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Abstract

Defined alcoholic fermentation starter for cereainfentation was prepared usiRg
oryzae (ITCC NO. 4408) mold an&. cerevisiae yeast in wheat bran-rice flour mixture
(25:75) and used for cereal fermentations. Effetteermentation containers and raw
materials on the quality of fermented cereals vwoelied. Finger millet (vaikabre)
was dehusked, cleaned, washed, soaked for 2 h,edpoénd cooled to room
temperature. Fermentation starter was added atatieeof 1% by weight of millet;
biomass developed for 2 days at 29 + 1 °C, fillatb idifferent containers and
fermented at 26 + 1 °C for 15 days. Chemical ams@sy quality of fermented millet,
rice, maize, and wheat were also compared. Ricevdwedt were incorporated to millet
(singly and in combination) and their effects oe tjuality of fermented millet were
studied.

Quality comparison between solid - and semi sdiades fermentations (biomass
developed millet : water :: 1:0.5 and 1:1 m/v respely) was carried out. Biochemical
changes during millet fermentation, storage stgbiif fermented millet packed in
polyvinylchloride (PVC) container at room temperat({@5 + 2 °C), and clarification of
millet jand using fining agents were studied. Chemical ands@gn quality of

fermented millet using defined starter were comgavigh those found in the market.

Alcohol (15 = 0.8% v/m) and total ester (0.85 +® @ ethyl acetate /L alc) contents
between plastic and wooden containers were noerdifit (p>0.05), while earthen
container resulted significantly lower alcohol @1% v/m) and higher total esters
(1.831 g ethyl acetate /L alc) in the fermentedlenilMillet fermented in earthen
container had total aldehydes content by more theee times (0.850 g acetaldehyde
/L alc) than that of plastic container. Total esta&fSS, total and fixed acidities and pH
were significantly higher in whegand, while no remarkable difference in alcohol
content was found among millet, rice, maize, an@atfands. Sensory quality of rice
jand was liked very much, whereas that of maize waskdi slightly. Total ester
decreased by wheat addition, total aldehydes isetkdy both rice and/or wheat
addition, while methanol content remained unaff@édig cereal combination. Addition

of wheat significantly impaired (p<0.05) the taatel smell of millejand.

Results of solid versus semi-solid fermentationgeaéed that total esters, total-, free-
and volatile acidities increased remarkably, whihol remained unaffected by semi-

solid fermentation of finger millet compared to idedtate one. Sensory evaluation
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revealed that taste, color, and smell of fermemdbet were significantly impaired by
semi-solid state fermentation. Chemical analysiseahented finger millet packed in
PVC container and kept at 25 * 2 °C for 90 daysvelabthat total aldehydes, esters and
reducing sugar increased<(j0.05) by 24, 58 and 13% respectively, whereashalco
content decreased by 9% over the storage periadaRkable improvement in sensory

quality of fermented millet occurred during roomrmigerature storage.

Different fining agents (bentonite, gelatin, tanamd tannin-gelatin combination) were
tried for the clarification of finger milletjand. Addition of bentonite (3 g/L) resulted
the best clarification of all the fining agents latit significantly affecting the chemical
and sensory quality of the clarifieghnd, while tannin-gelatin combination showed an
adverse effect opand clarification. The results of biochemical changiesing millet
fermentation showed that moisture, TSS, acidity andars increased, while starch
decreased during fermentation. About 69% of thal talcohol was formed on day 6
with a final alcohol content of 14.58% (v/m) on dB¥. Finger millet fermented for 3
and 6 days had total aldehydes (as acetaldehystejsdas ethyl acetate), methanol and
fusel oil contents of 1.857 and 1.089, 2.121 ari4,. 1.753 and 1.5 and 8.028 and
4.366 g/L alc respectively. Total oxalate decreabgd51% on day 6, phytic acid
decreased by 4.5-foldn day 12, while total free amino acids increasgd+iold on
day 6 during fermentation. Phosphorous, mangares#ium, potassium, and zinc
contents increased while iron did not changed byéatation.

Chemical analysis of fermented millet using defiseatter (lab sample) and traditional
starter (market sample) revealed that lab samplehigher alcohol, but similar fusel
oil contents compared to market sample, while ntaskenple had alarmingly higher
total aldehydes (0.305 — 0.390 g acetaldehydes) a@d methanol (3.723 — 5.840 g/L
alc) contents than that of lab sample. Millet fenteel with defined starter had superior

sensory quality than that fermented by traditicstatter.

Brewing potential of six Nepalese finger millet idiles was investigated. Millets were
soaked for 12 h at room temperature (26 — 28 °€)nopated for different times at 28
+1 °C, dried at 50 £ 2 °C for 24 h and enzymatitvdaies and chemical characteristics
of the malts were analyzed. Effect of malt kilnilegnperature and kilning methods on
malt quality; mashing methods, barley malt and niowkth additions on wort properties,
and gibberellic acid treatment during seed gerrmonabn malt quality were studied.

Changes during millet and barley beer fermentataog quality comparison between
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barley and millet beers were carried out. Mashinogdiion for millet malt was

optimized using response surface methodology.

Alpha-amylase activity was maximum in 72 h germadaDalle millet malt (22. 96
units/g dry malt), while beta-amylse activity wasoamum in 48 h germinateldabre
millet malt (385 units/g dry malt). Forty-hour gamatedJuwain millet exhibited the
highest carboxypeptidase activity (242.5 unitsig mialt) and FAN contents (57.8 mg
glycine/100 g dry matter). Amylose to amylopectatios in native and malted millet
starch were 29:71 and 28:72 respectively. Maltaettanalysis showed that color, free
amino nitrogen (FAN as glycine), and total reducsngar (as maltose) ranged between
2.77 — 5.78 EBC units, 2.6 — 9.0 mg% (m/v) and 4:5293 mg% (m/v) respectively
among the six millet malt extracts. Higher kilnitegnperature (80 = 2 °C) significantly
decreased (®0.05) a- amylase and carboxypeptidase activities, wifilamylase
activity and FAN did not change compared to 50 #C2kilned millet malt. Malt

extract color increased, while FAN decreased witlteasing kilning temperature.

Incorporation of barley malt up to 40% (m/m) to letilmalt did not improve the wort
properties appreciably, while FAN increased by 58%&r the control. Addition of

mold bran to millet malt up to 2.5% reduced wodcasity by 8% and increased FAN
and formol nitrogen by 81 and 44% respectivelyhia wort compared to control. The
US mashing process produced the highest reduciggr 49.27%, m/v as maltose),
FAN (17.4 mg% , m/v as glycine) and dextrin (3.49%8y) in the wort compared to

infusion mashing at 70 °C and decantation maslaing0 °C.

Evolution of TSS during millet and barley malts mmiag using US mashing process
revealed that millet starch had gelatinization terapure around 70 °C. Optimization of
mashing temperature and pH for millet malt usirgpomse surface methodology in the
US mashing process showed that the optimum temyperaind pH for protein rest,

dextrinizing and conversion periods were 57.62 i@ &.47, 68 °C and 4.5, and 70 °C

and 5.28 respectively.

Gibberellic acid (GA) treatment (5-ppm solution in water) during milggrmination
at 28 + 1 °C significantly increased amylase atéigsiand FAN contents in all millet
malts compared to contrdkabre millet variety exhibited a strong response to;GA\
increasing enzyme activities and FAN, and produsetter malt when germinated for
56 h of all millet varieties studied.
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Results of chemical changes during millet and lyabeer fermentation showed that
most of the chemical properties of the wort sulisafiy changed over the first three

days of fermentation in both millet and barley madirts; however, the changes were
relatively faster in barley beer. Fusel oil and Inagiol decreased, while total aldehydes

and esters increased with fermentation time.

Chemical and sensory analyses of millet and bdrksr showed that dextrin content
was lower in barley beer (0.89% m/v) than in mibbeer (average of 1.42% m/v). Total
phenolics content (as gallic acid) was 59.2 mg%)nn barley beer, while it was 48.6
mg% (m/v) (average of two beers) in millet beenrradehyde content was higher in
barley beer (0.33 ppm) than in millet beer (averaf@.235 ppm). Fusel oil content
was lower in barley beer (228.85 g/100 L alc), ehienthol (249.71 g/100 L alc) and
total aldehydes (32.23 g/100 L alc) were highdvarley beer compared to millet beers.
Vicinal diketones content was higher in barley béed4 ppm) than in millet beer
(average of 0.3 ppm). Sensory quality of milletro@as comparable to that of barley

beer, except that body of millet beer was bettengared to barley beer.

Keywords. Millet, defined starter, traditional fermentatidrewing potential, analyses
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