Grinﬁing

|
Cereal flour Sie\tng

L’ Mixing [« Herb flour

!

Dough making

!

Moulding to cake

!

Pitching with mother
starter

v

Incubatior

!

Sun drying

!

Murcha

Fig. 3.18 Traditional method afnurchamaking in Nepal (Source: Rai, 1984).
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Regmi (2007) has outlined the following method mparingmanaandmanapuin
Nepal (Fig. 19).

Rice/Millet Whea
Murcha seed l l
(20 %) Flour Soak overnigt
N l <«—— Manawasha (5 %) l
Mixing Steam for 30 min
Water —» l <+— Black pepper (5 %) l

Kneading Crush to maklakes

! !

Shaping, placing on straw Place flaked wheat over paddy

and covering with stra straw, and cover with straw
Fermentation at 33 °C for- 7 day: Ferment for 6 — 7 days
Sun drying Sun drying
Manapu Manz

Fig. 3.19 Traditional method of preparinganapuandmana.

Newari murcha white in color (nanapy is generally made from rice flour while
Tamang murchas made from millet flour and is dark in colddewari murchacakes
are smaller, weigh about 6.7 g per cake while tamd@ngmurchacakes are large, and
weigh 25 g per piece (Rajbanshi, 2004urchafound in the Easter zones of Nepal is
prepared by including a wide variety of plants istarchy carrier medium. These plants
serve as an inexhaustible source of fermenting corganisms. Shresth and Rati
(2003) prepared defined fermentation starters uSingerevisiaeRhizopus chinensis
andPediococcus pentosaceimsrice flour. In their preparation, 50 g of rileur was
sterilized and were added pure cultures of yeastd mand lactic acid bacteria. The
mass was then kneaded with the addition of requaredunt of water to prepare stiff

dough. Round cakes (3 — 6 cm dia) were prepareddaed at 50 + 2C for 24 h.
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Inoculation rates of 7 — 9, 9.6 — 11 and 6.0, daju/ml for mold, yeast and lactic acid
bacteria respectively gave the best resulipfako fermentation. It was reporte that the
mixed cake inoculum at 0.1% gave the best qualitko product.Poko prepared by

using defined fermentation starter was not only parable to that of using traditional
starter but was even better. Organoleptic scoppkbremained at excellent point even

on the fifth day of fermentation using defined star

Tamang and Sarkar (1995) and Thapa (2002) repdhiad generally two types of
yeasts are involved ijand fermentation: amylolytic yeasts fromnurcha (mostly
Saccharomycopsisdegrade starch and produce glucose, and thehdalgooducing
yeasts grow rapidly on the resultant glucose talpce ethanol. Tamangt al. (1988)
reported that the microflora ahurcha constitute mainly yeasts of the genera of
PediococcusSaccharomyce®itchia andSaccharomyceand the moulds of the genera

of RhizopusandMucor.

A typical recipe for the preparation afurchaas reported by Tamargt al (1988)
given in Table 3.7.

Table 3.7 A typical recipe for the preparation miurcha

Ingredients Quantity (g)
Glutinous rice 1,000
Roots ofPlumbago zeylana L. 2.5
Leaves oBuddleja asiaticd.our 1.2
Flowers ofVernonia cineredL.) Less 1.2
Ginger gingiber officinaleRoxb) 5.0
Red dry chilli Capcicum spp 1.2
Mother culture (previous batdiurcha) 10.0

(Source: Tamangt al,1988)

Manapu making: Miss Ganga Rajthaha (personal communication, 2B88)described
the following process of preparimganapu(in Newari languagemurchais known as

asmanap\.

About 40 kg of rice flour, 100 g of driechurchaplants and 3 pieces of old
murchacakes are mixed and kneaded by adding required mnaduwater in
order to make stiff dough. The dough is shapedmallsballs, spread over rice
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straw bed, covered with rice straw and left forafysl The balls are sun dried and

outer covering of black mycelia are removed by dbrosh.

Mana making : Mr. Narayan Rajthala (personal communication,&Q@bu, Lalitpur)
has described the following method of prepanmana

Clean wheat is soaked in water for overnight, drdjrand cooked. It is then
flaked, spread over open floor, covered with straat/jute or plastic sacks and
left for 6 days during which green mycelium appearghe surface of the wheat
grain (first white then yellow and lastly greenThe molded mass is then sun
dried and sold asiana Wheat basethanais mainly used for cereal fermentation
for raksi making. According to himmanais prepared during summer (from
Jestha to Kartik: May - October). One kg of whezdts Rs 21 whereas one kg of
manacosts Rs. 33. Approximately 2,000 kgroinais prepared by him yearly.

Rice can also be used fomana making but it is mainly used for ricend

preparation.
A typical recipe and process for preparmgrchais as follows:

Table 3.8 A typical recipe for preparingiurcha

Ingredients Quantity
Rice 2,000 g

Dried Chitu jhar (Plumbago zeylanich) One handful
Fresh chini jhar$coparia dulcid..) One handful
Fresh fern leaves Half handful
Fresh gingerZingiber officinaleRoxb.) 125¢g

(Source: Miss Ganga Rajthaha, personal communicatio
2008, Lubu, Kathmandu, Nepal).

For the prepagration of rice-based starter, thee ris soaked, drained, and
pounded/milled with other ingredients. The floursieved and coarse particles are
again pounded. Dough is prepared by adding tharezsjamount of water, shaped into
small cakes and the cakes are put on a bamboaonayjihed with fern/rice straw and
again covered with the same bedding material faibwy thick cloth. The cakes are
left for 3 days during winter or for 1 day durisgmmer. During this period the cakes
raise in size (i.e. puffed), white cottony growtppaars on the cakes and a distinct
alcoholic smell emits. Then the bed coverings amneaved and allowed to dry. It is said
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that the higher the amount offiitu plant Plumbago zeylanic&.) the stronger will be
themurcha

Dal Bahadur Tamang (Vijayapur, Dhargoersonal communication) has given the
following recipe and process of preparing fermeatastarter.

Table 3.9 A typical recipe for preparingiurcha

Ingradients Amount (g) Ingradients Amount (g)

Broken rice 25,000 Chabo leaves 1000 g
(Piper chaba Huntéer

Pipla leaves 200 Chitu | 200 g

(Piper nigrum L) (Plumbago zeylanica)..

Furke jhar 400 Guaya leaves One half
(Carica papaya L). handful

Chinijhar 200 Bhimsenpate One half

(Scoparia dulcis 1. (Buddleja asiatica Loyr handful

All plants are cut in to small pieces and poundae@khali or Dhikki (a traditional
wooden device used to pound the cereals). Of tia¢ 26 kg of broken rice used,
5 kg is soaked in water for sometime; excess wiined and pounded. Rest 20
kg of broken rice is milled in a mill (It is bettés soak and pound the whole rice
but due to much labor requirement; they soak anchgamnly about 20% of the
total rice used). While pounding, 6 to 7 piecescbilies are used in order to
prevent from evil eye. Now the plant powder ance ritour (prepared by wet
method) are mixed thoroughly and again pounde@khali. Once the pounding
is completed, it is transferred into a large alwmincontainer containing water
and mixed to form slurry. According to him, usehaher amount of chili causes

headache after serving the fermented millet.

The dry milled rice flour is poured on a plastieest) a dich/pit is made at the
centre of the mass, and the rice flour-plant slusrpoured into the ditch and
mixed slowly. The mass is further kneaded usingiiredq amount of water and
stiff dough is made. Now the mass is rolled, shapsaalcakes, and put over jute
sacks. The cakes are dusted on both sidesmuttthapowder (called as mother
starter), placed on rice straw bed, and coverethagih rice straw followed by

thick cloth. The cakes are left for 2 — 3 days inter and for 1 day in summer to

raise the cake. Now the coverings are removed;dkes turned upside down and
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allowed to dry for 2 — 3 days in the sun. Afteridg; themurchais ready for
marketing. Now a day, people are makingircha using rice flour and old

murchaonly.

3.4.5 Physico-chemical and microbiological qualitpf fermentation starters
The microbial profiles of Nepalese traditional femation starters as reported by
Shresthaet al. (2002) are given in Table 3.10.

Table 3.10 Microbial profile of traditionamurchastarters

Microbial counts (cfu/g) in different traditionatiasters

Microbial profiles  Rice manapu Millet manapu Wheat mana

Mesophilic aerobes 1.8x104x10°  9.8x10-1.7x13* 1.4x10 — 4.0x18

Lactics 3.6x10—1.0x1 5.0x10-3.0x16  Nil — 4.5x1¢

Yeast 5.0x10—1.0x16  7.0x10-1.0x1§  8.0x16- 7.0x16
Mold 7.0x10-1.0x1d 2.0x160-1.0x16 > 1.0x1d
Coliforms ND — 1.0x16 ND — 1.4x168 3.2x10 — 1.6x106
E. coli ND ND — 1.0x18 ND — 1.0x168

S. aureus ND ND — 1.0x18 ND

ND = not detected (SourcBhresthaet al, 2002)

Regmi (2007) prepared defined fermentation staumsdng pure culture of yeass(
cerevisia@ and mold Rhizopus spp isolated from traditionalmana and the
characteristics of the starters are presentedeTall

Table 3.11 Characteristics of defined and traditional fertaénn starters

Fermentation starter typeséng

Parameters Defined Traditional
Moisture (% m/m) 5.03-5.13 5.33-5.90
Amylase activity (Units/g)* 22.49 - 36.13 17.903.36
Bulk density (g/L) 567.4 - 580.9 568.7 - 592.0
Yeast and mold counts (cfu/g) 3.6%16.6x10 2.7x16- 3.2x16
Coliform count (cfu/g) Nil 3-5

Total plate count (cfu/g) 30-41 > 300

*1 unit of amylase activity is equal to the 1 mgnheéltose formed by 1 g of
manain 1% starch solution up on incubation for 15 mi0'C.
(Source: Regmi, 2007)
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Rai (2006) prepared defined fermentation startémgugeast and mold isolated from
murcha using rice flour as carrier. The yeasts isolatexnfmurcha samples were
identified to be strains acharomyces cerevisiaBhe molds were identified to be the
species oRhizopusThe amylase activities of the starters were faanide in the range
of 22.0 — 25.4 mg maltose in 15 min of incubatiod@°C whereas those of traditional
starter fnurchg ranged from 20.22 - 23.8 mg maltose under sinutarditions. The
physiochemical and microbiological characterisaégshe murchaand defined starter

are given in the Table 3.12.

Table 3.12 Physiochemical and microbiological propertiesnofirchaand defined

starter

Type of fermentation starters

Parameters
Traditional Murcha) Defined (pure culture)

Amylase activity 20.2-23.8 22.0-25.4
Moisture (% m/m, wb) 16.4-16.54 16.26-16.31
pHP 5.0-5.5 5.2-5.5
Bulk density (g/L) 680-759 630-740
Total plate count (cfu/g) 1800-2010 104-367
Yeast and mold counts (cfu/g)  1.7%101.8x10 2.1x16-1.9x1d
Coliform counts (cfu/g) 0-1 Nil

®Expressed as mg maltose formed by 1 mofchasample from 1% starch solution
upon incubation at 4€ for 15 min. b: measured in 10% (m/v) aqueoust&miu

(Source: Rai, 2006)

Study made by Karki (1984) has revealed timairch contains a diverse microflora
namely, Saccharomyces cerervisiaeRhizopus spp Endomycopsis fibuligera,
Pediococcus pentosacewndLactobacilliu plantarum Nikkuni et al. (1996) reported
that a kojimanasample collected from Kathmandu valley, Nepal,tapred 1.5x19
cfulg of Mucorales 3.5x10 cfu/g of Aspergilli and 1.1x1® cfu/g of lactic acid
bacteria, while yeasts were present at less tharflify. A. oryzaewas found to be a

dominant species in thmanasample prepared with steamed rice.

According to Yokotsuka (1985chu may either be yellowhuang possibly due to
Aspergillus oryzaeor white probably due t&®hizopusand Mucor. Huang-chuwas
widely used for alcoholic fermentation as well asthe preparation of soybean foods.
Wheatchu originated in the Northern part of China and thedém Peninsula., while
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rice chu originated in the SoutiNuruk ragi andbubodare similar in that they are
prepared by the natural fermentation of raw cepealders, which are moulded into the
shape of a cake or baKoji, on the other hand, is prepared by controlled éertation
of cooked cereals in a granular form, which are mamly inoculated with the mould,

Aspergillus oryzae

Numerous types of microorganisms (moulds, bactenwa yeasts) are found in the
naturally fermented productfspergillus oryzae(1x10 cfu/g), Aspergillus niger
(1x10 cfu/g), Rhizopus(1x1@ cfu/g), bacteria (1x10cfu/g) and yeasts 1x16 10/
cfu/g) were identified imuruk (Kim, 1968). The number of moulds (1tQL0’ cfu/g),
yeasts (1x10- 10’ cfu/g) and lactic acid bacteria (1t0L0’ cfu/g ) were observed to
vary with the source and district of collection lbfibod (Tanimuraet al, 1979.
Important micro-organisms itoog-pang were Amylomyces, Aspergillus, Rhizopus,

Mucor andAbsidia(Pichyangkura and Kulprecha, 1977).

According to Tamang and Sarkar (199%mrchacakes are mildly acidic (pH 5.2) and
contain 13% moisture (m/m) and 0.7% ash (m/m, @by have isolated a total of 194
bacteria, 110 yeasts, and 80 mold strains froma&@pses oimurcha The counts (cfu/g,
wb) of microorganisms in the samples were 2.0x104.2x10 for Pediococcus
pentosaceys4.0x10-6.8x16 for Saccharomyces fibuligera2.0x16 — 7.2x10 for
Pichia anomala 1.0x16 - 4.1x10 for Mucor circinelloidesand less than f0for
Rhizopus chinensis

Fermentation starters were reported to contain anireroflora of filamentous moulds
such as species oAmylomyces Mucor, Rhizopus Actinomucoy yeasts such as,
Saccharomycesspp, Pitchi spp; Endomycopsis fibuligerta Homsemula spp
Saccharomycopsis fibuliger&accharomyces cerevisiaad lactic acid bacteria, mostly
spp. of lactobacillus and Pedicoccus(Tamang and Sarkar, 1995; Yokotsuka, 1985;
Karki, 1986; Tamangt al, 1988).

3.5 Chemical composition of different indigenous ceal-based alcoholic beverages

Cereal beers are abundant in micronutrients su¢heaB vitamins, which are formed
during fermentation. Table 3.13 shows the approtenchemical composition aékju,
which contains 7% alcohdKorea Rural Nutrition Institute, 1991). Indonesiarem
bali contains 16 — 23% reducing sugars and 6 — 14% eli{8aoncet al., 1986).
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Table 3.13 Approximate and mineral compositiontakju

Nutrients Content Minerals Content
Energy (kcal/100g) 55 Calcium (mg/100g) 14.0
Moisture (g/100 g) 90.7 Phosphorous (mg/1009) 28.0
Ethanol (%) 7.0 Iron (mg/100g) 0.8
Protein (g/100g) 1.9 Thiamin (mg/100g) 0.01
Fat (g/100q) 0.1 Riboflavin (mg/100g) 0.03
Carbohydrate (g/1009) 1.2

Ash g(100g) 0.1

(Source: Korea Rural Nutrition Institute, 1991)

Bhandari (1997) made a comparative study onr#kesi production from different
cereals usingmurcha and pure culture Saccharomyces cerevisi&s. sake and
Aspergillus oryzaeand reported the following composition.

Table 3.14 Chemical composition of the distillate

Alcohol  Methanol Higher alc.

Cereals Starter (% vim)* (9/100 L) (% vi)
Maize S. cerevisiag A. oryzae 5.42 12.1 >0.1
Maize S.sake+ A.oryzae 8.71 9.6 y
Maize Murcha 12.05 2.4 "
Finger millet S. cerevisiag A. oryzae 1.86 24.3 "
Finger millet S. saker A. oryzae 7.48 194 "
Finger millet Murcha 7.22 9.6 "
Rice S. cerevisiag A. oryzae 8.59 9.6 .
Rice S. saker A. oryzae 11.17 7.2 "
Rice Murcha 10.01 Trace y

(Source: Bhandari, 1997).
*alcohol content was expressed as mL/100 g ferndemiéet.

Rai (1991) fermented unmalted and malted fingedemiEleusine coracanausing
defined fermentation starter prepared ughsgergillus oryza@andSaccharomyces sake
and reported the following chemical characteris{{€able 3.15). The organoleptic
guality of jand from fermented germinated millet was reported éariferior to that of
the ungerminated one probably due to the putrefiacdf the sprouts present in the
germinated millet. It seemed probably that the resthof sprouts before cooking could

improve the quality offand (Rai, 1991).
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Table 3.15 Chemical characteristics of ungerminated and gexted finger millet
during fermentation

Time® Ungerminated millet Germinated millet
Total acidity Red. sugar Alc. Total acidity Red.sugal Alc. (%
% m/mf @ m/mf (% vim) (% m/mf (% m/my v/m)
0.98 0.20 0.50 0.84 0.56 0.44
0.99 0.79 0.65 0.85 1.01 1.31
1.14 1.20 1.82 0.99 1.95 2.48
12 1.26 1.91 2.76 1.02 3.08 3.30
14 1.27 2.11 2.86 1.11 4.80 3.92
16 1.30 3.46 3.3 1.14 4.33 4.00
18 1.35 4.8 4 1.15 3.80 4.70
20 1.52 3.8 4.33 1.23 2.88 5.17
22 1.59 3.6 5.3 1.25 2.59 5.3
24 1.6 2.94 5.57 1.34 2.24 5.88

%days after starter addition
Ptotal acidity and reducing sugar are expressedd lacid and dextrose respectively.

(Source: Rai, 1991).

Venkataramu and Basapu (1993) made a comparatidg sf chhangfermentation of
ragi using traditional and pure microbial inoculdicroorganisms viz.Endomycopsis
fibuligera, S. cerevisiaeand Leuconostoc dextranicynisolated from the traditional
fermentation startephaly were used in the fermentation and compared Vi of
‘phabl as such using malted and unmalted ragi and tbets. Starch conversion
efficiency was from 20 — 40% in the case of 20%sgmedium than that in whole
grain. Solid state fermentation temperature of Q0pH of 6.7 (natural) and incubation
period of 6 days were found to be optimum for femtagon. Malted grits further
improved the starch conversion efficiency by 50 %hwthese inocula and also
imparted better flavor and aroma to the producmsixiency ofchhangin terms of
ethanol (2.5 — 3.0%, v/v), total acidity (0.4 —%.); volatile acidity (0.03 — 0.06%) and

pH (3.8 — 4.1) were reported in the case of fingélet fermented using pure culture.

Manandhar (2002) prepared rice wine using sacgfagiimold and fermentative yeast
isolated from traditional startem{rchg following sake fermentation procedure for 28
days. Alcohol (% v/v), total acidity as lactic dcj% m/v), pH, reducing sugar as
dextrose (% m/v) and total sugar as dextrose (% owntents in rice wine and strained
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jand were 9.65 and 9.56; 0.72 and 0.70; 4.1 and 4.5 @@ 1.53 and 3.03 and 4.47

respectively.

Mongar and Rai (2005) studied the preservation iletrjand by pasteurization. Two
lots of jandswere obtained from 1 kg of fermented millet by mxiwith warm water
and holding for 15 min followed by straining thrdugnuslin cloth. Thgand was
pasteurized (in-bottle at 7% for 15 min) and stored at —"€ (control), 10°C and at
room temperature. The characteristics of jand dustorage are shown in Table 3.16.
The author reported that all the characteristiceewmt significantly affect by storage

temperature and methods.

Table 3.16 Chemical characteristics of finger millgnd during storage

Values at different storage times (days)

Parameters Condition 0 12 o4 36 48

pH RT* 4.5 4.51 452 451 450
10°C 4.5 4.5 451 452 451
-4°C 444 445 445 443 443

Total acidity as lactic RT 0.6 0.6 0.6 0.61 0.61

acid (% m/m) 10°C 0.6 061 061 06 0.62

-4°C 06 061 061 062 061
Reducing sugar as RT 152 151 150 149 1.50
dextrose (% m/m) 10°C 15 152 151 150 151
~4°C 148 147 149 148 143

Alcohol content RT 403 4.0 4.0 4.0 4.03

(% vim) 10°C 4.0 4.06 404 406 4.0
-4°C 4.1 4.09 4.13 408 4.1

*RT: room temperature (Source: Mongar and Rai, 2005)

Shresthaet al. (2002) reported thgioko fermented for 3 days at 30 °C using rice and
millet manapuhad total acidity in the range of 1 to 1.7% m/mlaagic and reducing
sugar in the range of 9 to 15.6% m/m as dextroseestha and Rati (2003) prepared
poko using traditional and defined starters and thdienasical composition were
analyzed. The ash, protein, crude fiber, and camt@te contents in sterilized rice
were 0.26, 8.5, 0.17, and 86.4% (db) respectivBelpximate composition opoko
fermented using traditional starter at 30 °C fatdys had ash, protein, crude fiber, fat
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and total carbohydrates contents of 0.4, 11.8,,10185 and 77.2% (m/m, db)
respectively. Similarly,poko prepared using defined fermentation starter hdd as
protein, crude fiber, fat and total carbohydratestents of 0.35, 10.0, 0.9, 0.4, and
77.7% (m/m, db) respectively. Frepbkowas found to have moisture content in the
range of 70 to 73% (m/m).

Upadhyaya (2005a) fermented finger millet, rice,izeaand wheat using traditional
fermentation startemfurchg and analyzed chemical and organoleptic qualityhef

jands Murcha was added at the rate of 2% (m/m) by weight ofkedocereals and
fermentation was carried out at 23 —"Z5for 15 days. Th@and was prepared by using
fermented cereal and water in the ratio of 1:1 jmgtirred for 10 min and strained

through muslin cloth and the chemical charactessdif jands are shown in Table 17.

Table 3.17 Chemical characteristics of differefgnds

Characteristics Values for different jands samples
Wheat Millet Rice Maize

pH 4.1 3.84 3.64 3.85

Total acidity as lactic 1.06 1.11 1.50 1.11

acid (% m/v)

Fixed acidity as lactic ~ 0.48 0.51 1.03 0.50

acid (% m/v)

Volatile acidity as 0.18 0.20 0.16 0.20

acetic acid (% m/v)

Alcohol (% v/v) 8.38 7.15 7.37 8.07

Methanol (g/L alc) 0.716 2.797 0.407 1.611

Total aldehydes as 66.9 8.5 4.5 18.6

acetaldehyde (mg/L

alc)

Esters as ethylacetate 189.00 98.0 310.4 283.5

(mg/L alc)

TSS (Bx) 8.00 6.00 7.00 5.00

Dry matter (% m/v) 8.80 491 6.56 4.73

Reducing sugar as 1.75 0.48 2.61 0.38

dextrose (% m/v)

Total ash (% m/v) 0.29 0.21 0.22 0.05

Total nitrogen (% m/v) 1.37 0.38 0.59 0.71+0.01

(Source: Upadhyaya (2005a)
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The composition of unfermented and fermented fingiiet found in Darjeeling hills
and Sikkim, India, as reported by Thapa and Tan{a@@4) is given in Table 3.18.

Table 3.18 Composition of cooked and fermented finger millet

Parameters Cooked Fermented Minerals (mg/100Cooked Fermented
millet millet g dm) millet millet

Moisture content, 67.3 69.7 Calcium 205.3 281.0

% m/m

pH 6.4 4.1 Magnesium 76 118

Total acidity, as 0.01 0.3 Manganese 3.6 9

lactic, % m/m

Alcohol content, 0.08 4.8 Copper 0.8 2.2

% v/im

Ash, % db 5.0 51 Iron 8.7 24

Crude fat, % db 2.3 2.0 Zinc 1 1.2

Crude protein, % 10.2 9.3 Sodium 27.7 39

dm

Crude fiber, % db 6.5 9.3 Potassium 391 398

Carbohydrates, % 82.5 83.7 Phosphorous 228 326

db

Energy, kcal/100g 391.8 393.6

dm

(Source: Thapa and Tamang, 2004)

Shrestha and Rati (2003) reported that the over&min content increased during
fermentation process. Riboflavin is utilized durifggmentation and was therefore not
detected in the final fermented product. Cretlal (1977) reported an increase in the
protein content to 16% itapeketarfermentation. In cereals, the limiting amino asd i
lysine. However, during fermentation ¢dpeketan Cronk et al. (1977) found that
lysine was selectively synthesized and increased19g. Similarly, thiamine showed
an increase of 30% (from 0.04 to 0.13 mg/100 gapeketan According to Kodama
and Yoshizawa (1977) total sugar as glucose (%, féunentable sugar as glucose (%
m/v), total nitrogen (% m/v), formol nitrogen (% vi/and alcohol (% v/v) contents in
sakewere 4.2, 3.46, 0.0726, 0.0288, and 15 respeygtividiey further reported that
sakecontains various higher alcohols and esters: ngrol(120 mg/L); isobutanol (64
mg/L); isoamyl alcohol (170 mg/L and 2 phenethgfl mg/L).
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The chemical composition obhatte jaanr prepared from glutinous rice using

traditional starter reported by Tamang and Thap@g2is given in Table 3.19.

Table 3.19 Chemical composition of cooked and fermented rice

Cooked Bhatti Minerals, Cooked Bhatti

Parameters rice  jaanr (mg % db) rice  jaanr
Moisture content, % m/m 67.2 83.4 Calcium 25 812
pH 6.0 3.5 Magnesium 22 50
Total acidity, as lactic, 0.01 0.24 Manganese 0.4 1.4
% m/m

Alcohol content, % v/im 0.00 5.90 Cupper 0.5 14
Ash, % db 0.6 1.7 Iron 2.2 7.7
Crude fat, % db 2.4 2.0 Zinc 0.6 2.7
Crude protein, % dm 9.5 9.5 Sodium 53 247
Crude fiber, % db 0.6 15 Potassium 57 146

Total carbohydrates, % db 87.5 86.9 Phosphorouss 15595

(Source: Tamang and Thapa, 2006)

Philippinetapuy, a highly acidic but sweet, aromatic, alcoholieriwine was reported
to contain reducing sugar, TSS, pH, total aciditg ethanol in the range of 4.1 to 5.2
% as glucose, 9.3 to 15 %, 3.3 t0 4.9, 6.55 to2&4 of 0.1N NaOH per 100 mL and
13.51t0 19.10 % (v/v) respectively (Tanimu@taal.,, 1978).

Chemical characteristics of some traditionally @repl alcoholic beverages are
presented in the following Tables.

Table 3.20 Chemical composition of 3 days fermented comnaéEgyptian Bouza

Components Content (% m/v)
Moisturre 87.5
Total solids 12.5
Protein (N x 5.7) 1.6

Fat 0.25
Fiber 0.40

Ash 0.26
Carbohydrates (by 10.0
difference)

(Source: Morcoegt al, 1973)
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Table 3.21 Composition of Kaffir beer

Parameters Range Average
pH 3.2-39 3.5
Lactic acid (mg%) 164 — 250 213.10

Volatile acidity as acetic0.012 - 0.019 0.016
acid (%, m/v)

Total solids (%) 26-7.2 4.9
Insoluble solids (%) 1.6-4.3 2.3
Alcohol (% m/m) 24-40 3.2
Nitrogen (%) 0.065-0.115 0.084

(Source: Novellie, 1968)

Table 3.22 Chemical composition of Zambian opaque maize péday)

Component Mean Range
Moisture (% m/v) 93.2 90.7 —95.9
Solids (% m/v) 5.68 3.73-10.26
Ash (% m/v) 0.232 0.612 — 0.300
Fat (% m/v) 0.43 0.11 - 1.04
Fiber (% m/v) 0.38 0.22 - 1.02
Protein (% m/v) 0.889 0.657 —1.384
Total carbohydrates (% m/v) 4.14 2.71 - 8.56
Calcium (mg/100 ml) 1.9 1.0-29

Iron (mg/100 ml 9.8 3.3-26.0
Alcohol (% m/v) 1.86 0.96 — 2.86

(Source: Lovelace, 1977)

3.6 Flavoring compounds produced in alcoholic bevages

3.6.1 Esters
Esters are numerically the largest group of orggmat compounds in alcoholic

beverages. Lower esters have pleasant odors #atsaally described as fruity (Bahl
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and Bahl, 1997). Although some ester formation megur during the distillation of
spirits, the most common esters are produced byehst during fermentation stage.
Esters, in general, have fruity and floral impdtamcteristics that are important in the
sensory properties of wine. Wine esters may begoateed into two groups; (i) those
arising from acetate and ethanol as well as fulsl and (ii) those resulting from
ethanol and straight-chain fatty acids precurdessers of the first group include ethyl-,
isobutyl-, isoamyl-, 2-phenethyl-, and hexyl- atetdf those identified, ethyl acetate
is generally present at the highest concentraiaamples of the second group include

the ethyl esters of hexanoic, octanoic, and dedaadds (Zoeckleiret al, 1997).
3.6.2 Aldehydes

Alehydes are synthesized by yeast as intermedrmathe fermentation of alcohols
through the decarboxylation of keto acids. The mizgs are further reduced by
alcohol dehydrogenase, but a small amount may lokzexi to acids. During the active
phase of fermentation, excess quantities can beetextinto the fermentation broth.
The corresponding aldehydes to most of the alcofmimed by yeast have been
detected in alcoholic fermentation (Engan, 19818n&ally, aldehydes have flavor
threshold two to three orders of magnitude belogvatltohols. The aroma of the lower
aldehyde is generally perceived as fruity. Aldehyids a characteristic pungent odor,
but its solution in water has an agreeable frudgroqBahl and Bahl, 1997). Parameters
which increases the initial fermentation rate, sashaeration, readily utilizable sugars
and other nutrients, higher temperature, fast fatmg yeast strains and higher

pitching rates results in increased accumulatioald¢hydes (Engan, 1981).
3.6.3 Organic acids

According to Kirk and Sawyer (1991), free acidity acetic acid was reported to be
0.05 -0.10, 0.15 - 0.23, 0.09 — 0.15, 0.2 — 3% — 0.15 and 0.03 — 0.20 % in Port,
Sherry, Claret, Burgundy, Hock, and Champange sangbl wines respectively.
Similarly, fixed acidity was reported to be 0.3®.55, 0.25 — 0.50, 0.30 — 0.5, 0.30 —
0.60, 0.25 — 0.45, and 0.30 — 0.45% as tartarid mcPort, Sherry, Claret, Burgundy,
Hock and Champange wine samples respectively. Nokatidity refers to the volatility
with steam of the fatty acids. Besides acetic antld, which are normal by-products of
alcoholic fermentation, formic, butyric, propionand traces of other fatty acids are
present. The volatile acidity includes the fattidadn the series starting with acetic but

excludes lactic, succinic, carbonic and sulfurougla The amounts of acetic acid
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produced during alcoholic fermentation are smalially less than 0.030 g per 100 mL.
Acetic acid is a normal by-product of yeast growtid has its origin primarily in the

early stages of fermentation (Zoeckleinal, 1997).

Table 3.23 Composition of different brandy samples

Parameters Contents in different samples
Minimum Maximum
Total acidity as acetic acid (g/100L alc) 86 160
Total esters as ethyl acetate (g/100L alc) 112 580
Total aldehyde as acetaldehyde (g/100L alc) 24 76
Higher alcohols ( g/100L alc) 146 782

(Source: Kirk and Sawyer, 1991),
3.6.4. Higher alcohols

Quantitatively and qualitatively, fusel oils repeas an important group of alcohols that
may affect flavor. Quantitatively, isoamyl alcohgénerally accounts for more than
50% of all fusel oil fractions in wine (Muller artlgelsang, 1993). In table wines, the
total fusel oil concentration is reported to rarfigmm 140 to 420 mg/L (Amerine and

Ough, 1980).

Table 3.24 Origin of fusel alcohols from amino acid precusso

Amino acids Fusel oil

Leucine 3-methyl-1-butanol
Isoleucine 2-methyl-1-butanol
Valine 2-methyl-1-propanol
Threonine Propanol
2-phenylalanine 2-phenylethanol
Tyrosine Tyrosol

(Source: Zoeckleiet al, 1997)
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Table 3.25 Acidity and volatile flavor compounds in diffeterum samples

Parameters Rum samples

1 2 3
Total acidity as acetic acid ( g/100L alc 22.4 193 174
Esters ( g/100L alc) 241.3 275 190.3
Aldehydes (g/100L alc) 27.8 35.2 24.5
Higher alcohols (g/100L alc) 174.5 190.3 160.1

(Source: Kirk and Sawyer, 1991)

Table 3.26 Acidity and volatile flavor compounds in diffeterum, Scotch whisky and

brandy (g/100L alcohol)
Pameters Jamaica Demerara Scotch Cognac
rum rum whisky

Total acidity as acetic80 - 180 90-240 30-70 5-100

acid

Esters 120 - 200 40 - 70 10 - 20 -
Aldehydes Up to 40 0-20 100 - 270 2-35
Fusel oil 140 - 200 100 - 160 - -

(Source: Kirk and Sawyer, 1991)

Table 3.27 Volatile flavor compounds in different whisky spl@s (g/100 L alc)

Parameters Sample number

1 2 3 4 5
Total esters as ethyl acetate 28 355 34.8 17.6 9 16.
Total aldehyde as acetaldehyde 11.4 10. 9.7 4.9 3.1
Higher alcohols 129 130 186 41 44

(Source: Kirk and Sawyer, 1991)

3.7 Biochemical changes during cereal-based tradunal alcoholic fermentation
3.7.1 Microbial changes

Tamang and Thapa (2006) prepatduhtti jand following traditional method using
glutinous rice and locahurcha Fermentation was carried out for 8 days at 2&ft€r

2 days of biomass development. They reported tbptulption of moulds decreased
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significantly (p<0.05) during fermentation and dipaared after the fifth day of
fermentation. Population of yeasts increased signifly from 16 cfu/g to 18 cfu/g

on day 2 and decreased to a level ofdfQ/g on day 10. It was assumed that two types
of yeasts were involved in cereal fermentation: lahgtic (mostly Saccharomycopsis
degrade starch and alcohol producing yeasts them gapidly on the resultant glucose

to produce ethanol.

Thapa and Tamang (2006) prepakedio kojand following traditional method using
about 2% powderenhucrhaand fermenting for 8 days at 28 °C after 2 daysiaiass
development. They reported that mold count decte&reen 4.2 log cfu/g on day O to
1.8 log cfu/g on day 3, but no mold were visibleeafiards. Conversely, yeast count
(5.2 log cfu/g on day 0) increased during fermeatateaching a maximum of 7.8 log
cfu/g on day 2, remained constant ov8rday of fermentation and then declined to 7.3

log cfu/g on day 10.

Shresthaet al. (2002) studied the succession of different groopsnicrobes during
poko &rmentation at 30 °C using rigeanapuand found that lactic acid bacteria
increased during fermentation and were in the rafg®5x16 (day 1) to 5x10 cfu/g
(day 5). A similar trend was also reported for yeasints with 1.8x10and 1.3x1&0n
the 1st and 8 day of fermentation respectively. Mold counts @ased from 6.3x£0
(day 1) to 1.3x1Dcfu/g (day 2), remained constant on day 3 andedsed to 1.3xf0
on day 5. In traditional sake fermentation, sakasy€&accharomyse sakes added at
the rate of 10to 1@ cfu/g and eventually propagates to levels of ¥x1@x1d cfu/g
(Murakami, 1972). Duringtakju preparation (a Korean traditional wheat-based
alcoholic beverage) molds disappeared after 2 day® of fermentation (Pardt al.,
1977).

3.7.2 Physico-chemical changes

Tamang and Thapa (2006) analyzed pH, total acidityphol and reducing sugar
contents during traditional fermentationhdfatti jandand found that the pH decreased
from 6.1 (day 0) to 3.96 (day 10) during fermeiotaiat 28 °C. A large drop in pH was
recorded in the first day of fermentation (from @13.36); there was no drastic change
in pH was reported during succeeding fermentatiBimilarly, total acidity increased
substantially during the first day of fermentatifrom 0.01 to 0.11% m/m as lactic
acid) and reached up to 0.17% on thé" Hay of fermentation. Alcohol content

increased with fermentation time. There was a gégé amount of alcohol production
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over the ¥ day of aerobic fermentation (from 0.00% to 0.29m\and reached to 10.1
% v/m at the end of fermentation. Reducing sugatast increased with time attaining

a max of 12.6%, m/m as dextrose and decreasedghbaip2% on day 10.

Thapa and Tamang (2006) analyzed reducing sugar,tqill acidity and alcohol
contents during traditional fermentation of fingenillet (Eleusine coracanaand
reported that the total reducing sugar increaseth f0.4 (day 0) to 7.0% m/m as
dextrose (day 7) and decreased afterwards readh@®g on day 10. A significantly
high reducing sugar production was reported to oamu the ¥ day of aerobic
fermentation. The pH of the mash decreased fromof.4lay O to 4.1 on day 2 and
remained constant throughout fermentation up to HayTotal acidity (%, m/m as
lactic) increased with time and reached up to 0.28%@ay 10. Alcohol content was
reported to increase with time significantly updiy 6 (6.9%, v/m), remained constant
up to day 8 and decreased significantly up to 6d%wday 10. The authors further
fermented finger millet using pure cultures Bhizopus chinensigMJ: R3 and
Saccharomyces cerevisiddJ: YS2 isolated frommurcha and the change in pH,
reducing sugar and alcohol after 2 and 6 days whdatation were determined. pH,
reducing sugar (%, m/m as dextrose) and alcohol(f) on 2 and 6 days fermented

samples were 4.3 and 4.4; 4.21 and 3.57; and 2.,54ad respectively.

Pokoprepared using ricemanapu(@ 0.2% by wt. of cooked rice) for 5 days at 30 °C
had pH contents of 4.3 on day 1, decreased with giming final pH of 3.1 on day 5.
Similarly, total acidity increased from 0.2 on dhyo 1.7% (m/m) as lactic acid on day
5. Reducing sugar content increased from 0.4 onldaya maximum of 15.6% (m/m)
as dextrose on day 3 and decreased afterwardsréooreday 5. Alcohol content
increased with fermentation time and reached u$.@6 (v/m) on day 5 (Shrestlea
al., 2002).

Khetarpaul and Chauhan (1990) fermented sterilpazd! millet flour (100 g + 900 mL

water) using yeasts and lactic acid bacteria séggrand in combination for 72 h at 30
°C. pH decreased significantly from 6.42 to 4.41levtotal acidity increased from 0.55
to 1.50% (m/v). Mixed fermentation further decrehpél and increased total acidity.
Chavan and Kadam (1989) reported that total prateiments of cereals and millets
were generally not affected by fermentation whilsignificant increase (from 10.8 to
12.4%) was reported by Agte and Sandhana (199pearl millet. The increase in

protein content can be attributed to microbial bgsts of proteins from intermediates

during growth cycles (Zamora and Fields, 1979).
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Das (2004) isolated four fermentative yeastSatcharomycegenera and one mold of
Rhizopuggenus and utilized for finger millet fermentatidrne mold was inoculated to
cooked millet, saccharified for 3 days at room temafure, then adjusted to IBx
using molasses and pH from 4.7 — 4.8 using laciit. & he millet was fermented for 8
days using different yeasts. Analytical resultshaf fermented millet are shown in the
Table 3.28.

Table 3.28 Chemical characteristics of fermented millet

Parameters Values at different fermentation tindey<)

2 4 6 8
TSS (Bx) 16 - 15 13.5-12 10-7 10-5
pH 45-4 43-35 39-32 37-29

Total acidity as lactic acid (% 1.73-0.88 257-15 29-1.38 3.8-19
m/m)

Reducing sugar 102-98 82-7.1 53-33 5-3
as dextrose (% m/m)

Alcohol, % v/m 8-1.9

(Source: Das, 2004).

Cai and Nip (1990) studied biochemical changeshi development of alcoholic
fermented products from Tar@¢locasia esculenta. Schott). Fresh taro was ground
and cooked by steaming at 100 for 1 h and autoclaving at 11& for 20 min. The
cooked taro was fermented using solid state and said state (addition of 40% water
by m/m) fermentations using defined fermentaticartst (at the rate of 2% by weight
of total taro solid) prepared usirighizopus tonkinensi®k. oryzae R. chinensisand
Saccharomyces cerevisiae rice bran and rice flour. The pH values of tproducts
fermented under different conditions decreasedobhduring the first 3 days (from 5.9

to 4.5) but the decline was at a slower rate oridh@wing fermentation time.

Total acidity of the products from solid-state femmation was considerably higher than
those of semi-solid fermented products, probably tiuthe uneven distribution of the
desirable microorganisms in the sticky mass or tsates Fermented taro product
cooked by atmospheric steaming had 6.8% (w/w) bamal, while that cooked by

autoclaving contained 6.6% (w/w) of ethanol aftatyas of semi-solid fermentation at

room temperature. Taro grits cooked by autoclavesylted 12.5 % (w/w) and 10.3%
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(w/w) of ethanol in 12 days of fermentation usingmssolid and solid state

fermentation respectively. Ethanol in all the sasphcreased sharply during the first 6
days of fermentation and decreased during the sdauog fermentation period. Sugar
content in 6 days semi-solid fermented taro was tkan 0.1% (as glucose), while it
was more than 2.5% in solid state fermented onacd@sk content in the solid state
fermented taro was reported to be 3.9% by the drfédrmentation (15 days). Total

oxalate decreased rapidly from approximately 401®@/g of steamed taro (1h at 100
°C) to 8 mg/100 g during the first day of fermeimat Presence of oxalic acid in foods
is considered as an antinutrient. The decreasetah dxalate was attributed mainly to

the metabolism of molds during taro fermentation.

Verma (1991) studied the chemical changes duriog férmentation using defined
starter prepared fro. oryzaeandS. saken rice and following results were reported.

Table 3.29 Chemical changes during fermentation (n=3)

Average values

Time Total acidity Starch (mg/g) Total sugaras  Reducing sugar as

(days) (% m/m) sucrose (% m/m) dextrose (% m/m)
0 - 767.6 1.34 0.71
2 0.2 701.5 1.31 0.33
4 0.40 698.2 1.53 0.63
6 0.51 678.6 2.35 0.86
8 0.7 629.6 2.35 0.72
10 0.63 599.6 1.34 0.56
12 0.77 575.4 1.99 0.49
14 0.90 551.3 0.92 0.34

(Source: Verma, 1991).

In tape ketarfermentation the crude protein increased fromt®&.02% (db) in 96 h and
further increased to 16.6% (db) in 192 h of fertaBaon usingAmylomyces rouxand
Endomycopsis burtonii(Cronk et al, 1977). According to Cronlkt al (1977) the
alcohol and fusel oil contents durin@pe ketanfermentation at 30 °C using

Amylomyces raui mold in conjunction with various yeasts weref@ows:
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Table 3.30 Changes on alcohol and fusel oil contents durapg ketarfermentation

Microorganisms Contents at different
fermentation times (h)

Parameters

48 96 192
Amylomyces rouxii  + Fusel oil (mg/L 187 461 559
Endomecopsis fibuliger distillate)
Alcohol (% v/v) 3.7 7 7.7
Fusel oil (mg/L 255 434 599
distillate)
A. rouxii + Candida lactosa
Alcohol (% viv) 3.3 7.4 7.3
Fusel oil (mg/L 108 162 144
distillate)
A. rouxii + Hansenula
anomalla Alcohol (% viv) 2.6 3.2 3.7

(Souirce: Cronlet al, 1977)

Sripriya et al. (1997) soaked finger millet (Co-13, brown varietgy 12 h at 30 °C,
germinated for 24 h at 30 °C and allowed to fernignthe natural grain flora at 30 °C
for different times. The pH dropped markedly fronB 30 3.87 during 48 h of
fermentation. A similar trend was also reportedtiwatable acidity with the maximum
increment being recorded during 6 to 12 h of fertaigon (0.38 — 1.01%).

Fivefold increase in total and reducing sugars rgasrted during early stage of natural
fermentation (0 — 6 h) (Sripriyat al, 1997). Starch content of sterilized autoclaved
unfermented pearl millet flour was 63.3 % (m/m a¥jich decreased to 50.4, 54.2,
59.3 and 60.2 % (m/m db) over 72 h of fermentatisimg Saccharomyces diastaticus
S. cerevisiagLactobacillus brevisand L. fermentumrespectively. Reducing sugar
content increased from 0.36 to 2.01% (m/m db)Sincerevisiadermented sample
(Khetarpaul and Chauhan, 1990Qppezet al. (1983) observed that natural lactic acid
fermentation decreased the phytic acid in corn rdeal to phytase production by the
microbes. Similarly, natural fermentation of therrgmated finger millet resulted a
mean decrease in phytic acid to 54.3% at 72 h &% @t 96 h of fermentation
(Makokhaet al (2002).

A significant decrease in phytic acid (786.2 to .3981g/100 g) during 36 h of natural
fermentation of pearl millet was reported by Agteal. (1997). Elyaset al. (2002)
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reported a significance decrease in phytate asudt ref fermentation. A 50% reduction
was observed during 36 h of natural fermentatiorpedirl millets. Khetarpaul and
Chauhan (1990) reported an almost complete elimoimadf phytic acid in pearl millet
flour during natural fermentation at 30 °C for 72 Mahajan and Chauhan (1987)
reported that endogenous phytase contributed gignify to the reduction of phytate
content of natural fermented pearl millet flour.cAcding to Daniels and Fisher (1981)
and Lopezet al. (1983) microbial phytase was present in several microosyas),
which hydrolysed phytic acid during fermentationaaftoclaved floura and accounted
for the reduction in phytic acid content in the caléved fermented product.
Fermentation led to increase in total phenolicd@ats in buckwheat, barley, and in rye
(Zzamora and Field, 1979). A significant decreas®tal phenolics (TP) from 318.6 to
237 mg/100 g during natural fermentation of peatlethwas also reported by Age
al., 1997). Sripriyeet al. (1997) reported that natural fermentation causeckase in
total phenolics (TP) from 1.43 g/100 g DM to 1.868%) g DM in finger millet.

According to Elyaset al (2002), natural fermentation of pearl millet wiasind to
cause a significant decrease in TP from 319 to d4®6 GAE/100 g after 24 h
fermentation. Dhankher and Chauhan (1987) alsortegh@ decrease in polyphenols in
pearl millet with increasing fermentation time. Tdhecrease in TP could be due to the
activation of polyphenol oxidase. The higher ineeeat the end of fermentation could
be attributed to higher loss in dry matter. Thegoréed that 10 — 20% decrease in

polyphenol content was found in the fermented padtét product rabadi.

No significant change in tannin content during fentation of pearl millet was
reported by Agteet al. (1997). Similarly Elyast al. (2002) also reported that natural
fermentation of pearl millet for 36 h at 32 + 2 Was found to cause no change in
tannin content. Fermentation increased antioxidactivity (measured by DPPH
method) in buckwheat (from 10 to 12.6%) and in &daiffrom 6.5 to 12.5%) (Agtet
al., 1997).

3.8 Changes during cereal germination
3.8.1 Changes in protein and amino acids

Soluble proteins showed only marginal increase emmgation of finger millet at 30
°C for 24 h but a ten-fold increment occurred athl8f natural fermentation (1 part
germinated millet flour + 2 parts water).This mag due to the increase in microbial

enzyme during fermentation. The total free amindsamcreased rapidly by about 4.5-
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fold during germination and doubled at 18 h of fentation, reaching a maximum at
36 h of fermentation (Sripriyet al, 1997). Dry matter loss, particularly carbohydsat
through respiration and leaching possibly causexl dghparent increase in protein
content on malting (Chavan and Kadam, 1989). Midhiikya et al. (2000) reported a
29.5% overall increase in protein content duringdtimg of finger millet. A significant
decrease in protein and fat contents was repogtedhioudhuryet al. (2010) in foxtail
millet (Setaria italicg than that of unmalted one. The changes in praentent during
malting may be due to the loss of carbohydratesndugermination and loss of low
molecular weight nitrogenous compounds during saakand rinsing of the grain.
Similar findings were also reported by Kumari antv&tava (2000). Roots and shoots
are known to be rich in various nitrogenous compisurDuring germination, the
increase in the amount of free amino nitrogen iatgcand shoots is the result of
translocation of the products of storage protegakdown from kernel (Pelemle¢ al.,

2002). This could be the probable reason for redlpeetein content in malted sample.
3.8.2 Changes in carbohydrates

Starch content decreased from 81 to 71.3% (m/mhdwgermination of finger millet
for 24 h at 30 °C, which further decreased duriatural fermentation. (Sripriyat al
1997). The total and reducing sugars in 70% alceltlacted sample of finger millet
malt germinated at 25 °C increased from 1.5 to 1&% from 1.44 to 8.36%
respectively upon 96 h of germination. A 95- an@-81d increase was observed in
hexoses (glucose and fructose) and sucrose reaggdtiNirmalaet. al.,2000). Starch
content decreased from 81.1 to 71.3 g/100 g DMndugeermination of finger millet for
24 h at 30 °C, which further decreased during ahti@rmentation. Dry matter loss,
particularly carbohydrates through respiration dedching during soaking and
germination probably caused the apparent increadber (Lorenz, 1983; Chavaet
al., 1981).

Malleshi and Klopfenstein (1998) reported that omltmg, the dietary fiber of
sorghum, pearl millet and finger millet increaseahi 7.8 to 8.6%, 11 to 12% and 15.2
to 21.7% respectively. Starch content decreasem 86 to 40.43% after 4 days of
malting of finger millet (Nirmalagt al, 2000). The reduction in starch content varied
from 33 to 58.4% in 96 h germinated sorghum cutiy&orghum bicoloras compared
to ungerminated cereal (Subramanieinal 1992). About 65% decrease in starch

content was reported in germinating barley (Moaalll Briggs, 1978).
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3.8.3 Changes in mineral contents

In general, germination reduced mineral contentpeairl millet due to metabolic loss
of nutrient. There was a significant reductionatat phosphorus and calcium contents
during soaking and sprouting compared to the cbnifbe reduction in mineral
contents during soaking and sprouting treatmenghnie due to the leaching out of
minerals in the soaking water (Chavan and Kada@9:1®alleshi, 1984; Samantray
al., 1989). Siwela (2009) reported that the mineaadtent of the malt was lower than
that of the unmalted grain. Similarly Bhist¢ al. (1988) reported a decrease in ash
content from 1.7 to 1% when sorghum was malted 7/#drh. Badauet al. (2005)
reported that calcium, iron, zinc, phosphorus avdine contents decreased during

germination of pearl millet.

There was a significant decrease in minerals comtemalted samples of both yellow
and purple varieties of foxtail millet (8.9 and 2% respectively) (Choudhumt al.,
2010). There was removal of seed coat during ngglivhich contributed towards the
reduction in the total mineral content of maltednpbes (MacMasteret al., 1971).
Nithya et al. (2006) have given the following changes in miredliring germination

and roasting of pearl millet

Table 3.31 Changes in mineral contents during germinatiod ewasting of pearl
millet* (mg/100g)

Parameters Raw Germinated Roasted
Phosphorous 371 320 347
Iron 8.6 8.2 8.3
Calcium 32 19 21
Potassium 29 23 22
Magnesium 120 95 115
Zinc 5.20 4.47 4.80
Manganese 5.12 4.37 4.67

*Germinated pearl millet dried at 60°C and roastetl10°C for 1h in hot air oven
(Source: Nithyaet al.,2006).
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3.8.4 Changes in phytate

Phytate complexes with essential elements suchna$-& and Ca and reduces their
bioavailability which can be enhanced by degradatbphytate (Moeljiopawir@t al,
1987). Progressively decreased in phytin phosphooasent of finger millet varieties
during germination were also reported by the Mailes al. (1986) and Udayasekhara
and Deosthale (1988). Average decrease in phyiica@ac malting of finger millet was
23.9% at 72 h and 45.3% at 96 h of germination @kaket al. (2002). According to
Sripriyaet al. (1997) phytic acid content in finger millet decsed from 0.61 to 0.55%
(db) during 24 h of germination. Natural fermerdatiof the germinated millet flour
further decreased the phytic acid to 0.24% (dbyn@w®ation significantly reduced the
phytic acid content of pearl millet. An average m@ase in phytic acid in the range of
83.71 to 86.01 % in 10 different pearl millet cudtis was reported by Bada al
(2005).

Generally, cereals have been regarded as the s@mjoces of dietary phytate (Harland,
1989; Reddyet. al, 1989). The majority of ingested phytate is umddgd during
transition through gastrointestinal tract (Gedfal., 1984). One phytate molecult can
bind up to six divalent cations and the metal cquddsibly bridge at least two phytate
molecules (Graf and Easton, 1990). Other reseasdma&ve reported decrease in the
level of phytic acid during soaking (Khokhar anda@han, 1986; Ologhobo and
Fetugal, 1984) and germination (Boradeal, 1984; Mandalet al, 1972) due to
phytase activity in the germinating grain (Rao &absthale, 1982).

A lot of reports on the detrimental effects of pbyacid have been published
(Clydesdale, 1988; Reinhold, 1988; Spencer and Kgri988), but recent findings
have shown that it has some beneficial effect. Rieicdormation showed that phytates
possess potential ability to lower blood glucossluce cholesterol and triglycerides,
and reduce the risk of cancer and heart diseasg€Bsl and Gao, 2002; Cornforth,
2002, Jenab and Thompson, 2002).

3.8.5 Changes in total polyphenols (TP)

Nithya et al. (2006) reported that total phenolic contents igarminated, germinated
and roasted pearl millet were 3.00, 0.68 and 2.27%6 respectively. Sripriyat al.
(1997) reported decrease in TP from 1.43 to 1.28@4H DM in 24 h of germination at
30 °C in finger millet (var. Co-13). According tch€&€hanet al. (2008) native millet
contained about 2.5% polyphenols and nearly 44% lastsduring the first 24 h of
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germination at 25 °C. The total phenolic contentlih barley varieties grown in
Kromeriz Czech Republic and their malts ranged betw211.4 — 572.8 and 358.3 —
668.5 mg gallic acid equivalent (GAE)/kg DM respeely (Dvorakovaet al, 2008).
This could be partially be explained by the enzymatlease of bound phenolic
compounds during malting or under the effect ofgerature during kilning (Maillard
and Berset, 1995).

3.8.6 Changes in crude fat

The increase in fat content during maltioigfinger millet grains may be attributed to
the synthesis of lipids related to metabolism afcdt (Chavan and Kadam, 1989). An
increase in fat content because of malting waslaityireported in barley, wheat and
oats but contradictory results were reported bgottorkers who found that fat content
decreased when sorghum and millets were maltededtaland Klopfenstein (1998)
reported that there was a slight increase in fatest (1.5 to 1.7%) when finger millet
was malted, whilst it decreased in sorghum (2.3.686) and pearl millet (5.3 to 4.2%)
on malting. An increase in fat content on maltimggér millet may be undesirable as it
may affect negatively the storage quality of theltrdae to rancidity. Significantly,
decrease in fat content (53.3%) was noted in matigieét of yellow variety than its
raw counterpart on dry basis (Choudhwey al, 2010). Hydrolysis of lipid and
oxidation of fatty acids take place during germimatof seeds. The hydrolyzed
products do not accumulate in the seed, but theegty becomes a part of carbohydrate
pool and the fatty acids are oxidized throwghand- oxidation, resulting in decrease

in fat on malting (Mayer and Mayber, 1963).
3.8.7 Changes in tannin

Tannin content in ungerminated, germinated, ardted pearl millet was 1.52, 1.00,
and, 1.30% m/m respectively. Decrease in TP andiriann germinated pearl millet
might be attributed to the leaching of polyphennlsoaking water (Jooekt al., 1987).

In addition to leaching, increased enzymatic hyghisl might have facilitated the
reduction of total phenolics and tannins in gerrr@damillets (Bishnoiet al, 1994;
Fordhamet al, 1975). Reduction in total phenolics and tanmogng roasting might
be due to the loss of compounds while treatingigl temperatures (Shindst al.,
1991). Udayasekhar and Deosthale (1988) reported?a decrease in tannin content

during malting of brown finger millet variety.
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3.8.8 Changes in enzyme activities

Alpha and beta amylase activities in ungerminagedminated, and roasted pearl millet
were 5.33 and 8.0, 14.67 and 14.33, and 3.00 aB8 AgMol maltose/mL.min
respectively (Nithyaet al.,2006). Seed germination triggers several metalobléges
and in turn increases the activity of various enegrmcludinga- amylase -amylase,
acid phosphatase which are either present in thieireth seed or induced during
germination (Parvathy, 1995). According to Bewlayd aBlack (1983),5-amylases
were present in an inactive latent form and wentevaed during seed germination.
There was a significant positive correlation betwpeotease activity and FAN during

the germination of minor millet (Parvathy, 1995).

According to Taylor and Robbins (1993), beta-anwlastivity in sorghum malt was
increased by germination time and steepout moistorgent over the germination
temperature range investigated (24 — 32 °C) anélC2derminated sorghum gave the
highestp-amylase activityTiwari (2010) reported that maximum amylase acfivit
finger millet malts (var.Kabre-1 and ACC#523-1) was observed for 36 h of
germination at 27 = 2 °C. Alpha-amylase activityNg#palese finger millet malts (var.
Kabre-1andACC#523-) was in the range of 49.6 — 55.5 units/g DM (oné means
unit change in OD at 620 nm compared to controhijer-amylase activity was in the
range of 194.5 - 215.5 mg maltose produced per ghgmmatter. Similarly, the-
amylase activity of commercial barley malt was mepd to be 354.8 mg maltose/g
DM.

Acharya (2011) reported a maximumramylase activity of 59.93 units (change in OD
at 620 nm per g of dry matter compared to contirofaked barley malt prepared by
germinating at 25 °C for 72 h. Again maximiramylase activity of 482.9 units (mg
reducing sugar as dextrose produced per g of dtiemavas found in 72 h germination
at 25 °C. Amylase activity was maximum at 72 h@fngination at 25 °C and thereafter
a slight decline was observed by Nirmataal. (2000). The maximum development of
amylase activity was noted after 6 — 7 days of geaton in wheat, 4 days in corn and
after 3 days in millet (Chavan and Kadam, 1989) Timastatic power (DP) of four
different sorghum variety malts ranged from 13 ®°L (Owuama and Adeyemo,
2009). Alpha- and beta- amylase activity in unntalbeickwheat, buckwheat malt, and
barley malts kilned at 40 °C were 0.1 and 5.3, 39@ 24.7, and 105.9 and 514 units/g
respectively (Nic Phiaraigt al, 2005).
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3.8.9 Changes in antioxidant activity

DPPH antiradical power was higher in barley malnpared to the corresponding
native barley (Dvorakovat al, 2008). This increase could be due to the devedo
of non-enzymatic browning products during maltirgych as maillard products,
particularly melanoidins, which can also act asicaidants, (Goupyet al., 1999).
Samaraset al. (2005) reported that ferulic acid reacts with taail reaction
intermediates formed from glucose and proline #hitkg temperatures leading to
higher antioxidant activity. Increase or decreasantioxidant activity depends mainly
on the content of proanthocyanidins and on theaseleof phenolics from the bound
form during malting (Friedriclet al.,2000; Goupyet al.,1999).

3.9 Malt composition

A primary objective of malting is to promote thevd®pment of hydrolytic enzymes
that are not present in the ungerminated grain. déeelopment of the amylase
enzymes during malting is of critical importancene$e enzymes are required to
hydrolyze the malt and adjuncts starch to fermdataiigars (Briggset al., 1981).
Analysis of malting and brewing characteristicssofghum has shown that diastatic
power, alpha-amylase, amyloglucosidase and protezsaties increased with malting
time (Nzelibe and Nwasike, 1995).

Cereal beta-amylases are important in brewing. Asagor contributor to diastatic
power of malt, their activity is essential for theneration of maltose and other easily
fermentable sugars from cereal grain starch in rieshing process to fuel the
production of alcohol by yeast. Two distinct catég® of cereal beta-amylases have
recently been recognized to exist. One is the idalsendosperm beta-amylase of the
Triticeaespecies, barley, wheat, and rye; which is presehigh amounts and at high
activities in the ungerminated seeds. Anotherstigsubiquitous” form of the enzymes
present in much lower amounts and activities incalleals, appear to represent the
entire enzyme complement of the seed of the Trticeae species (Daussaset al.,
1994). Cereal beta-amylases are more acid stallléeeas heat stable than alpa-amylase
and unlike these are susceptible to inactivatiosudphydryl group oxidizing reagents
and C4&" chelating agents (Thomasal, 1971). Beta-amylase activity extractable from
the seeds in water/salt solutions increased corabitieduring germination (Evaret
al., 1997). This is due to the release and activatiothe ‘bound’ form of the enzyme.

Beta-amylase released from the bound form is tlmgwy factor in the increase of
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activity upon germination. Aplha-amylase, debranghenzyme, alpha-glucosidase,
celluloses, proteases, and nucleases are all syrgldein the aleurone layers and are
secreted into the starchy endosperm. To enableosealproduction to occur, alpha-
amylase is the key enzyme involved in initiating ttreakdown of starch in the cereal
grain and since it is not present in the ungermeimhairains (Zeigler, 1995) and its
synthesis is the primary task of malting. Beta-asgl which can be extracted from
even ungerminated cereals is thus a measure @luitability of the grain for brewing

purpose (Gibsoet al, 1995). Gimbi and Kitabatake (2002) reported thghest alpha-

amylase was exhibited in African finger millet gémated at 15 °C for 9 days and at 20
°C for 6 days, while the highest beta-amylase #gtivas displayed in the malt flour

germinated for 5 days at 30 °C.

There is no universally accepted specificationsimghum and millet malts. However,
a minimum specification of DP of 28 sorghum didstamit (SDU)/g for malt for
industrial sorghum or millet beer brewing appearsé widely used (Dewagt al,
1995). There is a significant difference in DP ileh malts among millet varieties.
This is because each variety had its own abilityprieduce gibberlins, the hormones
which during malting are produced in the germinmaiid the grain and diffuse into the
endosperm and aleurone layer. In the endospermi,itideice the synthesis of alpha-

amylase (Dendy, 1995).

Okolo and Ezeogu (1995) studied malting of sorghusimg 1, 2, 3 and 4 h of air-rest
period. Cold water soluble protein content in IC8U4and KSV8 sorghum cultivars
were 1040 and 850; 1140 and 850; 1700 and 1@0d; 1250, and 1040 mg% (db) in
1, 2, 3 and 4 h air-rest germinated sorghum makpactively. Delvauet al. (2004)
prepared wheat malt by soaking for 29 h at 15 #@ngrating at 15 © C for 6 days, and
kilning for 17 — 19 h at 80 — 90 °C. Moisture (%Xtract (%) and total protein (%, db)
contents in wheat malt were 5.3, 89 and 11.2 réisqebe Morrall et al. (1986)
reported that germination temperatures of 24 and®Q@8vere equally good for the
development of DP, FAN and extract in sorghum raaldl that higher temperatures
were progressively worse. Demuyakor and Ohta (199&pd that the optimum
germination temperature for sorghum and millet smalére in the range of 20 — 30 °C,

however, higher germination temperatures resuftddgher malting losses.

Shuklaet al. (1986) had given the following composition of eightproved millet

malts collected from Jabalpur, India.
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Table 3.32 Composition of millet malt

Parameters Values
Germination 77.7 - 93
Amylase activity* 156 — 300.1
Protein (%, N x 6.25) 4.6 -5.7
Ether extractive (%) 1.1-2.2
Total carbohydrate (%) 73.7-83.1
Soluble sugars (mg %) 29-9.9

Non-protein nitrogen (%) 0.148 — 0.346

True protein (%) 26-438

*amylase activity was expressed as mg maltosegetehy 1g of malt flour when acted
on 1 ml of 1% starch at 37 °C for 30 min. (Soufgleuklaet. al, 1986).

Dewaret al. (1997) have given the following results of sorghomalt diastatic power
(SDP).

Table 3.33 Effect of air-rest period on sorghum malt quality

Sorghum Diastatic Power(SDU/qQ)

Soaking time (h) 20°C 250C 30°C

AR NA AR NA AR NA

16 29 26 27 33 35 33
24 32 28 31 36 38 38
40 35 31 37 43 43 39

Source: Dewaet al. (1997). AR = air-rest; NA = no air rest

Carbohydrate content in Nigerian milldegnnisetum typhoideynmalt was 48.47%

(wuagwu and lzuagbe, (1986). Ogi al. (2006) studied the malting quality of
different Nigerian sorghum and reported that moestumalting loss, cold water
extractives and diastatic power were 5.2 - 5.7%5 2125.5%, 31 - 36% and 27 °L
respectively. Tiwari (2010) reported that the asfude fat, crude fiber, crude protein
and total carbohydrate contents of unmalted andechdllepalese finger millet (var

Kavre-1) were 1.98 and 1.98; 2.52 and 2.54; 3.12 and 238 and 9.97 and 82.43
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and 82.13% db respectively. Similarly ash, crude deude fiber, crude protein and
carbohydrate contents in unmalted and malt€c€# 523-1finger millet were 1.99 and
1.99; 2.45 and 2.46; 2.94 and 3.20; 9.94 and 986 8&2.71 and 82.39% db
respectively.

Acharya (2007) had given the following characterssbf Nepalese naked barley and

commercial barley malts.

Table 3.34 Chemical composition of naked barley and barlajtsn

Parameters Naked barley malt Barley malt
Aroma Aromatic Aromatic
Saccharification time (min) 10-15 0-5
Filtration time Slow Normal
Clarity of extract Slightly hazy Clear
pH of extract 6.1 6.62
Moisture content (% ) 6.75 6.26
Starch (% ) 65.43 55.05
Reducing sugar as maltose (%) 1.56 2.90
Ash content (%) 1.5 1.8
Protein (%) 11.92 11.16
Sp. gr of the extract 1.021 1.031
Extract (%, db) 56.33 60.76
Diastatic power (mg maltose/g dm) 47.33 55.20

(Source: Acharya, 2007)

Millet malt is a rich source of alpha-amylase besideing a good source of beta-
amylases. The amylase activity increased with #reod of germination up to a certain
point and then decreased. The amylase activithefntillet increased rapidly during
germination up to 96 h and subsequently decreas&uetifan et al, 2008).
Ungerminated pearl millet did not have any diastptwer (DP) and the DP increased
with germination time. The DP of pearl millet mg#rminated at 25 °C for 5 days with
medium water regime was reported to be in the raf@s.5 to 40 PMDU/g dm (pearl

millet diastatic unit). Ungerminated pearl milleddnot exhibit any beta-amylase
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(Pelembeet al, 2004). Ungerminated sorghum also did not exhigata-amylase
activity (Taylor and Robbins, 1993). This is fundantally different from barley where
the ungerminated grain exhibits beta-amylase agti(8riggs, 1998; MacGregor,
1996). Total beta-amylase activity in pearl milltreased with increasing germination
(Pelembeet al, 2004). Owuama and Adeyemo (2009) reported nealiss of 5.4 to

10.6% in four different sorghum varieties malts.

Acharya (2011) had given the following charactéssbf naked and commercial barley
malt worts. Mashing was done using malt: wateoratf 1:5 (m/v).

Table 3.35 Chemical characteristics of Nepalese naked banhelycommercial barley

maltsworts
Parameters Naked barley malt Barley malt
Sp. or. 1.0595 1.0631
TSS, °Bx 14.66 16.03
pH 6.03 5.79
Viscosity (cP) 3.73 1.73
Fermentable nitrogen (mg/L) 189.8 246.8
a-amylase activity ( change in OD 83.85 97.72

at 620 nm/ g dm)

B-amylase activity ( mg reducing 534.96 564.95
sugar as dextrose/ g dm)

": enzyme activities determined in the malt

3.10 Wort composition

The composition of wort varies according to theréajents used in its preparation as
modified by processing and equipment the ingredibalve encountered. According to
Burger and La Berger, (1985) the extract, pH, iedieaction and turbidity of various
worts intended for the production of North Americlager beers were 10.8 - 12.5
°Plato, 5.2 — 5.7, negative and 12 — 48 FTU respay. They also noted that total
protein, free amino nitrogen, formol nitrogen andcesity of the worts were 0.35 -
0.60%, 140 - 260 mg/L, 190 — 250 and 1.3 — 1.6eesypely. According to Hough
(1985) fructose, glucose, maltose, total free amairid, and total phenolic contents in a
typical UK wort were 2.1, 9.1, 52.4, 1.65, and Og2b respectively. Oget al (2006)
reported that viscosity (cP), FAN (mg/L), glucoselanaltose (g/L) contents in worts
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obtained from four different sorghum malts mashe@5°C (malt: water ration = 1:4)
were 1.18 - 1.27, 42 - 80, 6.7 — 7.5 and 10.9 3 t@spectively. All worts showed
+ve test with iodine. They further reported thatgbmm malt mashed at 65 °C with
added commercial enzymes (20uL each of BioglucaWds&50 and Hi-tempase and
Bioprotease N100L) had wort viscosity of 1.03 85L.cP, FAN content of 84 — 152
mg/L, glucose content of 40.3 — 54.7 g/L and matosntent of 64.3 — 88.9 g/L.
Again all worts showed positive reaction to iodi@ecific gravity of Nigerian millet
(Pennisetum typhoideymmalt wort was 1.5927 (lwuagwu and lzuagbe, 1986).
Venkatanarayanat al. (1979) have reported the following composition wbrts
obtained using different proportion of finger milend commercial barley malts with
and without enzymes.

Table 3.36 Composition of worts derived from finger millet canbarley malt
combinations*

Barley : Finger Enzymes Sp.gr. pH a-amino Total
millet malt nitrogen carbohydrates
(mg/L) (% m/iv)

70: 30 With enzymes 1.047 6.0 107 11.1
No enzymes 1.047 6.0 88 11.1

60:40 With enzymes 1.047 6.2 92 11.1
No enzymes 1.048 6.2 77 11.1

50:50 With enzymes 1.047 6.2 77 11.1
No enzymes 1.048 6.2 62 11.1

(Source: Venkatanarayaegal, 1979).

*200 mg% amylase and 100 mg% protease enzymes migesl with the cooked and
cooled ragi.

Okrah, (2008) noted that pH is very important dgnmashing since mashing is entirely
an enzymic process and therefore it plays an importole. The pH of different

sorghum malt worts was in the range of 5.39 — 6.0%e pH of mash should be
between 5.3 — 5.4. It is the pH of the mash thaters not the pH of the water before
it enters the mash (http:Www.draymans.com/articles/art/O&tml, accessed on July
30, 2011). According to Agu and Palmer (1998) sorgimalt wort had pH of 4.75.
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Table 3.37 Composition of ragi wort derived from cooked ragid barley malt with
and without protease*

Sp.gr. pH a-amino  Carbohydrates (% m/m)

nitrogen
wort (mg/L) Total Fermentable Non-
fermentable
With enzymes 1.0566 6.6 175 13.9 12.0 1.9
No enzymes 1.0573 6.6 120 13.9 12 1.9
All malt (control) 1.0570 5.8 226 12.3 10.0 2.3

* 100 mg% protease by weight of cooked and cootrdal used.
(Source: Venkatanarayaetal, 1979).

Protein and amino acids

Total nitrogen in malt and wort is an indicativetbé extent of modification and the
total proteolytic activity of malt (Okokon and Etdbkpan, 2004).The ratio of total
soluble nitrogen in the wort and total nitrogenmmalt of different sorghum varieties
ranged from 25.33 to 48.9% (Okrah, 2008). Edeewl. (2005) reported an average
FAN content of 262 mg/L in 108 Canadian barley madtrts. FAN contents in 40 °C
kilned buckwheat malt and barley malt worts wer@ #0d 106.7 mg/L respectively
(Nic Phiaraiset al, 2005). Addition of microbial protease increasedmino nitrogen
content of wort from 120 to 175 mg/L (Venkatanarayet al, 1979).

Carbohydrates

The total reducing sugar contents in four differsmrighum malt worts were reported to
range from 20 to 21 g/L. There was a considerataeease in reducing sugar content of
worts mashed with exogenous enzymes compared teatetl malt (Owuama and
Adeyemo (2009).

3.11 Composition of beer

The ordinary beer of commerce made from pure bareglt and hops, had
approximately 4.0% alcohol, 0.5% protein, 0.5% asld 89% water (http://chestof
books.com/food/beverages/Adulteration-Origin/Conmpms-Of-Beer.htim, Accessed
on 067/05/05). Matz (1991) has given the followaognposition American lager beer.
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Table 3.38 Quality control test for American lager beer

Test and unit Range Typical value
Original extract (° Plato) 10.7-12.1 11.5
Apparent extract (° Plato) 1.9-3.0 2.08
Real extract (° Plato) 40-4.8 3.9
Alcohol (% by volume) - 5.00
Alcohol (% by weight) 3.4-40 3.92
Apparent degree of ferm. (%) — 81.9
Real degree of ferm. (%) 62 — 68 66.1
pH 39-4.4 4.26
lodine reaction Negative

Reducing sugars (% - 0.97
Protein (%) - 0.37
Acid as lactic (%) - 0.21
Diacetyl (ppm) - 0.11
Bitterness units, EBC - 11.9
Calcium (mg/L) 40 - 80 —
Sodium (mg/L) 40 - 220 -
Copper (mg/L) 0.15 max -
Iron (mg/L) 0.10 max -

Venkatanarayanat al (1979) reported the following composition of ragid barley

beers (Table 3.39).

Table 3.39 Composition of ragi beer made with and withouextibarley malt

Components Ragi beer*  Barley beer
Sp. gr. 1.0100 1.0059
pH 5.7
Alcohol (% m/m) 5.5 5.0

Real extract (%) 5.38

Apparent extract (%) 2.56 1.52

"beer made using equal amounts of ragi and barldys math 100 mg% protease
enzymes. (Source: Venkatanarayanal, 1979).
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Nepal standard has given the following requireméatbeers.

Table 3.40 Beer characteristics according to Nepal standard

Characteristics Requirements
Ethyl alcohol (% v/v at 15°C) 20-65

pH value 3.0-4.8

CO, (% wiv) <0.3

Arsenic (ppm) 0.3 (max)
Lead (ppm) 0.5 (mx)
Copper (ppm) 2.0 (max)

Iron (ppm) 0.5 (max)

(Source: NS, 1983)

Acharya (2007) reported the following charactecstof beers made from Nepalese
naked barley and commercial barley malts using :matiter ratio of 1:3 and

Saccharomyces cerevisigeast.

Table 3.41 Chemical composition of naked barley and commekbadey beers

Parameters Naked barley Barley
beer beer
pH 4.16 4.31
TSS, °Bx 5.8 6.7
Total acidity as lactic (% m/v) 0.27 0.30
Fixed acidity as lactic (% m/v) 0.21 0.24
Volatile acidity as acetic (% m/v) 0.04 0.04
Ester as ethyl acetate (mg/100ml) 19.7 14.9
Alcohol content (% v/v) 4.40 5.64
Reducing sugar as maltose (% m/v) 1.00 2.36
Starch content (% m/v) 3.36 4.67
Ash content (% m/v) 0.11 0.10
Protein content (% m/v) 0.35 0.56

(Source: Acharya, 2007)

Khanal (2008) prepared naked barley beer using toalvater ration of 1:3 an®.
cerevisiae yeasaind found that pH, TSS (°Bx), total acidity asti@¢%), volatile
acidity as lactic (%) and fixed acidity as acefi) (contents were 4.21, 5.8, 0.31, 0.28
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and 0.027 respectively. Reducing sugar (% as ngltascohol (%, v/v), total ester as
ethyl acetate (mg/100 mL), starch (%) and ash cwr(#) were reported to be 2.87,
6.45, 11.8, 3.32 and 0.11 respectively. Similagyotein (%), total aldehyde as
acetaldehyde (mg/100 mL), methanol (g/L alc) arskfwil (g/L alc) were 0.38, 5.75,
3.67 and 8.71 respectively.

A typical American beer was reported to contain 9d@ter, 4.6% carbohydrates, 0.5%
protein substances, 0.2% ash and 3.59% alcohol hy w (http://www.
tuntavern.com/pages/ hisbeer.htnaccessed on 2011/08/22). Novellie and De

Schaepdrijver (1986) reported that the protein, eatbohydrates, iron, and zinc contents

in 8 commercial sorghum beers were 5.4, 1.13, 47%46and 1.4 g/L respectively.

Tiwari (2010) prepared finger millet beer (v&abre-1) usingS. cerevisiag/east and
malt to water ratio of 1:3. The pH, TSS (°Bx), ta&eidity as lactic (%), fixed acidity as
lactic (%) and volatile acidity as acetic (%) wet8, 6.13, 0.33, 0.29, and 0.046
respectively. Similarly, alcohol content (% v/\Qtdl ester as ethyl acetate (mg/100 mL
alcohol), total aldehyde as acetaldehyde (mg/100atchhol), ash (%), protein (%),
reducing sugar as maltose (%), starch (g dextr66efil) and sp. gr. were 6.54, 4.25,
9.31, 0.09, 0.40, 1.01, 3.45 and 1.0077 respegwtivel

Acharya (2011) reported the following charactecstf wort and beer prepared using

85% corn + 10% naked barley malt + 5% mold branX0@6 commercial barley malt.

Table 3.42 Chemical composition of wort and beer

Wort Beer
Parameters CNM* Barley CNM Barley
TSS, °Bx 13.6 16.03 5.86 6.7
Sp. gr 1.0557 1.0631 0.9917 0.9908
pH 6.13 5.97 4.22 4.31
Fermentable nitrogen (mg/L) 170.12 246.75 - -
Viscosity (cP) 1.44 1.73 - -
Alcohol (% v/v) - - 5.82 6.39

"wort mashed using 85% corn, 10% naked barley matt,5% mold bran.
(Source: Acharya, 2011)
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Mahato (2010) prepared beers from wheat malt (M&r297 and commercial barley
malt using malt to water ratio of 1: 3 aS@ccharomyces cerevisig®8/T1501) and
reported the following characteristics of the bed@itse TSS and pH of the worts were

maintained at 12 °Bx and 4.5 respectively.

Table 3.43 Chemical composition of wheat and barley beers

Parameters Wheat beer Barley beer
pH 4.04 4.2
TSS (°Bx) 6.4 5.2
Total acidity as lactic (%) 0.25 0.28
Fixed acidity as lactic (%) 0.21 0.21
Volatile acidity as acetic (%) 0.035 0.033
Esters as ethyl acetate (mg%) 16.5 15.2
Alcohol (% v/v) 5.55 5.60
Reducing sugar as maltose (%) 0.91 1.29
Ash (%) 0.11 0.10
Protein (%) 0.27 0.56

(Source: Mahato, 2010)

Kabelovaet al. (2008) analyzed 35 commercial bottled beers availan the Czech
market and reported that the alcohol and extradriginal wort were in the range of
4.01 — 7.55% (v/v) and 11.02 — 16.11 °Plato respalgt The pH of beers was in the
range of 3.75 — 4.92. Goode and Arendt (2003) tedathat the pH of sorghum and
barley malt beers were 4.51 and 4.46 respectivBger prepared from Astoruca and
Scarlett var. barley malts had pH in the range.»f-44.3 (Delvawet al, 2004). Lager
beer prepared using 70% barley malt and 30% cats lgad pH of 4.1 (Porter, 1975).
The pH of gluten free beer made from rice malt hnckwheat malt was reported to be
4.1 (ttp://www.freepatentsonline.com/ EP0949328.hictessed on 2011/09/22).

The alcohol contents in sorghum and barley beerse we3 and 4.89% (v/v)
respectively (Goode and Arendt, 2003). Alcohol eonin lager beer (70% barley malt
+ 30% corn grits) was 3.35% by wt as reported bgtd?1975). Alcohol content in
gluten free beer made from rice malt and buckwheatgS. carlsbergensigeast with
added enzymes had alcohol content of 5% (vidtp(//www.freepatentsonline.
com/EP0949328.htmhaccessed on 2011/07/20). According to Matz (1994 pH after

bottom fermentation was normally in the range & 4.4.4, occasionally 4.0 or even
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less. Starch test was positive in sorghum beerewhilwas negative in barley beer
(Goode and Arendt, 2003). Glucose content was hileamaltose content was 0.166
and 0.089 mg/100 mL in sorghum and barley beerentwely. According to Goode
and Arendt (2003), original extracts (° Plato) ofghum and barley beers were 10.98
and 11.22 respectively. Original extracts Adtorica and Scarlettbarley malt beers
were 11.7 and 11.5 °© Plato respectively (Delvatal, 2004). Total carbohydrate

content in Heineken's beer was 3.0 ¢g/100 mHttg://www.heinekeninter-

national.com/fagpage, accessed 2011/09/22). Lager beer brewed/@8mbarley malt

and 30% corn grits had reducing sugar and dextnrients of 1.27 and 1.95% by wit.
respectively (Porter, 1975).

Total soluble nitrogen in sorghum and barley beewere 478 and 716 mg/L
respectively (Goode and Arendt, 2003). Porter ()} 9&ported 43.34 uMol/mL of total
nitrogen and 3.47uMol/mL of formol nitrogen in lageeer brewed using 70% barley

malt and 30% corn grits. Protein content in Heimekebeer was 0.5 g/100 mL

(Http://www.heineken international.com/fagiccessed on 2011/09/22). FAN content of
barley beer and beer prepared using 50% unmaltgghwm + 50% barley malt with
bacterial amylase, protease and fungal amylaseedaitigm 69 — 76 mg/L (Goode and
Arendt, 2003). Total nitrogen in gluten free bead® from rice malt and buckwheat
was 200 mg/L. The nitrogen content of the wort dased by about one third due
mostly to the assimilation of amino acids and pgstiby the yeast but partly to the
precipitation of complex protein caused by low pHAfter the completion of
fermentation, the sp.gr. of the beer was in thegeaof 1.009-1.014 (Matz, 1991).
Viscosity (mPa.s) in sorghum and barley beers ie3@ and 1.76 respectively (Goode
and Arendt, 2003). Sodium content in Heineken's rb&@as 3 mg/100 mL
(Http://www.heinekeninternational.com/faaccessed 2011/09/22.)

It has been claimed that beer is one of the ricBesrces of silicon in the diet.
Commercial beers contain silicon ranging from 636-5 mg/L. Products derived from
grist of barley tended to contain more silicon tltha those from wheat-based grist,
likely because of the high levels of silicon in tle¢ained husk layer of barley (Casey
and Charles, 2010). Flavour changes occur ineyitabbeer during ageing and their
nature depends on the type of beer and the st@@ggitions. An important type of
change during beer staling is caused by aromaeactivbonyl compounds, which can
be formed by radical reactions (Hashimoto and Kuagil975). Iron and copper ions

are known to have a negative influence on beeoflatability. Even concentrations of
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below 50 ppb are reported to cause damage in tia¢ firoduct (Fosteet al, 2001;
Jacobsent and Lie, 1979; Uchida and Ono, 2000).

Beer has a complex mixture of phenolic compoundging from 150 to 330 mg/L in
concentration. The majority (about ®j3are malt derived especially from the husk
material of the malt. The remainder (f)Zomes from the hops extracted during wort

boiling (http://www.draymans.com/articles/art/Obtml, accessed on 2011/09/25). Due

to their specific properties, brewers find polypblsninteresting technologically (foam
maintenance, physical, and chemical stability amelfdife). Health researchers find
them interesting because phenolic compounds caras@ntioxidant in the human
body, for example as protective agents againstotlidation of ascorbic acid and
unsaturated fatty acids. They have the abilityetmch with proteins during wort boiling
to form the hot break; during cooling to form th@dcbreak; during post fermentation
they are involved in the formation of chill hazedgrermanent hazes, which can then be
removed by filtration. Polyphenols on their own trdyute too little to haze formation.
Haze is composed fundamentally of complexes betveeewlensed polyphenols and
protein (http:/Avww.draymans.com/articles/art/Obtml, accessed on 2011/09/25).

Beer is a source of readily absorbed antioxida®tsentific studies indicate that the
moderate consumption of beer help to promote caadicular health and to reduce the

incidence of certain types of canceéttp://www.wikihw.com/Brew-Antioxidant-Rich-

Beer, accessed on 2011/09/25). Total polyphenol contemieer as measured by the
Folin-method varies between 12 to 52 mg/100 mL ddpwy upon the beer type. Ale
beer and dark beer are richer in polyphenols (52 4% mg/100 mL respectively).
Regular beers contain about 28 mg/100 mL total giuyols. Alcohol free beer
contains about 12 mg/100 mL polyphenols (http://wvaenolexplorer.eu/reports/38,
accessed on 2011/11/13).

The average concentration of total phenolics (fRager and dark beers were 376 and
473 mg/L respectively. Antioxidant properties welependent on the TP content of
beers [ittp://cat.inist.fr/?a Model=afficheN& cpsidt=15461475, accessed on
2011/08/22). TP and phenolic acid contents greadlyy among different beer types
(e.g. TP from 366 pg/mL GAE for dealcoholized beer875 pg/ml GAE for bock
beers (Piazzomt al, 2010). Flavour stability, one of the importahtacacteristics in

beer, is challenging brewers, and is one of thet inggortant factors in determining the
shelf life of the packaged beer. It has been widsdgepted that the main factor

responsible for beer flavor instability is oxidatiduring brewing although there is no
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agreement on the main precursor of staling substan®arzisset al 1993).
Consequently, a number of efforts have been madevéad oxygen pick-up during
brewing and packaging. The level of total oxygemymibe as low as 0.1 ppm with
modern filling equipment, but oxidative staling béer remains difficult to control
(Bamforth et al, 2000). Researchers are seeking the alternatases wo solve this
problem by increasing the endogenous antioxidantigeof beer itself. Although both
natural and synthetic antioxidants such as flawdsosulfites and ascorbate could be
used in the brewing industry to improve beer flavstability, there has been a trend
towards minimizing the use of additives in brewibgcause of consumer demand

stiffening regulations.

There are many endogenous antioxisdants such asolpheeompounds, maillard
reaction products and sulfite present in beer (¢amakegeret al, 2006). Among the
antioxidants, phenolic compounds are of particutéerest to brewers because they
play a key role in the brewing process by delaymggarding, or preventing oxidation
process (Guidcet al, 2005). Zaoet al. (2010) reported that total phenolic content
varied from 152.01 mg/L as GAE for Reeb beer to.B39ng/L for Carlsberg beer.
Grolsch, Heineken and Bitburger beers also hadivelg higher TP contents (> 290
mg/L as GAE). Lugasi and Hovari (2003) reportedt tte TP contents of different
beer samples were in the range of 270 — 600 mgihil&ly, Shahidi and Naczk
(1995) reported that the TP contents of beers @@re 100 mg/L. The variations in TP
contents may be due to the differences in the sssnphd TP content evaluation
methods used. Gallic and ferulic acids are the plheiconstituents identified in beer
and representing > 50% of the TP contents @eal, 2010).
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4. Materials and methods

4.1. Finger millet fermentation using defined starer
4.1.1. Materials

Finger millet Eleusine coracanavar.Kabre)was obtained from National Agricultural
Research Council (NARC), Kathmandu. Polyvinyl chder (PVC) containers were
obtained from Asian Thai Foods, Khanar, Sunsari jgladtic, and wodden container
were purchaged from local market of Dharan. Traddl cereal-based alcoholic
fermentation startersmurchg were collected from local market of Dharan, Bhada
Hile, Basantapur, llam and Bhojpur. Pure cultureRoforyzaelTCC No. 4408 was
obtained from Indian Agricultural Research Insgtuilew Delhi, India and the yeaSt,
cerevisiag was isolated from traditional fermentation stertdifferent fining agents
(bentonite, gelatin, and tannin) were obtained fr@antral Department of Food

Technology, Dharan.
4.1.2 Experimental methods

4.1.2.1 Selection omurcha for yeast isolation

Finger millet was fermented using differemurcha Millet was cleaned, thoroughly

washed and stepped for 2 h in water. It was agashed, cooked using required
amount of water and cooled to room temperaturepbgagling in an aluminum tray. To
the cooled millet, were added different powderedrcha separately (@ 1 g/100 g

cooked millet), mixed thoroughly and left for 2 dapt 29 + 1 °C for biomass

development. The tray was covered with moisteneglimcloth and the cloth was

moistened twice a day. The biomass developed nsidieiples were filled in to plastic

containers, closed tightly and allowed to undealpoholic fermentation for 15 days at
26 £ 1 °C. The fermented millets were analyzedaloohol content and subjected to
sensory evaluation. One part (by wt) of fermenteliet was mixed with 1.5 parts (by

vol) of potable water, gently mixed, held for 30n@and strained through plastic net
with gentle pressingviurcha giving higher alcohol content and better sensarglity

was used for the isolation of fermentative yeasts.



4.1.2.2 Isolation and purification of yeasts

Ten gram of fermented millet (1 day after alcohdiomentation) was mixed with 90
mL of sterile distilled water and shaken in a flaglaker for 10 min. One ml of the
suspension was dispensed in to sterilized pettepland overlaid with molten PDA
supplemented with 0.5 mL of 5% aqueous solutionrage bengal and 100 mg
chloramphenicol per liter of the medium. The platese incubated for several days,
yeasts were picked up separately and pure colaiained by using streak plate
method as per Dubey and Maheshwari (2002).

4.1.2.3 Selection of the best yeast

Sugar fermentative yeasts were screened using gesath medium as per Dubey
and Maheshwari (2002). Purified yeasts were growmolasses broth (6% TSS and
pH 4.5) for 4 days at 27 °C, kept under refrigeratiand the broth separated by
decantation. The yeast residues were washed weititestlistilled water, re-suspended
in sterile distilled water (yeast suspension), ¢ednmicroscopically, and used for
molasses fermentation. Sterile molasses brothsaromg 14% TSS and 4.5 pH were
inoculated with these yeast isolates®(&6lls/mL) in a flask and fermented at 27 °C.
After the completion of fermentation (7 to 10 dayksg drop in TSS and alcohol
content in the broth were determined and the high&ohol yielding yeast was
selected and characterized by classical technidassribed by Barnedt al (1990)
and Harrinag and McCance (1976).

4.1.2.4 Preparation of moldkoji

Sterile wheat bran was inoculated with oryzae ITCC No. 4408incubated at 30 °C
till full sporulation (4 — 6 days), dried at 40 f& 12 h (moldkoji) and packed in glass
bottle.

4.1.2.5 Preparation of defined fermentation starter

Alcoholic fermentation starter was prepared ustgryzae ITCC No. 44080ld and
yeast §. cerevisiagin wheat bran-rice flour mixture (25:75 m/m). Omendred gram
of wheat bran-rice flour mix was moistened with evatautoclaved at 121 °C for 20
min and cooled. The medium was inoculated with tyaasl mold (from mold koji),
mixed and incubated at 30 °C for 3 days. The sterds dried at 40 °C for 12 h, packed
in glass bottle and kept in refrigerator.
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4.1.2.6 Effect of fermentation containers and raw @ terials on chemical and sensory
quality of fermented cereals

Finger millet (var.Kabre) was fermented using defined fermentation stantgastic,
wooden and earthen containers as described in.#.4r®l their chemical and sensory
gualities were analyze&imilarly, different cereals viz., millet, rice, wat and maize
were fermented in plastic containers and their ¢bainand sensory qualities were
analyzed. Effect of rice and wheat addition ondhbality of fermented millet was also
studied. For this, rice and wheat were mixed winigér millet in different proportions
[100% millet, 80 % millet + 20% rice, 80% millet20% wheat and 80% millet + 10%
rice + 10% wheat], cooked and fermented in plastictainers as described earlier and

their chemical and sensory characteristics weréy/aed
4.1.2.7 Solid vs semi-solid fermentations of fingenillet

Finger millet was prepared, cooked and bio-massldped as described in 4.1.2.1
using defined starter (@ 0.5 g/100 g cooked millE9r solid state fermentation, the
bio-mass developed millet was tightly packed irsfiacontainers, while for semi-solid
state fermentations, bio-mass developed millet fesl into plastic containers and
sterile cool distilled water was added at the @t®0% v/m (semi-solig and 100%
v/m (semi-solid). Fermentation was carried out at 26 — 28 °C fodays and analyzed
for chemical composition and sensory quality.
4.1.2.8 Storage stability of fermented millet packged in polyvinyl chloride (PVC)
containers
Finger millet was fermented in plastic containess 15 days at 26 — 28 °C using
defined starter. The fermented millet was filledoiiPVC containers (the containers
were washed, rinsed with 1000 ppm KMS solution dnidd at 60 °C), sealed with
aluminum foil lined cover and capped. The contaneere randomly divided into two
lots: one lot was kept in deep freezer at — 30ctitfol) and the other lot was kept at
25+ 2°C and 75 — 85 % RH for 90 days. Both saspiere analyzed for chemical and

sensory characteristics after 90 days of storage.
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4.1.2.9 Clarification of millet jand using fining agents

4.1.2.9.1 Preparation of millejand

Finger millet fermented at 29 £ 1 °C for 10 daysmgslefined starter was brewed using
1.5 parts of potable water (by vol) to each paftthe fermented millet (by wt). The
mass was gently agitated, held for 30 min at roemperature (27 + 1 ° C), and
strained through a plastic net with gentle pressing

4.1.2.9.2 Selection of fining agents

Different fining agents, viz., bentonite, gelattannin and tannin-gelatin combination
were tried for clarification. Bentonite was addédc@ncentrations ranging from 0 to 4
g/L, whereas for gelatin, tannin and tannin - gelatarifications, they were used at
concentrations ranging from 0 to 0.4 g/L. Bentonvies used as 5% solution (m/v) in
distilled water and tannin was used as 1 % solugofv) in 50% ethanol (v/v). In the
case of gelatin, 1 g of gelatin was mixed with 7b af distilled water, warmed till

dissolved and volume made up to 100 mL after thobtiach of 0.5 g of citric acid and

0.1 g of sodium benzoate.

A measured volume (100 mL) of millgtnd was taken in several 250 ml conical flasks
and fining agents were added to each flask at réifite concentrations and mixed
thoroughly. The flasks were heated rapidly to 70th€& mouth of the flask was closed
and placed in a water bath maintained at 70 °Clémin followed by immediate
cooling to room temperature in a ice-water batre Wasks were kept for 24 h at 27 + 1
°C and the turbidity of the supernatant was meadsufbe one showing minimum
turbidity (i.e. greater brilliancy) at the lowesbrcentration of fining agents was
chosen. For tannin-gelatin combination treatmeaarnin was added first followed by

gelatin in equal amounts.

4.1.2.9.3ffect of bentonite concentration jand acidity, holding time and
temperature on milletjand clarification

In order to study the effect of bentonite concemraandjand acidity, four levels of
bentonite concentrastions (0, 1, 2 and 3 g/L) dmdet levels of acidity (0.35, 0.45 &
0.55 % as lactic acid) were used. The requireditgdieivels were adjusted using 10%
(m/v) lactic acid solution or 1N NaOH solution a&sjuired. Clarification was carried out
as described in 4.1.2.9.2.
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In order to examine the effect of holding time darification, the bentonite treated (3
g/L) and pasterurized millgand (70 °C for 10 min) samples were kept at 29 1 °€ an
the turbidity of the supernatants were measurely tihi4 days. Similarly, two levels
of bentonite (0 and 3 g/L) and two levels of tenapere (29 £ 1 °C and 5 + 1 °C ) were
used to study the effect of bentonite concentradioeh holding temperature. The treated
samples were held at both temperatures for 24 huabdtlities of the supernatants were

measured.
4.1.2.9.4 Effect of the sequence of bentonite adodi

The acidity of thgand was adjusted to 0.4 % using lactic acid solutiod @nwas
divided into three lots. The first lot was pastead without bentonite treatment
(control), the second lot was pasteurized at 760210 min after adding bentonite (3
g/L) and the third lot was pasteurized, kept foemnght for settling and bentonite
treated (3 g/L) to the supernatant. All the treatathples were kept for 24 h at 27 + 1
°C and the turbidities of the supernatants wererdsd. The chemical and physical
characteristics of unclarified and clarified fingaillet jands (3 g/L bentonite treated
and held for 24 h at 27 = 1 °C) were also deterthine

4.1.2.10 Bio-chemical changes during finger milldermentation

Finger millet was fermented using defined fermeatastarter in plastic container (as

outlined earlier) at 27 + 1 °C for 12 days. Mic@hthanges were studied at 2 days of

interval till 10 days, while chemical changes wetedied at 3 days of interval till 12

days. Volatile constituents were determined at® Hhdays of fermentation.

4.1.2.11 Quality comparison between finger milletéfrmented using defined starter
and market samples

Fermented finger millet using defined starter a@musé collected fromdifferent places,

viz., Dharan, Bhedatar Hile and Basantapur, were analf@medhemical and sensory

characteristics.

4.1.3 Analytical methods

4.1.3.1 Analysis of proximate composition

Moisture content was determined by oven drying metht 105 + 5 °C (Ranganna,
1986). Total nitrogen and crude protein content \watermined by micro-kjeldaha

method according to Ranganna (1986) using 1 g efdpeed sample and protein
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content was found out by multiplying the perceritagen by 6.25. Crude fat content
was determined by petroleum ether extraction metmwger AOAC Method 945.16
(2005). Ash content was determined by direct meth®gper AOAC Method 923.03
(2005) using 5 g of powdered sample and a furnasgérature of 550 + 5° C. Total

carbohydrate content was determined by difference.
4.1.3.2 Determination of mineral

Phosphorous was determined colorimetrically (GienéB/-10, Thermospectrionic,
USA) as per Kirk and Sawyer (1991). Iron, manganssdium, potassium, and zinc
contents were determined using AAS (Thermo Elentedteoomic Absorption
Spectrometer, SOLLAR, Model No. 969, 2004, UK).ell§, powdered sample (2.5 g)
was mixed with 3 ml conc HNQand 2 mL conc HCI, digested on hot plate and
volume made up to 100 mL with distilled water. Teelution was filtered using
Whatman filter paper Grade 41 and used for therah@tation.

4.1.3.3 Determination of alcohol and other volatile

Alcohol distillation was carried out as per KirkcaBawyer (1991). Briefly, 40 g of the
fermented samples was mixed with 100 mL distillexter, neutralized with 1M NaOH
and transferred into a distillation flask usingrbQ of water. The sample was distilled;
collecting at least 95 mL of the distillate in 10 volumetric flask and volume made
up to 100 mL. The alcohol content in the distiltateas determined by visible
spectrometric — dichromate oxidation method (Zoeickét al, 1997). Total ester was
determined as per Kirk and Sawyer (1991). Totake frand combined aldehydes were
determined as per AOAC Official Method 972.08 (2008ethanol was determined by
chromotropic acid (The British Drug House, Englammjorimetric method as per
AOAC Official Method 958.04 (2005). Fusel oil wastdrmined by spectrophotometric
method as per AOAC Official method 963.10 (2005).

4.1.3.4 Determination of total solids, insoluble $ids, total soluble solids, sugars
and turbidity

Total solid was determined by drying 25 mL of hed in a vacuum oven at 70 °C as
per Ranganna (1986). Insoluble solid was deteminmedrying the residue obtained
after filtration of 25 mL sample through Whatman. ¥a filter paper in a vacuum oven

at 70 °C. TSS was determined by hand refractomékanna Instrument,

Portugal).Total reducing sugar, sucrose, and gughrs were determined by Lane and
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Eynon method as per Ranganna (1986). Glucose (&ucaidase method) (Span
Diagnostics Ltd, India) and fructose contents weseeermined as per Sadasivam and
Manickam (1996). Turbidity was determined by usitgbidity meter, (LP 2000,
Hanna Instrument, Portugal) and the results wepressed as Formazine Turbidity
Units (FTU).

4.1.3.5 Determination of pH, acidities and conductity

Ten gram of the sample was homogenized with 20 mtadon dioxide free distilled

water for 1 min and the pH of the slurry was detasd by a digital pH meter (Hanna
Instrument, Portugal) at 26 £ 1 °C. For acidityedetination, 25 g of well-mixed

sample was ground in a mortar and pestle with-€€® distilled water, volume made
up to 250 ml with distilled water and filtered thigh Whatman No. 40 filter paper.
Total-, fixed- and volatile acidities were detereuinusing 20 mL of the filtrate as per
Kirk and Sawyer(1991). Conductivity of millejand was determined by conductivity

meter (Hanna Instrument, Portugal)
4.1.3.6 Determination of water soluble protein anather nitrogenous components

Water soluble protein was determined by Lowry’s moet as per Sadasivam and
Manickam (1996) and the result was expressed asdégerum albumin (Central Drug
House Pvt. Ltd, New Delhi, India). Nitrate and iércontents were determined as per
Ranganna (1986). Non protein nitrogen was deteminaexording to Sadasivam and
Manickam (1996). Total free amino acid (TFAAs) wastermined as per AOAC
Official Method 945.30 (2005) and the result wagressed as gallic acid (s.d. fine

chem. Ltd., India) equivalent.

4.1.3.7 Determination of starch, total phenolics athantioxidant activity

Starch content was determined by direct acid hydieimethod as per AOAC Official
Method 920.83 (2005). Five hundred milligram of gemple was extracted with 10
mL of 80 % ethanol for overnight at room temperatasstrifuged and the supernatant
separated. The residue was re-extracted witml5 of 80% ethanol for 12 h,
centrifuged, the supernatants pooled togetheryahane made up to 2% L with 80%
alcohol. Total phenolic content was determined as $adasivam and Manickam
(1996) with slight modifications. Briefly, 0.5 maf the extract was diluted to 3 mL
with distilled water in a test tube and added with mL of 0.5 N phenol reagent
followed by 2 mL of 20% Na#&Os;. The mixture was incubated for 2 h at room
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temperature, the intensity of blue color recorded spectrophotometer at 760 nm and

the result expressed as gallic acid equivalent.

Antioxidant activity was determined by 1,1-Diphef2ypicrylhydrazyl (DPPH) (Wako
Japan, Lot EpL2139) method as per Seh@l (2008) with slight modification. Briefly,
0.5 ml of the alcoholic extract and 3 ml of 0.00&¥%thanolic solution of DPPH were
mixed in a test tube, incubated at room temperataréhe dark for 30 min and
absorbance taken in a spectrophotometer at 517The.instrument was adjusted to
100% T with methanol and a control was preparedgudistilled water instead of the
sample. Tannin content was determined as per Raag@i986) and the result was

expressed as tannin acid (Merck Pvt. Ltd, Mumlalid).
4.1.3.8 Determination of phytic acid and total oxalte

Phytic acid was determined as per Sadasivam andckéan (1996). Total oxalate was
determined by permanganate titration method asA@AC Official Method 974.24
(2005)

4.1.3.9 Enumeration of yeast and mold counts

Yeast and mold were enumerated by pour plate tqukeniusing PDA media
supplemented with 100 mg chloramphenicol and 0.5fP6 rose bengal solution per

liter of the medium as per Dubey and Maheshwai®©220

4.1.3.10 Sensory evaluation

Sensory evaluation of thends was carried out by using hedonic rating test as pe
Ranganna (1986Millet jand was prepared by mixing 1 part of fermented ceteal
each 1.5 parts of water (m/v). The mixture was lgemixed and allowed to stand for
30 min and then strained through a plastic net. S@mi-trained panelists consisting of
administrative staffs, faculties and students of ttollege were ask to rate the
acceptability of the product on a 9 point scalegnag from 1 (‘dislike extremely’) to 9

(‘like extremely’) in terms of color, taste and dhwd the product.
4.1.3.11 Statistical analysis

The experiment was conducted in a RCBD with theg®ications. Experimental data
were analyzed by analysis of variance (ANOVA) anglams were compared by LSD

and t-test as per Buysseal (2007).
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4.2 Assessment of brewing potential of Nepalese dier millet varieties
4.2.1 Materials

Six finger millet varietiesGPU 0025 GE 5016 Dalle, OkhleandKabre varieties from
Hill Crops Research Program, Dolakha, ahavain millet from Khotang district of
Nepal) were collected. Barely malt and hops palleese obtained from Gorkha
Brewery, Nawalparasi, Nepal. Brewing yeast (botte@mmenting) was obtained from

Sungold Brewery, pvt. Ltd, Nawalparasi, Nepal.
4.2.2 Experimental methods
4.2.2.1 Preparation of finger millet malts

The finger millets were cleaned, washed thorougiy] steeped in surplus water at 26
to 28 °C for overnight. After soaking, the grainsagrained, spread on aluminum tray
(7 £ 1 mm bed thickness), covered with moisteneslmwcloth and germinated for
different times (48, 72 and 84 h ) in a BOD chambamtained at 28 £ 1 °C and 93 + 2
% RH. During germination, the millet was turnediased with water and covered with

wetted muslin clothe twice a day.

Fig 4.1 Germination of finger millet
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Fig 4.2Drying of germinated finger millets

The germinated millet (green malt) was kilned imachanical dryer (REICO Drying
Chamber, India) at 50 £ 2 °C for 24 h and rootlstye removed by rubbing and
winnowing. The malts were analyzed for alpha-angjladeta-amylase and
carboxypeptidase activities; diastatic power (OBfal free amino acids (TFAAS); free
amino nitrogen (FAN) and malt extracts. Deferenéraital characteristics of native
(ungerminated) and malted (germinated) millets vedse analyzed.

4.2.2.2 Extraction of enzymes

One gram of powdered sample was ground in a pastlemortar with distilled water,
volume made up to 50 mL, filtered through Whatmamn N filter paper and the filtrate
was used as enzyme source for and B-amylase activity determination. For
carboxypeptidase activity2 g of powdered malt was extracted withrdQ of 0.1M
citrate-phosphate buffer (pH 7.0), filtered througfhatman No 1 filter paper and
volume made up to 2%L with 0.1 M citrate-phosphate buffer.

4.2.2.3 Kilning of millet malts at different tempemtures
Finger millet (varKabre) was soaked for 12 h, germinated for 48 h at 2B°€ and

kilned by three different methods as follows:

Method: The green malt was dried at a constant temperatus0 + 2 °C up to a final
moisture content of 7 +1 %
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Method: The green malt was first dried at 50 + 2°C u@28&0 moisture and then at 62
+ 2°C up to 7 £1 % moisture content

Methods: The green malt was first dried at 50 £+ 2°C u@2&3 moisture and final
drying at 80 £2 °C up to 7 +1 % misture content.

The malts were analyzed fer andp- amylase activities, FAN and malt extracts.

4.2.2.4 Gibberellic acid (GA) treatment during millet germination

Finger millets of different varieties were germigghtfor 34, 48, and 56 h at 28 + 1 °C.
During germination, 5 ppm of gibberellic acid sodat (Loba Chemie Pvt. Ltd.,
Mumbai, India) in water was sprayed on to the befinger millet twice a day. The
green malts (germinated millets) were dried at 52 % for 24 h and analyzed for

amylase activities FAN contents and malt extraetrabteristics.

4.2.2.5 Mashing of finger millet malt by differentmethods

Finger millet (varKabre) was germinated for 48 h at 28 + 1 °C and kilne8i0a+ 2 °C
for 24 h. The malts were ground in a coffee grinded mashed by three different

methods as follows:
I. Infusion mashing at 70 °C

One hundred gram of malt flour was mixed with 50D dnstilled water at 45 °C and
rested at this temperature for 45 min. The tempezavas increased slowly at the rate
of 1 °C per min to 70 °C and rested for 1 h.

Il. Decantation mashing at 80 °C

One hundred gram of malt flour was mixed with 500 distilled water at 45 °C, the

temperature increased to 45 °C and rested for 46 Tereafter, the clear enzymic
supernatant was removed from the mash and the merganash was heated to 80 °C,
held at this temperature for 30 min, and cooled\wed0 °C. The clear enzyme extract
was added to the mash, stirred and the tempernatised to 70 °C as above. After 1 h,
the mash was heated to 75 °C and rested for 10 FFmally the mash was cooled,

filtered and analyzed.
lll. US mashing process

The malt was ground in a coffee grinder and masisaty malt flour to water ration of
1:5 (m/v) as per Matz (1991) with minor modificatsas follows:
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Step 1: Albumin (protein) rest: The mash tempegmituas slowly increased to
45 °C and held at this temperature for 45 min.

Step 2. Sugar rest: The mash temperature was slmaiged to 59 °C with
constant stirring and held for 18 min.

Step 3: Dextrinizing period: The mash temperawas slowly raised to 65 °C
and held for 30 min.

Step 4: Conversion Period: The mash temperaturesioagdy raised to 73 °C
and held for 15 min, and

Step 5: Mashing off: The mash was heated to 8teChald for 8 min.

After mashing, the mashes were cooled, filteredugh Whatman No. 4 filter paper

and the worts analyzed.

4.2.2.6 Mashing of finger millet (var.Kabre) malt in combination with commercial
barley malt and mold bran

Finger millet (var.Kabre) malt prepared as described in 4.2.2.5 was mashed
combination with commercial barley malt (0, 20, 88d 40 % by weight of malt) using
U.S. mashing process as outlined in 4.2.E%tect of mold bran addition (0, 2.5, and
5% by weight of malt) on the chemical propertiesniifet malt wort was studied. Mold
bran was prepared by inoculatiRgoryzaelTCC No. 4408 in to sterile wheat bran and
incubating at 30° C. During incubatiom, and - amylase activities in the wheat bran
were determined. After attaining maximum amylasgveies, the molded wheat bran
(mold bran) was dried at 40 °C for 24 h, and usadnfiashing. The mashes were
filtered through Whatman No. 4 and analyzed foirtbleemical properties.

4.2.2.7 Optimization of mashing process

4.2.2.7.1 Optimization of holding time at constanmashing temperature andpH

One part of millet malt flour was mixed with fivags of potable water and the pH was
maintained between 5.5 — 5.7 using 10% lactic aldé mashing was carried out using
US mashing process in which the mash was held tordD min at 45 + 1 °C (protein
rest), for 10 to 60 min at 58 = 1 °C (sugar regi}, 15 to 60 min at 65 £ 1 °C
(dextrinizing period) and finally for 10 — 40 mirt @3 £ 1 °C (Conversion period).
After mashing, the mash was filtered through WhatiNa. 4 filter paper and analyzed

for different chemical properties.
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4.2.2.7.2 Optimization of mashing pH and temperatu

Response surface methodology (RSM) was adoptedhandesign of experimental
combinations (Montgomery, 2001). A two variabldgde levels of each variable), face
centered experimental design was employed. Thepertkent variables considered
were mashing temperature;\xand pH (%) for protein rest, dextrinizing rest, and
conversion rest periods respectively. The threel$ewof the process variables were
coded as -1, 0, and +1. To examine the combineectsffof the two independent
variables on mashing, a face centered cube desigm ¥B8 experiments were
performed. For protein rest period, independent variablesuithetl were, mashing
temperature, xand pH, %. For protein regperiod, temperaturex{) was varied in three
levels, viz., 40, 50 and 60 °C. For dextrinizingtrperiod temperature was varied in
three levels, viz., 62, 65 and 68 °C and for cosieer period temperaturer was varied
in three levels, viz., 70, 73 and 76°Eor all above cases, pHz(xwas varied at 3
levels, viz., 4.5, 5.25, and 6. Different levelsimfiependent variables and their coded

and uncoded values are shown in appendix A.
Statistical Analysis of Responses

The responses such as free amino nitrogen (FANB| smluble solids (TSS), total
reducing sugar (RS), glucose and fructose for @iffeexperimental combinations were
related to the coded variables, (x= 1 and 2,) by a second degree polynomial eguoiat

as given below:

Y = Bo + Bixy + Baxz + PraXi + PaaXs + Piaxy. xp+ & - (4.1)

The coefficients of the polynomial were represerttgd3, (constant),S;, 3., (linear
effects); B, (interaction effects)p;1, 22, (quadratic effects); and (random error).
The experiments were designed using the softwaesign Expert Version 6.0.10 trial
version (State-Ease, Minneapolis, MN). The saméwsoé was used for statistical

analysis of experimental data.
Analysis of Data

A complete second order quadratic model was emglegecorrelate the independent
process variables. The second order polynomialficaeit for each term of the
equation was determined through multiple regressinalysis using design expert.
Experimental data were fitted to the selected nsdald regression coefficients were
obtained. Statistical significance of the termghe regression equation was examined
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by analysis of variance (ANOVA) for each respon$be adequacy of regression
model was checked by, adjustedR?, adequate precision, and Fishers F-test
(Montgomery, 2001). The significances of all termsthe polynomial were judged
statistically by computing the F-value at 5% legékignificance. In this mashing, the
sugar rest period was not included, as it had goifstant effect on TSS production.
The response variables used were, TSS and FANateiprrest period; TSS, total
reducing sugar, glucose, fructose and FAN in deizing period; and TSS, reducing
sugar, glucose, fructose and FAN in conversionggerfter mashing, the mashes were
filtered through Whatman No. 4 filter paper andlgned for the respective response

variables.

4.2.2.8 Preparation of millet and barley beers antheir quality analyses

4.2.2.8.1 Preparation of millet malt

Finger millet (var.Kabre) was germinated at 28 + 1 °C for 48 h and kilngdveo
methods.

Method 1: The green malt was dried at 50 + 2 °QC#bh (Malt).

Method 2: The green malt was kilned at successimeeasing temperature from 50 to

80 °C as per Matz (1991) in three stages as follows

First stage: The moisture content of green mak reduced from 42 to 22% at 50 + 2
°C.

Second stage: The moisture content was furthercestito 12% at 70 °C, and

Third stage: The moisture content was finally restlto 6 + 1% at 80 °C

4.2.2.8.2 Preparation of beer

Mashing: Barley and millet malts were ground in a coffeender and mashed by US
mashing process as outlined in 4.2.8%ng malt flour to water ratio of 1:5 (m/v).
Mash pH was adjusted between 5.5 and 5.7 usingla®§6 acid solution.

Wort filtration: The mashes were strained through a double-foldedlimgloth,
boiled for 5 min and filled into glass jar. The jaas closed tightly, held for 10 min,
cooled and kept for overnight. On the next dag,gtpernatant was siphoned off using
a PE pipe and used for wort boiling.
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Wort boiling: TSS of the wort was adjusted to 14 °Bx. using tahbigar and the pH
was adjusted to 5.5 + 1 using 10% lactic acid smudr sodium bicarbonate solution
as required. Hops was added at the rate of 250 @quirboiled for 1 h. The wort was
filled into glass jar, held for 10 min and cooled.

Fermentation: Bottom fermenting yeast was inoculated into a PB3Applemented
with 0.5 ml 5% aqueous rose bengal and 100 mg amiphenicol per litre of medium)
slant and incubated at 20 °C for 3 days. A slalhibfuyeast was aseptically transferred
into 500 mL sterile wort (10 % TSS and 5.5 - 5.7)mHa 1L conical flask, cotton
plugged, mixed and incubated for 2 days at 25 %@ Vort was pitched at the rate of
1.6 x 16 yeast cells/mL, cotton plugged, thoroughly mixed &ept for fermentation
for 12 days at 25 °C. The fermentation jar wadittvith air-lock system containing
1000-ppm KMS solution.

Racking: After the completion of fermentation, the clear b@geen beer) was racked
using PE pipe into glass jar (the glass jar wasliged with boiling water) up to the
brim, closed tightly, and kept under refrigeratifom 15 days. The beer was again
racked, pasteurized in bulk at 60 °C for 20 mimgled, filled into sterile bottles and
stored under refrigeration. The chemical, physacal sensory properties of beers were

analyzed.

4.2.2.9 Changes during millet and barley beer ferm#ation

Millet and barley beer fermentation was carried asitlescribed in 4.2.2.8 and changes

during fermentation were studied at 3 days of iraktill 9 days.
4.2.3 Analytical methods

4.2.3.1 Determination of enzyme activities
4.2.3.1.1 Determination ofi-amylase activity

Alpha-amylase activity was determined as per Ma#likd Singh (1980). Briefly, a
reaction mixture containing 2 mL of starch solat{@d50 mg starch, 600 mg KPO;,

20 mg anhydrou€aC} dissolved in 100nL distilled water, boiled for 1 min, cooled
and filtered) and InL of dilutedenzymewas mixed in a test tube and incubated at 40
°C for 30 min. The reaction mixture and enzyme wemight to 40 °C before mixing.
At zero and 30 min of incubation, On2L of the aliquot of reaction mixture wasixed

with 3 mL of IKI solution (254 mg iodine and 4 g Kissolved in 1 L of water) and
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absorbance was measured at 620 nm using a digedtrephotometer (M. S.
Electronics, Pvt., Ltd, India, model 305). The instent was adjusted to 100 %
transparency with distilled water and enzyme afstiwvas expressed in terms of

decrease in optical density at 620 nm per mingpam of dry mailt.

4.2.3.1.2 Determination ofi-amylase activity

Beta-amylase activitwas determined as per Mallik and Singh (1980jefly, 1 mL of
starch solution (1% in 0.067 M phosphate buffer, @H1 mL of undiluted enzyme
extract and InL of 0.1M EDTA were mixed in a test-tube and inceloaat 37 °C for
30 min (the substrate and enzyme were brought t&é@before mixing) and the
reducing sugar contents (as maltose) in the coffirohin incubation) and sample (30
min incubation) were determined by Nelson-Somaggthod as per Sadasivam and
Manickam (1996) using a standard curve prepared fraltose sugar (Sisco Research
Lab Pvt., Ltd., Mumbai, India)). Enzyme activity svaxpressed in terms of mg maltose

produced per g of dry malt over 30 min of incubatio
4.2.3.1.3 Determination of total diastatic activity

Malts were ground in a coffee grinder and useddfastatic activity determination by
ferricyanide modification method as per AOAC OfficMethod 935.31 (2005) using
extra pure soluble starch (Merck Ltd., Mumbai, &)di

4.2.3.1.4 Determination of carboxypeptidase actiwt

Carboxypeptidase activity was determined as peild@&od Ezeogu (1995) with slight
modifications. Two mL of the enzyme extract and R ofi 2.5 mgmL bovine serum
albumin (BSA)(Central drug house, Pvt. Ltd., Indi&) 0.1 M citrate-phosphate buffer,
pH 7, were pipetted in a test tube, mixed andbated for 1 h at 40 °C after which the
reaction was terminated by addingn2 of 15 % TCA. The mixture was centrifuged
at 3000 rpm (Remi lab centrifuge, India), the snp&ant separated and the residue
washed with 2nL of TCA followed by centrifugation. The supernatamiere pooled
together and the final volume made up torQ with distilled water. Free amino
nitrogen (FAN) content in the filtrate was deterednand carboxypeptidase activity
was calculated as the difference between the FA)ifge equivalent) content§ig

FAN/h. g dry malt)of the filtrate from 1 and O h incubated reactiomtares.
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4.2.3.2 Determination of chemical characteristicsfmative and malted millets

The sample was extracted with 80 % alcohol asrdliin 4.1.3.7. Total free amino
acids and FAN contents were determined from algot®dtract as per AOAC Official
Method 945.30 (2005). A portion of the alcoholidraxt (10 mL) was evaporated on a
water bath, the residue dissolved with 25 mL oftikiesl water and used for the
determination of total reducing sugar, glucosealtphenolics, antioxidant activity, and
flavonoids contents. Total reducing sugar was datexd by Nelson-Somogyi method
and glucose by glucose oxidase method using gluocsg#ase peroxidase reagent
(Span Diagnostics Ltd., India) as per Sadasivam Mtahickam (1996). Total
phenolics, antioxidant activity, starch and tancomtents were determined as described
in 4.1.3.7. Total flavonoids was determined as $leenet al (2009) and the results
were expressed as rutin (Loba Chemie Pvt., Ltd, Bhimndia) equivalent. Amylose

and amylopectin contents were determined as peasSain and Manickam (1996).
4.2.3.3 Analysis of proximate composition

Moisture content was determined by air oven metasger AOAC Method 925.10
(2005) by drying 2 g of powdered sample for 1 42@ +1 °C. Crude protein, crude fat,

total ash and total carbohydrates were determiaatbscribed in 4.1.3.1.

4.2.3.4 Determination of minerals contents

Calcium and magnesium contents were determineditbgndtric methods as per
Ranganna (1986). Phosphorous, iron, manganeseynspgdotassium and zinc contents
were determined as outlined in 4.1.3.2.

4.2.3.5. Analysis of malt extract, wort and beer

Specific gravity was determined by pycnometer metft® mL capacity) as per AOAC
Official Method 920.50 (2005) at 20 °C. Viscosityasvdetermined by viscometer
method using Ostwald viscometer at 20 °C as per BO@fficial Method
974.07(2005). Extract (° Plato) and extract yididnalt (% dry basis) was determined
by reference to specific gravity value. Color meament was done according to EBC
Method 4.7.1 (1998) and the result was expressdfB&s units. TSS was determined
using hand refractometer (Hanna Instrument, Poltudairbidity was determined
using turbidity meter (Hanna Instrument, Portugsl)26 °C. pH was determined by

digital pH meter (Hanna Instrument, Portugal). &taiodine test was performed by
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mixing one drop of 0.01Mlsolution with 2 drops of extract. Filtration rates tested
by filtering the mash through Whatman No. 4 filpaper.

Fructose and glucose were determined as per Sadasind Manickam (1996). Total
reducing sugar, sucrose and total sugar were detednas per Ranganna (1986).
Dextrin content was determined as per AOAC Offididthod 920.52 (2005). Formol
nitrogen was determined as per Zoeckkdial. (1995). Real and apparent extracts were
determined as per AOAC Official Method 945.09 (2008riginal extract was
determined as per AOAC Official Method 935.20 (20@%eal degree of fermentation
was determined as per AOAC Official Method 950.2605). Water-soluble protein
was determined as described in Sadasivam and Mani¢k996). Formaldehyde was
determined as per Jendetlal. (2011). Alcohol, total esters, total aldehydesefwil
and methanol contents were determined as outlined.1.3.3. Vicinal diketones
(VDK) was determined as per EBC Method 9.24.1(200%})al-, fixed- and volatile

acidities were determined as p@rk and Sawyer (1991).

4.2.3.6. Sensory evaluation

Sensory evaluation of the beer was carried out $igguhedonic rating test as per
Ranganna (1986). Ten semi-trained panelists camgistf administrative staffs,
faculties and students of the college were askedt®the acceptability of the product
on a5 - point scale. (1 = poor, 2 = fair, 3 =dattory, 4 = good and 5 = Excellent) in
terms of taste, smell, color, flavor, body and alleacceptability of the beer.
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5. Results and discussion

5.1 Fermentation of finger millet using defined fementation starter

5.1.1 Effect of fermentation containers and cerealsn chemical and sensory
guality of fermented finger millet

5.1.1.1 Effect of fermentation containers

The chemical characteristics of finger millet fentexl using defined starter for 15 days
at 26 = 2 °C in plastic, wooden, and earthen coetai were analysed and the results
are shown in Table 5.1.

Table 5.1 Effect of fermentation container on chemical écéeristics of fermented

millet
Values for different containers*
Parameters Plastic Wooden Earthen
Moisture content (% m/m) 75.430.74) 76.42 (0.75)  75.23 (0.27)
Total soluble solids (° Bx) 11.96(0.92) 9.7( (0.61) 8.39 (0.62)
Total acidity as lactic (% m/m) 1.65(0.09) 1.1G (0.13) 1.58 (0.32)
Fixed acidity as lactic (% m/m) 0.94(0.08) 1.00 (0.14) 1.18 (0.28)
Volatile acidity as acetic (% m/m) 0.0750.006) 0.069° (0.001) 0.296" (0.014)
Alcohol (% v/m) 15.87 (0.66) 14.2f (0.54) 11.22(1.23)

Total esters (g ethyl acetate /L alc) 0.780.140) 0.912° (0.075) 1.831°(0.427)

Total aldehydes (g acetaldehyde/ L 0.200° (0.006) 0.577° (0.01) 0.850 (0.071)
alc)

*values are the means of three replications. Fgjumdghe parentheses are the standard
deviations. Means followed by similar superscripisa row are not significantly
different (p>0.05) by LSD.

The moisture content of fermented millet was in thege of 75.23 to 76.42% m/m.
Statistical analysis revealed that fermentationtaioer had no significant effect
(p>0.05) on moisture content of fermented milletllét fermented in plastic container
had significantly higher (p<0.05) total solubleidsl(TSS) than those of wooden and
earthen whereas the values between the latter tvomat differ. Both the total and
volatile acidities were higher in millet fermentading earthen container compared to
plastic and wooden containers but the values betwle latter two did not differ
significantly (p>0.05). No significant differenae the fixed acidity was found among

the three samples.



Higher amounts of total and volatile acidities le tearthen container could be due to
the incorporation of air through the pores of tbatainer during fermentation. Alcohol
contents between plastic (15.81% v/m) and woodér2{®6 v/m) containers were not
different but it was significantly lower (11.21%nv) in earthen container. Lower
alcohol content in earthen container could panistify for higher total and volatile
acidities owing to the oxidation of alcohol. Milledrmented in earthen container had
the highest total ester content (1.831 g ethyladeell alc) of all the containers used
but the values between plastic and wooden contawere statistically similar. Total
aldehyde contents were found to be 0.20, 0.5770880 g acetaldehyde/L alc) in
millet fermented using plastic, wooden and earthentainers respectively and the
values were significantly different (p<0.05) fromch other. Effect of fermentation

containers on the sensory quality of mijetd is depicted in Fig. 5.1.

BPlastic BWooden B Earthen

.

Color Taste Smell
Sensory attributes

Fig. 5.1 Effect of fermentation containers on the sensguglity of finger millet
jandsValues are the means (n=10) + SD. Bars havingifit letters for any
quality attributes are significantly different @85) by LSD.

The mean sensory scores for colour, taste and ,soutlbf a total possible score of 9,
were found to be 8.33, 7.50 and 6.83; 7.83, 7.@r7ah7; and 7.50, 7.83 and 7.00 for
millet fermented in plastic, wooden and earthentaioers respectively. Statistical
analysis showed that fermentation container hagdraficant effect on colour, whereas
taste and smell were not affected. LSD indicated the mean colour scores between
plastic and wooden and between wooden and eartmaigers did not differ, but they

were different between plastic and earthen contsine
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Plastic containers are easy to clean and handlpa&@u to wooden and earthen ones.
Results of chemical and organoleptic analyses whdated millets revealed that no
remarkable improvement on the chemical and sertpaaity was found using wooden
and earthen containers over the plastic contaidence, plastic containers could be

regarded as an appropriate container for millehéTtation.
5.1.1.2 Effects of raw materials on the chemical @nsensory quality ofjands

Jandswere prepared from fermented millet, rice, maizel wheat by mixing 1 part of
fermented cereal to each 1.5 parts of water angestiglol for chemical and sensory
analyses. Chemical characteristics of differandsare shown in Table 5.dandyield
was found in the order of rice>maize>wheat>milldheatjand had the highest TSS
(3.97 °Bx) followed by millet (3.27 °Bx), while nz had the lowest TSS of 2.03 °Bx
which was statistically similar to that of rice 12.°Bx). Raw materials showed a
significant effect (p<0.05) on the pH @ind. Wheatjand had the maximum pH (4.67)
whereas a minimum pH of 3.90 was recorded in jacwl. The pH values between
millet and maize and between rice and mgaeds were statistically not different.
Total acidity was found to be 0.33, 0.24, 0.26, antl% m/v (as lactic acid) in millet,
rice, maize, and whe@ndsrespectively. Statistically, wheat resulted thghlest total
acidity of all the cereals. Millefand had higher total acidity compared to rice and

maize but no significant difference was found bemvthe latter two samples.

A similar pattern to that of total acidity was alsbserved for fixed acidity but no
significant difference in volatile acidity was fadiramong the foufjand samples.
Moisture contents of rice (98.44% m/v) and maiz8.30% m/v) jands were
significantly higher (p<0.05)) compared to mill&6(33% m/v) and wheat (95.93%
m/v) but the values between the former two and betwlatter two samples were not
different. Total ester contents (as ethyl acetai)e found to be 10.6, 15.9, 26.5 and
31.1 mg% (m/v) in millet, rice, maize, and whgatds respectively and the values
were significantly different from each other. Thatez content of whegand was about
3-folds that of millet and 2- folds that of riggnds Alcohol content was in the range of
5.53 to 6.20% (v/v) but the values were statidtycabt different among foujand
samples. Analogous results of pH (3.8 — 4.1) ardtNe acidity (0.03 — 0.06%, m/v as
acetic acid) but a higher total acidity (0.4 — 0,6%év as lactic acid) and lower alcohol
content (2.5 — 3 % v/v) compared to those obtaimethis study were reported by

Venkataramu and Bassapa (1993) in finger mikgtang
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Table 5.2 Chemical characteristics gindsprepared from different cereals

Values for different fermented cereals*

Parameters Millet Rice Maize Wheat

Jand yield (%, v/im)  182.833.06) 233.73(7.34) 221.23(1.25) 202.76(6.95)

TSS (°Bx) 3.27(0.06) 2.10(0.17)  2.03(0.06) 3.97(0.06)
pH 4.17(0.12)  3.9¢ (0.17) 410" (0.1) 4.67(0.12)

Total acidity as lactic  0.33(0.01) 0.24(0.01)  0.26(0.01)  0.41°(0.02)
acid (%, m/v)
Fixed acidity as lactic ~ 0.26'(0.02)  0.21°(0.01)  0.22(0.01)  0.37 (0.03)
acid (%, m/v)

Volatile acidity as 0.048(0.025) 0.02C (0.001) 0.027(0.007) 0.025(0.004)
acetic acid (%, m/v)

Moisture content 96.33 (1.07) 98.44(0.31) 98.30(0.31) 95.93(0.33)
(%, miv)

Ester content 10.6 (0.85) 15.9(0.8) 26.5(0.53)  31.1(0.77)
(mg %, m/v)

Alcohol content 6.2G'(0.75)  5.86'(0.59) 5.53'(0.41) 6.14 (0.9)
(%, vIv)

“values are the means of three replications. Figartee parentheses are the standard
deviations. Means followed by different supersaipta row are significantly different
(p<0.05) by LSD.

Similar results of pH and alcohol contents in nbjllece, maize and whegands
prepared using fermented cereal and water in tihe o&1:1 (m/v) were also reported
by Upadhyaya (2005a), while total-, fixed- and wdaacidities and TSS were reported
to be higher than those found in this study. Testér contents found in this study were
higher than those reported by Upadhyaya (2005a)Raid2006). Berry and Watson
(1987) reported that total ester contents below 2@0L may be desirable but above
this level appears to give a spoiled charactehéowine. Amerine and Cruess (1960)
reported that ethyl acetate levels of 150 — 200Lnog/wine impart spoilage character
to the wine. Based on the available literatureJenind ricgjands seemed to contain
total ester within the acceptable level, while tho$ maize and whegindshad a bit

higher ester contents.

The results of sensory evaluation of differgrtid samples are shown in Fig. 5.2. The
mean color scores for millet, rice, maize and wi@ads out of a total possible score
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of 9, were 7.25, 7.50, 6.00 and 5.75 respectiv8iatistically, the colour scores
between millet and rice and between maize and whedswere similar but the colour
scores of millet and ricanpdswere significantly higher than those of maize arckat
samples. The mean sensory scores for taste Wer®.63, 4.75, and 6.63 for millet,
rice, maize and whegands respectively and the values were significantlyfedédnt
from each other. Maizgand had the least taste preference (rated as didligbtly)
while rice had the highest taste preference (ragetike very much). The mean smell
scores were 7.37, 8.13, 4.88, and 6.75jdmds made from millet, rice, maize, and
wheat respectively. Statistically, the effect ofrezs on the smell ofand was
significant and the mean scores were significadifferent from each other. Again,

maize jand had the least smell preference whereas jacel had the highest smell

preference.
g 6 ) 7
/ _

Color Taste Smell

Sensory attributes

Fig. 5.2 Effect of cereals on the sensory qualityjahd. Values are the means (n=10)
+ SD. Bars having different letters for any quabkiyributes are significantly
different (p<0.05) by LSD.

5.1.1.3 Effect of cereal combinations on the chenaicand sensory characteristics of
fermented cereals

Four lots of fermented millet samples were prepdmgdising millet alone [M], millet
(80%) + rice (20%) [MR], millet (80%) + wheat (209IW] and millet (80%) + rice
(10%) + wheat (10%) [MRW] and analyzed for chemiaatl sensory quality of the
fermented millets. Effects of cereal combinations chemical characteristics of

fermented millet are shown in Table 5.3.
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Table 5.3 Effects of cereal combinations on the chemicakatteristics of fermented

cereals
Values for different cereal combinations

Parameters

M MR MW MRW
Moisture (% m/m 70.78(0.41)  72.686(0.71) 81.16(0.66) 71.9F" (1.56)
TSS (°Bx 12.07(0.90)  14.66(0.46) 9.67(0.12) 14.10 (0.3)
Total acidity as lact 1.07% (0.02) 0.89(0.02) 1.08(0.07) 1.03(0.01)
acid (% m/m)
Fixed acidity as 0.97 (0.02) 0.81(0.04) 0.95(0.12) 0.87(0.11)

lactic acid (% m/rr

Volatile acidity as
acetic acid (% m/n

Alcohol (% v/m)

Ester as ethyl acet:
(g/L alc)

Aldehydes a:
acetaldehyde (g/L al

Fusel oil (g/L alc
Methanol (g/L alc

Reducing sugi
as dextrose (% m/m)

Sucrose (% m/n

Total sugar (% m/n

0.037 (0.005) 0.044 (0.019) 0.043 (0.011) 0.07¢ (0.009)

14.11(0.10)  14.13(0.93)  14.12(0.10)
0.863(0.168) 0.814°(0.103) 0.43% (0.068)

14.47(0.72)
0.65F (0.061)

0.698'(0.053) 1.54% (0.224) 0.90F(0.078) 1.27% (0.169)

6.277(0.395) 9.37C¢ (0.582) 5.297 (0.325)
2.346 (0.162) 2.873 (0.444) 3.858'(0.361)

7.335' (0.673)
3.839 (0.261)

598 (0.18)  10.01(0.55) 2.040.02) 7.48(0.17)
1.62 (0.25) 0.78 (0.44) 0.82(0.01) 1.34(0.05)
7.627(0.09) 10.8(0.31) 2.86(0.03) 8.87'(0.22)

“values are the means of three determinations. €gim the parentheses are the
standard deviations. Means followed by differentpesscripts in a row are
significantly different (p<0.05) by LSD.

Sample notation
M = 100% millet;

MR = 80% millet + 20% rice;
MW = 80% millet + 2% wheat,

MRW = 80% millet + 1086e + 10% wheat.

Fermented mash containing 80% millet + 20% whediV{Mad significantly higher

moisture content of all the cereal combinations thé values between fermented
mashes containing 80% millet + 20% rice (MR) an@o8illet + 10% rice + 10%
wheat (MRW) were statistically not different (p>B)0 Sample MR had significantly

higher moisture content than that of sample M (106#et). From Table 5.3 it can be
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seen that finger millet substituted with 20% ofheit rice or wheat significantly
increased the moisture content of fermented ceoeatgared to control (100% millet).
Cereal combinations showed a significant effectO(pS) on the TSS of fermented
mashes. Millet substituted with 20% rice resulted highest TSS (14.60 °Bx) while
fermented millet containing 20% wheat had the IdwESS (9.67 °Bx) of all the
samples. It was found that addition of rice at bletrels (10 and 20%) significantly
increased the TSS compared to control, wherea3 8% of samples MR and MRW
were statistically not different. Total and fixecidities were in the range of 0.89 — 1.08
and 0.81 — 0.97%, m/m (as lactic acid) respectjualy the values were statistically not
different (p>0.05) indicating that cereal combipatdid not have a significant effect on
total and fixed acid contentMillet substituted with 10% each of wheat and rice
(MRW) had the highest volatile acidity (0.079%, méshacetic acid) of all the samples

but the values among the rest three samples watistisially not different.

Alcohol contents of fermented cereals were 14.28119, 14.12, and 14.41% (v/m) for
samples M, MR, MW and MRW respectively, howeveg tlalues were statistically
not different. Cereal combinations showed a sigaiit effect on total ester content
with a maximum value of 0.863 g/L alc (as ethyltat®) in 100% miilet , while a
minimum value of 0.431 g/L alc was found in fermezhtnillet substituted with 20% of
wheat. From Table 5.3 it is apparent that 20% whddition reduced the ester content
by half, whereas addition of rice alone did noeeffester content compared to control
(100% millet). Increasing wheat content from 102@% decreased the total ester
content by about 34% in the fermented millet. Taldehyde content was significantly
affected by cereal combinations. Fermented millghout cereal substitution (M) had
the lowest total aldehyde content (0.698 g acelwide /L alc), while a maximum
value of 1.545 g/L alc was found in fermented niilk®ntaining 20% rice. LSD
indicated that the values of total aldehyde comstdretween samples M and MW and
between MR and MRW were statistically not diffeterihcorporation of rice
significantly increased the aldehyde content sumigeghat aldehyde formation was

favored by the presence of rice (Table 5.3).

Fusel oil content in the fermented mash was sicgily influenced by cereal
combination and increased with increase in the gntagn of rice, while a reverse was
found in the case of wheat where fermented mil@ttaining 20% wheat had the

lowest fusel oil content (5.297 g/L alc) of all threatment combinations. Methanol
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content in the fermented mashes was in the range3di6 — 3.858 g/L alc with an

average value of 3.229 g/L alc; however, the valwesge statistically not different.

There was a wide variation in the total reducingasucontents among four samples
with a minimum value of 2.04% (m/m) as dextros€®% wheat incorporated sample
and a maximum value of 10.01% in 20% rice subsiitidample. LSD showed that
addition of rice at both levels (10 and 20%) sigaintly increased (p<0.05) the
reducing sugar contents over the control (100%emilFurthermore, 20% addition of
rice nearly doubled the reducing sugar contentJen®©% addition of wheat reduced
the reducing sugar content by half to that of aantReducing sugar content in the

fermented mash was found to be largely dependetiieaxtent of rice incorporation.

Total sugar content in the fermented cereal aldlovied similar trend to that of
reducing sugar. Addition of both rice and wheaf@®% significantly decreased the
sucrose content in the fermented mash over theratobiit the values between the
former two samples were statistically not differeBitmilarly, sucrose contents between
samples M (1.62%, m/m) and MRW (1.34%, m/m) weré different.The obtained
values of methanol contents were analogous tordpmirted in wines (2 g/L alc) but
were very low compared to fruit brandy (10 g/L ads) reported by Kirk and Sawyer
(1991). Kirk and Sawyer (1991) reported that th@imum and maximum fusel oil
contents in different brandy samples were 1.46 A8@ g/ L alc respectively, which
agreed to our findings. According to Croek al. (1979) fusel oil content in rice
fermented at 30 °C for 96 h usikgnylomyces rouxiin combination with various

yeasts was in the range of 4.714 — 6.740 g/L alchvis in agreement with our results.

Except in fermented millet (M), all other fermenteereals had higher total aldehyde
than those reported in brandy samples (0.24 — @/E6alc as acetaldehyde). The
obtained values of total esters in our study weweel than those reported in brandy
(1.12 — 5.80 g/L alc as ethyl acetate) (Kirk & Sawyl1991). Cronk et al. (1979) also
reported that total ester contents in rice ferm@ngsing Amylomyces rouxiiin
combination withHansenulaanomalaandH. subpelliculosaat 30 °C for 96 h were
26.843 and 21.548 g/L alc as ethyl acetate resgtivhich were quite higher than
those obtained in this study. Effects of cereal loimations on the sensory quality of
jandsis depicted in Fig. 5.3. Mean sensory scores @owr, out of a possible total
score of 9, were 7.86, 8.0, 7.29 and 7.14dadsprepared from samples M, MR, MW

and MRW respectively, however, the values werdssiezlly not different indicating
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that cereal combination had no significant effgrt(Q.05) on the colour preference of
jand. Mean sensory scores for taste were found to Bé&, 8.14, 6.71, and 6.86
respectively for samples M, MR, MW, and MRW respey.
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Fig. 5.3. Effect of cereal combinations on the sensoryituaf millet jand. Values are
the means (n=10) + SD. Bars having different lsttéor any quality
attributes are significantly different (p<0.05) b$D.

Statistical analysis showed that cereal combinatioad a significant effect (p<0.05)
on the taste preference f@nd. LSD indicated that the mean taste scores between
samples M and MR (liked very much) and between Mvd MRW (liked slightly)
were not different, while the former two samplesl légher taste scores compared to
the latter two. Incorporation of wheat at eithevels (10 and 20%) significantly
decreased the taste preferencgaafl. Similarly, mean smell scorers were 7.71, 7.86,
7.0, and 6.86 for samples M, MR. MW, and MRW resipety. Statistically, the scores
between samples M and MR and between MW and MRWndiddiffer. Similarly,
jandsprepared from samples M and MW were equally pretebased on smell. From
Fig. 5.3 it revealed that addition of wheat sigrafitly reduced the smell preference of

millet jand.
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5.1.2 Solid versus semi-solid fermentations of fireg millet (Eleusine
coracana)

5.1.2.1 Effect of solid and semi-solid fermentatianon chemical characteristics of
millet jand

The effects of solid and semi-solid state fermeomat using defined fermentation
starter on the physico-chemical characteristicendlet jand were analyzed and the
results are shown in Table 5.4.

Table 5.4 Effect of solid and semi-solid fermentations ba themical characteristics
of finger milletjand

Values*
Parameters Solid state Semi-solid Semi-solid
Moisture (% m/v) 96.33(1.07) 96.2f(0.18) 96.28(0.23)
Total soluble solids (°Bx) 3.770.06) 3.87 (0.23) 4.03 (0.06)
pH 4.17(0.12) 3.83 (0.23) 3.37(0.12)
Total acidity as lactic acid (% m/v) 0.3%0.01) 0.72 (0.01) 1.24 (0.01)

Fixed acidity as lactic acid, (% m/v) 0.2@.02) 0.50 (0.001)  1.00° (0.01)
Volatile acidity as acetic acid (% m/v)0.048° (0.025) 0.143" (0.001) 0.156°(0.002)

Alcohol (% v/v) 6.20 (0.72) 7.13 (0.3) 6.97 (0.17)
Reducing sugar as dextrose (mg % 1582° (128.1) 77 (6.5) 69 (5.1)
m/v)

Esters, as ethyl acetate (mg/100 mL) 16.€09) 13.3¢ (0.7) 18.50 (0.4)

*values are the means of three determinations. régun the parentheses are the
standard deviations. Means followed by differermgesscripts in a row are significantly

different (p<0.05) by LSD. Semi-solidand Semi-solig are the semi-solid state

fermentations using 50 and 100% water additionaetsgely to the biomass developed
millet during alcoholic fermentation.

Semi-solid state fermentations showed significdifeces (p<0.05) on total soluble
solids (TSS), pH, acidities, ester and reducingasugntents of the finger millgands
(millet brews), whereas alcohol and moisture castevere not affected (Table 5.4).
The average moisture contents of mijetds prepared by solid- and semi-solid state
fermentations lied in the range of 96.21 to 96.3@%v) and the values were not
significantly different (p>0.05) from each othehel TSS values were 3.27, 3.87, and
4.03 °Bx for solid state, semi-salicind semi-solig fermentedjands respectively.

Semi-solid fermentations incurred significantly g TSS compared to control (solid
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state); however, the values between semi-solid datations were not different. The
pH decreased with increasing water addition andséhees were significantly different
from each other. Semi-solid fermentations signifiba increased (p<0.05) the total
acidity of millet brews compared to control. Milligrmented with 50% water addition
had total acidity more than 2 times that of soli@kes fermented one. Similarly,
increasing water level increased the fixed aciditynillet jands Furthermore, every
50% increase in water addition nearly doubled thedf acidity of the milletjand. The
volatile acidity of millet jands prepared by semi-solid state fermentations were
significantly higher compared to control, where&® tvalues between semi-solid
fermentations did not differ significantly. Fromfla 5.4 it can be envisaged that semi-
solid fermentation had a profound effect on votasitidity than those of total and fixed
acidities.

The alcohol contents in thands prepared from solid, semi-sojidind semi- soligd
fermentations were 6.20, 7.13 and 6.91% (v/v) retspaly, but the values were not
statistically different. Reducing sugar contentgrdased (p<0.05) with increase in
water addition during alcoholic fermentation. Seditdte fermentedand contained
higher reducing sugar than those of semi solidd semi solig fermented ones,
however, the values between the later two weresigptificantly different. The lower
reducing sugar contents in semi-solid fermentatmmdd not be explained due to the
lack of relevant information. The ester contentgen#0.6, 13.3, and 18.5 mg ethyl
acetate/100 mL in solid, semi-salidnd semi-soligifermentations respectively and the

values were significantly different from each other

Due to the lack of relevant information, the reswit this study could not be compared.
However, similar result of alcohol content (6.8%w)\vbut higher values pH and total
acidity were reported by Subba (1985) in traditlynprepared milletjand. According

to Mongar and Rai (2005) the pH, total acidity @y as lactic acid), reducing sugar
(%, m/v as dextrose) and alcohol (%, v/v) contemtsiillet jandsfermented by using
murchawere 4.5, 0.6, 1.52 and 4.03 respectively. Theonted values of pH and
reducing sugar contents seemed comparable, thétyagvere quite higher, while

alcohol contents were lower than those obtaineddbd-state fermented millet.

Osti (2004) reported a similar alcohol content 8% v/v) in milletjand fermented
using starter made froRhizopusandSaccharomycespp. Cai and Nip (1990) reported

analogous effect of semi-solid state fermentatiorgloicose in taro fermentation using
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starter containing RankinensisR. oryzagR. chinensiandsS. cerevisiagbut contrary
to our finding, they reported a significantly highgield of alcohol in semi-solid
fermentation than that of solid state fermentati8imilar results of pH, and total
acidity, but a lower value of alcohol (4.8%, v/w) traditionally preparedjandswere
also reported by Thapa and Tamang (2004).
5.1.2.2 Effect of solid and semi-solid state ferm&tions on sensory quality of

millet jands
Millet jandsprepared by solid and semi-solid state [50% wadelit@n, (semi-solig)
and 100% water addition (semi-sehd fermentations were subjected to sensory
evaluation in terms of color, taste and smell usimg points hedonic method and the

results are depicted in Fig. 5.4.
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Fig. 5.4 Effects of solid and semi-solid state ferrméohs on the sensory quality of
millet jand. Values are the means (n = 10) + SD. Bars haviffgrent letters
for any quality attribute are significantly differe(p<0.05) by LSD. Semi-
solidl and Semi-solid2 are the semi-solid statenéertations using 50 and
100% water addition respectively to biomass dewedopnillet during
alcoholic fermentation.

Statistical analysis revealed that semi-solid fertagons had a profound effect on the
organoletpic properties of the millgand. Mean sensory scores for taste were found to
be 8.4, 7.2, and 6.2 for solid, semi-splidnd semi- soligd fermented samples
respectively. Increasing water level decreased .(Jiy0the taste preference and the
scores statistically differed from each other. Highcidity seemed to have a negative

effect on the taste preference (Table 5.4).
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The taste preference of thands prepared by solid, semi-solicand semi-soligl
fermentations were rated as “liked very much”, éikmoderately” and “liked slightly”
by the panelists. The average color preferenceesosere 8.4, 7.4, and 7.2 flands
prepared by solid, semi-solidind semi-soligl fermentations respectively. Solid-state
fermentation produced significantly better-colorgahd compared to semi-solid ones,
while the mean color scores between semi-solid deted samples were not
significantly different. Milletjand prepared by solid-state fermentation was “likedyve
much”, whilst those prepared by semi-solid fermgatawere “liked moderately” by
the panelists based on color preference. The me@essfor smell were 8.2, 7.7, and

6.8 for jandsprepared by solid, semi-sofidnd semi-soligifermentations respectively.

The smell scores between solid and semi-gafid not differ but the values were
significantly higher than that of semi-salidermented millet. Although esters are
responsible for the smell of the alcoholic bevesagagher contents seemed to be
detrimental to the smell. Hence, low smell scare demi-solid fermented product
could be due to the presence of higher ester cbrfleable 5.4). Semi-solid state
fermentations substantially increased the acidigble 5.4) resulting in reduced taste,
color and smell preferences (Fig. 5.4) of the milieer over the control (solid state
fermentation). Alcohol content, one of the most amant parameters of alcoholic
beverages, was not significantly improved by seohdsermentations of finger millet.
Moreover, semi-solid fermentation incurred a sultisiaincrease in the ester content in
the final product, which was beyond the acceptédibl@ as judged by the panelists.
Hence, solid state fermentation could be regardetha best method of finger millet

fermentation than that of semi-solid fermentation.

5.1.3 Storage stability of fermented finger mille{Eleusine coracana)
packaged in polyvinylchloride (PVC) container underambient
conditions

5.1.3.1 Chemical characteristics of fermented miltegpackaged in PVC container

Fermented millet packed in PVC container was képingbient (25 + 2 °C) and at — 30
°C (control) for 90 days. The samples were analypedchemical and organoleptic
characteristics and the results are shown in Tale Total soluble solids (TSS)
increased significantly (p<0.05), whereas moistaomtent and total-, fixed- and

volatile acidities did not change over the storageod. Reducing sugar content was
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higher in room temperature stored sample, whilaltsugar remained unchanged

indicating that slow saccharification of starchrigeiaken place during storage.

Table 5.5 Chemical characteristics of PVC container pacildgemented millet after
90 days of storage

Parameters values

Control Room temperature
Total soluble solids (°Bx) 15.870.58) 17.9(0.17)
Moisture content (% m/m) 75.860.49) 75.6(0.53)
Total acidity (% m/m as lactic acid) 13(0.05) 1.08(0.05)
Fixed acidity (% m/m as lactic acid) 0%78.08) 0.79(0.05)
Volatile acidity (% m/m as acetic acid) 0.1§08) 0.163(0)
Reducing sugar (% m/m as dextrose) 7(@92) 8.24(0.32)
Total sugar (% m/m as dextrose) 16.4868) 9.66(0.21)
Alcohol (% v/m) 14.44(0.45) 13.17(0.45)
Total aldehydes (g/100L alcohol as 28.15 (1.37) 35.05(1_00)
acetaldehyde
Esters (g/100L alcohol as ethylacetate 13Q@.6.53) 179.79(11.97)

"values are the means of three determinations. &gir the parentheses are the
standard deviations. Means followed by the sim#aperscripts in a row are not
significantly different (p>0.05) by LSD.

*Control: —30 °C and room temperature: 25 + 2 °C.

Both the total aldehydes and ester contents inedeasit alcohol content decreased
significantly in room temperature stored sample pgarad to control. The decrease in
alcohol content might have been attributed to theredase in ester and aldehyde
contents at the expense of alcohol (Table 5.5).
5.1.3.2 Sensory quality of fermented milled packeith PVC container after 90 days

of storage at25 + 2 °C and at — 30 °C
Millet jandswere prepared from both the fermented millet lept 30 °C (control) and
room temperature (25 = 2 °C) and the results o$@gnevaluation are shown in Fig.
5.5. The mean sensory scores for color, taste, samdll for control and room
temperature stored samples were found to be 7.8B&n®.9 and 8.2, and 6.8 and 8.4
respectively. Room temperature stored sample hpdrism (p<0.05) color, taste and
smell than that of control (- 30 °C).
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Color Taste Smell

Sensory quality attributes

Fig.5.5 Effect of storage time on the sensory qualitjeomented finger millet.

Values are the means (n = 10) = SD. Bars witrediffit letters for any quality
attribute are significantly different (p<0.05).

Control: fermented millet kept at — 30 °C.

Room temperature: fermented millet kept at 25 €2 °

Jand prepared from room temperature stored fermentelietriad pinkish color
whereas that of control sample had chalky whit@rcdligher taste and smell scores
for room temperature stored sample could be dubkedncrease in ester and aldehyde

contents (Table 5.5) because of ageing.

5.1.4 Clarification of finger millet jand using fining agents
5.1.4.1 Selection of fining agents

Effects of different fining agents on the clarificen of millet jand are shown in Figs.
5.6 and 5.7. Turbidity of the clarifigdnd decreased with increasing concentration of
both bentonite and gelatin. Bentonite greatly rediuttirbidity compared to gelatin. But
tannin and tannin-gelatin combination treatmentseased turbidity with increasing
concentration. Statistically, bentonite treatmdrdveed a significant effect (p<0.05) on
the clarification of millejand. The mean turbidity values were 143, 131, 82,a61]
48.33 FTUs for O, 1, 2, 3, and 4 g/L bentonite eetpely and the values were
significantly different from each other by LSD. Dte the scarcity of the relevant
literature, the obtained results were discussedh wiliose available for wine
clarification. Ough and Amerine (1960) reportedtthd.5 Ibs of bentonite per 1000
gallons (about 1.5 g bentonite/L) of must increasdality and filter speed and

113



lightened the color of new wines. According to We(#®65), bentonite can be used as

needed in Italy, but German law limits it to 1.5 g@hd Austria to 2 g/L.

Turbidity (FTU)

160
140
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100
80
60
40
20
0+ T T T . "

Bentonite concentration (g/L)

Fig. 5.6 Effect of bentonite concentration on the claafion of milletjand. Values are
the means (n = 3) £ SD.
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Fig. 5.7 Effect of tannin, gelatine and tannin-gelatireatments on the clarification of
millet jand. Values are the means (n = 3) = SD.

For new cloudy dissert wines, the bentonite dosgsislly 0.36 — 0.72 g/L. For well

settled, fairly clear dessert wines about 0.3660 @/L is often sufficient. Some wine

makers warm dessert wines to about 100 °F befalia@dhe bentonite (Amerinet al.,

1967). According to Zeockleiet al.(1997) addition of bentonite to red wines at levels
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of 0.06 — 0.12 g/L improves membrane filterabiliiye to reduction in colloidal
suspended particles.
5.1.4.2 Effect of bentonite concentration and acitli on the clarification of millet

jand
Bentonite concentrations of 0, 1, 2, and 3 g/L aodlity levels of 0.35, 0.45, and
0.55% as lactic acid were used to study the etfebentonite concentration and acidity
on clarification and the results are shown in Big. Bentonite concentrations, acidity
and bentonite-acidity interaction all showed sigaift effect (p<0.05) on millgand
clarification. Increasing bentonite concentratidos any levels of acidity remarkably
decreased the turbidity. Increasing acidity fro850to 0.45% significantly reduced
turbidity at all levels of bentonite, while furthencrease in acidity substantially
increased turbidity irrespective of bentonite conaions. Maximum reduction in
turbidity was observed at 0.45% acidity and 3 gflbentonite of all the treatments

used.

—2—0.35% ——— 0.45% > 0.55%
350

300 {
250
200
150
100

50

Turbidity (FTU)

Bentonite concentration (g/L)

Fig. 5.8 Effect of bentonite concentration and acidity tbe clarification of millet
jand. Values are the means (n = 3) £ SD.

5.1.4.3 Effect of holding temperature, time and segnce of bentonite addition on
the clarification of millet jand

The effect of holding temperature on the turbidafy millet jand treated with O

(control) and 3 g/L of bentonite and held for 24tl29 + 1 °C (room temperature )and
at 5 + 1 °C (refrigerated temperature) is showrFigL 5.9. The effect of bentonite
treatment was significant (p<0.05), while those temperature and bentonite-

temperature interaction were insignificant (p>0.0B)e turbidity of control samples
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held at room and refrigerated temperature were &id 317.6 FTUs respectively,
however the values were not significantly differe8tmilarly, the values for 3 g/L
bentonite treated samples held at room and refigdrtemperature were 61 and 59.1
FTUs respectively but the values were not sta@iltidifferent. From Fig. 5.9 it can be
envisaged that bentonite treatment significantlguced turbidity at both holding
temperatures, while reducing holding temperatuoenfroom to refrigeration did not

improve clarification.

B0g/L B3g/L

350
300
250
200
150
100

50

Turbidity (FTU)

Room temperature Refrigeration

Holdingconditions

Fig. 5.9 Effect of bentonite concentration and holdingditans on the clarification of
millet jand. Values are the means (n = 3) £ SD. Bars witheddfit letters are
significantly different (p<0.05).

Room temperature: 29 + 1 °C and refrigeration:15°€.

Effect of holding time on the clarification of fieg millet jand is shown in Fig. 5.10.
The mean turbidity values for first, second, thartti fourth day held millgandswere
60.3, 55.87, 51.45, and 49.9 FTUs respectivelytishizal analysis revealed that
holding time had a significant effect (p<0.05) arbidity and it decreased with time up
to the third day and then remained statisticallghamged. It was found that bentonite
treatment of 3 g/L during pasteurization and a imgidtime of 3 days at room

temperature were sufficient to clarify the millahg

The turbidity values of the supernatants obtaindigr apasteurization (control),
bentonite treatment during pasteurization and betgdreatment in pasterurized and
gravity settled cleajands were measured and the results are shown in Fid.. 5.1
Bentonite treatment had a significant effect on ¢tharification of milletjand. The

mean turbidity values for control, bentonite trela(8 g/L) followed by pasteurization
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and bentonite treatment in pasteurized and graetifed samples were 319.33, 61 and
109.7 FTUs respectively. Statistically, the valuese significantly different from each
other. It was found that addition of bentonite dgripasteurization considerably
improved the clarity, while bentonite treatmentpisteurized and gravity settlgghd

failed to improve clarity.
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50 O\O\O\o
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Turbidity (FTU)

Holding time (day)

Fig. 5.10 Effect of holding time on the clarification of et jand. Values are the
means of three determinations = SD.
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Fig. 5.11 Effect of sequence of bentonite addition on tlaeftcation of milletjand.
Values are the means (n = 3) = SD. Bars havingefit letters are
significantly different (p<0.05) by LSD. Control:aBteurization only;
DP: Bentonite treatment followed by pasteurizatao PSB: Bentonite
treatment in pasteurized and gravity settjadd.
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5.1.4.4 Effect of bentonite treatment on chemical ahsensory
characteristics of finger milletjand

5.1.4.4.1 Effect of on chemical characterstics ofiliet jand

Effect of bentonite treatment on chemical charsties of milletjand is shown in
Table 5.6. Total soluble solids, pH and volatileddag were not affected while total and
fixed acidities were significantly decreased byrifilzation. Total reducing sugar,
sucrose, total sugar, and glucose contents wererlawclarified jand compared to
unclarified one. Similarly, bentonite treatmentrsiigantly reduced (p<0.05) water
soluble protein, total nitrogen, non-protein mnggea, total solids and insoluble solid
contents in clarifiegand than that of control (untreated) one. Starch qunieas 1.31%
m/v in unclarifiedjand, while it was nil in the clarifiegand. Total phenolics, tannin,
antioxidant activity, and electrical conductivityeve not affected by clarification.
Alcohol, methanol and total ester contents wereeloin clarifiedjand while fusel oil
content remained statistically unchanged. A sigaiit reduction in total, free and

combined aldehydes contents occurred by bentaedgnents.
5.1.4.4.2 Effects on organoleptic quality of milleand

Effect of bentonite treatment on organoleptic gyaif clarified milletjand is shown in
Fig. 5.12. The mean sensory scores for color,tglaraste and smell for control and
bentonite treated (3 g/L) samples were 7.43 an@, 86 and 8.29, 7.86 and 7.71, and
8.29 and 8.29 respectively. Clarity significanthgproved while taste, smell, and color
remained unaffected by bentonite treatment (Fi§j2)5.According to Amerinest al.
(1967), when properly used, bentonite has little@radverse effect on the flavor and

bouquet of table or dessert wines, which also sdpmar findings.
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Table 5.6 Effect of bentonite treatment on the chemicakabiristics of finger millet

jand
Parameters
Unclarified Clarified
TSS (° Bx) 4.97 (0.06) 4.97 (0.06)
pH 4.38° (0.03) 4.38 (0.03)
Acidities
Total as lactic (% m/v) 0.34(0.006) 0.3% (0.003)
Fixed as lactic (% m/v) 0.790.01) 0.27 (0.01)
Volatile as acetic (% m/v) 0.028@0.0035) 0.0297° (0.0006)
Reducing sugar as dextrose (% m/v) £.67.01) 1.32 (0.01)
Sucrose (% m/v) 0.31(0.01) 0.28 (0.01)
Total sugar (% m/v) 1.68(0.01) 1.60 (0.06)
Glucose (mg/100 ml) 44.401.65) 38.9 (1.22)
Water soluble protein (mg/100 ml) 301.@1.5) 288.1 (22.0)
Total nitrogen (% m/v) 0.0%(0.001) 0.0 (0.002)
Non-protein nitrogen (mg/100 ml) 4.980.11) 4.17 (0.09)
Total solids (% m/v) 3.17(0.11) 2.40 (0.05)
Insoluble solids (% m/v) 1.27(0.03) 0.22 (0.02)
Starch (% m/v) 1.31(0.32) 0.00 (0.00)
Total phenolics as GAE (mg%) 22.3(0.12) 22.86 (0.52)
Tannin as tannic acid (mg%) 20.3®.49 19.93 (0.06)
Antioxidant activity (%) 68.59 (4.24) 75.4% (3.88)
Electrical conductivity (uS/cm) 14°q0.01) 1.46 (0.01)
Alcohol (% viv) 7.90 (0.01) 6.93 (0.06)
Fusel oil (g/L alcohol) 5.061(0.002) 5.126(0.117)
Methanol (g/L alcohol) 2.51%(0.230) 1.139 (0.089)
Total esters as ethyl acetate (g/L alcohol) 2°AD7057) 2.19 (0.114)
Aldehydes as acetaldehyde (g/L alc)
Total 0.60F (0.001) 0.416 (0.010)
Free 0.523(0.020) 0.36% (0.019)
Combined 0.078(0.019) 0.048 (0.010)

“values are the means of three determinations. ré&gn the parentheses are standard
deviations. Means followed by similar superscripi® not significantly different

(p>0.05).
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Fig. 5.12 Effect of bentonite treatment on the sensoryituaf clarified jand.Values
are the means (n = 10) = SD. Bars having diffelettérs for any attribute
are significantly different (p<0.05).

5.1.5 Bio-chemical changes during finger millet fenentation

5.1.5.1 Changes in chemical characteristics duringillet fermentation

Chemical changes during finger millet fermentatase shown in Table 5.7. Moisture
content increased significantly (p<0.05) from 5840®&n day 0 (cooked millet) to
74.69% on day 12 during fermentation. Large inaa@asnoisture content occurred up
to 6 days of fermentation suggesting that liquedactvas at a faster rate during this
stage. TSS increased (p<0.05) during fermentatitim an average rate of 0.67 °Bx per
day reaching a maximum value of 12 °Bx on day 18tall acidity increased
significantly from 0.12% on day O up to 0.82% ory daand remained statistically
unchanged afterwards during fermentation. Fixedigctontent of cooked millet was
equal to that of total acidity (0.12% m/m) on dagr@ it reached at maximum (0.90%,

m/m) on day 9 and remained almost constant till daguring fermentation.

Volatile acidity was nil on day 0 and increasedngigantly during fermentation
reaching a maximum value of 0.027% m/m on day 9ranthined fairly constant till
day 12. From Table 5.7 it can be envisaged thtat and fixed acidities produced at
higher rates during the first 3 days of fermentat®imilar increase in total acidity with
time was also reported in rice fermentation (Tamangd Thapa, 2006) and in finger
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millet fermentation (Thapa and Tamang, 2006) beatwhlues were quite lower (0.17%
and 0.23% m/m as lactic acid in rice and millepessively) than those obtained in this
study. Analogous trends in total acidity developtnéuaring fermentation were also
reported by Das (2004), Verma (1991), and Koir2@lQ) but the values reported by
Koirala (2011) were higher than those obtainedis $tudy.

Total reducing sugar content increased from 0.4d4.%oioked millet (day 0) to 3.68%
on day 3, declined to 3.13% on day 6 and increadesiwards giving a maximum
value of 4.49% on day 12. Increasing trend of Ite&tlucing content inpoko
fermentation was also observed by Shresthaal. (2002), where it reached at a
maximum value of 15.6% m/m on day 3 and subseque€ettreased to zero on day 5.
Similar results were also reported by Thapa andare{2006) in finger millet and by
Tamang and Thapa (2006) in rice. Gradual increaseducing sugar content was also
reported by Koirala (2011) with reducing content 2d68% as maltose by the end of
finger millet fermentation (day 12). Rai (1991) alseported analogous pattern in
native and germinated fermented finger millet. $anhy, sucrose content increased
from 0.37% (day 0) to 0.63% (day 3), remained camtstntil day 9 and decreased to
0.27% on day 12. Total sugar content followed thmeilar pattern to that of total
reducing sugar giving a maximum value of 4.75% (hdmday 12. Glucose content of
day 0 sample was 41.9 mg% (wb), which increasegtbhl mg% on day 3, remained
unchanged up to day 9 followed by increase on H&y692.8 mg%). The rate of
glucose formation and its utilization by yeast sedralmost equal after day 3 until day
9 resulting constant glucose content over thisogef fermentation (Table 5.7).
Fructose content increased from 30.4 mg% ( day ®1t1 mg% on day 3, remained
unchanged on day 6 and increased thereafter ug.20 mg% on day 12.

Starch content steadily decreased throughout faatien. Maximum decline was
found during the first 3 days of fermentation, \ehil decreased at a slower rate from 6
day onwards. Water-soluble protein increased froB9% (m/m) on day 0 to 0.99%
m/m on day 3, remained constant on day 6 and aganeased giving a maximum
value of 1.15% (m/m) on day 9. Statistically, thetev-soluble protein contents
between 9 and 12 days fermented millets were rifgrednt. Similar increase in water-
soluble protein during finger millet fermentatiorasvalso reported by Sripriyet al.
(1997). Fermentation time showed a significant@f{p<0.05) on antioxidant activity

and it increased from 59.88% on day 0 to a maxinaale of 81.21% on day 12.
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Table 5.7 Chemical changes during finger millet fermentatio

Values at different fermentation times (da*ys)

Parameters
0 3 6 9 12

Moisture content (% m/m) 56.06° 66.30°  71.33° 72.44° 7469
(0.64) (0.57)  (0.39) (0.51) (0.66)
TSS (° Bx) 3.93° 6.30" 8.33° 10.43*  12.00°
(0.81) (0.30)  (0.12) (0.12) (1.32)
Total acidity as lactic acid 0.12° 0.70° 0.82" 0.96° 0.93°
(% m/m) (0.01) 0.11)  (0.07) 0.09)  (0.09)
Fixed acidity as lactic (% 0.12° 0.67° 0.75™ 0.90°  0.87“
m/m) (0.01) (0.11)  (0.08) 0.07)  (0.06)
Volatile acidity as acetic acid 02 0.014° 0.023° 0.027"  0.026"
(% m/m) ©000)  ©00D 9003y  (0.001) (0.001)
Reducing sugar as dextrose 0.41° 3.68" 3.13° 3.74° 4.49°
(% m/m) (0.02) (026)  (0.06) 023)  (0.12)
Sucrose (% m/m) 0.37° 0.63° 0.61° 0.69° 0.27°
(0.07) (0.10)  (0.08) (0.21) (0.12)
Total sugar (% m/m) 0.78° 4.31° 3.73° 4.44° 4.75"
(0.05) (0.33)  (0.03) (0.03) (0.03)
Glucose (mg/100g) 41.9° 642.1° 635.3 663.8°  692.8°
(4.2) (39.9)  (10.3) (3.4) (7.6)
Fructose ( mg/100g) 30.4° 51.1° 52.6" 67.5° 74.2°
(6.0) (0.96)  (0.41) (3.5) (2.1)
Starch (% m/m) 31.23 22,94  17.40° 15.00°  14.00°
(0.51) (0.11)  (0.32) (0.43) (0.70)
Water soluble protein (% 0.50° 0.99° 0.99° 1.15° 1.07™
m/m) (0.05) (0.03)  (0.09) (0.04)  (0.05)
Antioxidant activity (%) 59.88 67.32°  71.48 7473  81.2f
(0.26) (3.72)  (1.546) (0.52) (1.51)
Alcohol content (% v/m) nd** 6.49°  10.05° 11.78" 1458
(0.71)  (0.93) (0.69) (0.39)

"values are the means of three determinations. @&sgarthe parentheses are the standard
deviations. Means followed by different supersa&ripta row are significantly different

(p<0.05) by LSD.

**nd means not determined.
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Increase in antioxidant activity during fermentatio buckwheat and barley was also
reported by Agteet al (1997). Alcohol content increased significantlyithw
fermentation time and the values were 6.49, 101058, and 14.58% (v/m) on 3, 6, 9
and 12 days fermentated millets respectively. Simghange in alcohol content was
also reported by Thapa and Tamang (2006) in ferimgeringer millet, where alcohol
content increased till day 6 (6.9%, v/m), remaingtithanged up to day 8 and
decreased to 6.5% on day 10 but the reported valaes lower than those obtained in
this study. Tamang and Thapa (2006) and Shres®@2)j2also found similar trend in
rice fermentation but the alcohols contents weweelocompared to those obtained in
our study. Cai and Nip (1990) reported increasealicohol content during taro
fermentation reaching 10.3% (m/m) alcohol on day K@irala (2011) also obtained
similar trend of alcohol change during finger ntillermentation with final alcohol
content of 15.13% (v/m) on day 12.

5.1.5.2 Changes in volatile constituents during nmdt fermentation

Changes in volatile constituents during finger etiflermentation are depicted in Fig.
5.13.

B3 day 12 day
10.0

a

8.0

6.0

4.0

Values (g/L alc)

2.0

0.0 .
Total aldehydes Methanol Fusel oil Total ester

\blatile components
Fig 5.13 Changes in volatile constituents during milletrentation. Values are the

means of three determinations. Bars having disaimiétters for any
constituent are significantly different (p<0.05).

Total aldehydes (as acetaldehyde), total esterst(gs acetate), methanol and fusel oil
contents in 3 and 12 days fermented finger milletesMfound to be 1.857 and 1.089,
2.121 and 1.124, 1.753 and 1.500, and 8.028 aiib 42 alc respectively. It appeared
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that concentrations of these volatile constituemése higher during initial stage of
fermentation compared to later one. Fusel oil wagraimately double in 3 days
fermented millet compared to 12 days one. Koir@Al(Q) reported that total esters
content in 3 and 12 days fermented finger milleten2404 and 1.164 g/L alc, which is
analogous to our findings. Changes in phytic acid #tal free amino acids (TFAAS)
and total oxalates and non-protein nitrogen costenting fermentation are shown in

Figs. 5.14 and 5.15 respectively.
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Fig. 5.14 Changes in phytic acid and total free amino afidsAAs) contents during
millet fermentation. Values are the means (n=3pt S
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Fig. 5.15 Changes in total oxalates and non-protein nimd@#N) during millet
fermentation. Values are the means (n = 3) £ SD.
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Phytic acid content of 343.6 mg% (wb) on day O dased to 74.9 mg% on day 6 and
further decreased to 62.7 mg% on day 12 duringdatation. It was found that a large
amount of phytic acid reduction occurred over thet f6 day, while there was no
significant (p>0.05) reduction afterwards. Lopetzal. (1983) also observed similar
decrease in phytic acid during natural fermentatoddncorn meal due to phytase
production by microorganisms. Makokled al (2002) reported a 72% decrease in
phytic acid in natural fermentation of germinatéagér millet, while it was 64.8%
reduction in sorghum grain after 96 h of fermewotati S. cerevisiaecan produce
phytase and degrade phytate into its lower forntsiaorganic phosphate, Pi, which is
used by microorganisms for their growth. Significaeductions in phytic acid were
also reported by Elyast al. (2002) during natural fermentation of pearl mgle®hytate
was reported to be present in several microorgan{&aniels and Fisher, 1981; Lopez
et al.,1983).

Total free amino acids increased largely (aboubl@sf) over 6 days of fermentation
and further increased during fermentation but fesser extent (by about 21%). The
increment could be attributed to the breakdown aftggn by protease enzymes
elaborated by molds as well as microbial synthedisamino acids. Non-protein
nitrogen contents between day 0 (0.025 mg%) and &149.027 mg%) fermented
millets were not different (p>0.05) but the valwesre significantly lower to that of 12
days fermented millet (0.039 mg%). The increaseon-protein nitrogen could be due
to the loss of dry matter and increase in moistmetent during fermentation. Total
oxalate contents in 0, 6, and 12 days fermentekbtsivere 13.4, 6.6, and 3.3 mg/100
g respectively. Statistical analysis revealed feamnentation had a significant effect
(p<0.05) on total oxlates reduction and decreagedbiout 50 and 75% over 6 and 12

days of fermentation respectively.

5.1.5.3 Changes in proximate composition and minekaontents

Proximate constituents and mineral contents in edpkbiomass developed and
fermented finger millets are shown in Table 5.8c&pt moisture content, protein, fat,
ash, and total carbohydrate content did not chathgeng aerobic fermentation
(biomass development) but there was a significacriease in protein, fat and ash and
decrease in total carbohydrate contents in ferndestenples. Moisture content of
cooked millet (55.44%, wb) increased by 3.18 and9% (wb) during aerobic and

125



anaerobic fermentations respectively. Similar tssaf moisture increment were also

reported in millet (Thapa and Tamang, 2004) andci (Tamang and Thapa, 2006).

Table 5.8 Changes in proximate composition and mineralemaistduring millet

fermentation

Values
Constituents Cooked millet Bio-mass developed Fermented
Moisture content ( % whb) 55.240.47) 58.62 (0.54) 72.93(0.81)
Crude protein (% db) 7.620.52) 8.20 (0.50) 15.78 (0.75)
Crude fat ((% db) 1.45(0.11) 1.26 (0.07) 2.14 (0.20)
Ash (% db) 2.76 (0.44) 3.34 (0.43) 4.62 (0.33)
Carbohydrate (% db) 87.840.60)  87.20(0.97) 77.5% (0.73)
Minerals (mg/100 g dm)
Phosphate as R® 63.6° (4.9) 426.% (13.7) 1846.6 (17.1)
Iron 15.8 (3.0) 8.8 (0.3) 16.7 (1.4)
Manganese 119%4.5) 116.7 (2.5) 223.0 (7.3)
Sodium 19.7 (2.3) 25.6 (1.2) 25.8 (1.8)
Potassium 1017%(90.3)  1054.6(62.0) 2132.6 (128.8)
Zinc 10.3(0.5) 13.8 (0.3) 21.0 (0.5)

“values are the means of three determinations. &gim the paranthesses are the
standard deviations. Means followed by similar sspepts in a row are not
significantly diiferent (p>0.05) by LSD.

There was about 2-fold increase in protein conterfermented millet compared to
unfermented one. Fermentation resulted decreasmtah carbohydrate content by
10.33% compared to cooked millet. About 1.8-fola&réase in ash content in
fermented rice was reported by Tamang and Thag26§2While no significant change

in ash content in fermented finger millet was répadrby Thapa and Tamang (2006).
Contrary to our results of fat and protein contemis remarkable increase due to
fermentation was reported in millet (Thapa and Tagn&004) and in rice (Tamang
and Thapa, 2006). Chavan and Kadam (1989) notédtbtein content in millet was

generally not affected by fermentation in pearllenilThe increase in protein content
can be attributed to microbial synthesis of protuming growth cycles (Zamora and
Fields, 1979 Elyaset al. (2002) reported that protein content increasethfi®.8 to

12.4% during natural fermentation of Composite Ratmn Il variety of pearl millet,
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while it increased from 14.92 to 17.75% in Maladriety of pearl millet. Shrestha and
Rati (2003) also reported similar results of inse@ ash and protein and decrease in
total carbohydrate contents duripgkofermentation. Increase in protein content from
8.0 to 16.6% (db) in 192 h dape ketanfermentation was reported by Croek al
(1977). Tamang and Thapa (2006) also reportedghtdliecrease in total carbohydrate
content during rice fermentation, whereas Thapa Bamhang (2004) found a slight

increment in fermented millet.

Phosphate content increased significantly (p<OddBing biomass development which
further increased during alcoholic fermentatioronircontent decreased in biomass
developed samples compared to cooked and fermdingger millets, but the values
between the later two did not differ significan{ly>0.05). Manganese content did not
change remarkably during biomass development wihildid significantly increase
during fermentation. Sodium content increased fiiéY mg% (db) in cooked millet to
25.6 mg% (db) in biomass developed millet but nahier significant increment
occurred on fermentation. Potassium did not chalgmg biomass development but it
increased by about 100% during fermentation. Ziootent was found to increase
during both aerobic and anaerobic fermentationsaldgous results of increase in
phosphate, manganese, sodium and potassium codignt® fermentation were also
reported in rice (Tamang and Thapa, 2006) andnigefi millet (Thapa and Tamang,
2004), but except for sodium content the reportaldes were quite lower than those
found in this study. They further reported thahimmontents were higher in fermented
rice and millet over the unfermented substrate evhd remarkable change was found
in this study. Although similar results of increasezinc due to fermentation were
reported in rice (Tamang and Thapa, 2006) and lleinflrhapa and Tamang, 2004) but

the reported values were lower than those obtamedr study.
5.1.5.4 Microbial changes during millet fermentatio

Changes in yeast and mold counts during fingeretniirmentation are shown in Fig.
5.16. Fermentation time showed a significant ef{gst0.05) on the yeast and mold
counts. The mean yeast counts were 6.633, 7.969388.447, 7.491, and 7.239 log
cfu/g on day 0, 2, 4, 6, 8 and 10 respectively.sYempulation increased until day 4,
remained constant on day 6 and then started deaged$e initial mold count of 7.19

log cfu/g in biomass developed sample (day 0) dse@ to 5.573 on day 2, while no
growth was observed on day 4 and onwards. Thapa anting (2006) reported that
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mold counts were decreased from 4.2 log cfu/g gnGdto 1.8 log cfu/g on day 3 and
were not visible afterwards in fermenting fingerlleti They also found that yeast
count increased from initial count of 5.2 log cftidgga maximum value of 7.8 log cfu/g
on day 2, remained constant until day 4 and thenedsed reaching a final count of 7.3

log cfu/g on day 10.
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Fig. 5.16 Changes in yeast and mold counts during millet &mation. Values are the
mean (n = 3) £ SD. 0 day means biomass developefdlisa

Tamang and Thapa (2006) also reported similar testiincrease in yeast counts from
5 log cfu/g to 8 log cfu/g on day 2 and decreased level of 5 log cfu/g on day 10 in
fermenting rice. Mold count decreased steadilyrdyfermentation and was not visible
after 4 days of fermentation. A similar trend wsoaeported by Shrestle al. (2002)
during pokofermentation usinghanapustarter in which yeast count increased till day 5
(end of fermentation) while mold count increasdidday 2, remained fairly constant on
day 3 and started decreasing afterwards. Koi204X) reported that both yeast and
mold populations reached a maximum count on dayd3tl@en declined in which molds

were completely disappeared on day 6 during fimg#et fermentation.

5.1.6 Quality comparison of fermented finger milletusing traditional
and defined fermentation starters

5.1.6.1 Chemical characteristics of lab and marketamples of fermented millet

Chemical characteristics of finger millet fermentesing defined fermentation starter
(Lab sample) and those collected from market (Masienple) were analyzed and the

results are shown in Table 5.9. The mean valuemasture, TSS, acidities, total
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reducing sugar and fusel oil contents between tabraarkets fermented millets were
not significantly different (p>0.05), but large iatrons existed among market samples
than those of lab ones. Alcohol, total esters,| taldehydes, and methanol contents
were significantly different between lab and maatples.

Table 5.9 Chemical characteristics of lab and market fetextfinger millet.

Parameters Lab sample Market sample
Mean = SD Range Mean = SD Range
Moisture (% wb) 72.04:1.78 70.78 - 74.69 68.1F +3.69 65.34 —73.53
TSS (°Bx) 12.61+1.13 12.00-14.30 14.72+2.42 11.93-17.83
Total acidity as 0.95 +0.09 0.83-1.03 0.720.19 0.57 - 0.99

lactic acid (% wb)

Fixed acidity as lactic 0.9+ 0.07 0.82 - 0.97 0.6%0.20 0.49 - 0.95
acid (% wb)

Volatile acidity as 0.03*+0.013 0.013-0.042 0.018*+0.01 0.013-0.026
acetic acid (% wb)

Total reducing sugar 6.06° + 1.35 449-7.8 6.3a-3.45 3.42-11.21
(% wb)

Alcohol (% v/m) 14.43+0.57 13.87-15.17 9.95°+0.89 9.25-11.25

Total esters as ethyl 0.946°+0.142 0.806 —1.124 1.656 +0.498 1.203 — 2.305
acetate (g/L alc)

Total aldehydes as 0.191°+0.013 0.174 —0.201 0.343°+0.045 0.305 — 0.396
acetaldehyde (g/L alc)

Methanol ( g/L alc) 2.055+ 0.521 1.633 —2.641 5.119°+0.970 3.723 —5.843
Fusel oil (g/L alc) 5.191+ 0.959 4.366 —5.717 5.355 +0.742 4.424 —6.140

“values are the means (n = 4) + SD. Means sharniigsisuperscripts in a row are not
significantly different (p>0.05) by LSD.

Millet fermented using defined starter resultedngigantly higher alcohol content
(14.43% v/m) than that of traditional starter (9@5v/m). Total ester content was
higher in market sample (1.656 g/L alc) comparedato sample (0.946 g/L alc).
Traditionally fermented finger millet had about 80figher total aldehyde than that of
millet fermented using defined starter (0.191 galdehyde/L alc). Similarly, methanol
content was about 1.5 times higher in market sarffplel9 g/L alc) than that of lab
fermented one (2.055 g/L alc).
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5.1.6.2Sensory quality of finger millet fermented using déned and traditional
tarters

Sensory quality oflands prepared from lab and market fermented finger aniis
depicted in Fig 5.17. The mean color, taste andllssneres, out of a total possible
score of 9, for lab and market samples were 8.446ar8, 8.56 and 6.67, and 8.11 and
6.44 respectively. Statistical analysis showed litatermented millet was significantly
superior (rated as like very much) than that ofkeasample (rated as like moderately
for color and taste, and like slightly for smell).

Lab Market

a a a
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72
#

Mean scores
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Sensory attributes

Fig. 5.17 Sensory quality ofand made from lab and traditionally fermented finger
millet. Values are the means (n = 10) £ SD. Bargirftadissimilar letters for any
attribute are significantly different (p<0.05).
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5.2 Assessment of brewing potential of Nepalese dgier millet varieties

5.2.1 Effect of finger millet variety and germinaton time on enzymatic activities
and chemical characteristics of millet malts

5.2.1.1 Effect on enzymatic activities

Different finger millet varieties were germinateatr 0, 48, 72, and 84 h at 28 + 1°C,
kilned at 50 + 2 °C and analyzed faramylase,p-amylase, total diastatic and
carboxypeptidase activities, and total free amintdsa (TFAAs) and free amino
nitrogen (FAN) contents of millet malts. Alpha dase activity of millet malts was
significantly affected (p<0.05) by millet varietiaad germination times, and the results

are shown in Fig. 5.18.

=0-Dalle =~Kabre =&—=Qkhle
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Fig. 5.18 Effect of millet variety and germination time aramylase activity of millet
malts. Values are the means of three replicatitorse unit ofa-amylase
activity was defined as one unit decrease in OB2& nm per min under
the experimental conditions.

Alpha amylase activities of ungerminated milletgevim the range of 0.05 — 0.11 unit/g
dry malt but the values were not significantly drnt (p>0.05). Statistical analysis
showed that both millet variety and germinationdimmad a significant effect om-

amylase activity of malts. Increasing germinatiomet up to 72 h significantly
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increased the-amylase activity in all millet varieties. Alpha gase activities in 48 h
germinated malts were 20.41, 17.23, 10.02, 19.8%, &nd 13.03 units/g dry malt in
Dalle, Kabre Okhle Juwain GE 5016and GPU 0025 millet varieties respectively.
Similarly, the values in 72 h germinated malts w22e96, 19.73, 16.55, 22.16, 19.54,
and 19.47 units/g dry malt for the respective miarieties. Germination beyond 72 h
significantly reducedx-amylase activity inKkabre, Okhle GE 5016and GPU 0025
millet varieties while no remarkable changes werentl in Dalle and Juwain millet
malts. InDale, Kabre and Juwain millets, large increment in-amylase activity was
observed during 48 h of germination and furthemgeation up to 72 h increased
amylase activity by about 2.5 unitsn Okhle GE 5016and GPU 0025varieties, a
greater extent ofi-amylase activity was found during 72 h of germioratwith about
6.5, 11.6, and 6.4 units/g dry malt higleeamylase activity compared to the respective
48 h germinated millet malts. Alpha amylase acgtiat 72 h germinate&abre, GE
5016 andGPU 0025malts were similar (19.6 = 0.1 units). Likewiskgetvalues for
Dalle and Juwain malts were also similar (22.6 = 0.4 units). It wasnd that 72 h
germination of eitheDalle or Juwainfinger millet could give the maximuomamylase

activity in malts of all the treatment combinatistadied.

Changes i-amylase activity during germination of differemder millet varieties are
depicted in Fig. 5.19. Like-amylase activityp-amylase activity was also significantly
affected by both millet variety and germination ¢irand their interaction effect was
also significant (p<0.05). Except fduwain millet, p-amylase activity was highest at
48 h of germination and further germination sigrafitly reduceg-amylase activity in
all millet varieties. Beta amylase activity in naimilletswas in the range di.1 — 2.4
units/g dry mdl but the values were not significantly differentQp05). Beta amylase
activities in 48 h germinated millet malts were 357385, 360.2, 244.9, 349.2 and
355.3 units/g dry malt iballe, Kabre, Okhle Juwain GE 5016andGPU 0025millet
varietiesrespectively Statistical analysis showed tlfaamylase activity oKabre malt
was highest (385.0 units/g dry malt) of all theatreent combinations used, while the
values amongDalle, GPU 0025 and Okhle malts were not significantly different
(p>0.05). From Fig. 5.19, it can be obsentbdt Kabre and Juwain millet had an
intermediate interaction, whereas the rest of thiketmvarieties showed a strong

interaction with germination time on m@lamylase activity.
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Fig. 5.19 Effect of millet variety and germination time framylase activity of millet

malts.Values are the means of three replications.

*One unit ofB-amylase activity was defined as the productior shg of
maltose over 30 min of incubation under the expental conditions.

Although, a-amylase activity was higher at 72 h of germinatipramylase activity,
TFAA and FAN contents (Figs. 5.19, 5.22 and 5.28oeetively) were significantly
higher in 48 h germinated millet malts. Therefotatal diastatic power of 48 h
germinated millet malts were determined and rsults werdfound to be 12.3, 17.3,
8.3, 11.3, 8.3 and 15.0 °DP (dry basis)Balle, Kabre, Okhle Juwain GE 5016and
GPU 0025millet malts respectively (Fig. 5.20). Statistiealalysis revealed th&abre
millet malt had the highest diastatic power follalAey GPU 00250f all the malts but
the values betweeGE 5016andOkhleand betweeduwainandDalle malts were not
significantly different. Hence, based on amylasivdy, Kabre millet germinated for
48 h could give the best millet malt of all theatiraent combinations studied. Nic
Phiaraiset al (2005) reported 0.1 and 5.3 units/gef and B-amylase activities in
native and malted buckwheat respectively. SimilaXighyaet al (2006) also reported
the presence ofr-and B-amylase activities (5.33 and 8,0M maltose/mkmin
respectively)in native pearl millet. Absence pfamylase activity in native pearl millet
(Pelembeet al, 2004) and sorghum (Taylor and Robbins, 1993)evwaso reported.
Beta-amylase activity of commercial barley malt waported to be 354.8 mg
maltose/g dry matter (Tiwari, 2010) which was sligthigher than that oDalle millet

malt found in this study.
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Fig. 5.20 Total diastatic power (DP) of millet malts geraied at 28 + 1 °C for 48 h.
Values are the means (n = 3) + SD. Bars sharinglasirtetters are not
significantly different (p>0.05) by LSD.

Tiwari (2010) also reported-and -amylase activities in the range of 49.6 — 55.5 and
194.5 - 215.5 units/g dry matter Kabre-l and ACC#523-1finger millet varieties
respectively. Seed germination triggers severahbwdic changes and in turn increases
the activity of various enzymes including amylaséscording to Bewley and Black
(1983), p-amylases were present in an inactive latent fonch \eere activated during
seed germination. Daussattal. (1994) reported that two distinct categories otaé
B-amylases have recently been recognized to exigt. i©the classical endospefin
amylase of theTriticeae species, barley, wheat, and rye; which is presertigh
amounts and at high activities in the ungerminateelds. Another “tissue ubiquitous”
form of enzymes present in much lower amounts atigites in all cereals appear to
represent the entire enzyme complements of the eedlde nonTriticeae species.
Zeigler (1995) who reported the lack of this enzymenative grains also supported
negligible a-amylase found in this studB-amylase activity in Indian finger millet
malts were in the range of 156 — 300 units (Shudlaal, 1986) which was in
agreement to our findings. Peleméeal (2004) reported that both diastatic activity

andp-amylase activity in pearl millet malt increasedhgermination time.

Diastatic activity was reported to increase withngi@ation time in SE composite and
SE 13 pearl millet varieties up to 6 days of gewmtion at 28— 30 °C and decreased
afterwards, while in the case of SE 2124 milletietyy diastatic power reached

maximum in 2 days and decreased afterwards. Sirtnd¢ad was also reported far
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amylase activity in the three millet varieties. R¥ composite pearl millet varietfy;
amylase activity was reported to be maximum on2jayhile for SE 13 and SE 2124
millet varieties it reached at maximum on 4 anda§sdof germination respectively
(Nzelibe and Nzelibe, 1995According to Gimbi and Kitabatake (2002) the highes
amylase activity in African finger millet was exfidd in finger millet malt germinated
at 15 °C for 9 days, and at 20 °C for 6 days wimiéehighesp-amylase activity being
displayed in the malt germinated for 5 days at@0OHowever, in our experiment there
was excessive root growth beyond 84 h of germinatid28 + 1 °C.

Wide variations ina- and p-amylase activities and total diastatic power ([2Rjong
different millet malts could be due to their varyiability to produce gibberellins, the
hormone, which is produced during germination o&igrand diffused into the
endosperm and aleurone layer. In the endospermjridace the synthesis of amylases
(Dendy, 1995). Amylases are responsible for theegaion of extract and fermentable
extract during the conversion of starch to alcofdiere is no universally accepted
specification for the sorghum and millet malts foeir diastatic activity. However, a
minimum specification of DP of 28 sorghum diastqtinit (SDU)/g for malt for
industrial sorghum or millet brewing appears tovbdely used (Dewaet al, 1995).
Dewaret al (1997) reported that the diastatic activity ofghmm malt germinated at
30 °C was highest (45 SDU/g) on day 4 and decreas@&9® SDU/g on day 6. The
diastatic activity of millet malts obtained in tregidy cannot be directly compared with
other reported values since the extent of DP iselyicffected by millet variety,
germination time, and temperature, steep-out m@stantent, and method used in its
determination. However, the total diastatic powemdlet malts obtained in this study
was lower to those reported for other cereal malts.

Effect of millet variety and germination time onrlsaxypeptidase activity is depicted
in Fig. 5.21. Millet variety, germination time artteir interaction all significantly
affected carboxypeptidase activity of millet m&arboxypeptidase activity increased
with germination time irKabre millet variety with a maximum value of 134.2 unifs
dry malt on 84 h of germination, while a maximuntiaty of 242.5 units/g dry malt
was found on 48 h of germination duwain millet malt. In the case o&PU 0025
millet variety, carboxypeptidase activity rangednfr 66.6 to 73.4 units/g dry malt over
the germination time of 48 — 84 h, and the valuesewstatistically not different.

Carboxypeptidase activity reached maximam72 h of germination and decreased
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thereafter inOkhle and GE 5016 millet with maximum activities of 60.1 and 42.4

units/g dry malt for the respective millet variatie
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Fig. 5.21 Effect of millet variety and germination time oarboxypeptidase activity of
millet malts. Values are the means of three reptoa.

*One unit of carboxypeptidase activity was definedttee production of 1
pg of free amino nitrogen (FAN) as glycine over dffincubation at 40 °C.

No remarkable difference in carboxypeptidase d&gtibetween 48 and 72 h
germinatedDalle malt was observed with a maximum value of 73.4slgidry malt
being found on 84 h of germination. Maximum carlmeqtidase activity of 242.5
units/g dry malt was found in 48 h germinatkdvain millet malt followed by 134.2
units/g dry malt in 84 h germinatégbre millet malt. Carboxypeptidases are known to
be responsible for the release of FAN from solabdi proteins during malting.
Carboxypeptidase activity in ICSV 400 and KSV 8gbmim malts prepared using 1 h
of air-rest period during germination were reportede 428 and 222.5 mg FAN/3h/g
dry malt respectively (Okolo and Ezeogu, 1995) Wwhiere quite higher than those of
Dalle, Okhle GPU 0025and GE 5016 malts but were similar to those Kabre and

Juwainfinger millet malts found in this study.
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5.2.1.2 Effect on total free amino acids (TFAAs) ahfree amino nitrogen (FAN)
contents of millet malts

Figs. 5.22 and 5.23 illustrate the effect of mi@riety and germination time on total
free amino acids (TFAA) anidee amino nitrogen (FAN) contents in millet maBsth
the millet variety and germination time showed gn#icant effect on the TFAAs
contents in millet malts. Except faluwain millet, the TFAAs contents were not
different (p>0.05) among other native millets ahd values were in the range of 53.9 —
57.9 mg glycine equivalent/100 g dry malt whidlewainmillet variety had the highest
TFAAs content (87.1 mg glycine/100 g dry malt) dif the millet varieties. TFAAs
contents reached maximum at 48 h of germination decteased significantly on
further germination in all millet varieties. TFAA®Ntents in 48 h germinated millet
malts were 188.7, 209.0, 178.8, 310.0, 195.3 arsd21ég glycine/ 100 g dry malt in
Dalle, Kabre Okhle Juwain GE 5016and GPU 0025millet varieties respectively.
Statistical analysis indicated thaiwain millet malt had the highest TFAAs content
(310.0 mg glycine/100 g dry malt) of all the malghile the values amonBalle,
Okhle GE 5016and GPU 0025and betweerKabre and GE 5016 malts were not
significantly different (p>0.05).
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Fig. 5.22 Effect of millet variety and germination time dotal free amino acids
(TFAAS) contents of millet malts.

Juwain millet showed an intermediate interactionilevinest of the millet varieties

showed a strong interaction with germination timmeTé-AAs contents of malts (Fig 5.
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22). A similar trend to that of TFAAs contents walso found for FAN contents in
millet malts (Fig. 5.23). Except iduwainmillet, FAN contents in other native millet
varieties were in the range of 10.1 — 10.9 mg glgtiO0 g dry malt and the values
were statistically not different, while a maximumAN content of 16.4 mg glycine/100
g dry malt was found iduwainmillet malt. FAN content reached maximum at 48fh o
germination and further germination resulted a ifigant reduction in all millet
varieties. FAN contents in 48 h germinated maltsewg5.2, 39.0, 33.4, 57.8, 36.4 and
34.7 mg glycine/100 g dry matter Dalle, Kabre, Okhle Juwain GE 5016andGPU
0025 millet varieties respectivelyJuwainmalt had the highest FAN contents of all the
malts, while the values amordglle, Okhle GE 5016 andGPU 0025,and between
Kabre and GE 5016malts were not differentJuwain millet showed an intermediate
interaction, while all other millet varieties shaive strong interaction with germination
time on FAN contents of malt. Hence, 48 h germitiatewain millet resulted the

maximum TFAAs and FAN contents in the malt.

Amino acid content is an important malt parameterthe growth and metabolism of
yeast in malt wort. To increase fermentability afficiency, malts with high levels of
free amino nitrogen and amino acids are esseriatl soluble nitrogen and free
amino acids increase with increasing germinatioretdue to more extensive protein
hydrolysis (Nieet al, 2010).Amino acid content plays a crucial role in yeadfritian
(Clapperton, 1971). FAN contents in millet maltsreveeported to vary from 87 to 155
mg/100 g by Morrakt al. (1986) and the reported results were quite higfnem those
found in our experiment (maximum value of 57.8 mygcime equivalent/100 g dry
malt). The FAN content of the malt is the produtttiee catabolic processes, which
degrade the storage proteins into new proteingatsrand shoots. Okolo and Ezeogu
(1995) reported that the FAN content in ICSV 40@ &8V 8 sorghum malts were
181.1 and 140.8 mg% (db) using 1 h of air restqueduring malting which were quite
higher than those found for millet malts in thisidst. According to Pelembet al.
(2004) FAN increased with germination time in peaillet. Similar trend was also
reported in sorghum malt (Dewat al, 1997; Morrallet al, 1986; Nout and Dauvis,
1982) and in finger millet malt (Nout and Davis,829. Adequate FAN content is
necessary to support yeast growth during fermemtgthaycet al.,2001).
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Fig. 5.23 Effect of millet variety and germination time &ee amino nitrogen (FAN)
contents of millet malts. Values are the means$@fa determinations.

5.2.1.3 Effect of finger millet varieties on chemal characteristics of
their malts

5.2.1.3.1 Changes in carbohydrates during maltingfdinger millets

Chemical constituents of unmalted and malted fingaélets were determined and the

results are shown in Table 5.10.

Total reducing sugar
Total reducing sugar content in unmalted milletsecafrom 70.0 irDalle to 130.0 mg

dextrose/100 g dry matter (BE 5016millet, with a mean of 106.1 mg dextrose/100 g
dry matter. Except iballe, there was no significant difference (p>0.05) loa tontent
of total reducing sugar among the millet varietieer malted millet, total reducing
sugar varied from a minimum of 1410.0 mg dextrod@/g dry matter inGE 5016
millet malt to a maximum of 5953.3 mg dextrose/IPdry matter inJuwain millet
malt. The mean total reducing sugar content in edalillets was 2516.7 mg
dextrose/100 g dry malt. Malting incurred a sigrafit increase in total reducing
content in all millet cultivars. The extent of ieonent differed with millet varieties,
with Juwain millet malt having the highest increase of abddit-fold, while GE 5016
had the lowest increment of about 10-fold. Totalu@ng sugar contents betwe&ik
5016 andDalle and betweelGPU 0025andOkhle millet malts did not differ (p>0.05)
(Table 5.10). Our study revealed that the extertot#l reducing sugar content in the

malts was related with the degree of starch lossngugermination. Increase in
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reducing sugar content in malted finger millet vadso reported by Nirmalat al
(2000).

Table 5.10 Chemical changes during malting of finger millets

Values for different finger millet varieties

Parameters Sample GPU GE Juwain  Okhle Kabre Dalle
0025 5016

Reducing sugar  Millet 101.7 130.0 1100 1050 1200 70.0

as glucose (2.9) (30.0) (20.0) (5.00 (10.0) (10.0)

(mg %) Malt 2073.3 1410.0 5953.3 1996.7 2116.7 1550.0

(160.1) (55.7) (197.3) (193.0) (160.1) (287.9)

Glucose (mg %)  Millet 5038 67.7 46.8 86.7 47.0 28.7
(5.9) (1.5) (3.2) (2.9 (4.2) (0.2)

Malt 1340.6 883.3 4553.3 12433 1723.3 990.0

(334.2) (196.6) (274.3) (285.7) (25.2) (165.2)

Starch (%) Millet 7293 7137 79.86 7288 7188 7260
(3.54) (1.85) (0.18) (2.16) (3.07) (2.52)

Malt 64.08 67.12 6374 66.80 66.22 65.22

(3.20) (1.81) (0.88) (2.05) (2.94) (1.95)

Amylose (%) Millet 21.48 2222 2413 21.368° 20.42" 20.39"
(1.38) (0.76) (0.08) (0.84) (1.17) (0.95)

Malt 18.7F7 17.87° 19.27" 16.62 18.74° 16.87

(1.29) (0.67) (0.37) (0.73) (1.14) (0.71)

Amylopectin (%)  Millet 51.48 49.1f" 5572 5152 51.46' 52.27F
(2.16) (1.09) (0.11) (1.32) (2.58) (1.57)

Malt 453G 49.28"  44.4F 50.18% 47.47 48.44¢

(1.91) (1.14) (0.52) (1.33) (1.80) (1.23)

Total phenolics as Millet 103.7 229.7 609 1651 1659 87.3
gallic acid (mg%) (9.6) (15.9) (10.2) (10.6) (5.2) (5.5)
Malt 148.6" 2478 1353 158. 7" 1859 123.1

(12.2) (8.8) (7.5) (8.1) (6.8) (14.3)

Total flavonoids  Millet 55.3 141.7 35.7 95.¢ 93.9 52.7
as rutin (mg%) (6.1) (20.3) (5.3) (3.1 (7.0) (10.8)
Malt 98.0¢ 236.3 50.F 120.7° 114.8° 109.f

(15.4) (33.5) (7.0) (8.7) (1.7) (41.9)

Tannin as tannic  Millet 227.1% 566.0 169.9 373.3 3749 245.F
acid (mg%) (14.4) (11.9) (20.1) (12.1) (6.5) (16.5)
Malt 212.2 301.8 173.7 235.f 2452 178.F

(12.5) (3.2) (1.1) (10.7) (7.5) (8.5)

Antioxidant Millet 55.3F 77.30¢ 1823 7446 7162 53.18¢
activity (%) (2.82) (3.97) (3.02) (2.14) (5.07) (6.59)
Malt 30.2%° 73.08 16.49 42.83" 40.69" 28.86°

(7.22) (15.42) (4.81) (7.29) (8.58) (6.01)

“results are expressed as dry weight basis.

“values are the means of three replications. Figuréise parentheses are the standard
deviations. Means followed by similar superscriptsa row are not significantly
different (p>0.05) by LSD.
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Glucose

Glucose content in native millets ranged from 2&786.7 mg dextrose/100 g dry
matter, with a mean of 54.6 mg dextrose/100 g dayten;, however, the values were
not statistically different (p>0.05). Glucose corntén malted millets was highest in
Juwain (4553.3 mg dextrose/100 g dry matter), followed KWgbre (1723.3 mg
dextrose/100 g dry matter), while it was lowesGE 5016(883.3 mg dextrose/100 g
dry matter), with a mean content of 1788.9 mg desdf100 g dry matter for the six
millet malts. Malting led to a significant increage glucose content in all millet
varieties. A maximum glucose increment of 96-foldswobserved iduwain millet
malt; while a minimum of 12-fold was found @BE 5016millet malt (Table 5.10).
Glucose contents betwe&PU 0025andOkhleand betweeGE 5016andDalle millet
malts were not significantly different. From Tal8elO it can be envisaged that the
average ratios of total reducing sugar to glucosee\:1 and 3:2 for native and malted
millets respectively indicating that glucose wasmbautilized at a greater extent during

seed germination.
Starch

Starch content in the native millets was in thegeanf 71.32 — 79.86% (db), with a
mean content of 73.58% (dk)uwain millet had the highest starch content (79.86%,
db) of all the millet varieties, while the valuesy@ang other cultivars did not differ
(p>0.05). Similarly, starch content in malted ndleanged from 63.74 to 67.12% (db),
with a mean value of 65.53% (db); however, the @alwere not significantly different.
Germination significantly reduced starch conten@alhmillet varieties. A maximum
starch loss of 20.19% was foundJuwainmalt, while a minimum of 5.89% was found
in GE 5016malt, with a mean loss of 10.77% among the sixetvarieties. Sripriyat

al. (1997) reported that the starch content of fingelet was 81% (db) which
decreased to 71.3% (db) on germination at 30 °Q4oh. Decrease in starch content
by 33.85% after 4 days of malting was reportedngdr millet (Nirmalaet al, 2000).
Reductions in starch content ranging from 33 ta1%8in 96 h germinated sorghum
cultivars were also reported by Subramarearml. (1992). Morall and Briggs (1978)
reported a 65% decrease in starch in germinatddybarhe decrease in starch content
in the grain was due to hydrolysis by the nativeyemes ¢-andp- amylases) during
germination resulting increase in reducing sugesaret al,, 1995).
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The minimum amylose content in native millets wa@s32% (db) inDalle, while the
maximum was 24.13% db huwain with a mean content of 21.67% (db). Germination
significantly decreased amylose in all millet mattempared to their respective
unmalted millets. Amylose content in malted milleggied from 16.62% (db) i@khle

to 19.27% (db) inJuwain with a mean value of 18.02% (db). Amylose redrcti
ranged from 8.23 to 22.19%, with the minimum reducbeing found irkKabreand the
maximum in theDkhlemillet malt. This study revealed that amylose eohtaccounted
for 28.19 to 31.25% of the total starch contemative millet, with a mean of 29.47%.
Similarly, in malted millets, amylose accounted 24r.88 to 30.23% of the total starch,
with a mean of 27.53%. Amylose contents in sorgtaund millets were: proso millet
28%, sorghum 24%, pearl millet 21.1%, foxtail nille’.5%, kodo millet 24 .0% and
finger millet 16.0% (wb) (Zarnkowet al, 2007) and the obtained results appeared a bit

higher than that reported for finger millet.

Amylopectin contents in native millets varied beénet9.11% (db) iGE 5016millet
and 55.72% (db) iduwain millet, with a mean content of 51.91% (db). Simia
malted millets had amylopectin contents rangingmnfrd4.47% (db) inJuwain to
50.18% (db) inOkhle with a mean content of 47.52% (db). Except@&k 5016and
Okhle millets, malting significantly decreased (p<0.05nyopectin in all other
varieties. Maximum amylopectin reduction was obsdnin Juwain millet malt
(20.19%), while a minimum reduction was found Dalle malt (7.22 %). It was
observed that, amylopectin content accounted fof%& 71.81% of the total starch in
native finger millet, with a mean of 70.53%; whileaccounted for 69.68 to 75.12% in
malted millets, with a mean of 72.45%. Moreover,yblses to amylopectin ratios in
native and malted millet starch were found to be729and 28:72 respectively.
Zarnkowet al (2007) noted that Proso millet starch containg&o amylopectin, but

the data for finger millets were scarce.
5.2.1.3.2 Changes in phenolic compounds and antidant activity
Total phenolics

Total phenolics (TPs) contents greatly varied amoagve millet cultivars ranging
from 60.9 mg gallic acid equivalent (GAE)/100 g amatter (DM) inJuwainto 229.2
mg GAE/100 g DM inGE 5016 with a mean content of 135.4 mg GAE/100 g DM.
TPs contents betweddkhleandKabre millets were not different (p>0.05), while they

were significantly different among other native lets.
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Similarly, TPs contents in malted millets rangednir123.1 mg GAE/100 g DM in
Dalle to 247.8 mg GAE/100 g DM iGE 5016 with a mean of 166.6 mg GAE/100 g
DM. Except inOkhle malting significantly increased (p<0.05) TPs emns in all other
millet varieties. The minimum TPs increment was28clin GE 5016malt, while the
maximum was 122.17% iduwain malt. Analogous result of increase in phenolics
during malting of barley was reported by Dvoraketal. (2008). Nwanguma and Eze
(1996) also observed TPs increments between 7-1dndold in sorghum cultivars.
Contrary to our findings, Sripriyet al (1997) reported a decrease in total phenolics in
finger millet malt. Decline in phenolics on maltir§ millet were also reported by
Chetharet al. (2008) and Chukwura and Muller (1982).

Increased in TPs during germination in this stody be expected as a result of loss of
dry matter as well as hydrolysis of condensed tandue to germination which can be
justified for decrease in tannin on malting (Talel0). Furthermore, it can be
anticipated that during germination different enegmvere produced and contributed to
the modification of grain composition resultingtime release of bound phenolics and
facilitate extraction of phenolics than that of imatgrain. According to Maillard and
Berset (1995), increase in total phenolics on mglthay be due to enzymatic release
of bound phenolic compounds during seed germinataillard et al. (1996) reported
that polyphenols in millet occur both in free andoiound forms. Increase in malt TPs
may be due to the action of induced esterase gctim bound phenolics, which act on
various phenolic acid esters linked to either arakylans or other non-strach

polysaccharides.

Total flavonoids

Total flavonids (TFs) contents in unmalted and sdhlimillets ranged from 35.2 mg
rutine equivalent (RE)/100 g DM iduwainto 141.7 mg RE/100 g DM iGE 5016
millet and from 50.1 mg RE/100 g DM iluwainto 236.3 mg RE/100 g DM iGE
5016 millet malt respectively (Table 5.10). The medfsTcontents in six native and
malted finger millets were 79.0 and 121.5 mg RE/§0DM respectively. The TFs
content was not affected by maltingJdawain Okhle andKabre millets, while it was
significantly increased (p<0.05) in other milletrriegies. Results (Table 5.10) indicated
that the TFs increment was highestDalle malt (109%), followed by irGPU 0025
(77.22%), while it was lowest iGE 5016millet malt (66.76%). It was further found
that both the TPs and TFs contents in malted mile¢re related with that of their
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contents in the native millets (i.e. the higher s and TFs content in the native

millets, the higher their contents in the malts).

Tannin

The tannin contents in native millets ranged fro69.2 mg tannic acid equivalent
(TAE)/100 g DM inJuwainto 566.0 mg TAE/100 g DM ilGE 5016millet, with a
mean of 326.2 mg TAE/100 g DM. Similarly, tannimtent in malted millets was in
the range of 173.7Jgwain — 301.8 mg TAE/100 g DMQGE 5016, with a mean
content of 224.6 mg TAE/100 g DM. Except @PU 0025 and Juwain malting
significantly decreased tannin contents in othdtemvarieties. The maximum tannin
reduction of 46.7% was observed @E 5016malt, while a minimum of 27.5% was
found in Dalle malt. The results of tannin contents in nativelehilvarieties were
analogous to those reported by Odoemelam and @Q9)2n Nigerian millet variety
(0.48 - 0.53%), Wadikeet al. (2006) in three Indian hill region finger millef@@verage
value of 0.34%) and Udayasekhara and Deosthale8{1B88 brown finger millet
varieties (0.35 — 2.39%). Reichaat al. (1980) also noted a 25% tannin reduction in
germinating barley and they noted that the los$dcpartly be due to polymerization of
the tannins in water and/or their possibly carboaigs and proteins. Larger tannin
polymers or complexes of tannin with other biopotysmwould be insoluble and thus
not extractable.

Antioxidant activity

Large variations in antioxidant activity among uriee (18.23 to 77.30%) and malted
(16.49 to 73.05%) finger millets were observed.

y = 42.356In(X) - 145.45

100 1 R2= 0.8851

60 +

40 +

Antioxidant activity (%)

20 + .

Total phenolics (mg GAE/100 g DM)

Fig. 5.24 Relationship between total phenolics and antawxidactivity in native

millets.
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Except for GE 5016 and Juwain native millets, malting significantly decreased
(p<0.05) antioxidant activity in other varietiehél antioxidant activity of native millet

was exponentially related to its TPs content (big4), however, this relationship was
not apparent in malted millet. In contrast to andings, increased in DPPH antiradical
power in barley malt was reported by Dvoraketal (2008). Of the various chemical
characteristics of malts, FAN, tannin and total rgilie contents can be taken as
prominent ones, since FAN is essential for the gnowf yeast during brewing and

excessive presence of tannin and total phenolids pese problem of beer haze

formation.
5.2.1.4 Effect of millet varieties on chemical chacteristics of their malt extracts

Millet malts prepared by germinating for 48 h at28 °Cwere used for extract of malt
analysis and the results are shown in Table 5.1lL.e&racts were found to be
aromatic. Starch-iodine test showed negative reqykllow to brick red coloration)
indicating the absence of starch in malt extraéiscept forJuwain mal filtration rate
was normal in other malt extracts. Extracts TSSednfrom 7.90 to 8.9 °Bx, with a
mean value of 8.22 °Bx. There was a significanted#hce (p<0.05) in color among
malt extracts. Maximum color was recordeddi 5016millt malt extract (5.78 EBC
units) while a minimum value of 2.77 EBC units waand inDalle malt The extract
color was within the range reported for differenitiBh floor malts (2.5 - 7.0 EBC
units). Turbidity significantly varied (p<0.05),mging from 9.97 FTU irDalle malt
extract to 24.10 FTU iduwainmalt extract, with a mean of 16 FTU. Extract pHsvira
the range of 5.76 — 6.31. The pH GPU 0025andKabre, and that ofGE 5016and

Okhlemalt extracts were not different (p>0.05).

Total free amino acids (TFAAS) varied widely amothg malt extracts. The lowest
TFAAs was 13.9 mg glycine equivalent (GE)/100 mLA& 5016 while the highest
was 48.4 mg GE/100 mL iduwainmillet malt extract. TFAAs contents betwe&RPU
0025 and Kabre, and betweerOkhle and Dalle malt extracts were not different
(p>0.05). It was found that TFAAs content in thdrast was related with that of its
content in the malt [i.e. malts containing high&ARs also resulted higher TFAAs in
the extract. FAN content (glycine equivalent) lieetween 2.6 and 9.0 mg/100 mL,
with minimum content being found IBE 5016extract and the maximum Buwain

extract
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Table 5.11 Physico-chemical characteristics of finger miltelt extracts

Mean values

Parameters GPU 0025 GE 5016 Juwain  Okhle Kabre Dalle
TSS (°Bx) 8.1  7.90 8.9¢' 8.03°* 8.1GF 8.27F
(0.10)  (0.10) (0.10)  (0.06) (0.10) (8.27)
Color (EBC unit) 3.92 5.78 4.3¢ 567  3.1F 277
(0.03)  (0.02) (0.03)  (0.01) (0.02) (0.02)
Turbidity (FTU) 13.08 21.49 2416 1564 11.73  9.97
(0.66)  (0.30) (0.14)  (0.09) (0.12) (0.16)
pH 6.16 6.31° 5.76 6.29 6.14 6.27
(0.03)  (0.01) (0.01)  (0.01) (0.01) (0.01)
TFAA as glycine 36.7 13.9 48.4 25.8 336 24.1°
(mg /100 mL) (3.5) (0.9) (2.4) (0.5 (1.8) (2
FAN as glycine 6.8 2.6° o° 4.8 6.2 4.5
(mg/100 mL) (0.5) (0.1) (0.3) (0.1)  (0.3) 90.3)
Glucose (g/100 mL) 1.62 1.22 2.51° 1.5 178  1.48
(0.03)  (0.05) (0.01) (0.12) (0.03) (0.01)
Reducing sugar 5.48 4,50 6.93 527 627 513

(g maltose/100 mL) (0.13) (0.13) (0.22) (0.25) (0.39) (0.02)

Extract yield of malt 83.67  87.80 88.83 82.17 82.10 80.2C
(%, db) (0.29)  (0.26) (0.15)  (0.67) (0.46) (0.26)

Viscosity (cP) 1.2% 1.22 1.24 1.22 120 1.1¢
(0.02)  (0.01) (0.01)  (0.01) (0.01) (0.01)

Starch-iodine test - - - - — _

Filtration rate ++ ++ + ++ ++ ++

Aroma \ \/ \/ \ \ \

“values are the means of triplicate determinatiGingures in the parentheses are the
standard deviations. Means followed by similar ssp@pts in a row are not
significantly different (p>0.05) by LSD.

Note: - : negative test, ++ : normal rate, + wstate, v : characteristics aroma.

Glucose content differed significantly (p<0.05) amgdhe malt extracts, ranging from
1.22 g/100 mL inGE 5016extract to 2.51 g/100 mL iduwainmalt extract. Similarly,
millet variety had a significant effect (p<0.05) the total reducing sugar content in the
extract. The reducing sugar content was in theeaigl.5— 6.93 g maltose/100 mL,
where the values amorgPU 0025 OkhleandDalle malt extracts were not different.

Extract’s viscosity was in the range of 1:18.24 cP, with a mean of 1.21 cP.
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The highest viscosity observed fuwain malt extract could be attributed to the
presence of higher soluble solids in the extraeb(@ 5.11). Extract yield of malt
ranged from 80.20% (db) iDalle to 88.83% (db) inJuwain malt extract. Except
betweenOkhle andKabre, the extract yields were significantly differemh@ang other
malts. Despite lowep-amylase and diastatic power &ifwain millet malt it exhibited
the highest extract yield of all the malts studiRegarding the results of malt extract
analysis, all extracts had color well above theimim required value (2.5 EBC units).
Although, clarity of Dalle malt extract was significantly superior (i.e. thmvest
turbidity value), it had lower FAN content and exir yield (Table 5.11). Hence, in
order to select the best millet malt for furthemdst, mashing was carried out using

Dalle, Kabre andJuwainmillet malts.
5.2.1.5 Effect of millet varieties on the chemicalroperties of their malt worts

Chemical characteristics of worts derived fr@alle, Kabre and Juwain millet malts
are shown in Table 5.12. TSS, extract, total fr@éna acids and FAN contents of the
worts derived fromduwainmalt were significantly higher (p<0.05) than thaséalle
and Kabre malts, while the values between the latter two rad differ significantly.
Wort pH was in the range of 5.44 — 5.66, with asrage value of 5.53. Total reducing
sugar was maximum idabre malt wort (10.45 g maltose/100 mL); while a minimu
of 7.64 g maltose/100 mL was found alle malt wort. Wort composition varies
according to the ingredients used in its prepanati®erger and La Berger (1985)
reported that the extract, pH and FAN contents afious worts intended for the
production of North American lager beer were 10.8-5 °P, 5.2 — 5.7 and 140 - 260
mg/L respectively which are comparable to our mssulhe results of wort FAN
contents are in close agreement with those repdmtedEnejeet al. (2001), who
reported the FAN content in the range of 14.8 -8 16g/100 mL in millet Pennisetum

maiwg malt worts.

The pH and FAN contents in typical UK wort deriviedm finger millet and barley
malts combination (70:30 to 50:50) were reportedeo6.0 — 6.2 and 88 — 62 mg/L
respectively. pH and FAN of an all-malt wort wesd8 and 226 mg/L respectively
(Venkatanarayanat al, 1979). Similarly, a FAN content of 10.7 mg/10Q mas also
reported in buckwheat malt wort (Nic Phiaratsal,, 2005). Analogous results of pH in
different sorghum malt worts (5.39 — 6.09) werealksported by Okrah (2008). Hough
(1985) also reported total free amino acids contént.65 g/L in typical UK wort.
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Therefore, the obtained results of pH, extract, Famnl reducing sugar contents of
millet malt worts were found to be within the retaaol range for different cereal malt
worts. Hence, based on the results of malt anglysalsre finger millet was found
superior of all millet varieties for malting to mhace lager beer.

Table 5.12 Chemical properties of finger millet malt worts

Values for different millet malt worts

Parameters

Dalle Kabre Juwain
TSS (°Bx) 12.43+0.06 12.43+0.06 13.07+0.12
pH 544+001 566+0.01 549+0.01
Extract (g/100 g) 12.0¢0.10 12.26+0.10 12.70+0.10

TFAA as glycine (mg/100 mL) 104.9& 0.90 106.06+0.70 108.00 + 0.30
FAN as glycine (mg/100 mL) 19.580.20 19.860+0.10 20.3¢+0.10

Reducing sugar as maltose 764+0.10 10.4%+0.04 9.66+0.36
(9/200 mL)

“values are the means (n = 3) + S.D. Means follolbyedimilar superscripts in a row
are not significantly different (p>0.05) by LSD.

5.2.2 Proximate and mineral compositions of unmaltéand malted
finger millet (variety Kabre)

5.2.2.1Proximate composition of unmalted and malted fingemillet

Table 5.13 shows the changes in proximate compaosénd mineral contents during
malting of finger millet (varietyKabre). Crude protein contents in native millet, millet
malt; and millet malt were 9.80, 9.85, and 8.26% (db) respectively. Phatein
contents between millet and millet maltere statistically not different (p>0.05), while
the values were significantly higher than that afehmalt,. On the contrary, increase
in protein content from 8.6 to 11.8% (db) was répdiby Opokiet al. (1981) in millet
(Pennisetum typhoidgswhile decrease in protein content from 7.0 t8%.(db) in
finger millet (Malleshi and Klopfenstein, 1998) afrdm 11.1 to 9.7% (db) in foxtail
millet (Choudhuryet. al, 2010) were reported.
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Table 5.13 Proximate composition of native and malted fingdtets (% db)

Values
Parameters Millet Malt; Malt,
Crude protein 9.80 (0.49) 9.85(0.13} 8.26 (0.27)
Crude fat 2.73(0.2f) 2.29(0.06f 2.28 (0.03}
Total ash 3.05(0.39) 2.13(0.06f 2.03(0.15
Crude fiber 3.00 (0.07) 3.65(0.04f 3.71 (0.01f

Total carbohydrate  84.42 (0.20§ 85.73 (0.18} 86.00 (0.41%

*values are the means of triplicate determinatigingurers in the parentheses are the
standard deviations. Means sharing similar supgtsdn a row are not significantly
different (p>0.05) by LSD.

**: by difference
Malt;: Green malt kilned at 50 + 2 °C.

Malt,: Green malt kilned using standard barley maltikgrprocedure (Matz, 1991).

Crude fat contents in native millet, Madnd Malp were 2.73, 2.29, and 2.28% (db)
respectively. Significantly lower (p<0.05) crude éntents were found in malts than
its raw counterpart, whereas the values betweeletrilalts were not different. There
are conflicting reports about the changes in criaten malting. Opokuet al. (1981)
and Choudhuret al. (2010) reported a decrease in crude fat contenpdd 66.7% on
malting of millets, while Malleshi and Klopfenstefh998) and Tiwari (2010) did not
find noticeable difference in Nepalese finger ndldn cereals, fat content is reported
to be more in outer seed coat, hence higher fatenbnin unprocessed cereal
(MacMasteret al, 1971). Hydrolysis of lipid and oxidation of fatacids take place
during seed germination. The hydrolyzed productsidibaccumulate in the seed, but
the glycerol becomes a part of carbohydrate podl the fatty acids are oxidized
through o- and B-oxidation, resulting in decrease in crude fat eanht(Mayer and
Mayber, 1963). Total ash contents were found ta3le5, 2.13, and 2.03% (db) in
unmalted millet, Malt and Malt respectively. There was a significant reductiotoial
ash content in both malts compared to unmaltecethbilt the values between malts did
not differ. Analogous results of decrease in asitertt ranging from 9.1 to 21.6% were
also reported by Malleshi and Klopfenstein (199)pudhuryet al (2010) and Opoku
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et al (1981). Crude fiber contents were found to b&® 33065 and 3.71% (db) in native
millet, malt and Malg respectively and the values between malts werastatistically
different but they were significantly lower compare® ungermnated millet. Similar
results were also reported by Opo&ual. (1981) in millet Pennisetum typhoidgs
Shyao et al. (2001) in five Tanzania finger millets varietid4alleshi and Klopfenstein
(1998) in Indian finger millet (var. Indaf, bricked color) and Tiwari (2010) in
Nepalese finger millet varieties. Contrary to oesults, Choudhuryet al (2010)
reported up to 12.5% decrease in crude fiber onimgabf yellow and purple foxtail
millets. Increase in crude fiber content may belkatted to the loss of soluble solids
during steeping and dry matter during germinatidaotal carbohydrate contents in
native millet, Malt and Malt were 84.42, 85.73, and 86.00% (db) respectivebiting
significantly increased total carbohydrate contevitereas malt kilning method had
insignificant effect (p>0.05) on total carbohydratecrease in carbohydrate content on
malting was also reported by Choudhetyal. (2010) in Indian foxtail millets, while
Okopuet al. (1981) reported about 10% reduction in carbohydoat malting of millet
(Pennisetum typhoides

5.2.2.2 Mineral composition of unmalted and maltedinger millet (variety Kabre)

Table 5.14 shows the mineral composition of natared malted finger millets.
Phosphorus decreased by about 14 %, while calonomeased by 15 % on malting.
Nithya et al. (2006) also reported 15% decrease in phosphompearl millet malt. Iron
content in unmalted millet was 11 mg/100 g dry era(fDM) and increased by about
84%, while no appreciable change in manganese @tton malting. Increase in iron
content up to 5% in pearl millet malt (Nithga al, 2006) and up to 1.6-fold in finger
millet malts (Samantragt al, 1989) have been reported. Malting increasedusodi
content by about 9%, while it decreased potassiomtent by about 60% compared to
unmalted one. Samantray al. (1989) also reported about 46% increase in sodind
29% decrease in potassium contents in Indian fingglet malts. Both zinc and
magnesium contents decreased (p<0.05) from 3.2.6oa@d from 260.3 to 244.1
mg/100 g DM respectively on malting. Nithga al. (2006) also reported about 16 and

26% reduction in zinc and magnesium contents reisgedcin pearl millet malts.
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Table 5.14 Mineral composition of native and malted fingalet (mg/100 g DM)

Values

Minerals ] _ o
Native millet Malted millet

Phosphorous 273.0 (8%0) 235.0 (9.0

Calcium 247.0(2.1%  283.4 (4.8
Iron 11.0 (0.2§ 20.2 (0.3Y
Manganese 41.7 (0.2) 42.6 (0.9f
Sodium 271.9(1.8)  297.0 (5.3f
Potassium 619.5 (4.0) 248.7 (4.4
Zinc 3.2 (0.2} 2.6 (0.1F
Magnesium 260.3(1.1) 244.1(4.1)

“values are the means of triplicate determinatioRgures in the parentheses are the
standard deviations. Means followed by similar sspepts in a row are not
significantly different (p>0.05) by LSD.

" Green millet malt kilned at 50 + 2°C for 24 h.

5.2.3 Effects of kilning methods on enzyme activéas, FAN contents and extract
guality of finger millet malts

Kabre millet was soaked for 12 h, germinated for 48 B&i 1 ° C, and kilned by three

different methods as follows:

Method 1: Drying at a constant temperature of 20°€ up to 7% moisture content.

Method 2: First drying at 50 + 2 °C to 24% moistooaitent and final drying at a
temperature of 62 = 2 °C.

Method 3: First drying at 50 + 2 °C to 24% moistaoaitent and final drying at a
temperature of 80 = 2 °C.

The malts were analyzed for amylase and carboxigseg# activities, FAN contents

and chemical properties of malt extracts.
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5.2.3.1 Effects of kilning methods on enzymes adtiy and FAN content of millet
malts

Alpha-amylase, beta- amylase and carboxypeptidaseities and FAN contents of
millet malts kilned by different methods were anral¢g and the results are shown in
Fig. 5.25.
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Fig. 5.25 Effects of kilning methods on (Ax- amylase activity, (B)p-amylase
activity (C): Carboxypeptidase activity and (D): RAontent of finger millet malts.

Kilning methods
Method 1: Drying at a constant temperature of Z0°€.

Method 2: First drying to 24% moisture content @32 °C and final drying at
62 £2°C.

Method 3: First drying at 50 + 2 °C to 24% moistaontent and final drying at
80 + 2 °C.

Alpha-amylase activity of malts kilned by Methad Method 2 and Method 3 were
18.26, 19.81 and 15.93 units/g dry malt respectifieig. 5.25A).
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Statistical analysis showed that kilning method haglgnificant effect (p<0.05) om
amylase activity of malt. LSD test indicated thaamylase activity of malts kilned by
Method 1 and Method 2 were not significantly diéfiet (p>0.05) but the malt kilned by
Method 3 had significantly lowes-amylase activity of all the malts. Beta-amylase
activity of malts was in the range of 360.8 — 37@nfts/g dry malt and the values were
statistically not different (Fig. 5.25B). Carboxyjielase activities were found to be
59.7, 57.4, and 35.7 units/g dry malt for maltsnéd by Method 1, Method and
Method 3 respectively. Malts kilned by Methodrid Method 2 had statistically similar
carboxypeptidase activity but the one kilned by et 3 had significantly lower
carboxypeptidase activity than those of former twethods (Fig. 5.25 C) indicating
that higher kilning temperature was detrimentalcwboxypeptidase activity. FAN
content of malts ranged from 37.6 to 40.4 mg glgaquivalent/100 g dry malt but the

values were statistically not different (Fig. 52p
5.2.3.2 Effect of kilning methods on chemical charderistics of malt extracts

Finger millet malts kilned by different methods acdmmercial barley malts were
subjected for extracts of malt analyses and thelteesre shown in Table 5.15. All
millet malt extracts were aromatic. The extractaoted from Malt 3 was more
aromatic, while that of barley malt had grassy ogdt of millet malt extracts was in
the range of 5.63 — 5.73 and the values were rftdreint (p>0.05) but they were
significantly higher than that of barley malt extraTSS of malt extracts were in the
range of 7.73 — 8.13 °Bx and the values were mptifsgantly different. Malt kilning
method had a significant effect on the color of ¢éxéracts and increasing temperature
increased the extract color. Barley malt extract the lowest color (4.60 EBC units) of
all the malt extracts. FAN contents of extractsaok#d from millet malts kilned by
Method 1 and Method 2 were not different but thiei@a were significantly higher than
that obtained by Method 3.

Barley malt extract had the highest (p<0.05) FANteat (16.1 mg glycine/100 mL) of
all the malt extracts. Total reducing sugar contdrthe malt extracts was in the range
of 6.09 — 7.11 g maltose/100 mL but the values weresignificantly different from
each other. Similarly, kilning methods did not hasignificant effect on glucose
content of millet malt extract (2.05 — 2.09%, mbot the values were significantly
higher than that of barley malt extract (0.83%, JnMillet malts kilned by Method 2

and Method 3 resulted comparable extract gravitg amtract yield to that of
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commercial barley malt extract, but the extractaole#d from millet malt kilned by
Method 1 had the lowest gravity (6.83 °P) and extyéeld (62.2% db) of all the malt

extracts.

Table 5.15 Effects of kilning methods on the chemical cheastics of millet malts

Parameters Mean values

Method 1 Method 2 Method 3 Barley malt
Odor Aromatic Aromatic Strong aromat.  Grassy
pH 5.63 (0.06) 5.63(0.06f§ 5.73(0.06f  5.5390.06
TSS, °Bx 7.73(0.06) 8.03(0.06f 8.03(0.06f  8.13(0.23f
Color, EBC unit 4.80 (0.04) 5.16 (0.03f 5.70 (0.04f  4.60 (0.05}

FAN, mg% as 9.1(0.4F  8.9(0.2f 7.1 (0.1 16.1 (0.9Y
glycine

Total reducing sugar, 6.87 (0.12f 7.11(0.15f 6.59 (0.12f  6.09 (0.33§
as maltose, % m/v

Glucose, % m/v 2.06 (0.01) 2.09 (0.07f  2.05(0.05f  0.83 (0.06
Gravity, °Plato 6.83 (0.07) 8.28(0.09f  7.87 (0.41f 7.73(0.48)
Extract, % db 62.22 (4.08) 78.07 (0.98) 73.29 (4.09Y  75.41(5.03}

"values are the means of three replications. Figuréise parentheses are the standard
deviations. Means followed by similar superscriptsa row are not significantly
different by LSD (p>0.05).

Kilning Methods
Method 1: Drying at a constant temperature of 20G.

Method 2: First drying at 50 + 2°C to 24% moistaoaitent and final drying at a
temperature of 62 + 2°C.

Method 3: First drying at 50 + 2°C to 24% moistweantent and final drying at a
temperature of 80  2°C.

5.2.4 Effect of Gibberellic acid (GA) treatment on enzymatic activity
and chemical properties of finger millet malts

5.2.4.1 Effect on amylase activity and FAN contents

Finger millets of different varieties were malted aescribed earlier. During
germination, 5 ppm of gibberellic acid solutionvilater was sprayed on to the bed of

finger millet twice a day and germinated for diffat times.
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Alpha- and beta- amylase activities and FAN corstentthe malts were determined.
Changes inr-amylase activities with time in different fingerillet varieties treated

with 5 ppm of gibberellic acid are depicted in F3g26.
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Fig. 5.26 Effect of varieties and germination time on ahamaylase activity in
gibberellic acid treated finger millet malts. Vatuare the means of three
determinations.

*one unit of alpha-amylase activity was defined ae anit decrease in
optical density at 620 nm per min under the assagitions.

From Fig. 5.26 it is apparent that alpha-amyladeviac increased significantly with
germination time in all millet varieties. Moreovéere was a wide variation in varietal
response to gibberellic acid (@AIn triggering alpha-amylase production. The atlpha
amylase activities in 34, 48 and 56 h germinatdtetrmalts were 13.01, 26.94 and
28.89 units/g dry malt iballe millet malt respectively, while those Kfbre malts had
alpha amylase activity of 24.25, 27.69 and 38.5itsighdry malt for the respective
germination times. liDalle millet malt, alpha-amylase activity increased glisuat 48

h of germination and it did not change appreciablyfurther germination. Iabre
millet, alpha-amylase activity increased steadilptighout the germination period and
showed a strong response to {2featment. The alpha amylase activitieikheand
Juwain millet malts germinated for 34, 48, and 56 h w2tes2, 25.91 and 32.38; and
9, 10.15 and 22.61 units/g dry malt respectivehyJuwain millet, the alpha amylase
activity did not change remarkably over the gerrmamatime from 34 to 48 h, whereas
it did increase by about 10 units on 56 h of geation suggesting that it had longer

incubation time. Similarly, alpha amylase acti\gtia 34, 48 and 56 h germinat&d
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5016 millet variety were 11.23, 18.01 and 24.72 uniti'g malt respectively, whereas
that of GPU 0025millet had alpha amylase activates of 24.05, 3@u®d 35.63 units/g
dry malt for the respective germination times. #safound that finger millet varieties
having higher alpha-amylase activities during thaial stage of germination also
showed higher activity at the end of germinatioronk Fig. 5.26 it is clear thauwain
and GE 5016 millet varieties had mild interaction while othearieties exhibited a
strong interaction with germination time towards firoduction of alpha-amylase when
GA3; was applied. All finger millet cultivars germindtefor 56 h exhibited the
maximum alpha amylase activity, with the highesivitg being found inKabre malt
(38.57 units/g dry malt), followed b@PU 0025(35.63 units/g dry malt), while the
lowest activity was found iduwainmalt (22.61 units/g dry malt). When GAvas not
treated, the maximum alpha amylase activities i@nad at 72 h of germination in all
millet varieties and the values were 22.96, 1916355, 22.16, 19.54, and 19.47 units/g
dry malt for Dalle, Kabre Okhle Juwain GE 5016 and GPU 0025 finger millet
varieties respectively (Fig. 5.18). On comparing tasults of alpha-amylase activities
between GA treated and untreated millet malts, £Xfeatment substantially enhanced
the alpha-amylase activity in all millet varietighan those of their untreated
counterparts. GAtreatment increased alpha-amylase activity by 100%abre and
Okhle millets compared to their untreated ones.€&ffects of millet varieties and
germination time on beta-amylase activity of £3feated millet malts are shown in Fig.
5.27.
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Fig. 5.27 Effect of varieties and germination time on bataylase activity in
gibberellic acid treated finger millet maltéone unit of beta-amylase
activity was defined as the production of 1 mg dfltwse over 30 min of
incubation period under the assay conditions.
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Like alpha-amylase activity, beta-amylase actiwitgreased with germination time in
all millet varieties. The beta-amylase activities Dalle andKabre millets germinated
for 34, 48 and 56 h were 117, 284 and 376; and B298 and 1506 units/g dry malt
respectively. The beta amylase activity in 34, d48d 56 h germinate®khle and
Juwain millets were 534, 784 and 772; and 152, 349 an@ 4dits/g dry malt
respectively. Similarly, beta-amylase activities @E 5016 and GPU 0025 millet
varieties germinated for 34, 48 and 56 h were foumbe 54,174 and 319; and 511,
1127 and 1517 units/g dry malt respectively. Fram3=27 it revealed thd€abre and
GPU 0025millets highly responded with GAreatment, followed bykhle while the
least response to GAvas exhibited byluwain GE 5016and Dalle millet varieties.
Statistical analysis indicated that beta-amylasivides between 56 h germinated
Kabre and GPU 0025 millet malts were not different (p>0.05) but theyere

significantly higher among all millet mallts.

When GA was not applied, maximum production of beta-angylastivity occurred
during 48 h of germination in all millet varietiesmd the values were 357.4, 385.0,
360.2, 244.9, 349.2 and 355.2 units/g dry maltDaile, Kabre, Okhle Juwain GE
5016 and GPU 0025millet varieties respectivelyFig. 5.19). While comparing the
beta-amylase activities between &ieated and untreated finger millet malts, it was
found that GA treatment decreased beta-amylase activit@iEn5016millet varieties,
while it extensively enhanced in all other varisti¢ghe extent being highly varietal
dependent. Moreover, it was observed that the tetlcGA; treatment was more
pronounced on beta-amylase activity than on alphglase activity. The maximum
beta- and alpha-amylase activity enhancement by @atment were about 4- and 2-
fold respectively irKabremillet malt compared to its untreated malt.

FAN contents were significantly influenced by bagermination time and millet
varieties when GA was applied. The FAN contents f@alle and Kabre millet
varieties germinated for 34, 48 and 56 h were 38337 and 69.1; and 78.8, 93.5 and
113.0 mg glycine equivalent (GE)/100 dry matteM(Drespectively. Similarly, the
FAN contents in 34, 48 and 56 h germina@khle and Juwain millet cultivars were
81.7, 89.7 and 98.4; and 20.2, 44.4 and 66.9 md @Eg DM respectively. The FAN
contents inGE 5016andGPU 0025millet malts germinated for 34, 48 and 56 h were
50.1, 78.2, and 74.8; and 82.7, 88.0 and 86.3 md.@kEy DM respectively. From Fig.
5.28 it can be seen that FAN contentsG& 5016and GPU 0025 millet varieties
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attained the maximum value at 48 h of germinatiod further germination did not
increase significantly (p>0.05); while in other iedies, the FAN contents increased
gradually all through the germination time. Statet analysis revealed that 56 h
germinatedKabre millet had the highest FAN content (113 mg GE/Z0DM) of all

the treatment combinations studied.
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Fig. 5.28 Eeffect of varieties and germination time on Fédhtents in gibberellic acid
treated finger millet malts.

Kabre, Okhleand GPU millet varieties exhibited the strong interactiovhile Juwain
GE 5016andDalle millet varieties had the medium interaction witrmination time
in FAN development during germination (Fig. 5.28h&% the GA was not applied
during germination, maximum FAN contents of 35.9,03 33.4, 57.8, 36.4 and 34.7
mg glycine/ 100 g DM were found in 48 h germinaizalle, Kabre Okhle Juwain
GE 5016andGPU 0025finger millet malts respectively (Fig. 5.23). ©omparing the
maximum FAN contents between G&eated and untreated millet malts, it was found
that GA treatment caused only a marginal increase in FANent inJuwain millet,
while there were large increments in all other etillarieties (96 to 195%). Except for
alpha-amylase ialle millet, for beta-amylase i@khle and for FAN contents iGE
5016 and GPU 0025millets, the enzyme and FAN production did not egpto be
completed deven after 56 h of germination whenetigeriment was terminated owing
to the excessive development of root and shoot. €udy revealed that both the
amylase and FAN production in finger millets werdeasively increased by GA

treatment.
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Agu et al. (1993) reported that the highest diastage activag found in 0.2 ppm GA
treated millet Pennisetum maiwa and sorghum Sorghum bicolox Agu and
Ezeanolue (1993) also noted improvement on maltpagformance of millet
(Pennisetum maimay using 0.2 ppm GA Rapid secretion of alpha-amylase enzyme
from the aleurone tissue occurred in 1 uM ;Gleated wheat seeds compared to
untreated ones (Mirbahar and Laidman, 1982). Sinfitalings of enhanced alpha-
amylase activity in GAtreated germinated cereals were also reportedlbghBand
Morgan (1967) and Moret al (1963). Sahai Srivastava and Meredith (1962) ntego
increased alpha- and beta-amylase activities by i@atment in barley seeds. Most of
the earlier workers have reported increased amyaseity by GAs treatment but the

literature concerning beta-amylase activity is tedi

Interestingly our study revealed that &#&eatment had a profound effect on beta
amylase than that on alpha-amylase activity indimgpillet varieties. Banasik (1969)
reported increase in protease activities when GAS weated in the steeping cereals
for malt production. Kringstanet al. (1960) reported a several fold increase in
protease activity in malted barley. The resultsanfylase activities (Figs. 5.26 and
5.27) and FAN production (Fig. 5.28) during gerntioia of different finger millet
cultivars treated with 5 ppm of GA suggested thathSgerminatedabre millet had
significantly higher alpha-amylase activity and FANntent of all the millet malts,
while the beta-amylase activity betweléabre and GPU 0025millets germinated for
56 h did not differ significantly. Hence, in orderselect the best finger millet variety,
extract of malt analysis was performed udf@pre andGPU 0025millet malts.
5.2.4.2 Effect of GA treatment on the extract quality ofKabre and GPU 0025

millet malts
Table 5.16 shows the chemical properties of maliraeis derived from 56 h
germinatedKabre and GPU 0025 millet malts. The TSS and total reducing sugar
contents in botHKabre and GPU 0025millet malt extracts did not differ (p>0.05),
while the FAN content oKabre extract (18.90 mg glycine/100 mL) was higher tatth
of GPU 0025(17.60 mg glycine/100 mL). The TSS and total r@slyisugar contents
of malt extracts derived from GAuntreatedKabre andGPU 0025millet malts were
8.10 °Bx and 6.27 mg maltose/100 mL) ande 8.12 &Bxl 5.48 mg maltose/100 mL)
respectively (Table 5.16). The results clearly catied that GA treatment significantly
improved the TSS and total reducing contents irettteact than those of control.
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Table 5.16 Chemical properties of malt extracts obtaineanfiéabre andGPU 0025
millet malts germinated for 56 h at 28 £ 1 °C

Mean values

Parameters Kabreextract GPU 0025extract
TSS (° Bx) 9.27 (0.28) 9.48 (0.15}
Total reducing sugar 9.94 (0.12§ 9.79 (0.20§
(g maltose/100 mL)

FAN (mg glycine/100 mL) 18.90 (0.22) 17.6 (0.52
Color (EBC, unit) 4.93 (0.09) 3.61 (0.099
Extract yield of wort (° Plato) 8.95 (0.10) 9.30 (0.17F
Extract yield of malt (% db) 86.63 (1.13) 87.82 (1.745

"values are the means of three determinations. &garthe parentheses are the
standard deviations. Means followed by similar ss@@pts in a row are not
significantly (p>0.05) different.

Both the FAN and color dkabre malt extract were significantly higher (p<0.05a1h
those of extract derived fro@PU 0025millet malt. It is interesting to note that the
FAN content of GA treatedKabre malt extract (18.90 mg glycine/100 mL) was about
2-fold higher to that of GAuntreated®.2 mg glycine/100 mL). Again, the color values
of GA;3 treated malt extracts were remarkably higher tHase of control (GA
untreated millet malt extracts). The extract yiefdnalts between GAtreatedKabre
and GPU 0025malt extracts were not different, but they wergngicantly higher
compared to to their respective Géntreated counterparts. Hence, the results of mal
and extract analyses suggested that @@atment substantially enhanced the amylase
activities and FAN contents in the finger millet Ilsa On the wholeKabre millet
exhibited better response to @fowards the production of amylase and FAN during
germination as well as had better malt extract @ogs.
5.2.5 Effect of mashing methods on the chemical goerties of finger millet

(variety Kabre) malt wort
Finger millet malt was mashed by infusion at 70 8@cantation at 80 °C and US
mashing process, and the chemical properties ofwbds were determined. The
chemical properties of finger millet worts prepalsdthree different methods are given
in Table 5.17.
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Table 5.17 Effect of mashing methods on chemical propertiefsngier millet malt
wort

Mean values for different mashing methods

Parameters
Infusion Decantation  US mashing

Total reducing sugar (%, m/v) 8%.40) 8.80°(0.10) 9.27°(0.18)

Glucose (%, m/v) 3.82(0.14) 3.99 (0.07) 4.73°(0.14)
Fructose (mg%, m/v) 11%0(0.1) 12.6 (0.1) 13.6 (0.4)
Sucrose (%, m/v) 0.72(0.16) 0.68 (0.06) 0.55° (0.05)
Total sugar as glucose 9.18% (0.2) 9.43 (0.05) 9.80°(0.14)
(%, miv)

Dextrin (%, m/v) 2.07 (0.3) 2.59 (0.1) 3.49 (0.1)
Color (EBC unit) 4.94 (0.10) 6.0%(0.09) 5.69°(0.10)

FAN as glycine (mg%, m/v) 1521(0.9) 14.7 (1.2) 17.4 (0.9)

Turbidity (FTU) 9.99" (0.36) 23.77(0.44) 22.4°(0.39)
pH 5.33 (0.06) 5.36 (0.06) 5.56% (0.06)
Tannin as tannic acid 35.1% (0.5) 36 (1.8) 38.3 (0.6)
(mg%, m/v)

Extract (° Plato) 10.71(0.21) 11.69(0.2) 12.13(0.11)

"values are the means of three determinations. &gurthe parantheses are the
standard deviations. Means followed by the sinslgrerscripts in a row do not differ
(p>0.05) by LSD.

Mashing methods showed a significant effect on ¢baincharacteristics of millet malt
worts. Infusion mashing resulted wort with consaddy lower total reducing sugar
(8.47%, m/v), while a maximum was found in US maghmnethod (9.27%, m/v). The
highest glucose content was found in wort deriviednf US mashing method (4.73%,
m/v), whereas the values for infusion and decamathashing did not differ (p>0.05).
The fructose contents between decantation (12.6 ,,my&) and US mashing (13.6
mg%, m/v) methods were not different, while it wlasvest (p<0.05) in infusion
mashing (11.0 mg% m/v). The sucrose contents irisnmepared by infusion (0.72%,
m/v), decantation (0.68%, m/v) and US mashing @5m/v) methods did not differ.
US mashing method produced higher total sugar ¢9,80/v as glucose) than those of

infusion and decantation methods.

162



Dextrin contents were found to be 2.07, 2.59, ad® 36 (m/v) in worts prepared by
infusion, decantation, and US mashing methods otispéy. Statistical analysis
revealed that the dextrin contents were signifigadifferent from each other. The
lowest color was obtained in infusion mashing (428 units), while the highest was
in decantation mashing (6.03 EBC units). Both tifeision and decantation methods
produced wort of similar FAN contents, while thertvobtained by US method had the
highest FAN content (17.4 mg glycine/100 mL). Weutbidity was maximum in
decantation mashing (23.77 FTU), while it was lawesnfusion mashing (9.99 FTU).
US mashing method resulted wort with higher pH §p.&nd tannin (38.3 mg tannic
acid/100 mL) contents than those of infusion andad&ation methods. Maximum
extract was obtained with US mashing process (12Rlato), while the minimum was
found with infusion mashing (10.71 ° Plato).

The maximum color found in decantation and US nashaver infusion method could
partly be due to higher mashing temperature (8a@@hat of infusion method (70 °C)
resulting in higher degree of maillard reactidrne higher extract, total reducing sugar
and FAN contents in US mashing method may be dtieetsuccessive exposure of the
mash at temperatures that are optimal for protemasd starch hydrolyzing enzymes.
However, the level of FAN obtained for millet malbrts were within the adequate
level (130 — 150 mg/L) required for optimal yeastwth and fermentation efficiency.
(O’'Connor-Cox, 1989). Enejet al. (2001) also reported similar result of FAN content
in millet malt wort mashed by decantation methodl7(ing/L). Igyoret al. (2001) and
Palmer (1989) also reported higher level of extmaith a reasonable proportion of
fermentable sugar in decantation mashing over iofusiashing of sorghum malt. Itis
obvious from the results of Table 5.17 that the &shing method significantly

enhanced the extract, FAN and total reducing sogatents of the wort.
5.2.6 Effect of barley malt addition on millet maltwort quality

Finger millet malt was substituted with commercibhrley malt at different
proportions, mashed and the chemical propertighefesulting worts were analyzed.
Table 5.18 shows the chemical properties of mitiett worts. The TSS of the control
wort (without barley malt addition) was 11.87 °Bxdait increased by 0.46, 0.56, and
0.26 ° Bx in 20, 30 and 40% barley malt added waspectively. From Table 5.18 it is
clear that addition of barley malt up to 40% did meprove the wort TSS remarkably.
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Table 5.18 Chemical properties of millet malt worts masiedombination with
commercial barley malt

Barley malt substitution (%)

Parameters 0 20 30 40

TSS (° Bx) 11.87 (0.12) 12.33 (0.1} 12.43 (0.23} 12.13 (0.22}

Total reducing sugar as  8.31 (0.10f  8.74 (0.10¥ 9.02 (0.15° 9.27 (0.23f
maltose (%, m/v)

Glucose (%, m/v) 473 (0.2) 4.07(0.23) 3.79(0.2f 3.67 (0.26Y
Color (EBC units) 5.69 (0.22) 6.89(0.32f 6.39 (0.15) 6.51 (0.34f
Extract (%, m/m) 11.95 (0.38) 12.13 (0.22§ 12.70 (0.36) 12.73 (0.39
FAN as glycine 17.35(0.98) 22.24(1.1) 23.37 (1.5Y 27.42 (2.01§

(mg /100 mL)

*values are means of triplicate determinations.ufég in the parentheses are the
standard deviations. Means followed by the simiktters are not significantly
different (p>0.05) by LSD.

Addition of barley malt at the rate of 20% incredhsiee total reducing sugar content by
0.43% over the control, while 40% barley malt additincreased the reducing sugar
content by about 1% in the wort. Addition of barlaglt showed adverse effect on wort
glucose content (Table 5.18). The color increaggfgcantly (p<0.05) from 5.69 EBC
units in control to 6.89 EBC units in 20% barkealt added wort, while the color
values among the barley malt added worts were ffi@reht. The extract contents of
control (11.95%, m/m) and 20% barley malt addedtsvgi2.13%, m/m) were not
different, while 30% barley malt addition signifiddy increased the wort extract. The
FAN contents in worts were significantly affectegthe levels of barley malt addition.
FAN content increased by about 28% on adding 20%eypanalt with respect to
control, while it increased by about 58% in 40%ldamalt added wort. Although
statistical analysis showed significant differen@esong the treatment means, from
Table 5.18 it is clear that no remarkable improvet@ chemical properties of worts
was observed on adding barley malt up to 40% exé&fl, which increased

appreciably.
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5.2.7 Effect of mold bran addition on chemical proprties of millet
malt wort

5.2.7.1 Preparation of wheat mold bran usingr. oryzae, ITCC No. 4408 mold

Sterile wheat bran was inoculated withoryzae ITCC No. 4408, incubated at 30° C
and alpha and beta amylase activity were measuedly. d-ig. 5.29 shows the
development of alpha and beta amylase activity reat bran inoculated with R.
oryzae, ITCC No. 4408. From Fig. 5.29 it is evid#&mat both the alpha- and beat-
amylase activities increased steadily, reached akimum on day 4, and then
decreased. Then wheat mold bran was prepared knabubunt by incubating up to the

pre-determined incubation time (4 days at 30 °@) ased for mashing.
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Fig. 529 Development ofi- andp-amylase activities in wheat bran during incubation
at 30° C.
*One unit of beta amylase activity was defined as fhoduction of 1 mg

reducing sugar as maltose over 30 min of incubatimwler the assay
conditions.

"One unit of alpha amylase activity was defined asit decrease in OD at

620 nm per min under the assay conditions.
5.2.7.2 Mashing of finger millet (VarietyKabre) malt with mold bran

Millet malt was mashed in combination with mold tnasing US mashing procedure
(Matz, 1991) and the chemical properties of thetsvarere analyzed. From Table 5.19

it can be envisaged that addition of mold branaip% did not improve the TSS, total
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reducing sugar, glucose and pH contents, whilesibarkably improved the FAN,
formol nitrogen and viscosity of the worts compartd control. FAN contents
increased by about 80 and 128% by the addition®B&d 5% mold bran respectively
compared to control. Similarly, formol nitrogen ieased by 44 and 102% by

incorporating 2.5 and 5% mold bran respectively parad to control.

Table 5.19 Chemical properties of millet malt wort mashedhwhold bran

Mold bran incorporation (%, m/m)

Parameters 0 25 5
Total soluble solids (° Bx) 12.00 (0.90) 12.55 (0.62§ 12.7 (0.45}
Total reducing sugar as 7.37(0.37f  7.87 (0.20f 7.87 (0.30}

maltose (%, m/v)

Glucose (%, miv) 3.73 (0.10§ 3.66 (0.07f  3.65 (0.09§

pH 5.85(0.25)  5.93(0.30f 5.96 (0.32§
FAN as glycine (mg/100 mL)  15.9 (0%)  28.7(1.1f  36.3 (0.8
Viscosity at 20 °C (cP) 1.41 (0.01) 1.30 (0.04f 1.30(0.02

Formol N (mg/L) 109.1 (2.)  157.1(1.9Y 220.3 (3.5

"values are the means of triplicate determinatiigures in the parentheses are the
standard deviations. Means followed by the simileiters in a row are not
significantly different (p>0.05) by LSD.

Wort viscosity decreased significantly by mold amai compared to control (100%
millet malt wort), while no significant (p>0.05) clease in wort viscosity was
observed between 2.5 and 5% mold bran added waodignificant changes in TSS,
reducing sugar and glucose contents by adding rboéch could be due to the
unfavorable conditions for fungal amylases presanthe mold bran. As reduced
viscosity assists in wort filtration and increadedN and formol nitrogen promote
yeast growth, addition of mold bran up to 2.5% se@ppropriate. Addition of mold

bran beyond 2.5 % adversely affected the colohefort.

166



5.2.8 Optimization of mashing stages

5.2.8.1 Changes in free amino nitrogen (FAN) and tal soluble solids (TSS) during
millet and barely malt mashing

The main objective of mashing is primarily to corivthe starch and protein into
simpler form so that they are easily assimilatedthiy yeast for their growth and
product formation. The two most vital elements theeamino acids and sugars present
in the wort. Hence, the FAN and TSS contents wemmitared at each stage of
mashing in order to see their evolution during nraghMashing was carried out
according to the US mashing procedure as deschpeédatz (1991) using the average
time and temperature given for each of the stajes.FAN and TSS were monitored at
different times of each stage and the results agicted in Figs 5.30 and 5.31
respectively.

Fig 5.30 shows the changes in FAN during fingetehdnd barley malt mashing.
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Mashing stages

Fig. 5.30 Evolution of FAN during finger millet and barleyalts mashing.
The FAN contents at protein rest, sugar rest, dexing, conversion and mashing off

periods for millet malt worts were 15.4, 18, 19,5.8nd 18 mg glycine/100 mL wort
respectively, while the values for barley malt wre6, 31.3, 31.5, 30.2 and 31.4 mg
glycine /100 mL wort respectively for the respeetimashing stages. FAN contents
increased sharply during the protein rest periodath malts (Fig. 5.30). There was a
slight increase in FAN contents during sugar restdextrinizing periods in millet malt

mash but not in barley malt mash. Changes in TSBglmashing are dipected in Fig.
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5.31. The TSS of millet malt mash were 1.1, 1.7, 41.3, and 12.1 °Bx at protein rest,
sugar rest, dextrinizing, conversion, and mashiifigp@riods respectively, whereas the
values for barley malt mash were 5.5, 11.1, 12237 And 13.2 ° Bx for the respective
mashing stages.
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Fig. 5.31 Changes in TSS during millet and barley maltshimags

For finger millet malt, there was no significantiease in TSS during protein and
sugar rest periods, whereas a slight increase & 8k place during dextrinizing
period. A sudden upsurge in TSS took place ducmgversion period and the TSS
approached closer to that of barley malt mash (&igl). In the case of barley malt,
maximum TSS increment occurred during the sugdrstege and there was a slight
increase in the subsequent stages (Fig. 5.31).sTiny demonstrated that finger millet
starch has gelatinization temperature around 70 MGreover, starch-hydrolyzing
enzymes present in the millet malt must have thygirmum temperature around 70 °C.
The gelatinization temperature of barley starchlis- 60 °C. For starch to be rapidly
hydrolyzed by amylases enzymes the starch grafivé¢sde fully hydrated to disrupt
the internal molecular structure (gelatinize), tieokendown and the starch molecule
become solubilized (Taylor, 2009). The preferredditions forp-amylase are 50 — 63
°C (Matz, 1991) and these temperature ranges wengdpd during sugar rest and

dextrinizing periods that is why the TSS of baneglt mash increased rapidly at these
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stages. The millets, like sorghum, have high stayelatinization temperature: pearl
millet (Pennisetum glaucun®l — 68 °C and finger millet 65 — 69 °C (Sern&i8ar
and Rooney, 1995}herefore, millet mash TSS increased abruptly dudanversion
period.
5.2.8.2 Optimization of holding time for millet mat mashing at each stage of US
mashing process
In order to arrive at a suitable holding time fack mashing temperature, finger millet
malt mash was held for different times at eachefrhashing stages and the evolution
of FAN and total reducing sugars were monitorecdar@gfes in FAN and total reducing
sugar during mashing are depicted in Figs 5.32 35.5FAN content (glycine
equivalent) increased from 5.5 to 13.2 mg/100 mkirduthe first 30 min, while it
increased with an average rate of 1% per 20 mitinoé interval in the subsequent
periods of protein rest period (Fig. 5.32). Stat&dtanalysis revealed that 50 min of
holding time in protein rest period was optimum FN production in finger millet
malt. Total reducing sugar (as maltose) increased sfowly from 0.51 to 2.27% (m/v)

over 90 min of incubation in protein rest period.

—O0—FAN -+ Reducing sugar
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Fig. 5.32 Changes in FAN and total reducing sugar contgumtsg protein rest period.

FAN and total reducing sugar contents are expressedng glycine
equivalent/100 mL and g maltose/100 mL respectively
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Changes in FAN and total reducing sugar contentsglsugar rest period are shown
in Fig. 5.33. The FAN content increased from 5.3.308 mg glycine/100 mL over the
first 10 min of holding, while it increased verysglly (at an average rate of 0.7 mg%
per 10 min of holding time) during the followingmte intervals. Similarly, total

reducing sugar (as maltose) increased from 0.51.16% over the first 10 min and
increased thereafter very slowly (at an average e80.57 % per 10 min). It appeared
that sugar rest period had no significant contrdsutin FAN and reducing sugar

production in finger millet malt.

—o—FAN ——Reducing sugar
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Fig. 5.33 Changes in FAN and total reducing sugaresaatduring sugar rest period.

"FAN and total reducing sugar contents are expressedng glycine
equivalent/100 mL and g maltose/100 mL respectively

Fig. 5.34 shows the evolution of FAN and total rddg sugar during dextrinizing

period. Both the FAN and reducing sugar contenlsve@d the similar trend to those
of previous mashing stages. The FAN and sugar ntsiecreased from 5.5 to 15.7 mg
glycine/100 mL and 0.51 to 5.99 g maltose/100 ndpeetively over 60 min of holding

time. Changes in FAN and reducing sugar during emsign period are depicted in Fig.
5.35. It was observed that FAN content did not geanappreciably, while total sugar
content changed abruptly during conversion pertadr( Fig. 5.35). The total reducing
sugar content (as maltose) increased from 0.518®18g% (m/v) over the first 10 min,

while it increased by about 0.43% per 10 min afteds during conversion period (Fig.
5.35
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Fig. 5.34

Fig. 5.35
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Changes in FAN and total reducing sugar contelisng dextrinizing
period.

FAN and total reducing sugar contents are expressedng glycine

equivalent/100 mL and g maltose/100 mL respectively
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Effect of holding time on FAN and total reduciaggar production during
conversion period.

*FAN and total reducing sugar are expressed as yuingl equivalent/100
mL and g maltose/100 mL respectively.
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5.2.9 Optimization of pH and temperature at pre-sadcted mashing
time using response surface method (RSM)

Designed experiments were conducted to investihateffects of temperature pand
pH (x2) on different mashing responses viz., FAN)(Yotal soluble solids (3, total
reducing sugar (3, glucose (¥) and fructose (¥). A second order polynomial model
for the dependent variables was tested to fit tpeemental data and validity of the
model was checked using coefficient of determima(i), adjusted B model F-value,

adequate precision, and lack of fit F-value.

5.2.9.1 Effect of process variables on different sponses during protein rest period

5.2.9.1.1 Effect of process variables on free amimitrogen (FAN) content during
protein rest period

The FAN contents of mash during protein rest pexaded from 10.8 to 15.72 mg
glycine/100 mL. The coefficients of the model artter statistical attributes of FAN
are shown in Appendix B, Table 1. Regression méttet to the experimental data of
FAN indicated that the model was significant (p&),@vhearas the lack-of-fit was not
significant (p>0.05) (Appendix B, Table 2). The oha of large model F-value due to
noise was only 0.01%. The fit of model was alsoregped by the coefficient of
determination (B which was found to be 0.9904, indicating that0296 of the
variability of the response could be explained bg todel. The adjusted?Rvas
0.9835 and adequate precision was 32.883, whiclvesth@n adequate signal. A ratio
greater than 4 is desirable and hence this moddtdee used to navigate the design
space. Considering all the above criteria, the mdég 5.1) was selected for

representing the variation of FAN during proteistreeriod of mashing.

The quadratic model obtained from regression aiglfgs FAN content in terms of

coded levels of the variables was as follows:

FAN (mg gly/100 mL) = 15.38 + 0.X7+ 0.3%, - 2.6%* - 0.5, - 0.9%x, (Eq 5. 1)

Wherex; andx,, are the coded values of temperature (°C) andegplectively.

In this casexz, x1° 2> andxix, were significant terms. Quadratic term of tempamtu
had highly negative significan effect (p<0.001)daled by negative significant effect
(p<0.001) of the interaction termifs), positve linear effect (p<0.05)) of pH.xand

negative significant quadratic effect (p<0.05) bf (x,). Results showed that the linear
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term of temperature (x had no significant effect on FAN content (p>0.08ggative
coefficient of quadratic terms £X x,°) and interaction term {x,) indicated a convex
shaped variation in FAN content with process vaesl{Fig. 5.36). Normal plot of
residuals (Fig 5.37) indicated that studentizeddteds were normally distributed. The
variation of FAN content with process variablesrperature and pH) are shown in Fig
5.38. From Fig. 5.38 it can be seen that maximur Férmation during protein rest
period was found to be at pH of about 5.63 and &atpre of around 50 °C. The
contour plots for FAN formation during protein rgstriod is shown in Appendix C,
Fig. 1.

~ 1572 m: Temperature
£ — A:pH
s p
3 14.38 —|

~

0}

c

O 13.03

>

(®)]

2 11.69

é .

Z

<

L 1034

Temperature (° C)

Fig. 5.36 Interaction plot of temperature and pH for FANMnfi@ation during protein rest
period.
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Fig. 5.37 Residual plot for FAN contents during proteristrgeriod.
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FAN(Mg glycine/100mL)

Fig. 5.38 Response surface plot for FAN content as a fonaif temperature and pH
during protein rest period.

5.2.9.1.2 Effect of process variables on total sdlie solids (TSS) during protein
rest period

Total soluble solids of the mash during proteirt pziod varied from 1.4 — 5.8 °Bx.
The coefficients of the model and other statistigttibutes of TSS are shown in
Appendix B, Table 1. Regression model fitted to eékperimental data of TSS showed
that model was significant (p<0.05), whereas latktovas not significant (p>0.05)
(Appendix B, Table 2). The fit of model was alsopeessed by the coefficient of
determination, B which was found to be 0.9585, indicating that885%6 of the
variability of the response could be explained iy model. The adjusted® R0.9288)
and adequate precision (17.385) showed an adegigatal. A ratio greater than 4 is
desirable and hence this model may be used to ai@vige design space. Considering
all the above criteria, the model (Eq 5. 2) wasael for representing the variation of
TSS. The quadratic model obtained from regressi@lyais for TSS content in terms

of coded levels of the variables was as follows:
TSS (° Bx) = 1.95 +1.68 + 0.22, + 1.33¢° - 0.12¢% + 0.60¢%, (Eq5. 2)

Where X, x,, are coded value of temperature (°C) and pH reisade
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In this casex; x1? and xix, were significant terms. Mashing temperature hadhliig
significant linear positive effect followed by ptige significant effect of quadratic
term of temperature () and positive significant effect of the interactiterm (%X2).
Results showed that pHJxand its quadratic term £ had no significant effect on
TSS content (p>0.05). Positive coefficient of tiieraction term () indicated a
concave shaped variation in TSS with process blasa(Fig. 5.39).
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Fig. 5.39 Interaction plot of temperature and pH for TS8rdyiprotein rest period.
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Fig. 5.40 Residual plot for TSS contents during proterst period.

Proximity of residuals around prediction line inrmal plot of the residuals indicated
that studentized residuals were normally distriduggig. 5.40). Fig 5.41 shows the

variation of mash TSS with process variables dupngtein rest period of mashing.
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TSS increased with increase in mashing temperatiée it decreased with increase
in pH. Maximum TSS was found at higher temperatirall levels of pH. Appendix
C, Fig. 2 shows the contour plot for TSS contenitsnd) protein rest period.

TEE ('BX)

Fig. 5.41 Response surface plot for TSS content as aiumof temperature and pH

during protein rest period.

5.2.9.2 Effect of process variables on different sponse variables during
dextrinizing period of mashing

5.2.9.2.1 Effect of process variables on FAN conteduring dextrinizing period

The FAN contents in worts during dextrinizing perigaried from 9.3 to 14.0 mg
glycine/100 mL. The coefficients of the model arttlep statistical attributes of FAN
are given in Appendix B, Table Regression model fitted to the experimental results
of FAN showed that the model was significant (p&0),.Qvhearas the lack-of-fit was
not significant (Appendix B, Table 4). The chan¢dange model F-value due to noise
was only 0.01%. The fit of model was also expres&sd the coefficient of
determination (B which was found to be 0.9748, indicating that48% of the
variability of the response could be explained oy model. The adjusted? R0.9568)
and adequate precision (18.943) showed an adeqigptal. A ratio greater than 4 is
desirable and hence this model could be used tigat@vthe design space. Considering
all the above criteria, the model (Eq 5. 3) wasaeld for representing the variation of
wort FAN during dextrinizing period of mashing. Theadratic model obtained from
regression analysis for FAN content in terms ofetbékvels of the variables was as

follows:
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FAN (mg gly./100 mL) = 9.62 - 0.97- 0.52¢ + 2.904? + 0.006¢ - 0.304x; (Eq 5. 3)
Wherex; andx,, are the coded value of temperature and pH raspct

In this equationx;, x, andx;®> were significant terms. Analysis of varience of the
equation 5.3 indicated that the quadratic term teshperature (X ) had highly
significant positive effect (p<0.001) followed hyegative linear effects of temperature
and of pH. Positive coefficient of quadratic temh temperature and negative
coefficient of interaction term (x,) indicated that the overall variation of FAN camite
followed a concave shaped curve without havingrauigon (Fig. 5.42). Situation of
studentized residual along the predicted line inmab plot was ideal condition for
charecterising residuals as unbiased. Most ofdhigluals were along the predicted line
(Fig. 5.43) indicating that the residuals were naltyndistributed. Fig. 5.44 shows the
variation of FAN contents as functions of tempematand pH during dextrinizing
period. Wort FAN content was lowest at intermediai@perature (65C) for all pH
regimes. Increasing mash pH appeared to decreabkedeAtent at all temperatures.
Maximum FAN production occurred at the lowest pHl damerature regimes. (Fig
5.44). Contour plot of FAN during dextrinizing pediis shown in Appendix C, Fig 3.
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Fig. 5.42 Interaction plot of temperature and pH for FANiamt during dextrinizing
period.
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Fig. 5.44 Response surface plot for FAN content as a funatfotemperature and pH
during dextrinizing period.

5.2.9.2.2 Effect of process variables on TSS durirgxtrinizing period

The total soluble solid (TSS) of mash during dewting period ranged from 2.26 to
7.73 °Bx. The coefficients of the model and othtatistical attributes of TSS are
shown in Appendix B, Table 3. Regression modeg¢ditto the experimental data of
TSS showed that the model was significant (p<0.08)ereas lack-of-fit was not
significant (p>0.05) (Appendix Table, 4). The fit model was also expressed by the
coefficient of determination which was found to ®8861, indicating that 98.61% of
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the variability of the response could be explaibgdhe model. The adjustedf Rvas

0.9761 and adequate precision was 26.89, which eth@m adequate signal. A ratio
greater than 4 is desirable and hence this modgl beaused to navigate the design
space. Considering all the above criteria, the mdée 5.4) was selected for

representing the variation of TSS during dextrimigperiod of mashing.

The quadratic model obtained from regression arsaligs TSS content in terms of

coded levels of the variables was as follows:
TSS (° Bx) = 6.95 +2.733 - 0.33- 1.88¢ + 0.26¢7 - 0.08XX; (Eq 5.4)
Wherex; andx, are the coded values of temperature and pH rasplct

In this casex, x, andx,?were significant terms. Analysis of varience of @iipn 5.4
indicated that the temperaturg)(kad highly significant linear positive effeck05)
followed by negative quadratic effect of temperat(x®) and linear negative effect of
pH (x2). Negative coefficient of quadratic term of tengiare and negative coefficient
of interaction term () showed that the overall variation in wort TSS wéa convex
shaped. Mashing temperature and pH had no interaetfect on TSS (Fig. 5.45).
Situation of studentized residual along the predicline in normal plot was ideal
condition for charecterising residuals as unbiassd most of the residuals were along

the predicted line (Fig. 5.46) indicating that tkeiduals were normally distributed..
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Fig. 5.45 Interaction plot of temperature and pH for TS8teat during dextrinizing
period.
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Fig. 5.46 Residual plot for TSS content during dextrinizipgriod of mashing.

Fig. 5.47 shows the variation of TSS during dexting period of mashing, and it was
found that wort TSS coud be maximized by using @éighash temperature for any pH

regimes. Contour plot of TSS during dextrinizingipé is shown in Appendix C, Fig 4
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Fig. 5.47 Response surface plots for TSS content as a amofitemperature and pH
during dextrinizing period.

5.2.9.2.3 Effect of process variables on total reding sugar (RS) during
dextrinizing period

Total reducing sugar (RS) contents of mashes dutexdrinizing period ranged from

2.25 to 7.06 g maltose/100 mL. The coefficientsttid model and other statistical
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attributes of total reducing sugar are shown in&mjpx B, Table 3. Regression model
fitted to the experimental results of RS showed tha model was significant, while
the lack-of-fit was not significant (p>0.05) (Apmkx B, Table 4). The chance of large
model F-value due to noise was only 0.01%. Theffinodel was also expressed by the
coefficient of determination which was found to 08882, indicating that 98.82% of
the variability of the response could be explaibgcthe model. The adjusted® Rias
0.9798 and the adequate precision was 28.68, vehictved an adequate signal. A ratio
greater than 4 is desirable and hence this moddtdee used to navigate the design
space. Considering all the above criteria, the mdég 5.5) was selected for
representing the variation of total reducing sugaworts during dextrinizing period of
mashing. The quadratic model obtained from regyasanalysis for total reducing
sugar contents in terms of coded levels of theabdes was as follows:

RS (g maltose/100 mL) = 5.86 + 2x18 0.088- 1.37%, + 0.001%,> + 0.2
(Eq 5.5)

Wherex;, andx; are the coded values of temperature and pH rasphct

In this casex andx:®> were significant terms. Analysis of varience of aipn 5.5
showed that temperature had a highly significansitp@ linear effect (p<0.05)
followed by its significant negative effect of agratic term (x). In this case, pH had
no significant effect on RS content. Mash tempeeatand pH showed a strong
interaction effect towards total reducing sugared@wyment during dextrinizing period
of mashing (Fig. 5.48). Situation of studentizedidaal along the predicted line in
normal plot was ideal for charecterising the realdas unbiased. Most of the residuals
lay along the predicted line (Fig. 5.49) indicgtithat the residuals were normally
distributed. Fig. 5.50shows the variation of wort total reducing sugarrirty
dextrinizing period as functions of temperature apHl. Increasing mashing
temperature in the range of 62 to 68 °C profoumuityeased total reducing sugar at all
pH levels between 4.5 and 6.0. Contour plot of T&&ng dextrinizing period is
shown in Appendix C, Fig 5.
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5.2.9.2.4 Effect of process variables on glucosantent during dextrinizing period

The glucose contents during dextrinizing periodgexhfrom 1.55 to 4.3 g /100 mL.
The coefficients of the model and other statistimitibutes of glucose are given in
Appendix B, Table 3. Regression model fitted to ¢éxperimental results of glucose
indicated that the model was significant (p<0.0&hereas lack-of-fit was not
significant (Appendix B, Table 4). The fit of theodel was also expressed by the
coefficient of determination and was found to @808, indicating that 98.08% of the
variability of the response could be explained bg model. The adjusted?Rvas
0.9671 and the adequate precision was 24.089, wghiolwed an adequate signal. A
ratio greater than 4 is desirable and hence thidelnmay be used to navigate the
design space. Considering all the above criten@,model (Eq 5.6) was selected for
representing the variation of glucose during dexting period of mashing. The
guadratic model obtained from regression analysisgfucose content in terms of
coded levels of the variables was as follows:

Glucose (g/100 mL) = 3.49 + 143 0.15¢- 0.78¢2 + 0.1%,° - 0.10¢%, (Eq 5.6)

Wherex; andx, are the coded values of temperature and pH ragplct
In this casex andx:®> were significant terms. Analysis of varience of aipn 5.6
showed that temperature had a highly significaositive linear effect (p<0.05)

followed by its significant negative effect of etiquadratic term ¢X), while mash pH

had no significant effect on glucose content. ONe&iation of RS followed a convex
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shaped curve and the interaction effect of tempegadand pH on wort glucose content

was intermediate (Fig. 5.51). Situation of studeadi residual along the predicted line

in normal plot was ideal for charecterising resldwss unbiased. Most of the residuals

were along the predicted line (Fig. 5.52) indicgtihat the residuals were normally

distributed. The variation of glucose with mash penature and pH during dextrinizing

period is shown in Fig. 5.53. Glucose formation vi@sd to increase with increasing

mash temperature irrespective of pH indicating teablution of glucose was

significantly influenced by mash temperature dgraextrinizing period of mashing.

Contour plots for mash glucose content during deizing period is shown in

Appendix C, Fig 6.
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Fig. 5.51 Interaction plot of temperature and pH for glieeasntent during
dextrinizing period.
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Fig. 5.52 Residual plot for glucose content during dexaimg period of mashing.
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Fig. 5.53 Response surface plot for glucose content ametibn of temperature and
pH during dextrinizing period.

5.2.9.2.5 Effect of process variables on fructosentent during dextrinizing
period.

The fructose contents of mashes during dextrinipegod were in the range of 0.24 to
0.53 g/100 mL. Appendix B, Table 3 shows the caedfits of the model and other
statistical attributes of fructose during dextring period of mashing. Regression
model fitted to experimental data of fructose cotgeshowed that the model was
significant, whereas the lack-of-fit was not sigraht (p>0.05) (Appendix B, Table 4).
The chance of large model F-value due to noiseamis0.05%. The fit of model was
also expressed by the coefficient of determinatirich was found to be 0.9366,
indicating that 93.66% of the variability of thesponse could be explained by the
model. The adjusted “R(0.8913) and the adequate precision (15.839) sthocare
adequate signal. A ratio greater than 4 is desrabtl hence this model may be used to
navigate the design space. Considering all the alooteria, the model (Eq 5.7) was
selected for representing the variation of fructosetents during dextrinizing period.
The quadratic model obtained from regression arsafgs fructose content in terms of
coded levels of the variables was as follows:

Fructose = 0.44 + 0.0%3- 0.080¢- 0.032¢° - 0.028° - 0.002%:%, (Eq 5.7)
(9/100 mL)

Wherex; andx, are the coded values of temperature and pH rasplct
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In this casex; andx, were significant terms. Analysis of varience of afipn 5.7
showed that pH had a highly significant negativeedir effect (p<0.05) followed by
significant positive linear effect of temperatunehile the quadratic terms of
temperaturex;®) and pH &%), and the iteraction termxgxzy had no significant effect
on fructose content (p>0.05). No interaction effectemperature and pH on fructose
content of mash during dextrinizing period was fbu(Fig. 5.54). Situation of
studentized residual along the predicted line immab plot was ideal for charecterising
the residuals as unbiased and most of the resiseis along the predicted line (Fig.
5.55).
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Fig. 5.54 Interaction plot of temperature and pH for frisgta@ontent during
dextrinizing period.
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Fig. 5.55 Residual plot for fructose content during dexaimg period of mashing
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The variation of fructose with temperature and @tting dextrinizing period is
depicted in Fig. 5.56. Millet malt mashed at higteenperature and lower pH regimes
seemed to maximize fructose content in the worhtQar plot of mash glucose content
during dextrinizing period is shown in Appendixig 7.

Fructose (/100 m

Temperature (° C)

Fig. 5.56 Response surface plot for fructose content fasetion of temperature and
pH during dextrinizing period.

5.2.9.3 Effect of process variables on different sponses during conversion period

5.2.9.3.1 Effect of process variables on FAN contieduring conversion period

The FAN contents of mash during conversion periaded from 10.3 to 13.5 mg
glycine/100 mL. Appendix B, Table 5 shows the co&hts of the model and other
statistical attributes of FAN. Regression moddkditto experimental results of FAN
showed that the model was significant, while thekdiaf-fit was not significant
(p>0.05) (Appendix B, Table 6). The chance of langedel F-value due to noise was
only 0.01%. The fit of model was also expressedhgy coefficient of determination
which was found to be 0.9597, indicating that 9%9f the variability of the response
could be explained by the model. The adjustédvRs 0.9309 and adequate precision
was 20.118, which showed an adequate signal. A gagater than 4 is desirable and
hence this model may be used to navigate the depigoe. Considering all the above
criteria, the model (Eq. 5.8) was selected forespnting the variation of FAN during
conversion period of mashing. The quadratic mod¢hioed from regression analysis
for FAN content in terms of coded levels of theighles was as follows:

187



FAN = 11.65 - 0.78; + 0.65¢ + 0.9%° - 0.86¢° - 0.22¢X, (Eq 5.8)

(mg gly./100 mL)

Wherex,, andx,, are the coded values of temperature (°C) andegHerctively.

In this case, X X X1 and % were significant terms. Analysis of varience ofiation
5.8 showed that temperature had highly significeagative linear effect followed by
its positive significant quadratic effect, posttilinear effect of pH () and negative
quadratic effect of pH (). Results showed that the interaction ternxfxhad no
significant effect on FAN content. From Fig. 5.57can be envisaged that mash
temperature and pH had no interaction effect on HAfnation during conversion
period. Normal plot of residuals (Fig. 5.58) indaxh that studentized residuals were

normally distributed.
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Fig. 5.57 Interaction plot of temperature and pH for FANvmnt during conversion
period.
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Fig. 5.58Residual plot for FAN content during conversioaripd of mashing.
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Fig. 5.59 shows the variation of FAN with processiables during conversion period
of mashing where the maximum FAN content was obthiat lower temperature
(around 70 °C) and intermediate pH value (aboub)5.€ontour plot for wort FAN

during conversion period of mashing is shown in é&mgtix C, Fig. 8.

Fig. 5.59 Response surface plot for FAN content as a fonaif temperature
and pH during conversion period.

5.2.9.3.2 Effect of process variables on TSS conteaturing conversion period

The total soluble solid (TSS) of mash during cosimr period ranged from 8.3 to
10.80 °Bx. The coefficients of the model and othtatistical attributes of TSS are
shown in Appendix B Table 5. Regression modelditie the experimental results of
TSS showed that the model was significant, whetleasack-of-fit was not significant
(p>0.05) (Appendix, Table 6). The fit of the modehs also expressed by the
coefficient of determination which was found to ®@8870, indicating that 98.70% of
the variability of the response could be explaibgcthe model. The adjustedf Rias
0.9778 and adequate precision was 35.2, which gh@ameadequate signal. A ratio
greater than 4 is desirable and hence this modgl beaused to navigate the design
space. Considering all the above criteria, the hdie. 5.9) was selected for

representing the variation of TSS.
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The quadratic model obtained from regression arsaligg TSS content in terms of
coded levels of the variables was as follows:

TSS (° Bx) = 10.22 + 0.8Q- 0.16¢- 0.30¢* - 0.3%° + 0.234xX, (Eq 5.9)
Wherex; andx,, are the coded values of temperature and pH ragelc

In this casex, X, X:°X,°> and x%x, were all significant terms. Analysis of variende o
the equation 5.9 indicated that temperature (xad highly significant linear positive
effect followed by negative quadratic effect of pkl), negative quadratic effect of
temperature (X), positive effect of interaction termi) and linear negative effect
of pH (x%). It was found that mash temperature and pH shameiteractive effect on
the evolution of TSS during conversion period ofshiag (Fig. 5.60 ). Situation of
studentized residual along the predicted line inma plot was ideal condition for
charecterising residuals as unbiased. Most of és&lwmals lay along the predicted line
indicating that the residuals were normally disiténl (Fig. 5.61). Fig. 5.68hows the
variation of TSS during conversion period as fumtsi of temperature and pH. From
Fig. 5.62 it revealed that maximum TSS could beaimled using higher temperature
and intermedite pH regimes. Contour plot for ttaluble solids during conversion

period of mashing is shown in Appendix C, Fig 9.
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Fig. 5.60 Interaction plot of temperature and pH for tataluble solid (TSS) content
during conversion period of mashing.
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Fig 5.62 Response surface plot for TSS content as aibumof temperature and pH
during conversion period.

5.2.9.3.3 Effect of process variables on total reding sugar (RS) contents during
conversion period

The total reducing sugar (RS) content during casieer period ranged from 4.79 to
8.16 g maltose/100 mL. The coefficients of the nh@shel other statistical attributes of
total reducing sugar are shown in Appendix B, Tdbl®egression model fitted to the
experimental data of total reducing sugar showeat the model was significant
(p<0.05), whereas lack-of-fit was not significaAppendix B, Table 6). The chance of
large model F-value due to noise was only 0.01% fithrof model was also expressed
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by the coefficient of determination {Rwhich was found to be 0.9598, indicating that
95.98% of the variability of the response coulcekplained by the model. The adjusted
R? (0.9310) and adequate precision (18.187) showeatlaquate signal. A ratio greater
than 4 is desirable and hence this model may bd ts@avigate the design space.
Considering all the above criteria, the model (Eppwas selected for representing the
variation of total reducing sugar during conversperiod of mashing. The quadratic

model obtained from regression analysis for RSemdnin terms of coded levels of the

variables was as follows:

Reducing sugar = 7.60 - 120 0.019%,- 0.5%,* - 0.4%,° - 0.3%X, (Eq 5.10)

(g maltose/100 mL)

Wherex; and x% are the coded values of temperature and pH.

2 and xx, were significant terms. Analysis of varience of

In this casex; xi°, X
equation 5.10 showed that temperature had higlggifstant negative linear effect
followed by significant negative effect of quaiitaterm of temperature {3,
guadratic term of pH with negative coefficient antéraction term (x) with negative
coefficient. In this case, pH had no significanfeef on RS content at 95% level of
confidence. Significant negative linear and quadmffects of temperature as well as
negative coefficient of interaction termyXz) indicated that overall variation of RS with
temperature and pH resulted a convex shaped dviagh temperature and pH showed
a high interaction effect on total reducing sugavelopment during conversion period
of mashing (Fig. 5.63). Normal plot of residualslicated that studentized residuals

were normally distributed (Fig. 5.64).
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Fig. 5.63 Interaction plot of temperature and pH for totlucing sugar (RS as
maltose) content during conversion period of maghin
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Fig. 5.64 Residual plot for total reducing sugar conters @ maltose) during
conversion period of mashing.

The variation of total reducing sugar with temper@ and pH during conversion
period is shown in Fig. 5.65. It was found tHa¢ evolution of reducing sugar was
higher at lower range of temperature and middlgeant pH (5.25 — 5.63) within the
selected design space. Contour plot of total redusugar content during conversion
period is shown in Appendix C, Fig 10.
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Fig. 5.65 Response surface plot for total reducing sugatent (RS as maltose) as a
function of temperature and pH during conversiongaeof mashing.

5.2.9.3.4 Effect of process variables on glucosentent during conversion period
Glucose contents in worts during conversion peramxged from 2.35 to 3.17 g/100

mL. The coefficients of the model and other stat#dtattributes of glucose are given in
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Appendix B, Table 5. Regression model fitted to éxperimental results of glucose
showed that the model was significant (p<0.05), nele lack-of-fit was not significant
(Appendix B, Table 6). The fit of model was alsopeessed by the coefficient of
determination, which was found to be 0.9650, intiiicathat 96.50% of the variability
of the response could be explained by the modeé @tjusted R (0.9400) and
adequate precision (22.584) showed an adequatelsignratio greater than 4 is
desirable and hence this model may be used to ai@vige design space. Considering
all the above criteria, the model (Eq 5.11) wasdeld for representing the variation of
mash glucose during conversion period. The quadraddel obtained from regression

analysis for glucose content in terms of codedltegkthe variables was as follows:

Glucose = 2.94 — 0.29+ 0.083%— 0.02&;° — 0.2%,” + 0.05%x, (Eq 5.11)
(9/200 mL)

Where x; and % are the coded values of temperature and pH rasplctin this
equationxs, %, andx,* were significant terms. Analysis of varience of &ipn 5.11
showed that temperature had highly significant hegalinear effect followed by
significant negative effect of quadratic termpéf (%°) and significant positive linear

effect of pH.

In this case, quadratic effect of temperature amgraction term (x,) had no
significant effect (p>0.05) on glucose content.c8inlinear term of temperature was
very high in comparison to its quadratic term of p&f) and linear term of pHx§),
conversion period was mainly influenced by tempegat Mash temperature and pH
had intermediate interaction effect towards gludoseation during conversion period
of mashing (Fig. 5.66). Situation of studentizedidaal along the predicted line in
normal plot was ideal condition for charecterisihg residuals as unbiased and most of
the residuals lay along the predicted line indiggtihat the residuals were normally
distributed (Fig. 5.67)From Fig 5.68 it was apparent that increaseing &atpre
decreased the wort glucose content during convensesiod and maximum glucose
formation was at lower temperature and at middle rpgimes within the defined
design space. Contour plot of mash glucose condenihg conversion period of

mashing is shown in Appendix C, Fig 11.
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Fig. 5.67 Residual plot for glucose content during conwmrsperiod of mashing.
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Fig. 5.68 Response surface plot for glucose content as@ifun of temperature and
pH during conversion period of mashing.

5.2.9.3.5 Effect of process variables on fructosemtent during conversion period

The fructose contents in mashes during conversenog ranged from 0.3 to 0.53
0/100 mL. Appendix B, Table 5 shows the coefficeertf the model and other
statistical attributes of fructose. Regression rhddeed to experimental results of
fructose showed that the model was significant, reée the lack-of-fit was not
significant (p>0.05) (Appendix B, Table 6). The oha of large model F-value due to
noise was only 0.01%. The fit of model was alsoregped by the coefficient of
determination which was found to be 0.9765, indingathat 97.65% of the variability
of the response could be explained by the modgusted R and adequate precision
were 0.9597 and 23.47 respectively, which showeddaguate signal. A ratio greater
than 4 is desirable and hence this model coulddeel o navigate the design space.
Considering all the above criteria, the model (EtRpwas selected for representing the
variation of fructose in the wort during conversiperiod. The quadratic model
obtained from regression analysis for fructose eainin terms of coded levels of the

variables was as follows:

Fructose = 0.37 + 0.047+ 0.01%, + 0.12° — 0.03%,* — 0.0%x, (Eq 5.12)
(9/200 mL)

Wherex; andx, are the coded values of temperature and pH ragplct
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In this casex, Xz, Xi%, X,° and %x, were all significant terms. Analysis of variende o
equation 5.12 showed that the quadratic term ahptrature had highly significant
positive linear effect followed by its significapiositive linear effect, significant
negative quadratic effect of pH, significant lingaositive effect of pH (¥ and

significant negative effect of the interaction téxax,). Since F-value of linear effect
of temperature was higher than other terms angquigsiratic term was also significant,
fructose formation followed concave shaped vamaftibig. 5.69). Mash temperature
and pH showed interaction effect towards fructosgetbpment during conversion

period.
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Fig. 5.69 Interaction plot of temperature and pH for frisgg@ontent during
conversion period of mashing.
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Fig. 5.70 Residual plot for fructose content during conigrsperiod of mashing.
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Situation of studentized residual along the predidine in normal plot was ideal for
charecterising the residuals as unbiased. Mosteofdsiduals were along the predicted
line (Fig. 5.70) indicating that the residuals aggmally distributed. Fig. 5.74howed
that the development of fructose during convergenod was maximum at higher
temperature and intermediate pH ranges, while & maimum at middle temperature
range for all pH values. Contour plot for fructodevelopment during conversion

period of mashing is shown in Appendix C, Fig. 12.
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Fig. 5.71 Response surface plot for fructose content fasetion of temperature and
pH during conversion period.

5.2.9.4 Optimization of process variables

A numerical multi-response optimization techniquaswapplied to determine the
optimum combination of temperature and pH for FAN &SS contents during protein
rest period, for FAN, TSS, RS, glucose, and fruetosntents during dextrinizing and

conversion periods of mashing respectively.
5.2.9.4.1 Compromized optimum conditions for proti& rest period

The assumptions were to develop a mashing condivih respect to mashing

temperature and pH that would result maximum vabfedSAN and TSS in the mash.

Under these criteria, the uncoded optimum operatiogditions for mashing were

57.62 °C temperature and pH of 5.47. The respgmsekcted by the software for these
optimum process conditions resulted FAN conterit38 mg glycine/100 mL and TSS
of 4.1 °Bx with desirability of 0.62.

198



Table 5.20 Multiresponse optimization constraints of protezst period

Variables  Goal Lower Upper Weight Importance
limit limit

Temp.  'sinrange 44 60 1 3

pH Is in range 4.5 6 1 3

FAN maximize 10.8 15.72 1 3

TSS maximize 1.4 5.8 1 3

Verification of the results

The suitability of the model developed for predigtihe optimum response values was
tested using the recommended optimum conditiortbefvariables and was also used
to validate experimental and predicted values & tbsponses. The experimental
sample under the optimum process condition resui&®l content, of 13.4 mg
glycine/100 mL and TSS of 4 °Bx.

Table 5.21 Predicted and actual values of the responsdseaiftimized condition for
protein rest period

Process Coded Uncoded Responses Predictefictual Variation

variables value value (%)
Temp. +0.76  57.62°C FAN 13.8 13.4 2.90
pH +0.17 5.47 TSS 4.1 4 2.44

5.2.9.4.2 Compromized optimum conditions for dextnizing period

The assumptions were to develop a mashing condttiarwould maximize FAN, TSS,
RS, glucose, and fructose contents in the wort. edritiese criteria, the uncoded
optimum operating conditions for mashing were 6&éRperature and pH of 4.5. The
responses predicted by the software for these optiprocess conditions were FAN
content of 12.4 mg glycine/100 mL, TSS of 8.47 °BR§ of 6.29% as maltose, glucose
of 4.25% and fructose of 0.51 % with the desirapihf 0.88.
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Table 5.22 Multiresponse optimization constraints of dexgiimg period

Lower Upper Lower Upper

Variables Goal Limit  Limit Weight Weight Importance
Temp. isin range 62 68 1 1 3
pH is in range 4.5 6 1 1 3
TSS maximize 2.26 8.46 1 1 3
RS maximize 2.25 7.06 1 1 3
Glucose maximize 1.55 4.3 1 1 3
Fructose maximize 0.235 0.525 1 1 3
FAN maximize 8.825 13.975 1 1 3

Verification of the results

The suitability of the model developed for predigtithe optimum response values
was tested using the recommended optimum conditbtise variables and was also
used to validate experimental and predicted vatdi¢lse responses. The predicted and

actual values of the responses at the optimizedition for dextrinizing period are
shown in Table 5.23.

Table 5.23 Predicted and actual values of the responsdseabtimized conditions
for dextrinizing period

Process Coded Uncoded Responses Predictedctual Variation

variables value value (%)
Temp. +1 68 °C FAN 12.4 12.2 1.61
pH -1 4.5 TSS 8.47 8.2 3.19
Reducing 4 59 6.13 2.54
sugar
Glucose 4.25 4.31 1.39
Fructose 0.51 0.49 3.92
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5.2.9.4.3 Compromized optimum conditions for convesion period

The assumptions were to develop a mashing condiubich would have maximum
values of FAN, TSS, RS, glucose, and fructose castie the wort. Therefore, among
responses, these parameters were attempted toib&imad. Under these criteria, the
uncoded optimum operating conditions for mashingew® °C temperature and pH of
5.28. The responses predicted by the softwarehieset optimum process conditions
resulted FAN content of 13.40 mg as glycine/100 M&S of 9.10 °Bx, total reducing
sugar content of 8.24 % as maltose, glucose coonfetitl0 % and fructose content of
0.43 % with desirability of 0.703.

Table 5.24 Compromized optimum condition for conversion pdri

Lower Upper Lower Upper

Variables Goal Limit Limit Weight Weight Importance
Temp. isinrange 70 76 1 1 3

pH Isinrange 4.5 6 1 1 3
TSS maximize 8.3 10.8 1 1 3
RS maximize 4.795 8.16 1 1 3
Glucose maximize 2.35 3.17 1 1 3
Fructose maximize 0.3 0.53 1 1 3
FAN maximize 10.33 13.49 1 1 3

Verification of the results

The suitability of the model developed for predigtithe optimum response values was
tested using the recommended optimum conditiortbefvariables and was also used
to validate experimental and predicted values efrésponses. The predicted and actual

values of the responses at the optimized condfbortonversion period are shown in
Table 5.25.
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Table 5.25 Predicted and actual values of the responsdgeaigtimized condition for
conversion rest period

Process Coded Uncode Responses PredictedActual Variation

variables d value value (%)
Temp. -1 70°C FAN 13.40 13.41 0.07
pH +0.04 5.28 TSS 9.10 9.15 0.55
RS 8.24 8.3 0.72
Glucose 3.1 3.15 1.59
Fructose 0.43 0.42 2.33

5.2.10 Chemical, physical and sensory quality angdes of finger millet
and barley beers

5.2.10.1 Chemical characteristics of millet and bkey beers

The chemical characteristics of finger millet aradl®y beers are shown in Table 5.26.
Total soluble solids (TSS) ranged between 5.60 %88 °Bx among the three beers,
however, the values were not statistically diffeérgrr0.05). Analogous results of TSS
were also reported in naked barley beer (5.80 °Bx)d barley beer (6.70 °Bx)
(Acharya, 2007); wheat beer (6.40 °Bx) (Mahato,@0dnd in millet beer (4.28 °Bx)
(Tiwari, 2010). Total reducing sugar content inbeewed from millet malt kilned by
standard barley method (millet b@ewas similar to that of barley malt beer, while it
was significantly lower in millet beer brewed usingllet malt kilned at 50 + 2 °C
(millet beeg). Acharya (2007) also reported similar reducingasucontent in naked
barley beer (1% m/v as maltose) and Mahato (20d0)heat beer (0.91% m/v, as
maltose. Matz (1991) also reported similar reducsugar in American lager beer
(0.97%). Glucose contents in millet beers were laimwhile it was significantly lower
(p<0.05) in barley beer than those of millet bgd@iable 5.26). The obtained results of
glucose content were quite lower than those regdde sorghum beers (0.16 — 0.31
g/100 mL) (Veith, 2009). Fructose content was hgghe barley beer (135.3 mg/100
mL) followed by millet beer, while it was lowest in millet beg(53.4 mg/100 mL).
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Both the total sugar and sucrose contents wereshighk0.05) in barley beer than those
of millet beers. Again, millet beghad higher sucrose and total sugar compared to
millet beeg (Table 5.26). Dextrin content was lower (p<0.0%)barley beer (0.89 g
/100 mL) than those of millet beers. Millet beeontained higher dextrin (1.69 g/100
mL) than millet beer(1.14 g/100 mL).

Table 5.26Chemical characteristics of finger millet and bgrbeers

Mean values

Parameters Millet beer  Millet beer, ~  Barley beer
TSS (° Bx) 5.93 (1.58) 5.60(0.26]  5.83 (0.93J
Reducing sugar as maltose (% m/fv)  0.51 ((?01) 0.84 (0.05} 0.82 (0.01%
Glucose (mg%, m/v) 10.0 (0.1) 10.9 (0.8} 4.5 (0.1Y
Fructose (mg%, m/v) 53.4 (0%) 85.7 (0.9¥ 135.3(4.3
Sucrose (mg%, m/v) 44.5 (5%) 61.3 (9.4f 117.3 (11.1§
Total sugar (mg%, m/v) 561.3 (11%1)872.7 (55.3)  934.0 (16.9§
Dextrin (%, m/v) 1.69 (0.3  1.14 (0.05Y 0.89 (0.02f
pH 4.02 (0.115 3.97 (0.06f  4.06 (0.05§
Total acidity as lactic (%, m/v) 0.24 (0.01) 0.16 (0.04} 0.23 (0.06§
Fixed acidity as lactic (%, m/v) 0.21 (0.61) 0.15 (0.03} 0.20 (0.05§
Volatile acidity as acetic 0.021(0.001) 0.015 (0.003j 0.023(0.005)°
Water soluble protefimg/100 m) ~ 224.3 (3.7§ 244.0 (3.1 299.9 (10.1§
FAN as glycine (mg%, m/v) 3.1(043) 22(0.1y 9.4 (0.6Y
Formol N (mg/L) 26.0 (1.0) 19.5 (2.5} 64.5 (12.0%
Total phenolics as gallic acid 43.1(2.0f  54.1 (3.27% 59.2 (1.9§
(mg%, m/v)

Tannin as tannic acid (mg%, m/v) 42.5(2.7) 52.0 (2.1f 67.5 (2.6
Total flavonoids as rutin 33.8(1.4f 41.5 (1.0¥ 27.3 (2.2§
(mg%, m/v)

Antioxidant activity (%) 18.09 (1.67) 26.85(1.62Y  33.17 (2.22§
Extract (%, m/m) 1.80 (0.0f) 1.80 (0.01F 1.84 (0.04§
Real extract (%, m/m) 3.76 (0A) 3.89 (0.17 3.12 (0.06§
Apparent extract (%, m/m) 3.23(0.90) 3.61 (0.41F 3.01 (0.23§
Original extract (%,m/m) 11.56 (0.53) 13.08 (0.37y  12.31 (0.47%"
Real degree of ferm. (%) 71.73 (6.26) 71.90 (2.5 76.26 (3.8
Formaldehyde (mg/L) 0.24 (0.05) 0.23 (0.01§ 0.33 (0.04%

*values are the means of triplicate determinatidfigures in the parentheses are the
standard deviations. Means followed by the sim#aperscripts in a row are not
significantly different (p>0.05) by LSD.

**millet beer;: beer made from millet malt kilned at 50 + 2 °C.

***millet beer,: beer made from millet malt kilned by standardldamalt kilning
procedure.

#water soluble protein was calculated as bovinensalbumin (BSA).
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pH values did not differ among the three beers. giHeof millet beers were within the
requirement for Nepalese beer standard (NS, 1988)samilar to naked barley beer
(Acharya (2007), wheat beer (Mahato, 2010) and Acaarlager beer (Matz, 1991),
but lower than millet Rennisetum maiwabeer (Agu and Ezeanolue, 1993), sorghum
beer (Goode and Arendt, 2003). Similar results léfgontents were also reported by
Delvauxet al. (2004) in barley beer. Total and fixed aciditiasged from 0.16 to 0.24,
and 0.15 to 0.21% (m/v) as lactic acid, but theigalwere not significantly different
(p>0.05) among the three beers. Total acid contehtsillet beers were similar to
those reported by Agu and Ezeanolue (1993) in tnbleer and Matz (1991) for
American lager beer (0.21% as lactic acid. Tiwaf10) also reported similar results
of total and fixed acidities in millet beer. Volatacid contents were found to be 0.021,
0.015 and 0.023% (m/v) as acetic acid in milletrhemillet mees and barley beer
respectively and the value for barley beer was drigp<0.05) compared to millet

beers. Analogous result was also reported by Ti{2&10) in millet beer.

Water-soluble protein was highest in barley be&9(@ mg/ 100mL), followed by
millet beep (244.0 mg/100 mL), while it was lowest in milletdy (224.3 mg/100 mL).
The FAN content differed significantly among theeth beers. The highest FAN
content was in barley beer (9.4 mg glycine/100 nvi)jle the lowest was in millet
beep (2.2 mg glycine/100 mL). Formol nitrogen was highrebarley beer (64.5 mg/L)
compared to millet beers, while the values betwedlet beers did not differ (p>0.05).
Barley beer contained significantly higher (p<0.@8)al phenolics (TPs) (59.2 mg
GAE/100 mL) and tannin (67.5 mg tannic acid/100 ncbmpared to millet beers.
Again, millet beer had higher total phenolics and tannin contentsa that of millet
beei. Zaoet al (2010) also reported TPs contents in beers rgnigom 15.2 — 33.9
mg GAE/100 mL, which also supported our findingsalogous results of TPs
contents were also reported by Lugasi and Hova€@03g) (39.2 — 47.3 mg GAE/100
mL) in dark and lager beers and by Piazebal. (2010) in Italian beers. The variations
in TPs contents in beers may be due to differencesamples and TPs content
evaluation methods. Moreover, the brewing proctesdfimay influence the final TPs
content and antioxidant activity of beers (Vanbemeet al, 2007). Total flavonoids
contents (rutin equivalent) varied significantly @my beers, with the highest value
being found in millet bege(41.5 mg /100 mL) and the lowest value in barlegh(27.3
mg/100 mL). Barley beer exhibited the highest (p5).antioxidant activity (33.17%),
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followed by millet beer (26.85%), while it was lowest in millet beef18.09%). It

appeared that antioxidant activity was in parallégh TPs and tannin contents in beers.
Lugasi and Hovari (2003) also reported strong datien between TPs content and
antioxidant activity in beers and wines. Beers ricphenolic antioxidants show higher
quality, more stable sensory properties (suchasfland aroma), foam stability, and
longer shelf life with respect to beers with lowatioxidant activity (Goupyet al,

1999). Extract contents were in the range of 1.8084 g/100 g, but the values were
not different (p>0.05). Real extract, apparent aottand real degree of fermentation
ranged between 3.12 — 3.89, 3.01 — 3.61 and 717&26% m/m respectively among
the three beers, and the values were statisticaltydifferent. The results agreed to

those reported by Tiwari (2010) in millet beers.

The original extracts were 11.56, 13.08 and 12.3r#n) respectively in millet begr
millet beegp and barley beer respectively. Millet bgdrad higher original extract
compared to millet begrbut the values between millet beand barley beer were not
different. Original extracts of millet beers weliengar to that reported for American
lager beer (10.7 — 12.1 °Plato) (Matz, 1991), farldy beers (11.5 — 11.7 °Plato)
(Delvaux et al, 2004) and for sorghum beers (10.98 — 11.22 °Plgwmode and
Arendt, 2003). Barley beer contained higher (pspformaldehyde (0.33 mg/L) then
those of millet beers, but the values between tilkers were similar. Jendrel al.
(2011) reported that in 132 samples of beer, wapit, and unrecorded alcohol
analyzed, formaldehyde content was in the randge-efl4.7 mg/L, with an average of
0.27 mg/L.

More recently, formaldehyde has been implicatedthmy International Agency for
Research on Cancer (IARC) as a causative ageatukémia as well as nasopharyngeal
cancer in humans (Baaet al, 2009). The WHO has established a tolerance
concentration of 2.6 mg/L in ingested products dase animal experiments (Tet al.,
1988). Hence, the millet and barley beers brewedeuthe experimental conditions

were safe as far as the formaldehyde content wasecoed.

5.2.10.2 Mineral contents of millet and barley beer

Mineral contents in millet and barley beers arenshon Table 5.27. Total phosphorous
content differed significantly among the three bkeavith the highest content being
found in barley beer (122.4 mg/100 mL) and the kw@ntent in millet beers. The
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highest (p<0.05) iron content was found in milleek (5 mg/100 mL), followed by
barley beer (1.2 mg/100 mL), while it was lowestmillet beeg (0.4 mg/100 mL). The
obtained values of iron contents in beers weretanbally higher than that reported by
Matz (1991). Iron is known to have a negative ieflae on beer flavor stability and
even concentrations of below 50 ppb are reportezhtse damage in the final product
(Fosteret al, 2001). Millet beerhad higher manganese content (0.7 mg/100 mL), than
that of barley beer (0.1 mg/100 mL) but the mangansontents of millet beers were
not statistically different (p>0.05). Sodium cortteras maximum in millet begr(21.8
mg/100 mL) followed by barley beer (5.2 mg/100 miile it was minimum in millet
beeg (4.6 mg/100 mL). The sodium contents of beers doumnthis study were similar
to those reported for American lager beers (40/280L), but the values were higher
than that reported for Heineken’s beer 3 mg/100 ) mL
(Http://www.heinekeninternationalcom/fag Accessed on 2011/09/22). Barley beer

contained significantly higher (p<0.05) potassiu88.8 mg/100 mL) compared to
millet beers. Millet beerhad higher potassium than millet beefhe zinc contents
between millet beers were not different, while @sasignificantly lower (0.03 mg/100

mL) in barley beer over the millet beers.

Table 5.27 Mineral composition of millet and barley beergy(t00 mL)

Mean values

Parameters Millet beer Millet beer  Barley beer
Phosphorous 65.6 (02) 70.7 (0.2f 122.4 (1.2§
Iron 5.0 (0.1} 0.4 (0.03f 1.2 (0.06¥
Manganese 0.7 (0.086) 0.6 (0.06} 0.1 (0.01Y
Sodium 4.6 (0.06) 21.8(0.1) 5.2 (0.1f
Potassium 24.3(0.3) 29.9(0.1) 53.3 (0.1§
Zinc 0.07 (0.005}  0.08 (0.001§  0.03 (0.006Y

“values are the mean of triplicate determinatioiguries in the parentheses are the
standard deviations. Means followed by the sinslgverscripts in a row are not
significantly different (p>0.05) by LSD.

**Millet beer;: beer made from millet malt kilned at 50 + 2 °C

***Millet beer,: beer made from millet malt kilned by standarddyamalt kilning
procedure.
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5.2.10.3 Volatile constituents of millet and barleypeers

The volatile constituents of millet and barley tseare shown in Table 5.28. Alcohol
contents in millet beer millet bees and barley beers were 5.12, 5.60 and 5.64% (v/v)
respectively but the values were not different (98 The minimum fusel oil content
was 228.85 g/100 L alc in barley beer, while theximam was 809.41 g/100 L alc in
millet beeg. The highest methanol content was found in babkesr (249.71 g/100 L
alc), while the lowest was in millet begf13.75 g/100 L alc). Similar result of fusel
oil (871.00 g/100 L alc) and methanol (367.00 g/L0flc) contents were also reported
by Khanal (2008) in naked barley beer. Total estartents in barley beer and millet
beep were similar, while it was significantly lower millet beeg (Table 5.28). Total
ester contents (as ethyl acetate) found in thidysta millet beers were considerably
higher than those reported for sorghum beers (3.33.05 g /100 L alc), but were
similar to barley beers (15.86 — 44.83 g/100 L &éigyor et al, 2001) and millet beers
(64.98 g/100L alc) (Tiwari, 2010). Considerablynigtal ester contents were reported
by Acharya (2007) in naked barley beer, Mahato (20h wheat beer and Khanal
(2008) in naked barley beer.

Table 5.28 Volatile constituents of finger millet and barlegers

Mean values

Parameters

Millet beer Millet beep Barley beer
Alcohol content (9, v/v) 5.12 (0.19% 5.60 (0.36} 5.64 (0.26}
Fusible oil (g/100L alc 809.41 (46.65) 582.47 (64.34) 228.85 (5.58)
Methanol (g/100L al¢ 213.75 (22.03) 229.81 (42.10) 249.71 (44.95)

Total esters as ethyl aceti  39.85 (8.45] 52.19 (7.44Y 50.39 (7.18Y
(g/100L alc

Total aldehydes ¢ 8.80 (1.15% 18.85 (1.56] 32.23 (9.79)
acetaldehyde (g/100L a

Vicinal diketones (mg/L 0.33 (0.01§ 0.27 (0.015 0.44 (0.01§

*values are the means of triplicate determinatiéingures in the parentheses are the
standard deviations. Means followed by the sinslgserscripts in a row are not
significantly different (p>0.05) by LSD.

**Millet beers: beer made from millet malt kilned at 50 + 2 °C.

****Millet beer ,: beer made from millet malt kilned by standarddsamalt kilning
procedure.
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Total aldehydes content was significantly highexQ(85) in barley beer (32.23 ¢
acetaldehyde/100 L alc) than those of millet beleus the values between millet beers
were not different. Surprisingly higher total algdhs were reported by Khanal (2008)
in naked barley beer (89.15 g/100 L alc as acdtghii®) and Tiwari (2010) in finger
millet beer (142.35 g/100 L alc as acetaldehyd&)indl diketones (VDK) significantly
differed among the beers. Barley beer containedifgigntly higher VDK (0.44 mg/L)
compared to millet begef0.33 mg/L) and millet beg(0.27 mg/L) and the values were
significantly different (p<0.05)Lekkas et al. (200#eported about 0.34 mg/L of VDK

in barley beer.

5.2.10.4 Physical properties of millet and barley ders

The physical properties of finger millet and barbeers are shown in Table 5.29.

Table 5.29 Physical properties of finger millet and barleaebs

Mean values

Parameters Millet beer, Millet beep™ Barley beer
Turbidity (FTU) 119.67 (2.8) 52.00 (1.73)  16.33 (1.15§
Viscosity at 20 °C (cP) 1.39 (0.071) 1.37 (0.01F 1.30 (0.02¥
Color (EBC units) 7.17 (0.36) 10.03 (0.10% 10.22 (0.1
Starch-iodine test + + -

*values are the mean of triplicate determinatidiigures in the parentheses are the
standard deviations. Means followed by the simgaperscripts in a row are not
significantly different (p>0.05) by LSD.

1+ : positive test, - : negative test
“ Millet beer: beer made from millet malt kilned at 50 + 2 °C

" Millet beep: beer made from millet malt kilned by standardldamalt kilning
procedure.

The turbidity significantly differed among the tbrbeeers. Millet beerhad the highest
(p<0.05) turbidity (119.67 FTU), while the lowesirthidity was found in barley beer
(16.33 FTU). Similarly, barley beer possessed th@mum viscosity (1.30 cP), than
those of millet beers, while the values betweenembeers did not differ. The highest
viscosity and turbidity in millet beers may be doehe presence of higher amounts of

dextrin and other unconverted starch (Table 5.26 229). Millet beer had lower
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color value than those of millet beemnd barley beer, but the values between the latter
two were not different (p>0.05). The color of milleeef was comparable, while that
of millet beeg was higher than those reported by Agu and Ezean(l1993) for
different millet beers (6.5 — 8 EBC units). Delvaetxal. (2004) reported lower color
values in beers brewed using wheat and barley ridalis— 6.0 EBC units) than those
found in this work. Similarly, the obtained colaxlues for millet beer were higher than
those reported for sorghum and barley beers (5.4965 EBC units) (Goode and
Arendt, 2003). Barley beer showed negative starabdine test (no change in color),
while both millet beers showed positive test (retidinge) indicating that barley beer
did not have residual starch, while millet beerstamed some unconverted starch.
Similar results were also reported in millet be@kgu and Ezeanolue. 1993) and in
sorghum beer (Goode and Arendt, 2003).

5.2.10.5 Sensory quality of millet and barley beers
The mean sensory quality scores for millet anddydskeers are shown in Table 5.30.

Table 5.30 Sensory evaluation scores of millet and barlerde

Mean scores

AUribUtes  riet beer”  Millet beep™ Barley beer
Taste 3.5(0.4) 3.8 (0.6Y 4.0 (0.47
Smell 3.9 (0.7§ 4.0 (0.77 3.5 (0.7f
Color 2.9 (0.6 4.1 (0.3Y 4.3 (0.7
Flavor 3.4 (0.5§ 3.8 (0.6f 3.5 (0.5f
Body 3.8 (0.4 4.0 (0.6f 3.2 (0.5f
Overall 3.4 (0.4f 4.0 (0.3Y 4.0 (0.4Y
acceptance

*values are the means of 10 sensory panelists.résgin the parentheses are
standard deviations. Mean followed by similar sgpepts in a row do not differ
(p>0.05) by LSD.

" Millet beer: beer made from millet malt kilned at 50 + 2 °C .

" Millet been: beer made from millet malt kilned by standardidyamalt kilning
procedure.
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The mean sensory scores for taste of the beergf@upossible score of 5, were 3.5,
3.8 and 4.0 for millet begrmillet beeg and barley beer respectively, however, the
values were not statistically different (p>0.05)mbiarly, the mean scores for smell
preference ranged from 3.5 to 4.0 among the bdwygever, the values were
statistically not different. The color of millet &g was least preferred (color score 2.9),
while those of the millet beg(color score 4.1) and barley beer (color scorg We&re
equally preferred by the sensory panelists. Dedpgber VDK content of barley beer
(Table 5.28), the flavor preference of the threerbevas identical with mean scores
ranging from 3.4 to 3.8. Body of the millet beand millet beerwas alike but it was
better than that of barley beer. The lowest bodyestor barley beer may be attributed
to the presence of lower amount of dextrin. Mibbeer had the least preference, while
millet beeg and barley beer were similar in overall acceptigbiHence, from the
results of sensory evaluation, it revealed thateminalt kilned by standard barley
kilning method would result a beer as good as lpdréer with respect to their sensory

quality attributes.
5.2.11 Changes during finger millet and barley beefermentation

Changes in total soluble solids (TSS) and totalicedy sugar (TRS) during millet and

barley beer fermentation are shown in Fig 5.72.

—o—Millet TSS —e—Barley TSS
——Millet TRS ——Barley TRS

=
o
o

TSS ¢ Bx) and TRS
(% maltose, m/v)
a
o

00 T T T T 1
0 3 6 9 12
Fermentation time (days)

Fig. 5.72 Changes in total soluble solids (TSS ° Bx) antdltoeducing sugars as
maltose, % m/v (TRS) during millet and barley bieementation.
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TSS decreased from 13 °Bx on day O to 5.57 °Bx &y &l and remained almost
constant on further fermentation in millet wort, ilghin barley malt wort TSS
decreased up to 5.07 °Bx on day 3 and did not ehaftgrwards. It appeared that the
rate of TSS decline was relatively faster in baneyt than in millet wort (Fig.5.72).
Total reducing sugar was higher in barley malt woan in millet wort and it decreased
by about 83 and 91% in millet and barley wort resipely over the first 3 days of
fermentation. Again, the reduction in reducing sugdowed the similar trend to that
of TSS during beer fermentation.

Fig. 5.73 shows the glucose and fructose profilasndg millet and barley beer

fermentation. In millet wort, glucose content desed gradually from 3.29 to 0.03
g/100 mL by the end of fermentation, while in bgrealt wort it decreased from 1.22

to 0.02 g/100 mL on day 6 and remained virtuallpstant on further fermentation.

From Fig 5.73 it is apparent that large amount ggecwas exhausted over the first 3
days of fermentation in both fermentations. Fruetosntent decreased significantly in
both millet (from 0.42 to 0.10 g/100 mL) and bar{épm 0.75 to 0.14 g/100 mL) on

day 6 and remained almost unchanged on furtherefietation.

—Oo—Milletglu. —e—Barleyglu.

—— Millet fruct. —&—Barley fruct.
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Fig. 5.73 Glucose and fructose profiles during millet anddyabeer fermentation.
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Changes in total acidity during millet and barleaebfermentation are depicted in Fig.
5.74 The total acidity (as lactic acid) increaseabgally and reached at 0.29% (m/v) in
millet and at 0.27% (m/v) in barley malt worts resgively by the end of fermentation.
FAN contents decreased abruptly during the firslays of fermentation and then
declined at a slower rate reaching final conceiainatof 2.8 and 8.3 mg glycine/100

mL in millet and barley beers respectively (Fig5.

—Oo— Millet acidity
—e— Barley acidity
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Fig. 5.74 Changes in total acidity (as lactic acid) durimgilet and barley beer
fermentation.
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Fig. 5.75 Changes in free amino nitrogen (FAN) and alcahoing millet and barley
beer fermentation.
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Alcohol content increased significantly during femtation and reached at 5.23% (v/v)
on day 9 in millet wort and at 5.5% (v/v) on dayn@barley wort. Of the total alcohol
formed, about 78% was produced in millet wort, wlabout 91% was formed in barley
wort over the first three days of fermentation §.7ig. 5.76 shows the profiles of
fusel oil and methanol contents during millet aradldy beer fermentation. In millet
malt wort, fusel oil increased sharply up to 91292800 L alc on day 3 and decreased
reaching at 741.61 g/100 L alc by the end of fertagon. While in the case of barley
malt wort, fusel oil increased up to 511.15 g/10@l¢ on day 6 and then decreased to
446.31 g/100 | alc) on day 9.

Methanol production also followed similar trend ttwat of fusel oil and reached at
182.69 and 196.94 g/100 L alc in millet and bariesit worts respectively by the end
of fermentation. Total ester contents increasedifsigntly from 3 days onwards and
reached at 85.27 and 76.74 g/100 L alc in millet barley worts respectively on day 9
(Fig. 5.77). Total aldehydes formation was higimebarley beer than in millet beer.
Aldehydes increased significantly throughout themkentation and reached at 25.60
and 40.98 g/100 L alc in millet and barley wortspectively on day 9 (Fig. 5.77).
Similar to other volatiles, vicinal diketones wdscamaximum at the initial stage of
fermentation and it decreased gradually afterwagdshing at 0.25 and 0.32 mg/L on

day 9 in millet and barley beers respectively (5ig38).

—o—Millet Fusible oil —e—Barley Fusible oil
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Fig. 5.76 Changes in fusel oil and methanol during milletd abarley beer

fermentation.
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—Oo—Millet esters —e—Barley esters
——Millet aldehydes ——Barley aldehydes

90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0 - T T .
0 3 6 9 12

Fermentation time (days)

Mean content (g/100 L alc)

Fig. 5.77 Changes in total esters (as ethyl acetate) amal @wmdehydes (as
acetaldehyde) during millet and barley beer ferraison.
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Fig. 5.78 Changes in vicinal diketones (VDK) during milleind barley beer

fermentation.
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6. Conclusions

The following conclusions were drawn from this stud

1.

Fermentation container had no significant effect tbe sensory quality of
fermented millet. The sensory quality of rigand was highly preferred, while
that of maize was least preferred among milleg,rimaize and wheaands

Addition of rice and wheat to millet up to 20% (@y or in combination) did

not improve the overall chemical and sensory qualifermented millet.

No significant improvement on chemical and sensguglity in fermented
millet was found by semi-solid fermentation oveliastate. Polyvinylchloride
(PVC) containers could be a promising packagingenmt for extending the

shelf-life of fermented finger millet.

Addition of bentonite @ 3 g/L was adequate to &jamillet jand without

scarifying chemical and sensory properties.

Defined fermentation starter resulted safer andenaessthetic product compared
to traditional starter. Fermentation remarkably réased phosphorous,

magnesium, sodium, potassium and zinc contents amdgo raw counterpart.

Kabre finger millet variety germinated for 48 h at 28.#C produced the best

malt of all the varieties investigated.

US mashing process used for American lager beemvaae suitable for finger

millet mashing compared to infusion and decatatn@shing.

. Except for FAN content, incorporation of barley tal millet malt up to 40%

did not improve the chemical properties of millealtrwort. Addition of mold
bran to millet malt up to 2.5% appreciably increhermentable nitrogen and

decreased viscosity of the wort.

A 5-ppm gibberellic acid (G4 solution when applied to germinating millets
significantly enhanced amylase activities and rezitact properties.

Chemical changes occurring during millet and barleger fermentation
exhibited similar trends; however, the changes welatively faster in barley
beer. Chemical and sensory characteristics of médled barley beer were

comparable.



7. Summary and recommendations

The study constitutes two parts. The first partlsieath the quality improvement of
fermented finger millet using defined alcoholicnfemntation starter and the second part
deals with the investigation on the brewing potntif some Nepalese finger millet

varieties.

Finger millet Eleusine coracanais the fourth most important food crops of Nepal.
The use of millets is limited only to some tradit& alcoholic beverages, likand (a
traditional alcoholic fermented undistilled alcoilsolbeverages),rakshi (distilled
alcoholic beverageyoti and dhido (traditional food preparations). Cereal based
alcoholic beverages, likand, toongba rakshi have a long tradition in Nepal. It is an
important source of income in both hills and TerfalNepal. Of the various cereals used
for alcoholic fermentation, finger millet has remed the raw material of choice due to
its low cost and clean aroma. Detailed study orbibechemical changes during millet
fermentation, quality and safety aspects of thesmlycts are limited. Moreover,
comparative study on cereal fermentation usingticahl starter and defined starter is
lacking. Similarly, investigation on the brewing aijity of Nepalese finger millet
varieties is scanty. Hence, this study is aimedsauring quality and safety aspects of
fermented millet by using defined fermentation tetaand investigating the brewing
potential of some Nepalese finger millet varieties.

Defined alcoholic fermentation starter for cereahientation was prepared by usig
cerevisiaeyeast andR. oryzaemold (ITCC NO. 4408) in wheat bran — rice flour
mixture (25:75) and used for finger millet fermeiga. Effect of fermentation
containers and and raw materials on the chemicalsamsory quality of fermented
cereals were studied. Finger millet (viiabre) was dehusked, cleaned, washed with
water, soaked for 2 h, cooked, and cooled to roemperature. Fermentation starter
was added at the rate of 1% by weight of millebniss developed for 2 days at 29 +
1°C, filled into plastic, wooden and earthen carges and fermented at 26 + 1°C for 15
days. Finger millet fermented in plastic contaihad higher alcohol (15.81% v/m) and
TSS (11.96 °Bx) than that of earthen container,levimoisture and fixed acidity
remained unaffected. Total esters (1.813 g ethyetiade/L alc), total aldehyde (0.850 g
acetaldehyde/L alc), total acidity (1.58% m/m astitaacid), and volatile acidity
(0.296% m/m as acetic acid) were higher in milietnfented in earthen container.



Fermentation containers had no significant eff@ctO(05) on the taste and smell of
millet jand but color was comparatively superior in plastioteaner. Chemical and
sensory quality ofands prepared from fermented millet, rice, maize anckathwere
compared. Results indicated that total ester (8iglethyl acetate/100 mL), TSS (3.97
°Bx), pH (4.67), total acid (0.41% m/v as lactiagdr and fixed acid (0.37% m/v as
acetic acid) were significantly higher in wh¢atd compared to millet, rice, and maize
jands whereas no noticeable differences in volatiledifgi(0.02 — 0.048% m/v as
acetic acid) and alcohol (5.53 — 6.20% v/v) werenfib among foujands Sensory
evaluation revealed that taste and smell of jacel were superior (liked very much)

while that of maize was dislike slightly by the pésts.

Effects of rice and wheat incorporation to milletO(and 20%, singly and in
combination) on the chemical and sensory qualitfeomented millet were studied.
Addition of rice significantly increased the TSSfefmented millet while total acidity,
fixed acidity, and alcohol contents were not a#ecby cereal combinations. Twenty
percent wheat addition decreased the total estetesb by 50% to that of control
(100% millet) (0.863 g/L alc). Total aldehyde canttevas significantly increased by
both rice and wheat addition with a maximum valliel®45 g acetaldehyde/L alc
being found in fermented millet containing 20% riéenger millet substituted with
20% of rice had the maximum fusel oil (9.370 g/t)aivhile a minimum of 5.297 g/L
alc was found in 20% wheat substituted fermentelteinCereal combination did not
have significant effect on methanol content andvidlaes were in the range of 2.346 —
3.858 g/L alc. Addition of rice significantly inased the reducing and total sugar
contents while 20% wheat addition decreased bahetiucing and total sugar contents
in fermented millet. Sensory evaluation revealet tereal combination did not affect
the color preference, whereas addition of wheatifogintly impaired the taste and
smell of the jand.

Finger millet was fermented under solid and sendstates (50 and 100%, v/m sterile
water added to the biomass-developed millet) udefqhed fermentation starter for 10
days and effect of semi-solid fermentations on dhamand sensory quality of
fermented millet were evaluated. Results indicdted a substantial increase in TSS,
total —, fixed- and volatile-acidities and totalte¥s contents occurred in semi-solid
fermentations compared to solid state. Millet femtee with 50 and 100% water
addition had about 1.2 and 2.8 times higher totadlity than that of solid-state
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fermented millet. Sensory evaluation revealed #swhi-solid fermentations did not
improve the sensory quality of fermented millet oveolid-state fermentation.
Fermented finger millet was packed in polyvinylaide (PVC) container and stored
for 90 days at 25 + 2 °C, while the control sampbes kept — 30 °C. Chemical and
sensory qualities of the samples were evaluated 8@ days of storage. The moisture,
total-, free- and volatile acidities and total suda not changed. Alcohol decreased by
about 9%, while total esters and total aldehyderseased (p<0.05) by about 58 and 24
% respectively over 90 days of storage. Sensoajuation revealed that a remarkable
improvement on the organonlepic quality of fermenteillet occurred during room

temperature storage (25 + 2 °C).

Millet jand was prepared using 1 part of fermented millet dkdparts potable water
and clarified using different fining agents (bententannin, gelatin, and tannin —
gelatine combinations). Addition of bentonite @ L3gésulted the best clarification of
all the fining agents, while tannin-gelatine condtion showed adverse effect on
clarification. Holding of bentonite treatgdnd beyond 3 days at 29 + 1 °C did not
improve clarity. Total phenolics, tannin, and axiitant activity did not change, while
total esters, aldehydes, methanol and alcohol dseteby bentonite clarification of
millet jand. Starch was practically nil in clarifigend. Finger millet was fermented in
plastic container at 26 — 28 °C and bio-chemicanges during fermentation were
studied at 3 days of intervals until 12 days. $tacontent decreased throughout
fermentation with maximum reduction being found idgr the first 3 days of

fermentation.

Alcohol content increased significantly and reached4.58% (v/m) on day 12. Total

aldehydes, esters, methanol, and fusel oil werkehnigt the beginning and decreased
on subsequent fermention. Phytic acid decreasedbloyt 3.6-fold, while total free

amino acid increased by 6-fold over 6 days of fertaigon. Total oxalate decreased by
51% on day 6. Crude protein, crude fat, and tottl &creased, whereas total
carbohydrate decreased in fermented millet comp@aredw counter part. Yeast count
increased until day 4 and then started declinirtgleamold count decreased by 23% on
day 2 and vanished completely on day 4. Phoshpprmasganese, sodium, potassium
and zinc contents increased, while iron remainethanged on fermentation. Chemical
and sensory analyses of millet fermented usingnddfifermentation starter (lab

sample) and traditionally fermented millet (markamples) were made. The average
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alcohol, total aldehydes (as acetaldehydes) aatiésters (as ethyl acetate) contents in
finger millet fermented using defined fermentatistarter and market samples were
14.43 and 9.95% (v/m), 0.191 and 0.343 g/L alc,@8d6 and 1.656 g/L respectively.
Similarly, methanol and fusel oil contents were55.@nd 5.119, and 5.191 and 5.355
g/L alc in lab and market fermented millet respeti. Defined fermentation starter
produced millejand of superior sensory quality than those of marketas. It was
concluded that millet fermented using defined stalnad significantly better chemical
and sensory quality as well as safer than thatdated using traditional starter.

Six different Nepalese finger millet varietid3glle, Okhle Kabre, Juwain GE 5016,
and GP 0025 were evaluated for their brewing potential. Thidets were soaked for
12 h at room temperature (26 — 28 °C), germinate?i8 + 1° C for different times,
kilned at 50 + 2 © C for 24 h and their enzymatthaties and chemical properties were
studied. All native millet had negligible alpha-dase activity.Dalle finger millet
germinated for 72 h had the highest alpha-amylateity (22.96 units/g dry malt) of
all the millet varieties. Beta-amylase activitynative millet were 0.1 — 2.4 units/g dry
malt and it reached at maximum at 48 h of germomain all millet varieties, with the
highest activity being found iKabre millet (385 units/g dry malt). Diastatic activity
ranged between 8.3 — 17.3 °DP among the six miiéeteties. Forty-eight hour
germinatedJuwain millet exhibited the maximum carboxypeptidase \aigti (242.5
units/g dry malt) and FAN contents (57.8 mg gly¢l@® g dry malt) of all the millet

vareties.

The chemical characteristics of native and 48 Imgeated millet malts were analyzed.
Results indicated that starch, amylose, and amgtopeontents in native millets were
71.32 — 79.86, 20.39 — 24.13 and 49.11 — 55. 78 r@spectively, whereas those in
malted millets were 63.74 — 67.12, 16.62 — 19.2¥ 4h47 — 50.18% (db) respectively.
Similarly, total phenolics (as gallic acid), totfvonoids (as rutin) and tannin (as
tannic acid) contents in native millet ranged fr6t9 — 229.2, 35.2 — 141.7 and 169.9
— 566.0 mg% (db) respectively, while the valuesmadted millet ranged from 123.1 —
247.8, 50.1 — 236.3 and 173.7 — 301.8 mg% (db)ectsly. Amylose to amylopectin
ratios in native and malted millet starch were ftmbe 29:71 and 28:72 respectively.
Millet malts were subjected for malt extract anayand were found to be aromatic.
The color (EBC unit), FAN (as glycine), and totatiucing sugar (as maltose) contents
in the extracts ranged between 2.77 — 5.78, 2.®-+1@% (m/v) and 4.5 — 6.93 mg%
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(m/v) respectively. The pH, extract, and FAN cotdein worts obtained fronDalle,
Kabre andJuwain millet malts were comparable to those of otheeakmalt extracts.
Based on the results of enzymatic activities, extemd wort analysedabre millet
had better malting quality of all the finger milledrieties.

Effect of kilning temperature on enzyme activitydaaxtract properties were evaluated.
The green malt (vaKabre) was kilned by three different method viz., (8b@ + 2 °C;
(b) first drying at 50 + 2 °C to 24 moisture ahérn at 62 + 2 °C, and (c) first drying at
50 £ 2 °C to 24 moisture followed by at 80 = 2 T®@e moisture contents of the malts
were between 6 — 8%. Malts kilned at higher tenmtpieeahad significantly lower alpha-
amylase and carboxypeptidase activities, while emarkable differences were found
in beta amylase activity and FAN contents among ttiree malts. The chemical
properties of the millet and barley malt extractsrevcompared. It was found that
higher kilning temperature produced stronger ar@nd darker extract color, while
decreased FAN contents in the malt extracts. Eixtrastent was lowest in 50 + 2 °C
kilned millet malt (6.83 °Plato). Total reducinggsu contents in millet malt extracts
were similar to that of barley malt extract (6.09.21%, m/v as maltose).

Effects of mashing methods on the chemical progedi millet (varKabre) malt wort
were studied. Mashing was carried out by threesifit methods (infusion at 70 °C,
decantation at 80 °C and by US mashing method) UShenashing method resulted the
highest total reducing sugar (9.27%, m/v as maJiagacose (4.73%, m/v), FAN (17.4
mg%, m/v as glycine) and dextrin (3.49%, m/v) coidein the wort. Color was
minimum in infusion mashing (4.94 EBC units). Henté5s mashing process was
found to be suitable for finger millet mashing. éffs of barley malt addition on the
properties of millet malt (varKabre) wort were evaluated. Mashing was carried out
according to US mashing procedure by replacingemithalt with commercial barley
malt at the rate of 0, 20, 30, and 40% by weightndfet malt. Forty percent barley
malt addition increased the wort reducing sugarteatnby 1% compared to control
(100% millet malt wort). Barley malt addition rerkably increased the FAN contents,
while no appreciable improvements were found oremthort properties. Effect of
mold bran addition on the chemical properties ofiahimalt wort mashed by US
method was studied by incorporating mold bran §06- by weight of the millet malt).
Mold bran was prepared by growiRy oryzad TCC No. 4408 in sterile wheat bran for
4 days. Results indicated that addition of molchlrp to 5% did not improve the TSS,
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total reducing sugar, and glucose while it remalkanproved the FAN content and

viscosity of the wort.

Effect of gibberellic acid (G4 treatment on the enzyme activities and chemical
properties of millet malts were studied. Duringrgeration, 5 ppm of gibberellic acid
solution was sprayed twice a day. Millet were gewated for different times (34, 48
and 56 h) at 27 — 29 °C, kilned at 50 + 2 °C fohz2#hd analyzed for enzyme activities
and chemical characteristics of the malts extr&&fs, treatment significantly increased
(p<0.05) the alpha-and beta-amylase activitieskéN contents in all millet varieties
compared to control (GAuntreated malts). The effect of @Areatment was more
pronounced on beat-amylase than on alpha-amylasetr&atment enhanced the beta-
amylase activity by about 4-fold iKabre millet malt compared to its contrdkabre
millet germinated for 56 h showed the highest FAditent (113 mg GAE/100g dry
matter) of all the treatment combinations used.; Gatment increased the FAN
contents in malts ranging from 96 to 195% compacetheir control malts. Chemical
analysis of extracts made from geatedKabre andGPU 0025millet malts showed
that FAN and color were higher iKabre millet malt extract but no significant
differences were found in total reducing and gsawit the extractKabrer millet was

found to have better response to Greatment of all the millet varieties.

Optimization of pH and temperature for millet madashing was carried out for each
stage of US mashing process using response surfethodology (RSM). The
independent variables included were mashing tertyera(x) and pH (%)
Temperaturavas varied in three levels (40°, 50° and 60f6Cprotein rest periods2,
65 and 68 °C for dextrinizing period and 70, 73 a&itd°C for conversion period.
Similarly, pH was varied in three levels, viz., 4825 and 6.0 for all mashing stages.
The measured FAN and TSS contents during proteinperiod ranged from 10.8 -
15.72 mg glycine/100 mL and 1.4 - 5.8 °Bx respeatyivFAN, TSS, and total
reducing sugar contents in worts during dextrinipgyiod were 9.34 to 13.97 mg
glycine/100 mL, 2.26 to 7.73 °Bx and 2.25 to 7.06ngltose/100 mL respectively.
Similarly, glucose and fructose contents rangednfra55 to 4.3 and 0.24 to 0.53%
(m/v) respectively. The FAN, TSS, and total redgcsugar contents during conversion
period were 10.33 to 13.49 mg glycine/100 mL, &3L.0.80 °Bx and 4.79 to 8.16 g
maltose/100 mL respectively. Similarly, glucose afrdctose contents during
conversion period were 2.35 to 3.17 and 0.3 to %.5@n/v) respectively. The
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optimized temperature and pH for protein rest, dexing and conversion periods in
US mashing process for millet malt were 57.62 °@ @47, 68 °C and 4.5, and 70 °C
and 5.28 respectively.

Millet (var. Kabre) was geminated for 48 h at 27 — 29 °C and kilngtiAm method (a)
by drying at 50 + 2 °C to 7% moisture content ahyl ify drying at successively
increasing temperature from 50 to 80 °C similathi@t used for barley malt kilning.
Beers were made from barley and millet malts armd tthemical characteristics were
analyzed. Glucose content was higher in millet béean in barley beer, while fructose
content was higher in barley beer. Dextrin conteas higher in millet beers (average
value of 1.42%, m/v) than in barley beer (0.89%y)mFAN content was higher in
barley beer (9.4 mg glycine/100 mL) while it wasvest in millet beer brewed from
millet malt kilned by standard barley method (2.8 glycine/100 mL). Barley beer
contained higher total phenolics (59.2 mg GAE/100 mnd tannin (67.5 mg tannic
acid/100 mL), while it had lower total flavonoid®7(3 mg rutin/100 mL) than that of
millet beer. Barley beer showed higher antioxidaativity (33.17%) than those of
millet beers (average of 22.47%). Formaldehyde eruntvas higher in barley beer
(0.33 ppm) compared to millet beers (average ofi @@m). Barley beer contained
lower fusel oil (228.85 g/100 L alc), but higherthnol (249.71 g/100 L alc) and total
aldehydes (32.239g/100 L alc) than those of mille¢rs. Sensory evaluation revealed
that taste, smell, flavor, and color of millet ke@rere comparable to barley beer, but
the body of millet beer was better than that ofdyabeer.

Chemical changes during millet and barley beer émtation was studied at 3 days of
interval until 9 days. FAN and sugars decreasedelgrover the first 3 days of
fermentation while total acidity increased gradpa#aching at 0.29 and 0.27% (m/v)
as lactic acid in millet and barley beers respetyiv Over the first 3 days of
fermentation, about 78% of the total alcohol wasdpced in millet beer, while it was
91% in barley beer. Fusel oil and methanol incréage to day 6, while total esters
increased gradually during fermentation in bothrée¥icinal diketones was highest

during the initial stage and it decreased overdsiheceeding periods of fermentation.
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Recommendations

. Pasteurization and shelf-life study of clarifiedllgtijand can be studied using

different packaging materials.

. Malting of finger millet at different temperaturesth varying concentrations of

gibberellic acid treatments at can be studied.

. Development of millet malt mashing procedure in bamation with mold bran
and its impact on beer quality can be carried out.

. Use of commercial amylase and protease enzymesllgt malt mashing can
be studied.
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Appendices
Appendix A: Experiment design for response surfacanalysis

Appendix A, Table 1 Experimental design in coded form for respongéasa analysis

Coded variables

X1 Xo Combinations Replications Nb.experiments
1 +1 4 1 4
+1 0 2 1 2
0 +1 2 1 2
0 0 5 1 5

Code ‘0’ is for centre point of the parameter ramgeestigated, ‘1’ for factorial
points.

X1 = temperature’C) and x% = pH.

Appendix A, Table 2 Values of independent variables at three levelshefcenter
composite face centered design (CCFCD)

Independent Code vdle in coded form
variables -1 0 +1

Protein rest

Temperature (°C) X 40 50 60
pH 2X 4.5 5.25 6
Dextrinizing preiod

Temperature (°C) X 62 65 68
pH 2X 45 525 6
Conversion period

Temperature (°C) X 70 73 76

pH X 45 525 6




Appendix A, Table 3 Experimental design for mashing with coded andoded

variable levels

Uncoded levels

Coded levels

Protein rest

Dextrinizing period

Conversion period

Run X1

X2

X1

X2

X1

X2

X1

X2

© 00 N O o A WDN P
1
|_\

[ERN
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= =
N ()
O 0O 0o o © o o r

[EEN
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-1
-1
1

(@)
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40
60
40
60
40
60
50
50
50
50
50
50
50

4.5
4.5
6
6
5.25
5.25
4.5

5.25
5.25
5.25
5.25
5.25

62 4.5
68 4.5
62 6
68 6
62 5.25
5.25
65 4.5
65 6
65 5.25
65 5.25
65 5.25
65 5.25
65 5.25

70
76
70
76
70
76
73
73
68
73
73
73
73

4.5
4.5
6
6
5.25
5.25
4.5

5.25
5.25
5.25
5.25
5.25

Appendix B : Analysis of variences (ANOVA) Tables

Appendix B Table 1 Analysis of variance for FAN and TSS models dupngtein rest

period
FAN TSS

Factor Coeff. p-value Coeff. p-value
X1 0.167 0.095 1.633 <0.001

X2 0.393 0.003 0.217 0.203

X1° —2.669 <0.001 1.331 0.001

Xo" -0.509 0.005 -0.119 0.617

X1X2 —-0.985 <0.001 0.600 0.016
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Appendix B, Table 2 Regression model fitted to FAN and TSS data dupirogein
rest preiod

p-values

Responses Regression Lack of fit

FAN <0.001 0.300

TSS <0.001 0.090

Appendix B Table 3 Analysis of variance for FAN, TSS, RS, glucose &ndtose
models during dextrinizing period

FAN TSS RS Glucose Fructose

Factor ‘Coeff  p -value Coeff  p-value Coeff p-value Coeff p-value Coeffp-value

x, —0.97 0.00: 2.7 <0.007 210 <0.00! 1.1 <0.00: 0.05: (.00]
x, -05: 0.009  -0.3: 0.046 0.088 0.390 -0.15 0.067  -0.08D.001
x2 2.9C <0001 -1.8¢ <0.001 -1.37 <0.001 -0.78 <0.001 -0.032068
x,2 0.00¢ 0980 026 0247  0.0012 0994 0.17 0126 -0.0Z8106

XX, —0.3C 0.138 -0.02 0.638 0.20 0.130 -0.10 0.251 -0.0@861

Appendix B, Table 4 Regression model fitted to FAN, TSS RS, glucosefanttose
data during dextrinizing preiod

p-values

Responses  Regression Lack of fit

FAN <0.001 0.096
TSS <0.001 0.948
RS <0.001 0.178
Glucose <0.001 0.404
Fructose 0.001 0.551
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Appendix B Table 5 Analysis of variance for FAN, TSS, RS, glucose &ndtose
models during conversion period

FAN TSS RS Glucose Fructose

Factor Coeff p -value Coeff p-value  Coeff p-value Coeff p-value Coeffp-value

x;, —0.73  0.001 0.8C <0.001 -120 <0.007 -020 <0.00: 0.047 <0.001

x, 065 0001  -0.1¢ 0.005 -0.019 0.864 0.083 0.004  0.017.019
x2 09 0001 -030 0002 -057 0.009 -0.028 0365  0.11<0.001
x2 -0.8¢€ 0001  -0.3¢ 0001 -047 0021 -0.22 0.001  -0.037.003
xx, -0.2: 0100 023 0003 -0.37 0027 0.053 0069 -0.020020

Appendix B, Table 6 Regression model fitted to FAN, TSS RS, glucosefantose
data data during conversion preiod

p-values

Responses  Regression Lack of fit

FAN <0.001 0.696
TSS <0.001 0.060
RS <0.001 0.322
Glucose <0.001 0.069
Fructose <0.001 0.439
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Appendix C: Contour plots for various response varables

6.00
5.63 13.2¢
PH 5.25 438
' 13.29
4.88
11.46
450 \ \ T |
40 45 50 55 60

Temperature (° C)

Figure 1 Contour plots for FAN content during protein rpstiod of mashing.
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Figure 2 Contour plots for TSS content during protein p=iod of mashing.
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Temperature (° C)

Figure 3 Contour plots for FAN content during dextrinizipgriod of mashing.
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Figure 4 Contour plots for TSS content during dextrinizpegiod of mashing.
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Figure 5 Contour plots for total reducing sugar (RS) conhtkming dextrinizing period
of mashing.
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Figure 6 Contour plots for glucose content during dextiimgzperiod of mashing.
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Figure 7 Contour plots for fructose content during dex#ing period of mashing.
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Figure 8 Contour plots for FAN contemturing conversion period of mashing.

253



5.63 —

9.93

E p— 10.34

4.88 —

4.50 T T T
70 72 73 75 76

Temperature (°C)

Figure 9 Contour plots for TSS content during conversiongaeof mashing.
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Figure 10 Contour plots for total reducing sugar (RS) cahtiuring conversion
period of mashing.
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Figure 11 Contour plots for glucose content during conversieriod of mashing.
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Figure 12 Contour plots for fructose content during convansperiod of mashing.

Appendix D: Sensory evaluation score sheet

Hedonic Rating Test
Name of the panelist:
Product: Beer Date:
Taste these samples and give the appropriate sceh®w your attitude about the
sample.

Attributes Sample codes

1. Taste
2. Smell/odor
3. Flavor
4. Color
5. Clarity
6. Body
7

. Overall acceptance

Please use the following numeric values to expyess feeling about the sample

Feeling Score
Excellent 5
Good 4
Satisfactory 3
Fair 2
Poor 1

(Signature)
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