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LLINTRODUCTION

Morth East India is characterized by a diverse population of people with differem
ethnic backpground Most of the people of this region are tribal and bear their own methods of
fermenting food materials for the purpose of preservation and faste enhancement and they
have been carrying these from time immemorial. All the fermented products are region
specific and have their own unique substrates and preparation methods. Materials such as
soybeans, bamboo shoots and locally available vegetables are commonly fermented by most
of the tribes. The fermented alcoholic beverages prepared in this region are unique from the
rest of the world in several aspects and bears deep amachment with the socio-cultural lives of
the people. The starier cultures used and the utilization of indigenous microbes reflect the
expertise of these people in customary microbiology, Microbes such as Saccharompces
cerevisiae, Candida spp, Lactic Acid Bagteria (LAB) and Bacillus spp. have been found to be
abundant of common ococurrénce in these products. These products also serve as a source of
economy 10 many of the rural pecple, who prepares them a1 home and market locally.
Detailed swdies on the nutritive and medicinal value of these products can provide valuable
information would prove beneficial in the use of these products on & wider scale
Formulation of new techniques to increase their shelf life would help an the

commercialization of these products.

The process of preparing alecholic beverages and its consumption is one of the oldes!
activiies of mankind. The production of beer from rice 18 very common in the Asian
countries and is known by different names such as shaesingify and lao-chae of China, sake of
Japan, chong/u and takjn in Korex, fapuy in Phillipines, brem bali and tfape-keiam in
Indonesia, fhaoriak in Thailand, row sep than in Vietnam and fapal pulul in Malaysia. In
case of the general type of beer, the main ingredients are yeasts to carry out the fermentation
process, & cereal to serve as the source of fermentable carbohydrates, proteins, polypeptides,
minerals, et¢. and hops which imparts a bitter taste and its hop characteristics and has

antimicrobial properties and water (liguor),

The consumption of rice beer prepared from rice is a common practice among many
tribal communities residing in the North-Eastern siates of India and many of them have been

preparing It since time immemorial. It also plays an important rele in the socio-culural life of
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the wibal people as it is found to be associated with many occasions like merry making, ritudl
ceremonies, festivals, mamiages and even death ceremonies. The preparglion  and
consumption of this type of liquor emerged mainly due to the climatic conditions and
discovering the use of surrounding natural resources. There are also reports of rice beer being
used as a drug. 1t works effective against insomnia, headache, body ache, inflammation of
body parts, diarrhoea and urinary problems. expelling worms and as a treatment of chalera.
All of the tribes prepare their indigenous alcoholic beverages at home using round o
flattened sclid ball-like mixed dough inocula or starter. The methodology of fermentation
carried out by different tribes is almost the same, except that the difference comes from the
different types of plant species used in starter culture preparation. Yarious plants have been
reported to be used in the preparation of rice beer starter cultures in Morth-East India by
various authors. Some are Albizia myriophylla by the Maireis in the staie of Manipur,
Amomum aromaiicum by the Jaintia tibe of Meghalays, Plumbage zeylanica | Buddleja
asigtica . Vernomia cinerea  and Gingiber afficinale in the state of Sikkim, Glyeprriiza
glabra by the Dimasas in Assam, Ananas comeosus, Ariocarpus heterophylins, Calarropis
gipantea, Capsicum fritescens etc. by the Rabha tribe of Assam and sprouted rice grains oy

the Angamis in Nagaland.

In rice beer the process of manufacture consists of the saccharification of the starch
present in sicamed or builed rice by fungel enzymes followed by alechelic fermentation by
veasts supplied by traditional starters. These starters are usually in the form of dry powder or
hard balls containing a mixed flora of both fungi and bacterin. However in some cases
powdered sprouted rice is also used as starter. The final product contains various live
microcraanisms and comman type are the yeasis Saccharomycopsis, Saccharompces, Pichig,
Harsenwla, Torwlopsis and Candida, the moulds Mucor. Aspergillus and Rhizopur, and
bhacteria of the type Pediococcus, Lactobacillus, Micrococcus, Bacilius, Aevobacter and
Leucanostoc, During the fermentation process, a succession of microbes with o delicate
balance between differest kinds is observed along with changes in biochemical parameters
especially in sugar contents. The highest organoleptic score has been reported to be abtained
in between two and three day period of fermentation and the shelf stability of these producls
are short. The product is mildly alcoholic and is sweet flavoured. Many volalile compounds

have been characterized as odour active compounds in rice beer and these are said 10 pravide

aleohol like, swest, fruity, buttery and pungent aroma.

T2 9171919717111 1T17T191,
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2. OBJECTIVES

The following were the proposed objectives of the project work

|, Standardization of traditional method of rice besr preparation by the tribal people of
MNortheast India

2. Biochemical characterization of the plants used as starter material during fermentation
in the traditional method

3. Tocharacterize the rice beer bath microbiologically and hinchemically collected from
different tribal balts of Martheast [ndis

4. Replacement of rice grain with tapioca roots as raw material for the production of

beer and its quality evaluation both microbiologically and biochemically

Accordingly, all the objectives of the project have been fulfilied in a systematic order, Some
additiofial studies have also been done on the microbiological properties of the starter cakes

used for fermentation, which is also being reporied.



3. LITERATURE SURVEY

A. At regional level

In North-East India rice beer is prepared using stamer cultures in the form of dried
cakes. Various parts of plants are used in the preparation of starter cultures, by differem
iribes depanding on different geographical locations (Tiwari and Mahanta, 2007, Singh and
Singh. 2006, Samati and Begum, 2007, Deori o1 al, 2007, Tsuyoshi et af., 2008, Saikia et ai,
2007, Chakrabarty er ai., 2009). The starter cultures used in North-Eastern part of India in
preparalion of rice beer are similar 1o other Oricntal stariers such as Ragd of Indonesia, Murwk
of Korca, Bubod of the Philippines, Loogpang of Thailand, Chiwyueh of China and Men of

Vietnam {Tamang e af., 2007).

Some of the plants reported to be used in starter culture preparation along with
powdered rice are Feronia cinerea Less and Clerodendron viscasum Vent in the state of
Arunachal Pradesh (Tiwari and Mahanta, 2007), Abizia myriophplia Benth by the Maiteis in
the state of Manipur (Singh and Singh, 2008), Amemum aromaticum Roxb. by the Jaimtia
tribe of Meghalaya (Samati and Begum, 2007), Ariccarpus heterophyllus, Cinnamomum
bejolghata, Cosius speciosus, Desmodium pulchellum, Coffea bengalenses, Cyperus sp.,
Lguisetnm sp., Lygodium flexuosum, Melastomsa malabarkricsm and many others by the
Leori tribe of Assam (Deoni er al, 2007, Plumbago zewlanica L., Buddieja aviatica Lour,
Vernomfa cineres Less and Gingiber officinale in the state of Sikkim {Tsuyoshi er af., 2005},
Lygodium faxuoswn Linn, Lencas aspera Spreng, Cissampelos Pereiva, Scopavia dulels
Linn., Cingmommum glanduliferum Meissn. and Piper betle Linn. by the dhoms of Assam
(Saikia et al., 2007), Glveyrrhiza glabra L. by the Dimasas in Assam (Chakrabarty e af,
20097 and sprouted rice grains by the Angamis in Nagaland {Teramoto ef al., 2002).

5 =

Much of the works on starfer cekes have been done on marcho and kel Marcha
and famed are mixed dough inccula used as starters for preparation of various indigenous
alechalic beverages in the North-Eastern states of Sikkim and Manipur respectively (Tamang
et al., 2007).

Tamang and Sarkar {1995) studied various characteristics of marcha cakes and found
them to be muld acidic {pH 35.2) with 13% wiw moisture and 0.7% wiw ash (dry weight
basis). Microbiological examination of the samples revealed the predominant specics to be

Fedococcus  pentosacens, Soccharompeopsis  fibuligera,  Pichio  anomala,  Mucor

1977977777777 7977797779771777717777171777179 ¢ ¢
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circinellvides and Rhizopus chimensis. Amylolytic sctivity was exhibited by the moulds M
circinellowdes and R. chinensis and the veast 8, fibuligera.

Tsuyoshi es al. (2005) [solated 22 swzins of yeast from sample of marcha collected
from different regions of Sikkim. By phylogenetic and phenotypic study, they were identified
a8 Saccharemyces bayanus, Condida glabrata, Pichia anomala,  Saccharomycopsis
fibuligera, Saccharomyeopsis capsularis and Pickia burtonil, Out of these, 8. fibuligera, S
capsularis and Fburtonii had shown amylolytic activity. Whereas, ethanol production was
exhibited by 8 bayamus, C. glabrata and P. anoimala,

(n another work, Tamang ef al. (2007) isolated the lactic acid bacteria (LAR) from
farnei and marcha and identified them based on phenotypic and genotypic characteristics and
also studied some of their technological properties. They reporied the average population of
LAB in famel w be 6.9 log clu'g and marcha to be 7.1 log cfivg. The isolates from hamer
were identified as Laciobacillus plartarum and that from marcha as Loctobacilius hrevis
Whereas, Pedlococcus pentosacens was found in both the type of semples. All the strains of
LAB isolated from hamei showed strong antimicrobial activity against Listeria fmnocua,
Listeria monocylegenes, Bacillus cereus and Siaphylococcus auréeus, whereas in marcha only
one strain of P. pentosacens showed strong inhibition zones. The strains of Pediococous

isolated from hamei were found to produce bacteriocin apainst Listeria innocua and Listeria

OO O EErES.

The molecular identification of veast species associated with hamed has been reported
by Jeyaram et o, 2008. Yeusts were found in the range of §-2 log ofu’ g and moulds in 5-7
log cfu/g. They carried analysis of the restriction digestion patiern generated from PCR
amplified internal transcribed spacer region elong with 5.85 rRNA gene. The restriction
analysis was carried out with three endonucleases (Hae 11, E’fa I and HinfT). Based on ITS-
RELP profile nine different groups were identified as Saccharompees cerevisiae, Pichia
anamatla, Trichosparon sp., Candida tropicalis, Pichia guilliermondi, Candida parapsifosis,
Torulaspora delbruecki. Pichia fabianii and Candida mowrtana, The most frequent veast

species were found to be 5 cerevisiae (32.5%), £ anomala (41.7%) and Trichosporon spp
[8%).

fhary jaanr 15 a fermentad rice beverage and prepared in the rural areas of Darjeeling,

Sikkim and other parts of Northeast [ndia as reported by Tamang and Thapa (2006} The



authors prepared bhatil faanr by using marcha and studied the fermentation dynamics. The
filamentous moulds Mucor circinelloides, Rhizopus chirensiz and Rhizopus stolonifer were
isolated during the initial stage of fermentation. Their population was found to decresse
during fermmtaliun- and disappeared afier the fifth day, The yeasts Seccharomycopsis
fibuligera, Pichia anomala, Saccharemyces cerevizize and Candida glabrata were iselated
and 1t was tound that the population of yeasts increased from 5 log cfi'g 1o B log efw'g after
two days end decreased to a level of 3 log cfivg after ten days. It was also seen that 5
Srbwligera was more dominant on the second day than that of other veasts. The LAB isolated
were identified as Pediococcus pemvosacess and Lactobacillus bifermentans and their
population increased until the second day of fermentation and then declined slowly. During
fermentation the temperature remained relatively constant between 28°C to 30°C, the pH
decreased from 6.3 to 3.2 within the second day and slightly increased to 3.9 at the end. The
titratable acidity expressed as percentage of lactic acid of sample increased from 0.01% to
0.20% till the fourth day and remained at a level of 0.17% )l the end. The alcahal content
increasad from 0 % to 5.9 %. The reducing mg_'ar contents increased from 0.01% 2 12695 by
the third day, and declined until the end of fermentation. The total sugar contents decreased
from 64.1% 1o 13.4%.

Thapa and Tamang {2004) examined 40 samples of kodo ko jaanr which is a popular
fermented finger millet beverage in the Eastern Himalayan regions and is prepared using
matreha as the starter. The total count of asrobes was 7.4 log cfu/g, yeasts ranged from 6.3 to
7.4 log cfuw/g and LAB counts ranged from 4.1 to 6.5 log cfu'g. Phenotypic characterization
led to the identification of the veast species as Pichie anomala, Saccharomyces cereviziae,
Candida glabraia and Saccharomycopsis fibuligera Out of the LAB isolates, the coccii-
tetrads were identifies as Pediococeus pemissocens and-the rods were identified as
Lactebacillus bifermentans, The pH, acidity (percentage of lactic acid) and alcohol content in
the products ranged from 3.7 — 4.5, 0,23 - 0.5% and 1.8 — B.7% respectively. The authors
also found an increase in the content of manpanese, iron and phosphorus in the product than

the raw material.

Characterization of zuhoe (an alcoholic beverage prepared from rice in the state of
MNagaland) has been done by Teramoto ef al. (2002}, They isclated a strain of yeast from
suthe and concluded that it closely resembled Saccharompces cereviciae. The funpus
Rhizopus spp was found in the starter sprouted rice grains, but it was not isolated [rom the

G
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sample of zutho. The collected sample was found 1o have alcohol content, pH and acidity of
3.0%, 3.6 and 5.1 respectively.

E. At national level

Alcoholic beverage is prepared by many of the fribea residing in central India, and
plays an important role in the social life of these pecple, as reported by Kumar and Raa,
2007, The authors studied the methodology of preparation of Fandgta which is prepared from
graing {hpeo sativa L in Surguja district of central India. The starter culture is known as
Rarw or Raru gotl and is a mixture of rice flour and roots, barks, rhizome and leaves of
severnl plant species. The plant specics reported to be used in the preparation of Roww are
Argyreia bella, Bombor ceiba, Buchanania lanzan, Casearia praveolens, Cassine glawcd,
Carunaregam spinose, Cissampelos pareira Crotalaria albida, Cryprelepts  buchanand,
Matura fefal, Elphantopus seaber, Euphorbia profifera, Hemidesmus indicus. Holarrhena
pubescens, Knoxia sumatrensis, Pueraria fuberose, Scoparia dulcis, Senecio mudicauls,
Svmplocos racemosa, Tylophora rotundifolio sand Watiaraka volubilis.

Similar rype of rice beer has also been reported by Ghosh and Das (2004}, who
surveyed the process of rice beer production among the tribal inhabitants of 1ea gardens in
Terai of West Bengal. The starfer cake is known as rane dabal, which is a8 mixture of nce
flowur with different parts if the plants Coccinia grandis, Vernonia cinerea, Clerodendrum
viscosum, Plumbago zeylanica, Stephania japonica, Stepharia glabra, Orexylum indicum,
Mussaenda roxburghii, Scoparia dulcts, Rewvolfia serpenting, Artocarpus heleraphylius and
Wattakaka volubilis

Starter material known o3 keem is also reported to be used in the preparation of
alecholic beverage known as seor (from rice or fruis) in the Tons Valley of Garhwal
Himalaya. In this, barley flour is mixed with e¢ither the leaves, roos, bark, bulbils, fig or
whole plant of the species Artemiria roxburghiana, Berberis lyceum, Boerhagvia diffusa,
Cajarus scarabeoides, Callicarpa macrophylla, cannabis sattva, Carlisa opaca, Cassia lora,
Cinnamomun tamala, Cixsampelos parlern, Cocculus hirswius, Colebrookia oppasitifolia,
Cymbopogon martind, Datura stramorium, Dicliptera rozburghiana, Dicscorea bulbifera,
Euphorbia vovieana, Ficus benghalensis, Ficus semicordata, Ceranium  nepalensis,
fehnocarpus frutescens, Indigofera linifolia, Levcas lanata, Melia azedarach, Partherocissus

semicordata, Physalis minima, Pinus roxburghil, Punica granatum, Rhus parviflora, Reylea
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cinered, Rubus nivews, Sapindus mukorossi, Skimwmia anguetila, Syzgium cumini, Fiex
negundo, Woodfordia fruticosa and Zanthaxlum armatum (Rana et al., 2004).

Kyalakond er al. {2006), screened different varieties of rice to test their suitability for
rice beer production, using diastase a-amylase as an enzyme, After sacchanification, the must
was subjecied to fermentation by inceulating the standard yeast strain Saccharomyces
cerevisiae var ellipsoideus 101. The beer obtained was tested for residual reducing supars,
pH. peotein, towl soluble solids, ethanol, tirable acidity, colour and brighmess and
organcleptic evaluation by following twenty point scale. Based on the resulis, the authors
concluded that Intan variety of rice (provided by Agricultural Research Station, Mugad) was

most suitable for rice beer production among all the varieties studied.

Balawe is a wheat based starter culture used in the fermentation of several beverages
by the Bhotiya community of Utiaranchal Himalays. The plant species used in its preparation
are Chirmemomum seplanicur, Amomum subulatum, Piper longum, and Ficus religiosa.
Some amount of old starter culture is also ddded o the mixwre (Roy e al., 2004; Das and
Pandey, 2007). The pH, moisture content and ash conient in samples of balam were recorded
as 6.6, 9.4% and 2.4% respectively. The-starch, fat and protein content were found 1o be
2.5%, 2.0% and 1.47 mg/gm respectively. Microbiological examination of the samples has
revealed the yeast species present as Saccharampcopeis fibuligera, Kluyveromyees mrcianus
and Saccharomyces spp. The bacteria isolated were considered to be close [0 the genus
Bacifius (Das and Pandey, 2007

Thakur er @l (2004) studied the rice beer known as chhanglugri and the traditional
inoculums known as phab prepared in the tribal belt of Lahaul and Spiti of Himachal
Pradesh, Saccharomycer cerevivioe, Bacilluy spp and- Actinomycetes were isolated from
samples of phab. Whereas Saccharomyces cerevisiae, Candida cacol, Leuconystoc sp and

Lactabacillus sp. were isclated from samples of chhang and lugrr

The tribal people of Orissa prepare rice beer known as fundia by using the starter
cake known as bakhar. Bhakkar is a mixture of powdered rice with different parts of the
plants Cissampelos pareira, Diospyros melanoxylon, Lygodium flexuosum, Crthosiphon

rebucundus, Ruellio tuberose and Terminalia alata (Dhal et al., 2010}
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C. At International Level

A mixed starter inoculums called murcha is used in the production of local aleoholic
beverages in India, Tibet, Nepal, Bhuton cte. {Tsuyoshi e af., 2005). Tiwarl er af (2007
studied the lactose assimilating yeast from Nepalese mwcha to elucidate the lactose
assimilation by indigenous of yeast in Nepal. In this study, 3] swrains were isolaied from §
murcha samples from different focalities of Mepal. They found that around 22 58% of isolates
possessed lactose assimilating activity, which are almost of Bullera spp. All the lactose
positive strains were able fo assimilate glucose, sucrose and maliose. Around 57.14% of the

lactose assimilating isolates were also able to assimilaie galaciose,

Sixty-nine strains of bacteria were isolated from murcha and rapi (amyviase starters)
belenging to Java, Bali, and Nepal by Hesseltine and Ray, 1988, Most of them belonged 1o
Fedincaceus, probably P. pentosaceus, and o Streptococcus faecalis. None of the isclates
were found to utilize starch directly unless yeasts and moulds were added at the same time.
They concluded that these bacteria may be involved in the production of certain secondary
prosducts from the glucose formed by the amylolytic yeasts and moulds.

Sayuki er al, 1996 reported the effect of microflora of mana which acts as a starter
culture on brewing of raksi (distilled liguor in MNepal), [n this study, they found that a rice koji
mana sample from Mepal contained 6.1 log cfiv'p of Mucorales, 7.5 log cfu'g of Aspergilll and
5.04 log cfufg of lactic acid bacteria and less than 3 log cfu'g of yeast. They also found thal
the sequence of partial 185 rENA gene of the isolate was identical to those of Aspergilius

oryvaee and Aspergilfs Tavas.

Later on, Shrestha el @l (2002) reported the microbial population of murcha and poko
(rice based fermented food) samples from MNepal. They found that lactic acid bacteria and
veast were dominant at 5.6 log to 9 log cfu/g range while fungi were present at 5.3 logto 7
log clwg, Coliforms (2 w 5.1 log cfuw'g), £ coli (3 log cliwg), and. 8. auwrews (2 log cfu /g)
were present in some of the murcha starters. Sacchoromyrers cerevivine, Condida versatifis,
Lactobacillus spp, Pediococcus spp and Rhizopus spp were identified from the poko sample.
The pH, acidity, reducing sugar, total sugar, ond aleohol after 2 and 3 days of fermentation
was found in the range of 3.2-3.0, 1.1-1,3 (% lactic acid), 14.4-15.6 (%), [4.6-18.2 (%) and |-
1.6 (%) respectively.




Limtong ef al. (2002) studied the diversity of yeast In loog-pangkao-mag (staster for
alcohelic sweetened rice) and loog-pang-lao (starter for rice wine) used in Thailand. The
veast species present in both types of samples were Seccharomycopsis fibuligera, Pichia
anomale, [srarchenkia orfemialis | P, burtonii | P, fabiagni , Candida vhagii |, O glabrala,
Torularpora mlaboza, P. mexicana and one isolate each of P. heimii Rhodororula philyla,
Saccharomyces cevevisiae, I, delbrueckii and Trichosporon asahii. Strain 8. fibuligera was
the single yeast species found n 60.53% samples of loog-pang-kao-mag and 36,84% samples
of loog-pang-lao. Strains of 5. fibuligera revealed strong amylolytic activity and produce low
ethyl alcohol (2 %v/'y from 18 % glecose at 48 hours). Whereas, other yeast species showed
low amylalytic activity but high or moderately high in alcohol fermenting ability (as high as
6.03% wiv),

In one of the studies carried out by Menz ef af (2010) 20 microbrewed beers were
screened from 19 brewernies for lectic acid bacteria, Almaost 30% of them contained culturable
lactic acid bacteria, and many had lactic acid Jevels well above the flavour threshold. The pH
vilues ranged from 3.64 to 4.61, with a mean of 4.16 and the ethanol levels ranged from 2.50
ta 11.0% (viv). RAPD-PCR revealed the strain as Lacfebacilius brevis, which was found to
be the most frequently isolated species ;*.IJ isolates were capable of spoiling beer and

conteined putative hop resistance genes.

Sujaya ef al. (2001) identified lactic acid bacteria present in rage fape, which is a
traditional dry starter of Balinese rice wine, on the basis af 1658 rDNA sequencing. The
species identified were Pediococcus pemiosacens, Enterococcus faecium, Laclobacillng

curvatus, Weidssella confuse and W. Paramesenteriodes

A large number of volatile and aromatic compounds have been identified in rice beer
by GC-MS methods and have been reported by several authors (Lo et al., 2008; Yoshizaki
el al, 2010: Chuenchomrat ef af, 2008; Mo e al., 2009; Isogai et al, 2005). Some of the
compounds reported are ethanol, a-propancl iso-butyl alcohal, a-butanal, iso-amyl alechol,
2 3-butanediol, benzene ethanol, ethy] acetate, ise-butyl acetale, iso-Amyl acetate, ethyl
pyruvaie, ethyl lactate, acetone, discetyl (2,3-butanedione), acetoin (3-hydroxy-2-butancne),
acetic acid, fso-butyric acid, furfural, ¢yclopentane, heptanes, n-octane, Irans 2-octene,

isobutyl alcohol, 2-methyl-1-butanol, 3-methyl-1-butanel, 1-octen-3-of, iscbutyraldehyde,

butanal, 2-methylbutyraldehyvde, isovaleraldehyde, hexanal ketones, 2-butanone furans, -
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methylfuran,  J-methyvifuran 2 5-dimethylfuran, 2-pentylfuran, isopropyl  formate,
cthylbenzene,  propylbenzene, u-methylstyrene, benzaldehyde, phenylacetaldehwvde,

acetophenone, limonene, 1,8-cineole, dimethyl trisulfide, cyclohexyl, isothiocyanale etc.
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4. INSTRUMENTS PROCURED

AL Deep Freezer

As per the purchase order of Tezpur University No. TU/11-15/PUR/FPT2010/4912-A
daed 30.09.2010, the Deep Freezer (ultra low temperature} (Fig 1) of make MNew

Brunswick Scientific (Model U410y was supplied by the firm Eppendorf India, Chennai,
and installation was done successfully on 28.01 2011,

o

Fig 1: Deep freezer

B. Refrigerated Incubator Shaker
As per the purchase order of Tezpur University No. TU/L1-1$/PURFPT2010/4917-A
dated 30.09.2010, the Refrigerated Incubator Shaker make Mew Brunswick Scientific

(Model E24R) (Fig 2) was supplied by the firm Eppendorf India, Chennai, and
installation was done successfully on 28.01.201 |

iz
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Fig 2: Refrigerated incubator shaker

C. Electronic Balance

As per the purchase order of Tezpur University TU/ 1-15/PUR/FPT/ 201 0/4913-A dated
30092010, the Electronio Balance of maks Sartorius (Model CPA 2250) (Fig 3) was

supplied by the fimm North East Enterprise. Guwahati, and installation was done
successfully on 17.03.2011.

Fig 3: Electronic balance
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. Hot Air Oven

As per the purchase order of Tezpur University TUS 1-15/PUR/FPT/201 (V49 14-A dated
30.09.2010, the Hot Air Oven of make HMG India (Fig 4) was supplied by the firm MNorth

East Enterprise, Guwahati, and installation was done successfully on 17.03.2011,

Fig 4: Hot air oven

E. Laminar Air Flow Worksiation
As per the purchase order of Tezpur University TU/L 1-15PUR/FPT/20110/491 5-A dated
10.09.2010, the Laminar Air Flow of make Microfigld (Model HHL 4) (Fig 5) was
supplied by the frm WNorth East Enierprise, Guwahati, and installation was done
successfully on 17.03.2011.

14
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Fig 5: Laminar air flow

F. HFLC System
As per the purchase order of Tezpur University TLV 1 1-153/PURFPT2010/3058-A dated
07102010, the HPLC system of make Dionex (Model Ultimate 3000) (Fig 6) was
supplied by the firm Dionex Softron Gmbh., Germany, and instzllation was done

suceassiully on 07.03.2011.

Fig 6: HFLC system

15




G. Fluorescent Microscope

As per the purchase order of Tezpur University TU/L1-15/PURFPT/2011/833-A dated
30.03.11, the Trinocular Microscope of make Leica (Model DM 3000) {Fig 7) was
supplied by the firm M/s Leica Mikrosysteme Vertrieb GmbH, Germ any and installation

was done successfully on 20.12.201 1.

Fig 7: Fluorescent Microscope

H. Fermentor
As per the purchase order of Tezpur University TU/ 1-15/PURFPT/2011/831-A dated
30,03.2011, the Fermenior of make New Brunswick Scientific (Bioflo 115) (Fig §) was

supplied by the firm M/s Eppendorf India Limited, Chennai, and installation was done
sugeesstully on 03.02.2011.

16
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Fig 8: Fermentor

I. Auloclaye

As per the purchase order of Tezpur University TU/L1-LS/PURFFT/201 1/832-A dated
I0.03.11 the Autoclave of make HMG India (Fig 9) was supplied by the firm M/s Narth

East Enterprise, Guwahati and installation was done successfully on 21.10.201 1.

Fig 9 Autoclave
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5. MATERIALS AND METHODS

A, Collection of Samples

A Deld survey was camried out in the villages and rural areas of the states of Assam,
Magaland, Arunachal Pradesh, Maghalaya and Sikkim for five months (Sepiember, 20100 (o
January, 2011). The areas were selected based on the information available upon the
prevalence of traditional methods of rice beer preparation. Information was collected from
the producers predominanily involved in the process of making rice beer, The women in all
the communities visited were mostly involved and they were inquired about their praciices
for preparation such as meking of starter cakes along with plamts and thelr pans added,
fermentation procedure, duration and uses of the beverage. Samples of starter cakes and
fice beer were collected in 500 ml sterile containers, marked according to the place of
collection, brought to the laberatory and stored at 4°C. Some of the nearby fields and forests
were visited along with local help and the availzble plant samples were collected and stored
in plastic bags and sealed.

] Pradesh

i

Fig 10: Map of North-East India
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Fig 11: Collection of samples and enquiry about
preparation technigque in the state of Magaland

. ldentification of the collected plant samples
Ihe plant samples were dried and made into herbarium as per the guidelines given
by Anderson, L. C. 199%.Further identification of the collecied plant species, the plant
samples and herbariums were done by Department of Agronamy, Assam Agricullural

University, Jorhat, Assam and Department of Botany, Darran £ College, Tezpur, Assam.

C. Microbial count of the samples

The microbial count of the samples was started immediately after the samples were
brought to the laboratory. Different selective growth media were used for the enumeration
of different groups of microbes present in the rice beer samples. The plating was done
according 1o the method described by Brown, 2005, All the samples were serial diluted on
0.86% NaCl solution and plated on the specific media by pour plate or spread plate
methods. Plate Count Agar (M091, Himedia, India) was used for enumeration of general
hacteria at 37°C. Potato Dextrose Agar (MI368, Himedia, India) supplemented with
tartaric acid and Rose Bengal Chloramphenicol Agar (M640, Himedia, India) were used
for the isolation of veasts and moulds respectively ai 27°C. MBS Agar (M&41, Himedia,
India) supplemented with CaCOs and bromocresol purple indicater was wsed for lactic
pcid bacteria (LAB) and these plates were incubated in an ansercbic gas pack system
(LEOI2, Himedia, India) at 179, 88 Agar (Merck, Germany) for Salmonella and Shigelia
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species, Baird Parker Agar Base (M043, Himedia, India) for coagulase positive
Staphylococcus species, McConkey Agar (MO08S, Himedia, India) for lactose fermenting
and lactose non-fermenting enteric bacteria, Modified MYP Agar (M1139, Himedia} for
factilus cerens species and EMB Agar (M317, Himedia, India) for Enterohacteriaceae
(plates incubated in an anaerobic gas puck system (LEOI2, Himedia, India) at 37°C) was
#is0 used. The results obtained were expressed as colony forming enits (CFU) per ml of
sample. Calonics were isolated, examined under the microscope, purified and preserved in
glyeerol stocks at -80°C for further investigstion.

. Preparation of the test samples for biochemical analysis
All the collected samples were made €O free prior to aralysis. This was done by
wansferring the test sample o a large flask and shaking, first gently and then vigorously,

maintaining the temperature at 20.25°C {AQAC Official Method 920,49, 2010)

E. Measurement of pH i
The pH of the samples was determined asccording to ADAC Official Method
945,10 (2010). The undiluted test portions were tested in a digital pH meter (pHS 10,
Eutech Instruments) using pH/reference electrode system, The pH meter was checked

before and after use against standard puﬁssmm acid phthalate buffer.

F. Ashing of the samples
The ash content of the samples was estimated according (o ACAC Official Method
920,34 (2010). The sample was weighed and heated in a platinum crucible 2t 100°C. It
was then heated slowly over a flame after adding a few drops of pure olive oil. The
crucible was then placed in a muffle furnace (LEF — 1058-2, Labtech) at 525°C until white
ash was obtained. It was cooled in a desiccator and the weight was taken. The weight

difference gave the content of ash. All the weight measurements were done at 20°C,

G. Biochemical analysis
. Total acidity
The indicator titration method under AQOAC Official Method 950.07 was used

to ¢biain the total acidity of the samples. The samples were mixed with beiling water

gnd boiled for anocthe: 60 seconds, This was then cooled rapidly and 0.5%
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phenclphthalein was added. This was titrated with 0.1M NaOH until the appearance
of feint pink colour as the end painl, The results were reporied as %0 of lactic acid (1
ml of 0. 1M alkali = 0.0000 g lactic acid).

. Aleohal comterr

The volumetric content of ethanol was measured spectrophotometrically by
the method described by Magn et al, (1997). The diluted sample is first mixed with
3.3mM aqueous KaCraOy and 65% perchloric acid, homogenized and allowed (o stand
for 20 minutes at 25°C. The absorbance (A;) was measured at 267 nm against a 3 M
perchloric acid solution. A second set or absorbance reading (Ag) was taken for
samples which were made alcohol free by evaporating in a vacuum oven, The content

af aleohol was calculated according to the formula given below,
Alcohol content (%) = 3(Ag-A4) 11.51 DAG.78934Y

Where, I = dilution facter of the sample and V = valume of the sample withdrawn for

analysis,

Proteln contert

The protein content in the samples was determined by reaction with Falin.
Ciocalteu reagent (FCR) according to the method of Lowry ef af, (1951). The
proteins were extracted in a phosphate buffer, centrifuged and the aliquot was mixed
with alkaline copper solution before reacting with FCR. The intensity of blue colour
formed atier 30 minutes of incubation was measured calorimetrically at 660 nm in a
UV-Vis spectrophotometer (Spectrascan UV- 2600, Thermo Scientific). The amount
af protein in the samples was calculated by comparison with a standard curve of

bovine serum albumin (BSA).

Total fats content

The estimation of total fais content was done by slight modification of the
method of Cohen (1971). The sample was first made moisture free by drving in a haot
air oven &t 60°C. The dried matter was taken on a cellulose extraction thimble and
subjected to solvent extraction in automated solvent extraction svstem (5C5 6, Pelican
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Instruments) using petroleum ether (b.p 60-80°C) for 3 hours. The remaining ether
Wwas evaporated in a rotaevaporstor (Rotevs, Equitron) at 80°C. The pre-weighed
container was then dried in an oven at 100°C for 1 hour and then weighed. The

difference in weight gave the content of fars present in the sample.

Total Sugars, Reducing Sugars, Starch and Amylose content

The total soluble sugars content was estimated by the anthrone method of
Hedge and Hofreiter, (1962). The samples were first hydrolysed with 2.5N HCl in a
boiling water bath and then neutralized with NayCOs. They were then cenirifuged and
aliquot was mixed with anthrone reagent and kept on a boiling water bath for 8
minutes. The intensity of dark green colour was measured at 630 nm in a UV-Vis
spectrophatometer (Spectrascan UV- 2600, Thermo Scientific) and resulis were

ebtained by comparing with a standard curve of glucose.

Reducing sugars were estimated according to the method of Nelson, [ 1944)
and Sumnm.-l (1952). The sugars were first extracted with hot 80% alechol several
Urn:s and then re-dissolved in distilled water after evaporating the aleohol. The
aliquat was mixed with alkaline copper tartarate reagent and placed in a boiling water
bath for 10 minutes. Arsenomalybdic reagent was added afier cooling the tubes and
the intensity of bluz colour formed was read after 10 minutes at 620 nm in a UV-Vis
spectrophotometer {Spectrascan UV- 2600, Thermo Scientific). A standard curve of

glucose was compared for obtaining the concentrations.

The amaunt of starch present was estimated according 16 the method of Hedge
and Hofreiter {1962}, The residue lefl after extraction of reducing sugars was mixed
with water and 32% perchloric acid. Extraction was done at 0°C for 20 minutes and
then centrifuged. The supernatant was mixed with anthrone reagent and placed in a
boiling water bath for 8 minutes. The intensity of dark green in a UV-Vis
spectrophotometer {Spectrascan UV- 2600, Thermo Scientific) at 630 nm and resulis

were quantified by comparision with a glecose standard curve.

The amylose content was determined by following the procedure of MeCready

el al, (1950). The sample was extracted in ethanol and 1N NaOH for overnight and

22
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then centrifuged. The supermatant was neutralised with 0.1 N HCI by using

phenolphthalein as an indicater. Then it was added with iodine reagent and the

absorbance was read a1 590 nm. An amylase suandard curve was used for caleulating
the results.

Ascorbic acld comtent

Ascorbic acid was quantified according to the volumetric method of Harris
and Ray, {1935). The sample was first extracted in 4% oxalic acid and then
centrifuged. The supernatant was titrated against 2,6-dich laropheno! indophenols dye
till & pinkish end point. Comparison was done with the titre value of a standard
salution of ascorbic acid and the content of ascorbic acid was calculsted based on the

ratio between the two titre values

Tetal phenols conteni

The concentration of total phi:ﬂf;lil: compounds was determined by the method
of Bray and Thorpe, (1954). The sample was extracted in %0% ethanol and
centrifuged, The supernatant was evaporated to dryness and the residue was dissolved
in distilled water. The aliquot was first mixed with FCR and then 20% Na.CO,
solution was added followed by placing in a boiling water bath for | minute. The
absorbance was read at 650 nm in a UV-Vis spectrophotometer (Spectrascan UV

2600, Thermo Scientific) and results were calculated by comparisan with a standard

curve of catechal,

Free radical scavenging activity

The free radical scavenging activity was measured as per the method of
Brand-Williems et al, 1993, This assay is based on the ability of antioxidant to
scavenge the DPPH cation radical. The sample was filtered and dissolved in ethanal
to a desired concentration. This was mixed with 0.004% DPPH solution and left Tor
30 minwtes in the dark. The absorbance was then measured at 517 nm in a UV-Yis
spectrophotometer (Spectrascan UUV- 2600, Thermo Scientific). Scavenging activity
(5A) was calculated as percent inhibition relative to control using following equation

and expressed as

3



RSA % (30 min) = control absorbance at 51 7Tnm — extract absorbance at 51 7nm /
controbabs at 317 nme= 100,

Organic acid analysis by HPLC

Exiraction proceduwre: Extraction was carried out according to the method
given by Nollet (2000). The samples were first mixed with a mixture of acetonitnile
and type | water in a ratio of 70:30. This was mixed properly in a lab grinder and
stirred continuously for two hrs. The mixture was then centrifuged for 10 mins at
| §,000 rpm. The supernatant was then filtered through Whatman Ne.d filter paper and
the filtrate was again subjected to solid phase extraction using C1 8 SekPak cantridge.

This extract was vsed for analysis of organic acid.

Analysiz: The analysis of organic acids was carried out in a HPLC system
(Ultimatz 3000 Dioncx Germany). The mobile phase used was 0.2 M Sodium
sulphate with pH adjusted wo 2,68 with methane sulphonic acid. The detector used was
UV detector at 210 nm. A total of 9 standards were used, all of which were procured

from Sigma LL5.A.

4 Colowr measurement

The color mensurement of the Kachkal (Mura ABB) samples at different
growth stages were done by analyzing the colour of the samples in a Hunler Lab
Color Quest (Model Ultrascan Vis- Model, USA). The results were expressed in L, a
and b systerns. L indicates the degree of lightness or darkness (L= indicales perfect
black and L=100 indicates most perfect white); fhtn:a.a “b™ indicates degree of

yellowness (+) and blueness (-); “a" indicates degree ol redness (+} and greenness (-},
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o. SURVEY WORK AND ANALYSIS OF SAMPLES

A. Methodology of rice beer preparation

The methodology of fermentation carried out by different tribes is almaost the same,
except that the difference comes from the different types of plant species used in starter
culture preparation For preparing the beer, rice (either glutinous or non-glutinous) are half
cooked and allowed to cool. Tt is then mixed with powdered starter cakes and again spread for
some time. The mixture is kept on an earthen pot and the mouth is sealed, This is kept in 2
closed room for a period of 3 to 5 days. Afier this some amount of water is added 1o the
fermenied mass and lefi for about 10 minotes. The mass is then strained and the liquid
obtained is the rice beer, Some of the starter cultures used by different tribes and their
methadology of preparation are mentioned here. All these cultures are in the form of cakes

are reparted to be used for up to a year afier proparation.

Rice Is halfeooked

Allowed to cool by spreading on a bamboo mat

l

Mixed with powdered starter cakes

Mixture is kept on an earthen pot and the mouth is sealed

Keptin & closed room for a period of 3 to 5 days

l

Water is added and left for about 10 minutes

l

Strained and the liguid obtained is the rice
bear

Fig 12: Flow chart of rice beer preparation
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B. Analysis of the collected samples
1. Tribe : Ao / Angami

Flace: Kehima, Nagaland

Magaland is chiefly a mountainous state and is inhabited by many different Naga
tribes. Each of these tribes has some common culture and traditions and they are all regarded

as to having warrior background. This study was done in Kohima district of Nagaland. India.

Starter Culture: Piazy

This starter material used in the preparation of rice beer is known as plazs, which is
basically sprouted rice. For preparing piazu, un-hulled rice is first soaked in water for a
period of about 3-4 days. After this, some of the water is drained out and the graing are
allowed to germinate. This may sometimes take about & week depending on the prevailing
temperature. Afier being dried in the air, the sprouted grains are pounded on a wooden martar
with a pestle. The powder obtained ls known as piazu

Sometimes they also prepare starter takes which are flattened and dried forms of the
powder, The powdered rice is mixed witha litthe bit of waler to make dough and then cakes

are made out of the dough. They are then dried by covering with rice husk in a dark roam.

Fig 13: Plazi
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Fig 14: Cakes made of piazu

Hice beer: Sutlho 7 Litchumsu

For preparing rutho, rice is first boiled and then allowed to cool by spreading on a
bamboo mat. To this nce, piaru (about 10 E_ﬁ:w 1 kg of rice) is added and mixed well. The
amount of plaru added is needed more (almost double) during the months of winter. The
mixture i5 then left to ferment in a closed earthen or wooden vessel for about 4 days in
summer and about & week in winter. After completion of fermentation, some amount of water
is added o the rice and is filtered by using a bamboo or plastic mesh and usually served in

hamboo cups.

Fig 15: Zurho taken out to be added with waler
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Fig 17: Zurho being served in bamboo cups

Samples collected
a. Starter culture used by Ao Tribe (Code name: Ma51)
b. Rice beer prepared by Ao tribe (Code Name: NaB2)
¢ Fermented rice of the dngami tribe {Code Name: MaR2)

d. Fermented rice of the Ao tribe (Code Name: NaR3)

. Fermented rice of the Remgma tribe (Code Name: NaR4)

1B

7777177771777 771771771771777171171171771T711T7T9%°*



Microbial analysis of the samples

Table 1: Count of different group of microbes

Sample

Ma$l

NaBl2

General
arrobes  Hus sp.

ax10®

I 8wl

ix1of
gx10

Ix10®

sxl’
1.5x10°
.1%10"
2.8x10°

1. 1x10°

CFLU / ml
Lactobaci  Staphploc  Bocillus  Saimenella Enterobae
OCCHE S S and -teriaceae
Shigella sp.

{0 0 i 0

2x10* 210’ 1 0

Ix10° 0 i 0

0 ¥ 0 ¥

2x10° o Q o

“Yeasts

B2 0"
2 4u 10"
2,710
2.3x107

3510

_Mnulds

x| 07

J;"la]lﬁ

58D

.Eﬁmph

rice beer sample

Hinchemical analysis of the samples

Table 2: The pH, alcohol content, ash content, crude protein content and fats content in the

Titrable acidity  Aleohol (%) Ash (%)
5D = 5D + 8D
(e lactic acid)

4. 2440055

46320006 0540006

mn i ————

Crude .
Protein (%)

+ 8D

Fats (%)
= 5D

022+0.003 05120006 07640015

Table 3: The content of total sugars, reducing sugars, starch and amylose in the rice besr

i

sample
Su:]-ﬁe Total Sugars Reducing Sugars Starch (%) Amylase (%)
(%a) (%) + 5D =80
=50 =500
NaB2  1.29+0.105 0210007 ;. . - £1.3840.084 7 0.52+0.006
aF o {-; _-.'_E.' = J. Vol Ty . -
k!

1YY Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y T Y Y Y Y Y Y Y 0 A A O

{
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Table 4: The content of ascorbic acid and toal polyphenals, and percentage of free radical

scavenging activity of the rice beer sample

-&-Imﬁ_ Ascorbic acd Total Polyphenals oh BsA
{mg/ 100g) (g 10 ) + 510
£ 50 5D - =
MaB2 1980344 18320150 E1.11+1.508

Table 5: The content of different organic acids in the rice beer sample

Sample: NaB2

e

Organic acid Concenlration in ppm
Lactic Acid | s |%.89
Propionic acid 5 ’I?;E* :
Oxalic acid Lons
Citrie acid e SEEE R
Tartaric acid | E-ﬁﬂ’-".?
Swceinieacid - oo Te oo EFPED‘E o
Sy o ERe g Cahig ), S
Formie acid B s ot B
Acetic acid WD fg=

*ND — Not Detected

Table &: Result of colour measurement

Sample L a h

“NaB2 21 : ; 07z 2.85
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2. Tribe: Dimasa
Flace: Dimapur, Nagaland

The Dimasa Kacharis are one of the carliest indigenous ethnic groups of North-Eastern India.
They are mostly found in the North Cachar Hills of Assam and Dimapur in Nagaland. This

study was done among the Dimasas residing in Dimapur, Wagaland, Indie.

Starter Culture: Umiline or Hamao

The starter cake for preparing rice beer is called as wmibu or hwmae and is a mixture of rice
and bark of thempra plant. The barks are cul into small picces and dried in the sun. Rice is
soaked in water until it is softened. It is then grinded in a wooden or metallic mortal pestle
cilled rimin along with the barks of thempra plant. A little water is added in order 10 make a
paste. They are then made into cakes of appropriate sizes and allowed to dry for a pericd of

ane week. They can be stored for many months.

Fig 19: A twig of thempra plant
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Rice Beer: Judima

For preparing udima, rice is boiled and allowed 1o cool. It is mixed with powdered fumap
(one large sized fumao iz sufficient for 5 Kg of rice) and kept in a large container which is
covered with jute gunny bags. After about a week, slightly yellowish juices come out of the

mass which indicates the completion of fermentation. This can further be diluted with water
and filtered for consumption.

Fig 20: A Dimasa woman serving fudima

Identification of plant species

Table 7: Scientific name of the plant and its portion vsed

Fhempra Acacia permata Fabaceae

Samples collected
a. Starter culture used by Kacharf tribe (Code name: NaS2)
b. Rice beer prepared by Kacharf tribe (Code Name: NaB1)

€. Fermented rice of the Kachari tribe (Code Name: MaR )
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Microbial analysis of the sam ples

Table 8: Count of different group of microbes

"General  Lactobdctll y Salmonefis  Enterobac Yeasts
aerobes . msspe _ 3po- 8Pl and-Shigella: © teriaceae
S s L Fore T =il ey ._._.. e -l.ihr_ (P LTl e i -..“_" = o
NaS2  16x10° 567 x10’ [ 0 0 0 1x10"  aull’ |
|
MaBl  3Ix10° 272160 T~ 0 e 0 o 36x10° 0 i
NaRl " 1BxID 2xI0 0 0 T T R

— g e iR

Biochemical analysis of the rice beer sample

Table % The pH, alcohol content, ash content, crude protein content and fats content in the

rice beer sample

“Sample  pH=SD  Titrable acidity  Alcohol  Ash (%) Crude Fats (%)
= SD (%) = 5D + 5D Protein (%) £ 5D

0 lactic acid)

Table |} The content of total sugars, reducing sugars, starch and amyvlose in the rice beer
sample

TR e TR e

i [T LT

44

8.475) 745 34720
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Table | 1: The content of ascorbic ecid and total polyphenals, and percentage of free radical

scavenging activity of the rice beer sample

E Sample | Ascorbic acid Total l"ﬂl]--p-['il.:nat.i | T R5A
| (g 10e ) (g 100 ECT ]
= 5D = 85D
MaBl 2.5840.344 10.0620,176 45.78=0.606

Table 12: The content of different organic acids in the rice beer sample

b T L b = ]

Organic acid Concentration in ppm

Lactic Acid o 4417.18
].}.n.:-.j.:r_;innic acid BRI, ™
e e e L
Citricaeid - 20363
Tartaricacid 8404
 Succimicacid = ND
Pyvruvic acid = 201,52
e e = 5
Acctic acid ; ND
*NI — Mot Detected
Table 13: Result of colour measurement
© Sample L T a b
MNaB1 875 - 0.11 235

id
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Biochemical analysis of the plant samples

Table 14 Total polyphenol content and free radical scavenging sctivity (RSA)
of the plant extracts

44.2820.002

35

Y Y Y AR AT Y A0 Y ALY B Y Y Y A ALY Y Y Y Y Y S Y Y Y Y AR Y0 R QTS




3. Tribe: Bodo

Place: Kokrajhar, Assam

The Bodos are one of the largest linguistic groups in North-East India and among the carliest
settlers of Assam. They inhabit most of the regions in Assam but resides mostly in the
Bodoland regions. This study was done among the Bodos regiding in Kokrajhar district of

Assam, India.

Starter culture: dmouw

The starter cake used for preparing the local rice beer by the Bodos is known as amou. For
preparing amow, different plant materials are said to be-used based on their availability in
different regions. However, the most common species are leaves of agarsiio and dorgphang
raxhep and either roots or leaves of lodhunath. These plants are first washed properly and
allowed to dry in the air. Rice grains are soaked for about 5 hours in normal temperature
water and allowed 1o soften, This is then mixed with the plants and grinded together in &
wooden mortar with a pestle and this setof apparatus is called wayal, Dough i3 made by
adding a litthe water to the mixture. They are then made into round cakes of about 5.5 cm
diameter and (.5 to 1 om thickness and covered with powder of the mixture to which water is
nat added. This is followed by covering with gigab (paddy straw) and allowed to dry for &

period of 34 days. These can be stored in moksture free places for more than a year.

Fig 21; Amou
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Fig 24 Loklwnarh

ice Beer; Jow ik

For preparing the beer, either glutinous o non-glutinous rice can be used. When glutinous
rice 15 used the product is known as maibwa jou bishi and when non-glutinous rice is used it is
known as marha jou bishi. The rice is first boiled with care not to allow i1 1o overcook. It is
then cocled and allowed fo dry. To this powdered amou is added (about ane amon for | kg of
rice) und mixed well. This mixture is put inside a plastic bag and kept closed for one night
After this a little water is added to it and lefi in a baiphu (carthen pot) covered with banana
leaves for a period of at least 3 days. The fermented mass if further mixed with water and

strained in order to get the liquid jou bishi

37




Fig 25: A baiphu filled with jou bichi

ldentification of plant species

Table 13: Scieatific names of the plants and their portions used

Local Name Botanical Name Fumily Puortions
Agarsita Xanthium sirumariun Asteraceae Whole plant
Dongphang-rakhep Scoparia dulcis Scrophulariaceae Leaves
Lokhunath Clerodendriom viscosum Verbenaceas Leaves/moals

Samples collected .
a. Starer culture used by Bodo tribe (Code name: AsS1)
h. Rice beer prepared by fodo tribe (Code Mame: AsB1)

c. Fermented rice of the Bodo tribe (Code Mame: AsR1)

1B
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Microbial analysis of the samples

Table 16: Count of different group of microbes

" Lactobaei Staphyloc Bmﬂ'.f

5 Ceneral Salmonella Enterabae
¢ aerobes [ sp. eccussp,  ussp. and Shigelia teriaceas

e 5. oo e e e e
laxi0®  [54x10° 0 0 0 0 2.0x10" 4x10"

AsB1 19x0"  EIxI0F 2w 0P T i o 54x10" o

AsR1  13xi0"  L.ixid® 0 D 0 0 4ix0 0

S el P A =

Biochemical analysis of the rice beer sample

Table 17: The pH, alcohal content, ash content, crude protein content and fats content in the

rice beer sample

Sample pH = 5D Titrahle Alenhol (%) £ Ash (%) Crude Fats (%a}
acidity = 5D Shr = 5D Pratein (%) 5D
(Vo lnciic x 5D
acid)

AsBl 4.25+0.0 340,006 4.3x0.024 0, 170,004 0.4 50,01 03650017

Tahle 1 &: The content of total sugars, reducing sugars, starch and amylose in the rice beer
sample

Sample Total Svgars (%) Hedueciag Sugars (%) Starch (%) Amylose (%)
£ 5D ______%8Dh _ £ 50 £ S0

3%



Table 19; The content of ascorbic acid and total polyphenols, and percentage of free radical

scavenging activity of the rice beer sample

Table 20: The content of different organic acids in the rice beer sample

Organic acid

Concentration in ppm

Lactic Acid 644144
Propionic acid WD
Crxalic aeid 431
Citrie acid 490,71
Tartaric acid WD
Succinic acid MLy
Pyruvic acid 1.09
Formic acid 10323
Acatic acid [182.8

"W - Mot Detected
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Table 21: Result of colour measurement

Sample L ] b

AsEl 1.13 0.58 1.39

Biochemical analysis of the plant samples

Table 22: Total polyphenol content and free radical scavenging activity of the plant extracts

Jer] 11,':_1-h {ifhiatre F ."f.':Tu'.-"r!i-':T|I="!j'!'

Agarsita 75.760.0033 7622029

" Dongphang-rakhep  70.5120.002%  41.5642.509
" Lokhunath T 27.7540.0008 1054058

4]




4 Tribe; Adivasi

Place: Gossaigaion, Assam
Ihe Tea-tribes are found mainly in almost all the districts of Assam. The so-called Tea-iribes
were brought in by the colonial planiers (British) as indentured labourers from the Chhota

Magpur Plalean region. This study was done among the Teo-tvibes residing in Bongaigaon

district of Assam, ndia,

Starter Culture:

Same preparation methodology as that of Bodos

Rice Beer: Lao pari

Same praparation methodology as that of Sadas
Samples collected

#. Rice beer prepared by rea iribe (Code Name: AsB2)

b. Fermented rice of the rea iribe (Code Name: AsR2)

Fig 26: Lao pari in plastic containcr

4
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Microbial analysis of the samples

Table 23: Count of different group of microbes

Sample _ CFU / ml

ASBY  205I0° 1370 oxiQ! 0 SxI0 2310 L0x000 D

Biochemical analysis of the rice beer sample

Table 24; The pH, alcohol content, ash content, crude protein content and fats content in the

rice beer sample
Sample pHZED Titrable Alcohol (%) = Ash (%) Crude Fats {%)
acidity = 5D =D 8D Protein {Va) =50
(% lactic + 8D
acid)

AsB2 470D 400025 42600 Ol 6=0.002 (470006 0.11£03.015

I i

Table 25: The content of total sugars, reducing sugars, starch and amylose in the rice beer
samiple

”.'IJI 'r-: CHt

TR P AT
=t TS

AsB2 0.83£0.055 0.2260.0L9

TR S
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Table 26; The content of ascorbic acid and total polyphenols, and percentage of free radical

scavenging activity of the rice beer sample

I ———

_".Saplr "Ascorbic achd Total Pelyphenals " R5A
[ g 1R} (g1 00z} 5D
ks 00000000 5D
AsB2 2.18+0.343 2.0=0,0154 0. 290,535

Fable 27; The content of different organic acids in the rice beer sample

Sample: AsBZ

Organic acid Concentration in ppm |
: Lactic Acid 434060 :
| Propionic acid > MDD
Oxalic acid ND
~ Citricacid ™D
Tartaric acid 80.52
Eucr:l:ninxa::id_. : £ s A ﬁ?_!]..Ei'E
Pyruvie acid .ND
Formie acid —| vkl
Acetic acid i ND

I'h‘l:l — Mol Detected
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Table 28: Resuli of celour measurement

Sample L

e —————

LY Y Y A9 A9 A9 Y Y Y 9 A A Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y (VY Y (SN

AglEY : 53 :

(41

3.24

W
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i. Tribe: Karbi
Place: Karbi Anglong, Assam

The Karbiz are one of the major tribes of Assam and are settled mostly in the districts of
Karbi Anglong and North Cachar Hills. They prepare a traditional alcoholic beverage called
hor-afonk. This beverage is used as i refreshing drink and also bears significance in many
social ceremonies and events. This study was conducted in Diphu sub-division of Karhi

Anglong district in Assam, India.

Starter Culture: Thap

For preparation of rice beer, the yeast starter culture called thap first needs to be prepared.
For preparing thap, rice 15 soaked in water for 1 day. The soaked rice is then mixed with
leaves of marthy, fanphong, fockan, hisouskehou and barks of themra plant, The mixture 15
grinded together in a wooden mortal called “long™ with a pestle called “fingpwm™ in order 10
miake @ paste. This paste is then made into small flat shaped cakes of about & cm In diameter
and 0.5 ¢m in thickness. These are ovérlaid with powder of previous thaps and kepl in a
bdmboo sieve called “inglrung” and dried for about three days under the sun or above the fire

place. These can be stored for about 1 year for further use.
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Fig 30: Jockan

Fig 32: Marthu
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Rice Beer: Hor-alank

For preparing hor-alank, rice is first boiled, then spread and allowed ta cool. 1t is followed by
with powdered thaps (5 Kg rice + 7 thaps). The whole mixture is kept in a large container
and covered, first with plastic bags and then with sack. It is |eft to ferment for & pericd of 2

days at room temperature. After that it is mixed with water and further fermented for 2

{summer) to 4 {winter) days,

Identification of plant species

Table 23: Scientific names of the plants and their portions used

Local Name Botanical Name Family
Marthu Croton joufia Euphorbinceae
Janphong Artocarpus hetévophyilus quceae
Jockan Phlogocamhus thysiflorus Acanthacese
Hisou-kehou ,ﬁ'ﬂe'.:mum-v.fm-m;: ; Solanaceae
Themra Aracia FEHF'F.ﬂ'."E; Fabaceas
Samples collected

a. Suarter culture used by Kerbi tribe {Code name: AsS53)
b. Rice beer prepared by Karbi tribe (Code Name: AsB3)
¢. Fermented rice of the Karbi tribe (Code Name: AsRE3)

d. Fermented rice of the Karbi tribe {Code Name: AsR4)

Partions
Leaves
Leaves
Leaves
Leaves

Barks
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Microbial analysis of the samples

Fable 29: Count of different group of microbes

Sample CFL { ml =
General  Laciobaci  Staphyloe  Bacill ' Salmonella and  Enterobset Yeasts  Moulds
aerobes s sp. CCCHE 5P BEspe o Shipelfa =p. erizgceae .
As53 F41x107 63x10° 0 0 i 0 Ex107 4 0x10]
AsR3 3x1g 2x 104 B il = C g 0 ,8x10" 0
L= e i .-\.I S T 4 i, F
AsR3 1x10* 1x10° 1x10° 0 0 o sExll’ 0
AsR4 Sx10f 310 ExIot - 0 0 §.2x107 0

Biochemical analysis of the rice beer sample

Fable 30: The pH, alcohol content, ash content, crude protein content and fats content in the
rice beer sample

Sample pH=SD  Titrablcacidity  Alcohol (%)  Ash (%)  Crude Fats{%)
=50 + 5D =5D Protein (%o} = 5D
__________ (Ve lactic lfjd} _&5D

AsB3  5.23:0.006 0.7540.012 43920362 0.02:0002  0.7740.02]  0.17#0.071

Table 31: The content of total sugars, reduzing sugars, starch and amylose in the rice beer

sample <

F R e PR e iR o T i e e o e T TR T i
i) = Wy .

T ] ik

127 3.38+0.03 E2=0.058

{13341

A4




Table 32: The content of ascorbic acid and total polyphenols, and percentage of free radical

scavenging activity of the rice beer sample

Sample Ascorbie acid Tutul Polyphenols % RSA
(mg/100g) (mg/100g) + 8D
__E5D + 5D e
AsB3 2.58=0.344 S0520.002 69934068

Table 33: The content of different organic acids in the rice beer sample

Organic acid Concentration in ppm
Lactic Acid 408967
- F'ruplu:;'i;:;t_id_ B ND
Oxalic acid ND I
[ Citrleacid ~ 366.49
I Tartaric acid o ND
.
[ Suceinic acid 532.91
Pyruvic acid ND
Formic acid 204.57 =]
Acetic acid ND
*ND = Not Detected
Table 34: Result of colour measurement
Sample L a h
AsB3 1.99 D55 : 2.24
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Biochemical analysis of the plant samples

Table 35: Total polyphenol content and free radical scavenging activity of the plant extracts

e R T e e s R R e T

Thimirs 44.20.00.0022 16,130,827

Hisou -kehou O 33.89+0.0127 0 22 64+1 292

Janphong - 55,02:0.0008

T T0.84£1.938

~Jockan - 24.8440.0025 17 3041 545

= — az

Marthn 38.78=0.0012 T 134720684

)




6. Tribe: Ahom

Flace: Sibasagar, Assam

The Akoms or Tai-Ahams are an ethnic group settled in Assam and are of Tai origin. They are
a part of the Assamese society and are found all over Assam. This study was carried out in

Sibasagar district of Assam,
Starter Culture: Velur Pitha

The Ahomr prepare rice bear in their own traditional way and the starter cake iz known as
vekur pitha and consists of various parts of several plant species. The mainly used are leaves
af barfaluk, kopow lota, horuminivend, bermanmunii, tebuki lote and sceds of jaluk All
these are washed and dried well and then prinded in an wral (wooden mortar) with a pestle
and mixed with grinded rice and a litle water in a vessel and made into & pasic. From this,
oval shaped balls of about 4.5 em % 3 em are made and placed on kof par [banana (Muso sp.)
leaves] and dried either in the sun or over the fire place by taking care not to bring them not
1o close to the fire. After a period n:-fal:n:iu_t'i days they become hard and are ready o be used,

Thas velr pitha can be stored for up to a year and used when needed.

Fig 33: Vedur- pitha
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Rice Beer: Xaf pani

The Ahoms prepare rice beer in their own traditional way and name it as xaj pani or kaloh
panl. For preparing xaf pani, rice (either glutinous or non-glutinous) are half cocked and
spread on banana leaves to cool it down. It is then mixed with powdered vefur pitha (1 per
kg of rice) and again spread for some time. The mixture is kepl on a koloh (earthen pot) and
the mouth is sealed. This is kept in a closed room for a period of 3 to 5 days. After this some

amount af water i added to the fermented mass and left for about 10 minutes. Filteanon is

done by straining the mass by using a ¢loth.

Fig 39: .-f'..n ..a!.l’:r}m WOmin I'ihl..nng.rqr o
Identification of plant species

Table 36: Scientific names of the plants and their portions used

Lqéﬁ%ﬁﬁ]}li -._- iﬁ% r;ﬂ*f‘i;‘ﬁL; sk

: [= nlllj"-;- STl i ]‘ rlmns.
? 4%&.& foet ‘E

...... o e Ak e
Eﬂ.n]a]uk. ﬂj’n’en!and:u -r..::u}mﬁrﬂm Rubiacese Leaves
Kopaibie A R S St U i eaves
Horuminimuni Hydraconle ::ﬁf.i:ur_,:rm iles Apiaceas Whole plant
Et:rrrm;n:r;*hﬁu ﬂm*%qf -&E%T&MMM SiNackinlayaceae i Whole plant
Tubuki-lota 2 r.uamp.:!m pareira Menispermaceac Leaves

r-\.] = e b T

e R e S e seas
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Samples collected
a. Starer culture used by Akom tribe (Code name: AsS4)
b. Rice beer prepared by Afom tribe (Code Name; AsB4)

. Fermented rice of the Akowm tribe {Code Mame: AsR5)

Microbial analysis of the samples

Table 37: Count of different group of mivrobes

Sample  CFU/ml
General FLacigbaci Staphyloc  Bacill  Salmonella and Enterobact  Yeasts  Moulds
aerobes flussp.  OCcES Sp. HNS[. Shigella sp. griaceae .
AsSd 2 xl0* 5xI0° i 0 0 0 b [ P [
AsB4  2Axi0" 4510 0 34 0 0 7.0 x10° 0
x10°
AsRS laxi* 3x0? 7 x10* 0 0 D Il 0’ v

1

Biochemical analysis of the rice beer sample

Table 38: The pH, aleohel content, ash content, crude protein content and fats content in the

nce beer sample

Sample pH+8D  Titrable acidity Aleohol (%) Ash (%) Crude Fats (%)
& 510 & S0 = 8 Protein (%) =58D
Vo lmetic lc : : + 513
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Tabie 3% The content of total sugars, reducing sugars, starch and amylose in the rice beer

sample

e

Sample  Total Sugars (%)  Reducing Sugars (%) Starch (%) Amylose (Va)
=50 & S + 5D + &S0
AsB4 ﬂ.ﬂiﬂ.ﬂﬁ?_. <ot R LETEDOTL: ;- g 0:9440.045 0ES=0.079

Table 40: The content of ascorbic acid and wtal polyphenols, and pereentage of frec radical

scavenging activity of the rice beer sample

AsBd 2.78+0.343 4. 71=0L018 03,722,493

Table 41: The content of different organic acids in the rice beer sample

Sample: AsB4

Organic acid Concentration in ppm
Lactic Acid 9105.35
FPropionic acid ND
Oxalic acid 258.19
Citrie acid .ND
Tartaric acid MDD
Succinic acid ' ND
Pyruvic acid 2.63
Formic acid 9233
Acetic acid WD

*NID — Mot Detected

1]
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Table 42: Result of colour measurement

Sample L a b

AsB4 0BT parr v 173 153

o TR L Ve T e e HRE

Biochemical analysis of the plant samples

Table 43: Total polyphenol content and free radical scavenging activity of the plant extracts

Banjaluk 670640016 12.19:2.477

e Jaluk T A3 ga=0.00d | 64.58+0936
Bormanimuni 11,940,003 19,3542 008

T Tubuki-lota 232550000 17521872 |
. —_— — oo e {
Kopou- lota 147.94+0.0027 778650974 |
o7

4
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7. Tribe: Mising
Place: Lakhimpur, Assam

the Misings are concentrated mastly in the

Although inhabiting: in many districts of Assam,
grated to Assam from

districts of Dhemaji, Lakhimpur and Jorhat They are said to have mi
the state of Arunachal Pradesh. This study was undertaken among the Mising communities

residing in the district of Lakhimpur in Assam.

sgarter Culture: Apop-pitha

beer, the Misings use starter cakes Known as acpo pitha. The different

For preparing rice
grmanimund, horwmanietuni,

leaves needed for preparing apop pitha are of the planis b
hanfaluk , kuhiar, dhapat TG, bhilongani, bam kolmow, senilathi, [ai jaborl, jolokia, anaras

and kopou dhekia All these leaves are cleaned and dried by placing on a bamboo mat called
apoh. They can be either used freshly or drieg in the sun before addition. Soaked rice and the

leaves are grinded separately in a kipar (wooden grinder)
ped balls of aboul 6 cm % 3 cm are made

and they are mixed together in 2

vessel with Tittle water. From the dough, aval sha

and dried in the sun.

Fig 40: Apop-pitha
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Fig 45: Ramram-kuchere




Fig 47: Bormanimuni

Rice Beer: Apong

The rice beer prepared by the Misings is known as apong. Before starting the fermentation
process, the kiling {carthen pot) used for fermentation is first fumigated by placing it on a
torap (1 bambeo frame constructed over the fire place) until the pot tums blackish., Afler that
boiled rice is spread on a kol par (banana leaf) and allowed to cool. To this powdered apog
pitha is added (| apop pitha for | kg of ri.m:} and the whole mixiure is kept inside the kifing
and the mouth of the pot is covered with benana leaves or leaves of bhifongoni This is lefi
for fermentation 10 take place for a period of about 5 days. A linle water is added to the
fermented product and is filtered to get the apong.

Fig 48; A Mising woman filtering apong

1]
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Fig 49: A kiling being fumigated

Identification of plant species

Table 44: Scientific names of the plants and their portions used

Local Name Botanical Name Family Portions
Bormanimuni Cenvella asiatica Mackinlayaceae Whale plant
Horumanimuni Hydrocotyle sibthorpioides Aplaceag Whole plant

Banjaluk Qldeniandia corymbosa Rubiaceae Leaves
Kuhiar Saccharum offichiarum Poaceas Leaves
Dhapat-lita Clerodendrum vircosum Verbenaceae Leaves
Bhilongoni Cyvelosorus exlersa Thelypteridaceac Leaves
Bam-kolmou [poemea sp Convulvulaceas Leaves
Senikuthi Seoparia dulcis Scrophulariaceas Leaves
Lai-jabori Drymeria cordata Caryophyllaceae Leaves
Jalokia Capsicum ammuum Solanaceae Leaves
Anaras Ananas comosus Bromeliaceas Young leaves
Kopou-dhekia Lyzodiom flexuosum Lycopodiaceae Leaves
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Samples collected
a, Staner culture used by Mising tribe {Code name: AsS3)
b. Rice beer prepared by Mising tribe (Code Name: AsBS)

e. Fermented rice of the Misme tribe (Code Name: AsRG)

Microbial analvsis of the samples

Table 45: Count of differem group of microbes

mample CFU / ml

General  Lgcfebacl ™ Staphyloe:  Boeill - “Solmtonella . - Enterobact  Yeasts  Moulds

aerobes g sp.: ] Eﬂmg_ll;:.:.'.-Ilﬁﬁhq:,;_:éhndlﬁwﬁ' B F e

W s,

sps
AZSS % s3x 07 0 0 i 0 i 1x10*
AsBS  20xH0" - ESxI0% O il @mIC - - 0 0 4.4 x10 0
AsRE 23107 123100 Ikt -0 1.2x10° 45x00*  pasx' o

Biochemical analysis of the rice beer sample

Takle 46: The pH, alcohol content, ash content, crude protein content and fats content in the

rice heer sample

Sample  pHSD  Titrable scidity  Aleohol (%)  Ash (%) Crude Fats (%)
+ 50 = 5D &0 Protein (%) B b
(%o lactic acid) ) = 5D .
AsBS  3.620.006 0.5840.01 430015 0.1320001  0.3520.006  (.43=0.021
62
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Table 4T: The content of tolal supgars, reducing sugars, starch and amylose in the rice beer

sample

AsBE"

S i, (R

CLEREDDAR

Table 45; The content of ascorbic acid and 1otal polyphenaols, and percentage of free radical
scavenging activity of the rice beer sample

Sam ple Aszcorbic acid Total Polvphenols Y REA
(oS 1y ) (mg/100g) = 8D
ez = 50 T 50 -
AsR5 2.18£0.344 093008 47.21£2.929

Table 49: The content of different organic acids in the rice beer sample

Orgaticaaay FrD 1Gopceultation i pym
L:1<:.:l||: ..ﬂ..u;-ld. 60215;.*.?'& '!
Propionic acid . ‘ND II

Oyxalic acid P [34.76 l

Citric acid “ND __"_i

" Tartaric acid 124 18 .
. Succinicacid - ™D :
= Pemmicadd 14,64 ==t
Formic acid - 502714 |

T Aceticseid T 333,37
|

*ND - Mot Detected

B3



Tahle 50: Result of colowr measurement

sample L - b

AsBS 0.43 s 0,66 113

Biochemical analysis of the plant sam ples

Table 51: Total polyphenol content and free radical scavenging activity of the plant extracts

i b et e

o fa T

" Senikuthi ' "~ 3362200004 44,97+5.02

" Dhopat-tita : 41.240,0008 AT 1T
~ 7 Bam-kolmeu 33.92:0.0012 13224061
" Banjaluk 67.0620.0016 321043477
3 Horumanimuni 5 17,380,001 11 5740330 |
- Burmnﬁu?ﬁunln ) 11,940,003 T 19.35=2.008
" Lai-jabori 20.61=0.0063 ToTE0 856
"~ Ramram-kuchere ' 27.750.0004 204474
" Bilongomi ' 67,09=0,004 T E0TIE0TIR
Tkl o Raanis 3941£1.079

ol
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8. Tribe: Deori

Place: Lakhimpur, Assam

Being one of the oldest settlers of Assam, the Deoris are mostly inhabitant of Lakhimpur,
Sibasagar, Dibrugarh, and Tinsukia districts of Assam, India. Information was collacied from

the Deort communities residing in Lakhimpur district, Assam, [ndia.

Starter Culture: Perok-kushi

The indigenous rice beer of the Deoris is prepared using the starter material known as perok
kushi The plant materials used for preparing perok kushi are leaves of bharar duamali, thok
thak, iesmuri, zing zing, zuuro, bhilongeni, sotiona and roots of dubusiring and the siem and
thizome of the plant jomiakhoi. All these are washed and cut into small pieces. They are then
grinded in a specialized wooden grinder called as dheki. The mixture is then soaked in water
in a vessel until the water becomes coloured, The whole mixture is added 1w grinded rice in a
vessel in order to make dough. Round balls of about 4 cm diameter is made out of this and
dricd cither in the sunlight or over the fire hearth by placing in a bamboo mat called as
aaphey. After getting dried they are placed in a bamboo container called as ko the inside of
which iz laid with kher (paddy straw), Tts mouth is again covered with £her and 15 Kept aver
the I'!E.-H.I'th for storage. They can be kept in this manner for many months and can be used as

and when required.

Fig 50: Perok-kushi
&5




Fig 32: Zuuoro

Fig 53: Shilongoni

Fig 55: Sotiona Fig 56: Pheru-eba
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Fig 37: Bhator-duamali

Fig 58: Zomiakhoti

Fig 59: Thok-thok

Fig 60: Dubusiring

Fig 61: Bandar-thitiling
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Rice beer: Sujen

For fermentation of sujer, an earthen pot (disoh) is first stetilized by washing it with ash and
placing it over the hearth for drying and fumigation. Rice is first boiled and then allowed 10
cool by spreading on banana leaves placed above an aaphey. This is followed by addition af
powdered perok kushi to the cooled rice (1 starter per 3 Kg of rice). The mixture is kept in a
disoh. the mouth of which is sealed with ko! pat (banana leaves) and lelt for fermentation o
take place for about 4 to 3 days. It can then be diluted and filtered. It is said that the

Fermentad mass in the dizgok can be stored for up to 1 to 2 months at room emperature.

Fig 63: A Deori woman filtering sujen

7]
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ldentification of plant species

Cable 32: Scientific names of the plants and their porticns used

Local Name Botanical Name Family Portions
Bhatar-duamzli Serempinum sambae Cilacepe [esyes
Thok-thaok Cinmamomum Lauracceae Leaves
bvolphata
Tesmuri Famthoxylum Rutzceae Leaves
hariltoriarnm
Ling- zing Lygodiun flexuosum Lycopodiacens Leawes
Zuuro Avanfhr leucostyehips Acrznthacane Leawes
Bhilongoni Cyolororus exlensa Thelypleridaceas Leaves
Sotiond Alstania scholariz APOCYTIACCAE Leaves
Dubusiring Alpinia malaceensis Zingiberaceae Raots
Jomlakhoti Costus speciosus Costaceae Stem, rhizome

Samples collected

a. Starter culture used by Deord tribe (Code name: AsS6)
b. Rice beer prepared by Deori tribe (Code Name: AsB6)

¢. Fermented rice of the Dearf tribe {Code Mame: AsRT)

Microbial analysis of the samples ' a

Table 533 Count of different group of microbes

Wi JdddddddddddddddddddddddddddddJdd e

{zeneral

Lactobacl  Staphyloc

Baeill

Salmonella and  Entercobact

Yeasis

Muoulds

aerobes  fugsp.  occussp.  wssp.  Shigella sp. Erigceat
AsS6 THSxl0 3.2x10° i 0 0 i i 2.7x10°
AsBi T %10 23 w0t 7100 0 il il fu il il

Go



Biochemical analysis of the rice beer sample

Table 54: The pH, alcohol content, ash content, crude protein content and fats content in the

rice beer sample

wre L8R8,

sample

0.4840.011 02140003

Tahle 56 The content of ascorbic acid and tptal polyphenols, and percentage of free radical

scavenging activity of the rice beer sample

Sample Ascorbic acid Tatal Palyphenols (mg/100g) %% RSA
L LI x 5D £ =D
+ 5D
" AsB6 2 4440.006 5.1120.186 711,198

0
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Table $7: The content of different organic acids in the rice beer sample

Sample: AsB6
Rewe
l:m'lu: Acid 5481 .E
Fropionic agid - - ik v L
. ﬂnali.n: m{d— . ND
E‘lm:;_.acld i o 457 91_
I = Lk R s
Tu.na ric acid i 118. ‘.T'
i Succinic acid - ND
Pyruvie acid 1 B}
Furm?iu :a.éiq_ _ 341,21
: LR o
Acelic acid . ND
MDD - Mot Detected
Teble 58: Result of colour measurement
Sample L a by
AsB6- ' L21 5500 T LR 2:65
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L
Biochemical analysis of the plant samples z
Table 59: Total polyphenol content and free radical scavenging sctivity of the plant extracts i-'
TEN I e s iR il v (o Ty o
" Tinaling 147,9340,0027 T 91.8640.074 o
“Tom-lakhoti 9.05:0.0003  18.839.095 o=
 Zuuro o 14.2920,003 1 T 19.99£0.718 | &=
" Bilomoni o 67,000,004 B0.71=0.718 &=
 Sotiona 57.68+0.0005  25.68£2.319 -
 Tesmuri 57.38£0.0005 - 23.4+0.897 :
Bhator-duamali S 154.6220.0003 B4.120.548 —
"~ Pheru-eba 34.6420,0002 O BR69£2052 ~—
 Dudusiring 73240006 B0l -
Bandar-thitiling 7 18.550.0006 T 119542052 _—
© Thok-thok 38.03£0.0008 131621879 o
& - _
r
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-
_
-
-
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B Tribe: Adi-Gale

Flace: Pasighat, Arunachal Pradesh

Located in the far North-East India, Arunachal Pradesh is inhabited by many different tribes
and each of these bears their own cultural ressmblance. This study was done in Pasighat sub-

division of East Siang district and the contribution came from the Adi-Gafo tribe residing in

that grea

Starter Culture: Siiyeh/ Opap

The local rice beer prepared hy this tribe is prepared using the starter cake known os siiyehor
gpop. For preparing apap, leaves and barks of the plants Ddapat and Lofpehi are washed,
sun dried and then made into powder, This is then mixed with powdered rice and a lite bit of
previously prepared opo in order to make & paste. From this fiat cakes of about 10 = 11 ecm
diameter are made and placed upon bamboo mats, The mats are then kepe in the hearth for

apiout 3 - 4 days, when the cakes become hardened. These can be stored for many months.

Fig 64: A Sityeh

Rice Beer: apo
Far preparing apo, rice husk called ampe is half burnt 1ill they become black in colour. Afer
that, rice is boiled and then spread on a bamboo mat called as peche. After the rice pets

#d




cooled, it is mixed with the burnt husk in 1;1 eatio. To this powdered apap is added (abou
[1d) g of the starter for 10 kg of the mixture) and mixed well. This mixture is then put in a
plastic container, the walls of which are covered with leaves of a locally available plant called
as ok (Zingiberacese family). The mouth is also scaled with oko leaves and is Iefi
undisturbed for about 5 days. After this the contents are mixed well and are again left in the
same manner for & longer duration. The product becomes ready after about 20 days of
termentation. It 15 also kept for longer durations for production of more aleahal. Far
filtration, a special type of funnel called as perpur is used where oko leaves are used as the
filter. The fermented mass is first placed on the perpur and then hat water is poured over it

slowly in order to obtain the opo as the filteate. The quantity of water poured depends on the

desired concentration of the final product,

Fig 63: An Adf woman filtering opo

4
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Fig 66 A perpur

Identification of plant species

Table 60: Scientific names of the plants and their portions used

Local Name Botamical Name

Family Portions

E¥freapint Clerodendron vircostm Verbeneczas Leaves barks
Lafpohi Veronia sp. Asteraceae Leaves
|
Samples collected

=]

Starter culture used by Adi-Galo tribe (Code name: ArS1)
b. Starter culture used by Adi-Gale tribe (Code name: ArS2)

€. Starier culture used by Adi-Galo iribe (Code name: Ar53)

[

. Rice beer prepared by Adi-Galo tribe (Code Name: ArB1)

Fermented rice of the Adi-Giale wribe (Code Name: ArR1}

g




Microhial analysis of the samples

Table 61: Count of different group of microbes

Sample | CFU/ ml

| General | Lactobacill | Staphyl | Bacill. | Salmonelloand | Enteroba | Yeasts | Moulds

aerobes | asspo o dcoceus | ugsp. TSkigelia i, cteriaceae

T E& ll ' s ; .-. TR = e =

ArSl 1.5x1h" | s4xi0* | o0 il i 0 La4xin’ | 2x10°
Arsl 7.3x10° | 336x10° . 0 ol dneT o 0 2Ax190 | 2x10
Ars3 | 13xID Tx I i i 0 0 e | ZxID
ArBlL | 437x10° | Li4I0f T T 0 0 2.7 b
ArRL | 2105 | Zxl0' | 4wl 0 0 0 Txl0F D

Blochemical analvsis of the rice beer sample

Table 62: The pH. alcohol content, ash confent, crude protein content and fats content in the

rice beer sample

TSR b i oS

il i gy

B 1]

"'i_"f.';i" {FEE e 4

0,320,006

43520003 0.37£0.001

Tahle 63; The cantent of total sugars, reducing sugars, starch and amylose in the rice beer

sample

et s L [T 1

ety B
S T

b
T8 Ty <[

| 21=h 030 0.76=0.237

0.2 1 4+0.006

0.7=0.021
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Table 64: The content of ascorbic acid and total polyphenols, and pereentape of free radical

scavenging activity of the rice beer sample

Sample Ascorbic acid Totul Poly phenols i HSA
{10} £ 5D
=50
ArBl 1390344 o helE0133 0 5E.89+2,572

Table 63: The content of different organic acids in the rice beer sample

Organic acid

Concentration in ppm

Lactic Acid

181202

Froplonie aeid

ND

 Oaalic acid

150.93

Citric acid

Tartaric acid

Sueeinie acd

¥21.39

Pyruvic acid

ND

Formic acid

93,64

Acetic acid

ND

*ND - "-.L:-t Detected




Table 66: Result of colour measy rement

Sample L

ArBI AR

1007

r8

77T""777171T1T 1177771 1T1T1T1TI1I1TIT1ITI1I1I1TIT1I1TITYITYT Y9 " *

f




VW JJdJdJJJdJdddJdddJdJddddIJddddddddddlew

10, Tribe: Khasi
Place: Shillong, Meghalayva

The Khasis are an indigenous group of tribal people, the majority of whom live in the State
of Meghalava. They are also found in small populations in Assam, and in paris of
Bangladesh. They call themsclves Ki Hymitiew drep, which means "the seven huts”™ in
the Khasi lanpuage. The main crops produced by the Khasi people are betel leaf, areca
nul and oranges. This study was done among the Khasi people of Shillong in Meghalaya.

Rice Beer: Kiad

For brewing kfad, 4-3 kgs of kho-so (local variety of rice) is mixed with spring water and
cooked in a metallic vessel with continuous stiring. The cooked rice is then spread on 4
malieng (round basket) for cooling and drving. Then to this 2-3 cakes if finely crushed chiar
{veast inoculum) 1s mixed. The mixture is then put in a cone shaped basket called shang. The
whele basket is covered with a cloth and left for 2-3 days. The fermented mash known as
Jyndem 15 distilled in a set of epparatus called shel-kiad which is made by piling different

sized vessels one above another. The distillate is known as kiad

Fig 67: Kiadin a plastic container

S



Samples collected
a. Rice beer prepared by Khasi tribe (Code Name: MIB1)

b. Fermented rice of the Khasi tribe (Code Name: MIRL)

Microbial analysis of the samples

lable &7: Count of different group of microbes

¥ Goneral Lactobaci  Staphyploc  Bactll  Salmomelioand  Enterobact  Yeasts  Moulds

i aerﬂ-h:f’__ flus sp. GCCHY S, WS D, Shigella sp. erfaceae
MIBI  62x107 36« 100 0 0 0 0 NE LT
MIR1 4 x10° LExl0" b 0 S T i

Biochemical analysis of the rice beer sample

Table 68: The pH, alcohol content, ash content, crude protein content and fats content in the
rice beer sample

Sample pH£SD  Titrableacidity £ Alcohal (%) Ash (%) Crude Fats (%a)
5D + 50 £ SI) Protein (%) =50
(%o lactic acid) £ 5D
MIBI 3.35:0.01 DIEH00L5 L ¢ EEEe0026T 00002 0250006 03720012
ATl R T T e T R

Table 6%: The content of total sugars, reducing sugars, starch and amylose in the rice beer
sample

020,008 .74 =000 2840037

2l
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Table 70: The content of ascorbic acid and total polyphenols, and percentage of free radical

scavenging activity of the rice beer sample

HETEN | 1 |. -lf'llIl'.:ull-!.llr.'llll:'

| MIB1 2.381=0.004

vy

0.91:0.04

T LT
L R e E

Concentration in ppm

Drganic acid

; Lactic Acid 743213

i Prupl_n-rnlt acid MWD

e Oxalic acid 5.43 =
Citric acid WD

- Tartaric acid 36.15 1

| Suecinic acid ND |

| .

T Pyruvicacd LTI

l  Formic acid ND
Acetic acid 1_31'; 19 |

*ND3 — Mot Detected |

Table 72: Result of colour measurement
Sample I L a b
MIBI AT T .83

g1



11. Tribe: |"|r-E'P'II||'i-
Place: Ranipool, Sikkim

Apart from being found in Nepal, the Nepalese pecple also inhabits the states of Sikkim.
West Bengal and other staies of Northeast India. The two major groups in Nepalese society
are Tibeto-Burmans, or Mongalaids fram the north, and Indo-Aryans from the south, This

study was done in Ranipool area of Gangtok in Sikkim.
Starter Culture: Murcha

For preparing murcha, glutinous rice is soaked in water for 6 to 8 hours and pounded
on a footl-driven heavy wooden mortar and pestle, To 1 kg of the grinded rice, is added roots
of Plumbago zeplanica, leaves of Buddleja axiatica, flowers of Fernonia cinerea , thizome of
Gingtber afficinale, red dry chilli and previously prepared murcha. The mixture is kneaded
into flal cakes placed on & bamboo mat lined with fresh fronds of ferns (Hlaphylopleriplopsiy
erubescens) and covered with dry ferns and jute bags. Thiz is placed above the kitchen and
allowed w ferment for | to 3 days, These are then sun-dried for 2 to 3 days. The product is

called murcha and can be stored in a dry place for more than a year.

Fig 68: Murcha

Samples collected

#. Starter culture used by Mepali tribe (Code name: 5k51)
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ldentification of plant species

Lable 73: Scientific names of the plants and their portions used

Lacal Name Batanical Name Family Partions
Guliyo Plunbago :Effﬂ?:gfg" _| P[Lunbngmunmc Roots
Bheemsen E'HM.I'EI,?E r:.wanm e Surnphularmce.m Leaves
Sengreknna Femﬂm;a qgwm:r i — ﬂnﬁtﬁliﬂ-ﬁﬂﬁ s Flowers
Aduwa | .E' ug.:.!::r a_{?"mmr.i.t': i Emgm;rm:-:m,  Rhizome
Kharsani s C'?_FTH':;:I.II?:?I ﬁp'_ ' LY En]:um::ea.e ; Fruit

Microbial analysis ol the samples

Table 74 Count of different group of microbes

General Lactobaci  Staphiploc  Baelll  Salwwinella and  Enteroba
Berobes Hus sp. OLCUE-SP. WS S Shipella sp. cleriaceas

Y easts

MMoulds |

| 6.5 % 10° g x 108 i 0 Iy il

2.54x10°

S
A5xlir
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T. FERMENTATION OF CASSAVA
A. Cassava varieties used

Three different varieties of cassava ( Maniho! esculenta) were obtained from sub-
station of Assam Agriculture University, Gossaigaon, Assam during the month of December

20110, The varieties were Joyr , Sri Bijoya and Gossaigaon Local

Fig 6%: Dried cassava chips of the three varieties

B. Preparation of cassava chips

The cassava tubers after being bivoght 1o the laboratory were washed properly with
tape water and then with distilled water. They were then drizd at room temperature 1o remove
the surface water. They were then peeled with a stainless steel knife and sliced into thickness

ol 2mm using & mechanical slicer. The slices were dried in a tray drver at 45" C for 7 hrs.

C. Mixed microbial starter

A starter cake of mixed microbial inocula was prepared in the laboratory using rice
and ditferent plant materials, This was prepared in accordamce o the method followed by the
Karbi peaple of Assam. The amount of different ingredients adéed was standardized in the

laboratory. This inocula was used for fermenting the cassava chips.

I, Methodology

The cassava chips were subjected to fermentation using starter culture used for rice beer
priduction. 30g sample of each variety were taken in Erlenmeyer flask in replicates of three

and the mouths of the flasks were sealed with cotton plugs and then autoclaved. To this was

B4
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added separately sterilized 160ml distilled water. Then the whole conient was boiled for 10
minutes. This was allowed to cool and 3g of the starter culture was added to each flask lefi
for fermentation to take place at 27°C and 60 rpm. The Microbial load and cther biochemical
parameters were estimated on 0%, 3™, 6, and 9 day of fermentation.

“Caceavachips

30

Autociaved:

Autoclaved distilled
water 160 mil

'Sl;l.rlér'ﬁulturé".ﬂg'

ARk

Fermentation at:
25060 rpm.

Fig 70k Flow diagram for the fermentation of cassava chips with rice beer starter culture
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F. Count of different group of mierobes at different time interval

The general Aerobes population showed a gradual increased up 1o 6" day from 7.15
log CFLIg to 8.34 log CFU/g and then decreased in the 5 day to 792 log CFU/g. Lactic acid
bacieria were found to increase pradually from 6.83 log CFU/g 1o a maximum count of
CFU/g log 8.48 in the 10" day sample. Yeast count shows a decrease in load in the 0" h of
incubation than the starter culture then however it gradually increased to & maximum value of
log?.? leg CFU/g. Moulds count was found 0 decrease gradually starting from7.61 log

CFLI/g in the starter culture and did not appear in the 107 day,

Table 75 Microbial count in cassava fermented with starer cake

Variety Microbial Count expressed as Log CFU/g
- General Acrobes
Starter 0 Day 3 Days 6 Dhays 9 days

Joya 7.15 1.20 - By B.43 7.92
Sel Bifova T.15 7.20 8.9 B.89 7.97
Gossaigaon .15 7.20 8.62 8.15 .04

Loewl ot

Lactic Acid Bacteria

Jaya 6.83 6.95 LR 8.32 B4l
Nri Bijoya 6.53 0935 E.9] .30 B4%
Grossalgaon 6.83 6.95 g.62 8.00 7.89

Local

Yeasts

Jopa 7.90 0.7 T8 Tor2 .90
Erei Bljopa 7,80 6.7 1.76 T 7.9]
Gossaigaon 7.90 6.76 7.62 .72 .70

Local

Moulds

Joya T.01 383 3.78 g.(H) 0.0
Sri Bijopa 7.61 5.83 LT 0.0 0.0
Gossaigaon 7.61 5.83 5.95 3.30 0.4

Lircid

‘Results in replicate of three £ 5D
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Fig 71: Graphs showing the sussession of the microbiota durin g fermentation

Fig 72: Lactobacillus colonies on MRS plates
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;. Changes in protein content during fermentation
Protein content shows a similar trend of gradual increase as seen in cass of enzyme

treated cassava flour fermentation.

Table 76: Protein content starter culture fermented samples

Variety %% of Protein
0 Day 3Days. - "?_5?53:5_- 9. days
Joya 1090012 1.15£0.056 1.16£0.052  1.41+D.085

SriBijoya 10720037 11120019 11740019 . 1.2240.012

Gossalgaon 11250001 1.12:0020 11450014  1.152D.013
Leocal

Resulis in réplicate of three £ 5D

H. Changes in starch content during fermentation

The starch content of the samples subjected to starter culture fermeniation shows
gradual decrease in amount, which is quite significant because it shows the conversion of
starch to its simpler units (Ezekicl er al, 2009) without the use of commercial enzyme, which
was not observed during the fermentation by L plantarim and 8. cerevisiae without enzyme

treatment.

Takle 77; Starch content starter culture fermented samples

i —

' _"r"a;rf:t; ) s of Starch
" 0Day  3Days  GDays  9days
Joya 102140182 93040228 RO620.065  B.45+0.093

Sri Bijoyva 10,140,016 T.054£0.032 6.600.032  5.21=0.46]

(rossaireon 10.98+0.021 8.38+0.201 6200021 S04 212
Local

Results in rcpliwlu'aﬁi:_;é?:'s_ﬁ_

S
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I. Total carbobydrate content at different time interval

There is & gradual decrease in total carbohydrates of all the samples which significs
the process of fermentation. Carbohydrate has been utilised by the microbes to produce
ethanol (Pandey et al., 2000, Ueda er al., |981) or protein or fat (Lehminger, 1987).

Table 78: Total carbohydrate content starter culture fermented samples

¥ days

0 Day 3 'yé = & Days

Joya T13.95:0310  11.0320.303  B.1420.669  7.39:0.816 |
 Sri Bijoya 12.1540.685 10120098 0:14+0.187 8.3620.14]
. Gossaigaon 1272:0.464  103720.733 9010885 8330517 |
Local i

Results in rtpii:;al: af three £ 5D

J. Changes in organic acids content during fermentation

The main organic acids found w0 be present in the fermenting samples are the Lactic
acid and Tarteric acid. The formation of lactic acid bacteria is may be due to the action of the
LAB, Tararic acid 15 a common crganic acid often found during wine alcohol’ wine
production. There is a gradual increase in the lactic acid concentration of the samples in all
the cases. For tartaric acid in Joya and Gessaigaon local varielies decreased in first three

days of fermentation and then increase in the concentration in subsequent days is observed.

iz




Table 7% Organic acid content of the samples

171"

*7p*"

Variety Time Concentration in PPM
{Diays) __Ellt;!iu i k) .~ Foarmic Ciuic Propionic
O e “addc acid acid H
Jova 0 1091238 42727 765490 Ef:us. ND ND 6443 1163
3 LS4 CASESMCLEINIDL RIS D ND D ND
6 1140328 407.05 685620 17068  ND MD  ND ND
9 1170469 39283679030 16077 KD ND ND  ND
Sri Bijoya i 631119  253.97 491230 2245  ND ND 2720  SLI3
3799300 AgRILASIORDININTS 430  ND  ND  ND
fi §476.14 17442 590650 12751 11172 ND  ND ND
a .s,'.'mﬂ-.gaji._,-;j-**&wﬁr’ EEi:E’.!I:I #J‘Eﬁ.,ﬂﬂ_— 19144 WD M ND
Gossalgaon 0 736155 24423 443320 ND 082 10034 4259 6738
Local 3 BHTS,68 - ;aﬁz 2} AIAOAD5 4 12644 - 8424 ND ND
é 021041 19564 455120 220] 20844 7628 ND ND
Q --99&1 -14 ,a IJ}; g*.;' ----- 4535 :ﬂa-r .—I:;Jlil 49051 . 54.63 ND ND
*ND — Not Detected .
50
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8. PREPARATION OF STARTER CAKES

Various rypes of starter cakes for fermenting rice beer were prepared in the laboratory, The
methodology followed for preparing these cakes was in sccordance io the traditional
preparation procedure followed by the indigenous people and the plant materials were also

selected based on the survey work done. To following cakes were prepared

o Starier 1

This starter was prepared by mixing plants with rice flour in the ratio of 113,

Fig 73: Stanter |

b, Starter

This starter was prepared by mixing plants with cassava flour in the mtio of 1:1.

Fig ™ Starter 2

91




¢, Starter 3
This starter was prepared by mixing plants with cassava flour and rice flour in the

ratioof §:2:2.

Fig 75: Starter 3

k=

“1111171717%9179779791971777717771711111 1.1



JddJddddddddddddddddddsddddddddddddec

9. DEVELOPMENT OF MINI PILOT PLANT

A mini pilot plant (lab scale) has been developed in the department. This is for the purpose of
battling of the prepared rice beer and also for packaging of the starter cakes. Some

photographs of the plant are given below.,

Fig 78: Botles confaining rice bear
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10, DISCUSSIONS

It was observed that the process of rice beer preparation followed by different ethnic
tribes residing in different states of MNorth-East India is more or less similar. The only
difference is the ingredient in the form of different parts of various plants species. The tribes
in different regions wse different plant species based on their availability. This has been
reported earlier by Tanti er af. 2010. Some of the plant species documented in this article
have also been mentioned carlier by differemt authors like Saikia ef al., 2007 about the Aboms
af Assam, Deori et al, 2007 about the Deoris of Assam, Teron, 2006 about the Karbis of
Assamy, Tiwari and Mahanta, 2007 about the Arumachalis of Arunschal Pradesh and Tanti ér
al. 2000 about the Misings of Assam. The knowledge of the indigenous people in the use of
the starter cultures as a source of veast is very interesting. The local brews such as rice beer
bears very significant resemblance of the culture and traditions of the wribal people residing in
this part of the country. Each of the beverages prepared is rooted with the socio-cultural
practices of the individual tribes and also on various environmental factors, [t has beep found
that the preparation of rice beer is considered as sacred by all the tribes and it occupies
special recognitions in many of the oceasions like rituals, festivals, marriages and communal
gathering, The consumption of mild amount of alcohel in the form of rice beer gives some
relaxation 1o the hard wordking pﬂpu]aliuﬁ- of these states and practically has no side effect on
their health, Apart from imparting colour, flavour and sweetness 1o the beer, the various
plants used in the starter culture are also said to have many medicinal properties. Also some
of the plant extracts may also provide certain nutrieats for the survival of the microflora
present in the starter cakes. The quality of the starter culturs is said to be dependent on the
veriety of plant parts used and also on the maintenance of proper sanitary conditions. The
preference of the variety of rice used for fermentation #so differs from communitics to
communities, However, it 1s seen that glutinous rice is preferred more than non-glutinous
rice, owing to the taste and alcohol content of the product. Further studies on the plants used
and the final product may reveal some other important properties and beneficial effects of this
traditional beverage. Furthermore the peeparation and local marketing of this product serve as

a source of income and livelihood 10 many of the families living in the rural regions.

For microbiolegical analysis, all the analyses were done in replicates of three and the

mean values were taken. The place count of acrobes showed a lowest value of 2x10° CFU

i
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ml” in the sample AsB3, while the sample AsB1 had the highest count with a value of
1.9x10" CFU mI'. The count of mesophilic aerobes in fermented poko, a rice based
fermented food of Nepal, had been reported to start from a count of 7.9x10° CFU g-' on the
first day of fermentation and decrease to a count of 1xI0° CEU g’ on the fifth day by
Shreshta er @l 2002, Thepa and Tamang, 2004 has also reported the total count of acrobes in
kodo ko jaanr, a fermented finger millet beverage to be around 7.4 log CFU g Yeasts were
the deminant microbes in all the samples and there was not much variation among the
samples with values ranging from 2.7x10° CFU ml” in the sample ArBl 102.4 x 10" CFU ml'
"in the sample NaB2. Tamang and Thapa, 2006 studied the count of veasis in bhaari jaaar
which is a type of rice beer made in the Eastern Himalayzs, and found that their population
increased from 10° CFU g on day 1 of fermentation ta 10* CFU g! on dav 2, and then
gradually decreased o level of 10° CFU g on day 10. Shreshta ef af, (2002) has found an
increase in the population of yeasts from 1.8x10% to 1.3x10° CFU g from the first 1o the fifth
day of fermentation of poko. The kind of yeast strain present in the final product will differ
based an the type of starter used in the process {Tsuyoshi et af, 20035). Moulds were found 1o
be: absent from all the samples. the mucorales have roles in the initial phaze of fermentation,
mastly in saccharification and their disappearance from the final product have been reported
by authors like Tamang and Thapa, 2004, Thapa and Tamang 2004. The Laciocacillus
sp.wers present in all the samples in considerable high number mnging from 2x10° to
355107 One of the samples AsB3 had a count of LAB even higher than the general aerobes,
The population of LAB in the fermentation mixture was found to increase from an initial
value of 3.5x10° on day 1 to a value of 5x10" on day 3 by Shreshia et af, 2002, while Thapa
and Tamang, (2004), reported the counts of LAB in kodo ko Jaanr to range from 4.1 o 6.5
log CFU g"'. Tamang and Thapa, (2006), reported the population of LAB (Pediococcus
pentosacens and Lactobavillus bifermentans) to be highest st a value of § log CFU ¢ during
the second day of fermentation. Lacrobecillus and Pediococcus are recognised as the most
commaon contaninents of beer and are responsible for approximately 0% of spoilage due o
microorganisms (Back. 1994). The common food contaminants of enterobacterieceas and
Salmonella and Shigella species were found in only one sample (AsB2) in low counts of
2.5%10° CFU g* for and 1.5 x 10° CFU g respectively. Staphyfococens species were found
to be present in the samples NaB2, AsB1, AsB2 and AsBS in low count. The presence of
s0me coptaminants in a few samples may be atributed to the nutritive content of the progduct,

However, water source or the degree of hygiene maintained during production alse may
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result in the presence of certain unwanted microbes. Thus it is necessary o educate the

people involved in rice beer making about proper sanitary conditions.

The pH of all the samples was found to be low, with the sample MIB1 having a value
of 3.35. The sample ArB1 had the highest pH with a value of 5.07. The low pH of beer has
been reported carlier by Teramoto ef al., (2002), who found the pH of futhe prepared in
Magaland to be 3.6, Sanchez er al, 1988 also found the pH ol 10 different varieties of fapuy
(Plilippine rice beer) to be in between 4.6 to 5.0. The 1otal acidity of the of the samples
cxpressed as % of lactic acid was however found to be lower than the samples described by
Teramoto et al., 2002, and Shreshta e al, (2002) but had similar values 1o yakiu (Konean
rice beer) brewed with different wild type yeast strains (Kim er of , 2010). All the samples
had similar akcohol content within the range of 3.93 - 4.39%,. This content was less than that
found in samples of vakiu of Korea (Kim ef af | 20109, Ou of Thailand {(Chuenchomrat et al.,
2008) and sgpuy of Philippines (Sanchez et al., 1988}, The alcohol content was however

found to be similar to that of zuthe (Teramoto ¢t al., 2002) and poko (Shreshta er al, 2002),

The ash content in the samples ranged from 0.02% in sample AsB3 to 0.37% in
sample ArB1. Crude protein in the samples was found to be présent in the range of 0.25% to
|.02%. The highes! content was found in the sample AsB4. Chuenchomrat et al. (2008}, alsa
studied the ash and protein content of Qu samples and found the ash content o range in
betwezn 0.1% to (0.3% and the protein content in between 0.45 10 0.99%. The samples MaR2

and AsB4 were found 1o have the highest content of fats with values of 0.76 and (LB6%
respectively,

Totel sugors and reducing sugars were found in varying amount in all the samples.
The sample NaB1 contained the highest amount of total sugdrs (8.5%) and reducing sugars
(3.4%]). Whercas, the lowest amount of total sugars and reducing sugars was found in the
samples AsB1 (0.63%) and AsB2, MIB2 (0.29%) respectively, The content of total and
reducing sugars during poko fermentation was found to start from an initial concentration of
3.2% and 0.4% on day 1 and end with 1.8% and 0.0% on day 5 (Shreshta ef al, 2002},
Tamang and Thapa (2006) also found the total and reducing SUgar concentration to start with
an initlal value of 64.1% and 0.01% respectively on the first day and end with values of
13.4% and 0.2% respectively on the tenth day during fermentation of bhaai Jacenr., The

concentration of total sugars in samples of rapuy has been reported to be in between 0.9% 1o
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0.25% and 0.07% to 0.21% respectively (Sanchez er al., 1988). Teramoto et al. (2002), has
also reported the content of total sugars (39.7 mg/ml) and reducing sugars (6.3 me'mi). The
starch und amylese content did not show much variation among the samples. Starch content
ranged in between 0.74% in sample MIBI and 1.38% in sample NaB2 and amylose content

varied depending on the content of starch.

The escorbic acid content in all the samples was within the range of |.3mg/100g to
«.7 mg/l00g. The sample NaBl had the highest content of polyphenols (10.06 mg/100g)
followed by AsB3 (5.05 mg/100g) and AcB4 {4.7]1 mg/100g), The presence of ascarbic acid

and phenoclic compounds in the samples may be attributed to the high free radical scavenging
activity exhibited by them.

The conient of different organic acids present in the samples as detected by HFPLC
analysis has shown that lectic acid was found in high concentration and ather acids showed
variations with samples.

It was also seen that the 5™ day of fermentation was found to be more suitable in terms of

nutritional aspects. The traditional starter culture wsed for rice beer preparation was found
suitable for fermenting cassava which broadens the prospect of using cassava for beer
making.

The biochemical parameters of the samples showed that rice beer produced in North-East
India can be 8 good source of nutrition along with mild intoxication. The process of brewing
15 of mejor commercial importance in many countries and standardization of the method of
rice beer making and its preservation can lead to its commercialization which again through

taxation ¢an be an imponant source of revenue (o the povermment,

Bicchemical analysis of the plants used in preparing starter cakes has shown that total
polyphencls was present in all the samples in high amount. The highest concentrations were

found in samples of Bhator duamali {155mg/g) and Zing -zing (148mg/g) Both these plants
are used by the Deari tribe of Assam.

The DPPH free radical scavenging activity was also exhibited by all the plant species and
the highest radical scavenging activity of 84.12 % was shown by the extracts of the plant
Bhalor duamall, Dudu-siring used by the Deori tribe and Bilengoni used both by the Deori

B




and Misimg wibe have also shown good free radical scavenging activity of 82.29% and

S0.7 1% respectively, This shows that the starer cakes also have some antioxidant propertees.
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11. PUBLICATIONS MADE FROM THE PROJECT

The following publications were made by work done under the project

* Das A L, Deka, & C. and Miyaji, T. (2012). Methodelogy of rice beer preparation
and wvarious plant materials used in starter culure preparation by some tribal
communitics of North-East India: A survey, [nternational Food Research Journal
19(13:101-107

* Das, A J and Deka, 5. C. (2012) Mini Review: Fermented foods and beverages of
the North-East India:, International Food Research Journa! 1972):377-392.

o Deka, 5. C. (2011).A myriad of starter cultures wsed in rice beer preparation af
Morth-East India. Invited paper, at 5" International Conference on “Fermented Foods,
Health Status and Social Well Being: Challenges and Opportunities™ held at CFTRI,
Mysore, India December [5-16, 2011

s Dag AJ, Deka, 8,C., Khawas, P. and 8it, M. (2012). Smdies on some microbiological
and biochemical properties of different varieties of rice besr from North-East India.
Abstract presented ot 187 International Conference (POST ISCBC) Perspective and
Challenges in Chemical and Biological Sciences. Innovation Cross Roads, Held at
LASST Guwahait from 28ih - 30th January, 2012

s Deka, P, Das, AJ, Deka, 5.C, and Khawas, P. (2012). Effect of fermentation on
some local cassava (Manikot esculenta) varieties of Assam vis-i-vis quality attributes.
Abstract presented at 18" Intemational Conference (POST ISCBC) Perspective and
Challenges in Chemical and Biological Sciences, Innovation Cross Roads, Held a1
LASST Guwahait from 28th - 30th January, 2012
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12. EVALUATION OF *SCHEME FOR RESEARCH &
DEVELOPMENT® UNDER MINISTRY OF FOOD PROCESSING
INDUSTRIES

Ag per dirgction of MoFPI, New Delhi; a visit was made by ICRA Management
Consulting Service Limited on July 30, 2011 to assess the project. Mr. Siddharth Dhyani
visited and assessed the project and the evaluation report was submitted to the Ministry by
ICEA.
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13. CONCLUSION

The North-Eastern states are mostly agrarian with almost two-thirds of the population
engaged in agriculture and allied activities. Majority. of the land in these states is covered
with forests which are rich source nawral resources. The fermentation iechnologies practices
by the ethnic people reveal a strong correlation of these people with nature and the
assessment of microbial benefits, The rich microbial diversity in various sources of fermented
foods and beverages reflects that the indigenous people have been hamessing indigenous
microbicta for spontancous fermentation. Climatic conditions also play major role in the type
of fermented foods produced in the temperate, sub-tropical and tropical climates of this
region. Besides the food items mentioned here, other products like. Modern science and
technological knowledge should be united to produce beneficial results, Development of
value added products by seleeting productive microbial straing, genetic improvement, process
improvement, raw material imptovement, improving process control, the use of immobilised
systems and/or enzymes, study of probiotic activity and wse of genetically modifled
organisms  will lead to industrialization of these food products.  Multi-institutional
collaborative rescarch will lead to standardization of the fermented food products and
increase their shelf life. At present these products are produced only for local consumption. A
commercial unit of the waditional fermented foods of the North-Eastern states should be
developed which would in tum help in proper marketing of the products in packed form. This
would contributes to subsistence of regional economy and prove as a boost 1o the livelibood
of the rural people. Up gradation of the technologies involved can be brought about without
damaging the existing form of product. Different kind of neutraceuticals and novel

compouncs may be produced from fermented foods if proper research is meted out. A
database can be developed listing all the fermented foods available in the region, along with
their place of ongin and production, raw materials used, microorganizms involved, nutritional
value and the cost involved, These traditional methods of fermentation and preservation can
be commercialised and productivity can be maximised if contributions in terms of financial

support and technological development is provided by various governing bodies and
nstitutes.
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UaT12 - 267005
(A Cantral University Established by en Act of Parliament) Fax: 03712 - 2ET006

NASAANM. TEZELIR-784 028 02712 - 2670035
DISTRICT : SONITPUR ;; ASSAM - INDIA e-maii:admiagnigarh, tlazu emetin

'. No.3 g2 Daed 15" Febroary, 2012

To

mMr. Vijay Kumar

Section Officer

Ministry of Food Processing Industries
Panchsheel Bhawan

August Kranti Marg, New Delhi - 110049

Subject: Submission of Final Report, Statement of Expenditure and Utilization
Certificate for release of 3™ installment

Ref: R&D project “Quality Improvement of Traditional Method of Rice Beer Production
by the Tribal Peaple of Morth-East Indiz” (File No. 12/MFPIR&D/2009 Dated 26"
February, 2010)

Sir,

[ wm sending herewith the Final Report, Statement of Expenditure and Ulilization
Certificate for release of 3™ instalment for the project entitled “Cheality Improvement of
Traditional Method of Rice Beer Production by the Tribal People of North-East India”
(File No. 12/MFPI/R&DV2009 Dated 26" February, 2010),

[ may request you to release the 3" instalment to meet the deficit amount on time.

This is for favour of your kind information and necessary action

Thanking you, =

Encl: As stated Yours faithfully,

(8. C. Deka)

Professor & Head
- HEAD
Dept. o Food Processeny Technology .
Tezpur University
Mapaam, Tezpur-7ad 028.
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TEZPUR UNIVERSITY Gl s
(& Central University Established by 2n Act of Partiament) e T2 2EADUN

pAaPALR, TEZFUR-TE4 025 3712 - 267005
DISTRICT : SONITPUR :: ASSAM o INDIA e-mad:admgagrigarn teu gimalin

PROFFORMA ASPER GFR 1Y - A
(See Rule 212 (1)
Form of Utilization Certificate

| Letier Mo, & Dale i __!_!-‘u_w._:-n.m!_ | Cerufied that ow of Rs. 30,34 43200 of granis-
| 2/MPPUR&D200%, dated | s, 30.34,43240 in-aid sanclioned during the years 2011-12 m
24™ February, 2011 ' favour of the Registrar. bept. of Food
| Processing Technology, Tezpur Umiversity.

| Napaam-784028, Sonitpur, Assam undel this
| Ministry's  letier  No.12/MFPLUR&D/2009,

dated 24™ February, 2011

aiven i the margin and

Rs. 1,12,981.00 on sccount of unspent hatance

of the previous year , a sum of

Rs. 40.47.248.00 has been utilized for the

purpaese of purchase of equipments. chemicals,
| glasswares, stationery. Taw materials  and
| expenses on MAnpewer and tour expenses [or
| which it was sanctioned, that

L o e e R |
the balance of Rs. NIL remaining unwtilized at the end of the year has been surrendered to the
2012, A minusg

Government. will be adjust.d towards the grants - in-aid payable during the next year
halance of (<) Re.8, 99,835.00 which is due to the Tezpur Liniversity.

—

ch the granis- in-aid was sanctioned

3 Certified that 1 have sutisfied myself that the conditions on wii
fallowing ehecks 1o see tha

have been duly fulfilled/are bemng fulfilled and that | have exercised that
the money was actually wtilized for the purpose for which it was sanctioned.

kinds of checks exercised. .

appointed by this University as Internal Auditor

| Aceoums audited by gualified Charlered Accountant
re gnterad in the stock

3 All the equipments. chericals. consumables elc purchased from the grant a

repister of the Department

P <M

i5.C. Deka)
Professor & Head

HE AT
Ueplt, o Foaod Prods ssmn Teohon)
Tezour Llnlvarsiiy

Y. Napezm, Tezpur-Tod 123
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7PUR UNIVERSITY "

'Sl

| Letter No. & Date

clrhl Linnarsty Ssbabished iy an Acl o PErEmeni; Faw (A7 M
mInEEAR TEEFLR-TE4 026 02754
CHETHRECT - SO TRUER - ASSAM S INDILA a-piEilariman g nina el e s e in
: Ng. 2343
18]F [2e2—

FPROPFORMA AS PER GFR 19 - A
(See Rule 212 (1)
Form of Utilization Certificate

| Amount

| 3

\Qd B dJdJddddbdddddddddddd bbbt bdbbboea

1/MFPIR&D/2009, dated = Rs. 30,34,432.00
24™ February, 2011

Certified that out of Rs, 30,34,432.00 of prants-
in-aid sanctioned during the years 2011-12 in
favour of the Registrar, Dept. of Food
Processing Technology, Tezpur University,
Napaam-784028, Sonitpur, Assam under this
Ministry's  letter  No 12/MFPIR&DMZ003,
dated 24" February, 2011 given in the margin

T and Rs. NIL on accoumt of unspent balance of

the previous vear , a sum of Rs. 30,34,432.00
has been utilized for the purpose of purchase of
squipments, chemicals, glasswares, stationery,
raw materials and expenses on manpower and
tour expenses for which it was sanctioned, that

the balance of Rs. NIL remaining unutilized at the end of the year has been surrendered to the
Government. will be adjusted towards the grants - in-aid payable during the next year 2012,

i

Kinds of checks exercised.

7 Certified that T have satisfied myself that the conditions on which the prants- in-aid was sanctioned
have been duly fulfilled/are being fulfilled and that T have exercised that following checks to see tha
the money was actually utilized for the purpose for which it was sanctioned

1. Accounts audited by qualified Chartered Accountant appointed by this University as Intemal Auditor

2. All the equipmenis, chemicals, consumables cte purchased from the grant are entered in the stock
register of the Departmenl.

£
1 . |I ||..!\-'-I'

¥ "q = i
.__.-'th- A ,'E o

(5.C. Deka)

Professor & Head

HEAD
Liapinl. oFf Fond Processng Taeron
ey LR nmrsify
o Hapaah, lErpur-TRELET



Statement of expenditure till 31% December, 2011

Actual amount spent till December 317, 2011 against the project, “Quality improvement of
traditional method of rice beer preparation by the tribal peaple of North-East India™

l'otal grant-in-aid of the project: Rs. 78, 68,534.00 {File no. 1 2MFPIURE&D/2009. dated 26™
February, 2010)

Year wise distribution of bud get:

Expenditure Head | = Amount (Rs. in Lakhs) | Cast (Rs. in L akhs)
. . | First year (I) 1_ Second year (1) 1& ] Total
i Equipments ___68.30,534.00 | -- _"15.5',3_!1534.'34'1
| Manpower (SRF) 1. 44.000.00 ' | 44.000.00 2,88,000.00 |
Consumahles 3. 80.000.00
Raw Materials 0,000, 00
| Ftanionery 20,0000
Chemicals 3.00,000.00 I 40,000.00
A il _ o 1000000 F 3000000 =
!_T[;'-jf;!lmg_;x@:-wa nces. | i i 70,000.00
Taotal : _ _ TR6X,534.00

Amount of money released from MFPI:

--I-HHHHEHEI'.IIZ .-‘Lmu_uut-ﬂell!nsed

P installment Rs. 39, 34,267.00

(File No. | 2MFPI/R&DV2009, dated 23™ March, 2010)

2" installment: | R, 30, 3443200

(File No. | ZMFPI/R7IV2009, dated 245' February, 2011)

Total s, 69,68,699.00
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Amopunt of Money Spent from February, 2001 6ill December, 2001 (Current Year):

LA Budget Head ; Equipments' Consumables |
| 51 | Name of the TU Purchase order Supplier Amount in INR |
Mo | equipment Ma, |
I Accessones for T T- Dionex India Pvi 1.12.5300.00
HPLC system 15/PucFPT200 17506 | Lid., Mumbai
-4, dated
| 07.10.2010
I_l Fermentor TU/1- M5 Eppendorf India | 16,50,000.00
! [3/PunFFTR20117831 | Limited, Chenna
=&, dated 30.05.2011 |
3 Vertical TU/LL- Ms North East 36,224.00
| Autoclave 15/Pur/FPT/2011/832 | Enterprise,
l | -A, dated 30.05.2011 | Guwahati, Assam | 4
d Trinocular TLI L - Wirs Letka 7,46, 25000
| Microscops 15/Pur/ FPT/201 17833 | Mikrosysteme,
-A, dated 30,05 2011 | Germany
15 Custom duty lor | Vide challan no. - B5,694.00
; Trinocular 2003025021
Microscope
| remited by1U |
' Chemicals et Chy process Morth East 2,64 350,00
Chemicals,
T (N S | Gruwahati
B. | Budget Head: Myapower (SRF)
i Arup Jvoti Das Expenses from |
[ 010220117 o [ 1,32.000.00
[ (30222011 (in INR) |
Total (A+B); Rs.40,47,24%.00
|

T/ I Y A Y Y SV N A S 99 R 9 Y Y Y Y Y Y Y Y Y Y Y A Y B NN

|



Abstracied Sy mmary of the Previpus Year & Curren Year:

| Amount It[liﬂil}' Rec cived

Amo Ltr:l_m!mﬂ:r Spent

ﬁﬂi’r g | ﬂ;m |. E]:n:‘ﬁ::-!.'-s

| during 1* Installmen
| Period

(0 g

' Installment

B34 72

]
1
=&

s

| Rs. 38,21 286,00
|

| (LT submitted

| vide letter No
2798 dated
8022011

a,.'.f

—

| .[T:H}un'_ng

Installment

—lliis._lW?H_,!@m ' Total Amdaoni
Actually Spent

| during 2™ Jnstaliment |
HPeriod |

;- -i'na.ﬂmmll nt

| Actually Release

|

1 —_— | A
Minus Balanee of {-) 15, 8, 0,

BT T

|' Rs. 8.99 8315.00
B35.00 m

Rs.40,47243.00 |

| ReT8.6853000 |

=

| Total Sanctione
| Amount of ihe
| Project

[ Rs.78,685

34,00

ay be released to Tezpur University,
ne thouss

{Rupees eight lakhs nincty ni and cight hundred and thirty five only)

(5.C. Deka)

Professor EHE;EID )

Cepl, < Foad Processing echnology
Tezpur Wriversi Iy

Y. Napaam, Tezpur-Td4 028
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