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A bstract

Mixed solid state fermentation by Rhizopiis oligosporus on nutritional and antinutritional 
factors of dehulled cereal Seleria italica (millet or kaon) and legume Cicer arietinum (Bengal 
gram or chola or chick pea) were studied. The fermentation method used was similar to the 
traditional fermentation procedures used in the preparation of Tempeh from Soybean in the 
orient. The duration of fermentation was 24 hours at 37°C under controlled laboratory 
conditions. In this work protein content were increased by 5.02%, 5.97% and 9.25%< after 24 
hours of fermentation of (50:50), (60;40) and (75:25) ratios of mixed Seteria italica (millet or 
kaon) and Cicer arietinum (Bangal gram or chola or chick pea) respectively. Crude fat content 
decreased by 11.9%, 17.10% and 27.16% after 24 hours of fermentation. Ash content 
decreased by 3.73%, 4.57% and 4.60% respectively after 24 hours of fermentation. Crude 
fibre content decreased to 9.15%, 7.00% and 6.28% respectively after 24 hours of 
fermentation. Carbohydrate & Calorie were decreased 0.16%, 0.29%, 0.50% & 0.72%, 
0.85%, 1.43% respectively after 24 hours of fermentation.

After 24 hours fermentation, thiamine content increased by 20.58%, 19.44% & 21.05% when 
compared with the thiamine content of raw state and 64.0%, 79.16% & 53.33% when 
compared with the thiamine content of soaked and steamed state respectively. Niacin content 
increased by 30.43%, 27.19% & 33.47% when compared with the Niacin content of raw state 
and 42.11%, 48.72% & 45.00% when compared with the Niacin content of soaked and 
steamed state respectively. Vitamin B(, content increased by 37.68%, 35.84% & 23.80% when 
compared with the vitamin B(, content of raw state and 69.64%i, 63.64% & 67.72%; when 
compared with the vitamin B,; content of soaked and steamed state respectively.

The nutritional factors like protein and B vitamins (Thiamine, Niacin and Vitamin B5 ) were 

increased. While crude fat, ash and fibre decreased. So temph can be prepared with millet or 
Bengal gram for meeting nutritional needs of young children and old people.
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In troduction

B angladesh  is a developing  country w here m alnutrition is a serious problem . The diet 

o f  B angladesh  is based on cereals and legum es. Legum es (pulses) are the cheapest 

source o f  p ro tein  and considered to be the poor's m eat. A vailability  o f protein  from  

anim al source is already scarce because fish production has gone dow n than 

requirem ent due to indiscrim ate use o f  fertilizer and pesticide. So to m eet the 

requirem ent o f  protein  from  plant source it is a need fenrich B angladeshi d ie t‘ '.

By traditional solid state ferm entation process o f  cereal & legum e 'tem peh' is 

p repared. 'Tem peh' is a popular, delicious and nutritious food in Indonesia. 'Tem peh' 

could  also be useful for our population as protein source as well as calorie. 'T em peh’ 

produced  p leasanat arom a w ith alcoholic smell w hich increases its acceptability  and 

is becom ing popu lar food in U SA , Japan, C hina, Taiw an and India. D ue to 

ferm entation , protein  availability  and d igestib ility  im proves, so also B vitam ins along 

w ith reduction o f an tinu trien t factors present in legumes^'"'. There are m any legum es 

& cereals, am ong them  B engal gram  & m illet are available. Seteria italica  (m illet or 

kaon) and C icer arietinum  fbengal gram  or chola or chick pea) are the im portant 

sources o f  carbohydrate, protein, B vitam ins and m in era ls '’̂ . The purpose o f  this 

study is to  increase the availability  o f  protein and o f B -vitam ins in these seeds by 

solid state ferm entation . Through this process even w eaning food (w ith or w ithout 

m ilk or sugar) fo r the grow ing children and old people and other vulnerable group 

m ay also be fed.

M ateria ls and  M ethods

M illet and B engal gram  seeds procured from  the local m arket w ere used for this 

study. D ehusked  m illet and "dal" cleaned and kept at room  tem perature untill tests 

w ere done. In a 100 ml. beaker 50g o f  seeds were soaked in w ater (1:3 seeds to  w ater 

ratio) overn ight ( 1 2 h), w ashed and steam ed for 1 0  m in and dried at room  tem pereture 

to rem ove excess water. S team ed seeds w ere inoculated w ith 0.5%  inoculum  o f 

Rhizopus oU gosporus a m old collected from  the N utrition R esearch C enter, B ogor, 

Indonesia. For the preparation o f  inoculum  by grow ing tem peh m old on rice or 

steam ed cassava flour. T he m old culture w as then dried in the sun to  w hen the spores 

had fully m atured. It was then ground to pow der. Inoculum  m ade by grow ing tem ph 

m old on rice has sh e lf life o f  six m onths at 25°c w hen stored in a closed container
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(0.5%  m eans desire am ount o f inculum ). One portion o f  the soaked and steam ed 

seeds was kept in the refrigerator (kept at °c) as control. Inoculated seeds were 

packed in glass petrideshes and ferm ented in an incubator at 37° c for 24h. A fter 

farm entation they w ere kept in a refrigerator as ferm ented sam ple. For the raw  

sam ple it also control dried and cleaned seeds were ground in a m echenical g rinder 

and strored at room  tem perature. So we obtained three kinds o f  sam ple -

1. Inoculated  seeds

2. Soaked and steam ed seeds (control)

3. R aw  sam ple-(dried  and cleaned)

For the study purpose we m ixed these three types o f  seeds each in three ratios like 

(m illet 50: B engal gram  50), (m illet 60: Bengal gram  40), (m illet 75: B engal gram  

25). M oisture, proxim ate principles of food (protein, fat, carbohydrate), ash, crude 

fibre and B- vitam ins both for unferm ented and ferm ented seeds are determ ined by 

standard m ethods^'‘' ’̂ ’̂

C rude protein, ash, fibre, were determ ined by the ICM R m ethods^ Fat was 

determ ined according to  the m ethod o f Folch^. Thiam ine was determ ined according 

to Lym an et al^. N iacin was analyzed colorim etrically according to  the m ethod o f 

AOAC*. V itam in Be was estim ated m icrobiologically  using Saccharom yces 

C arlsbergensis (A TC C  9080) as assay organism  according to H yderabad m anual 

method^.

Statistical analysis

A fter coding and editing, the collected data were analyzed by using SPSS softw are 

pakage. The results w ere presented using m ean ± SD and T-test.

R esults

The effect o f ferm entation on chem ical com position o f Seteria  italica and  C icer  

arietinum  m ixed seed is show n in Table 1. Before ferm entation  m ixed seeds o f 

soaked and steam ed, the protein content o f Seteria italica  (m illet) and C icer  

arietinum  (bengal gram ) (m illet 50: bengal gram  50). (m illet 60: Bengal gram  40) 

and (m illet 75 : bengal gram  25) were found to be 21.52 ± 0.10, 20.76 ± 0.07, 20.00 

± O.lg/IOOg respectively. A fter ferm entation, protein content was found to be 22.60 ±
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0.13. 22.00 ± 0.16. 21.85 ± 0.14g /lOOg respectively w hich was increased to 5.02% , 

5.97%  and 9.25%  respectively. A fter ferm entation the fat content w ere decreased by

11.90% , 17.10%  and 27.16%  respectively when com pared with the fat content o f 

control (before ferm entation  soaked and steamed). A sh & Fibre contents were 

decreased by 3.73% , 4 .57% , 4.60%  & 9.15% , 7.00% , 6.28%  respectively when 

com pared w ith the ash & fibre contents o f control. C arbohydrate & calorie were 

decreased  0 .16% . 0.29% , 0.50%  & 0.72% . 0.85% , respectively  1.43% w hen 

com pared w ith the carbohydrate & calorie contents o f  control.

T he effect o f ferm entation  on vitam ins content o f Seteria italica  and C icer arietinum  

m ixed seeds are show n in T able 2. A fter ferm entation, th iam ine content by Seteria  

italica: C icer arietinum  w ere increased 20.58% , 19.44% and 21.05%  when com pared 

w ith the thiam ine content o f  raw  state respectively. T hiam ine content w ere also 

increased 64.0% , 79.16%  and 53.33%  respectively when com pared with the th iam ine 

content o f soaked and steam ed state. N iacin content were increased 30.43% , 27.19%  

and 33.47%  respectively  w hen com pared with the N iacin content o f  raw  state. N iacin 

content w ere also  increased 42.11% , 48.72%  and 45.00%  respectively  when 

com pared with the N iacin content o f  soaked and steam ed state. V itam in Ba content 

w ere increased 37.68% , 35.84%  and 23.80%  respectively when com pared w ith the 

v itam in content o f  raw  state. V itam in Bg content w ere also increased 69.64% , 

63.64%  and 67.72%  respectively  w hen com pared w ith the vitam in Be content o f 

soaked and steam ed state.
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Sultana et al : Solid State Ferm entation

T able 1: E ffect o f Ferm entation  on C hem ical C om position ol' Seteria 
italica and Cicer arietinum  M ixed Seeds'*

N u tr ien ts S a m p le s

Pa t te rn

B e fo re  

fe rm e n ta t io n  

so a k e d  and  

s te am ed  

(con tro l) .

Afte r

fe rm e n ta t io n  

(24  h after)

%  o f  e f fec t P -v a lu e

Seteria italica : C icer arietinum
P ro te in (5 0  : 50) 2 J ,5 2  ± . 1 0 2 2 .6 0  ± .13 5 .0 2 (+ v e )* P < 0 .0 5
(g/lOOg) (6 0  : 40 ) 2 0 .7 6  ±  .07 2 2 .0 0  ±  .16 5 .9 7 (+ v e )* P < 0 .0 5

(75 : 25) 2 0 .0 0  ± . 1 1 2 1 .8 5  ± . 1 4 9 .2 5 (+ v e )* P < 0 .0 5

Seteria italica : C icer arietinum

Fa t (5 0  : 50) 6 .47  ± . 0 2 2 5 .7 0  ±  .041 1 1 .90(-ve)* P < 0 .0 5
(g/lOOg (6 0  : 40) 4 .9 7  ±  .016 4 .1 2  ± . 0 2 2 1 7 .1 0 (-v e )* P < 0 .0 5

(75  : 25) 4 .8 6  ±  .024 3 .5 4  ±  .029 2 7 .1 6 ( -v e )* P < 0 .0 5

Seteria italica : C icer arietinum
A sh ( 5 0  : 50) 1.61 ± . 0 2 2 1.55 ± . 0 2 4 3 .7 3 (-v e )* P < 0 .0 5
(g/lOOg) (6 0  : 40) 1.53 ±  .039 1.46 ±  .016 4 .5 7 ( -v e )* P < 0 .0 5

(75  : 25) 1.52 ± . 0 3 3 1.45 ± . 0 2 9 4 .6 0 (-v e )* P < 0 .0 5

Seteria italica : C icer arietinum
F ib re (5 0  : 50) 1.53 ± . 0 2 9 1.39 ±  .022 9 .1 5 (-v e )* P < 0 .0 5
(g/lOOg) (6 0  : 40) 1.57 ± . 0 4 5 1.46 ±  .039 7 .0 0 (-v e )* P < 0 .0 5

(75  : 25) 1.59 ± . 0 5 4 1.49 ± . 0 2 9 6 .2 8 (-v e )* P < 0 .0 5

Seteria italica : C icer arietinum
C a r b o h y ­ (5 0  : 50) 6 8 .8 7  ±  .029 6 8 .7 6  ± . 0 3 6 0 .1 6 (-v e )* P < 0 .0 5
d ra te (6 0  : 40) 7 1 .1 7  ± . 0 3 9 7 0 .9 6  ±  .045 0 .2 9 (-v e )* P < 0 .0 5
(g/lOOg) (75  : 25) 7 2 .0 3  ± . 1 1 7 1 .6 7  ± . 0 3 6 0 .5 0 (-v e )* P < 0 .0 5

Seteria italica : Cicer arietinum
C a lo r ie (5 0  : 50) 4 1 9 .3 5 4 1 6 .7 4 0 .7 2 (-v e )* P < 0 .0 5
(lOOg) (6 0  : 40) 4 1 2 .4 5 4 0 8 .9 2 0 .8 5 (-v e )* P < 0 .0 5

(75  : 25) 4 1 1 .8 6 4 0 5 .9 4 1 .43(-ve)* P < 0 .0 5

(a) V alues are expressed as mean ±  SD o f three sam ples, each analyzed in duplicate 
(on dry w eight basis).

* (+ ve) = increased * ( -  ve) = decreased
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T able 2: E ffect o f  F erm entation  on V itam ins content o f Seteria 
italica and Cicer arietinum  M ixed Seeds^*

Bangladesh J. Nutr. Vol. 16, December 2003

V ita m in s  c o n te n t  (m g /lO O g ) %  o f  E f fe c t P -v a lu e

V ita m in s Seteria  
italica :

B e fo re  fe rm e n ta t io n A fte r  

f e rm e n ta tio n  

(2 4  h ) 

f e rm e n te d

Cicer

arietinum
R aw S o a k e d  a n d  

s te a m e d  

(c o n tro l )

T h ia m in e 50:50 0 .34± .029 0.25 ± .0 1 6 0.41 ± .022 20.58 (+ve)* 

64.0 (+Ve)*

S ign ifican t p<0.05

60:40 0 .36  ± .036 0.24 ± .029 0.43 ± .022 19.44 (+vc)* 

7 9 .1 6 (+ V e)*
Significant p<0.05

75:25 0.38 ± .022 0 .3 0 +  .016 0.46 ± .029 21.05 (+ve)* 

53.33 (+Ve)*
S ignificant p<0.05

N ia c in 50:50 2.07± .029 1.90 ± .022 2.70 ± .037 30.43 (+ve)» 

42.11 (+Ve)*
S ignificant p<0.05

60:40 2.28 ± .036 1.95 ± .041 2.90 ± .041 27.19 (+ve)* 

48 .72  (+Ve)*
S ign ifican t p<0.05

75:25 2.48 ± .033 2.00 ± .044 3.31 ± .051 33.47 (+ve)* 

45 .00  (+Ve)*
S ignificant p<0.05

P y r id o x in c 50:50 0 .69±  .057 0.56 ± .036 0.95 ± .029 37.68 (+ve)* 

69.64 (+Ve)*
S ignificant p<0.05

60:40 0.53 ±  .036 0.44 ± .045 0.72 ± .050 35.84 (+ve)* 

63 .64 (+Ve)*
S ign ifican t p<0.05

75:25 0.42 ± .029 0.31 ± .0 3 6 0.52 ± .044 23.80 (+ve)* 

67.72 (+Ve)*
S ignificant p<0.05

a V alues are expressed  as m ean ±SD  o f three sam ples, each analyzed in triplicate (on 

dry w eight basis)

* (+ V e) = Increased * ( -  V e) = D ecreased 

D iscussion
In this study it w as found that the protein content o f Seteria  italica  and C icer 

arietinum  m ixed seeds increased after ferm entation (24 h). Soluble nitrogen increases 

from  0.5%  to 2.5%  on tem peh, w hile the total nitrogen rem ains relatively constant^. 

This increased soluble nitrogen m ight have im proved protein efficiency ratio  (PER) 

o f  tem peh as reported  by G yorgy '°. It m ight be attributed to  better availability  o f 

am ino acids liberated  from  the soy protein during the ferm entation and better 

d igestib ility  o f  tem peh due to  increase o f w ater soluble solids and n itrogen ’*'*̂ . 

M urata '^ show ed that the quantity  o f  free am ino acids increased as ferm entation 

progressed.
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Fat decrese gradually  after ferm entation. The presence o f lipase in the ferm ented 

seeds m ay be the cause o f these decrease. The mold, Rhizopiis oligosporus, possesses 

strong lipolytic activity. W angenknect et al''^. A lso reported that in the course o f the 

ferm entation hydrolyzing about one third of the neutral fat. The antioxident that 

protect oxidation  o f fatty acids, produced by the tem peh m old had been extensively 

studied by Gyorgy'^. M u ra ta '’̂ attributed to the im proved nutritive value o f tem peh to 

stabilization o f oil by antioxidents produced during ferm entation. Ash content 

decreased by ferm entation which is due to w ashing o f  sam ple (m illet and Bengal 

gram ) and decantation  o f  water. Crude fibre content decreased to about one third to 

one fourth o f the actual dietary fibre. Total dietary fibre content was not influenced 

by ferm entation  or baking, even though a slight decrease in soluble fibre and increase 

in insoluble fibre com ponents observed’*’' ’*.

C arbohydrate and energy rem ained same after ferm entation but ferm entation plays a 

positive role in increasing the nutritive value o f carbohydrate as show n by Akinrele''*.

Thiam ine, niacin and vitam in content increase during ferm entation. R oelo fsen"’ 

found higher levels o f thiam ine, riboflavin and nicotinic acid both in tem peh and 

soybeans than those observed by M urata'^ found that the level o f riboflavin, vitam in 

Bf„ niacin and pantathonic acid in 'tem ph' w ere m uch higher after ferm entation. 

Sim ilar increase o f thiam ine was observed in tem peh gem bus by G andjar using the 

sim ilar m old inoculum "'. Hermana"^ and steinkraus'^ found considerable increase in 

niacin content o f soyabean after ferm entation. W ang and H essekine"" verified 

vitam in conten t o f tem peh through ferm entation o f w heat w ith R hizopus oligosporus  

and found m arked increased in niacin and riboflavin. M osleuddin and M ahm ud“^ 

M u ra ta '^  Hermana■^ R obinson and Kao"*", observed that tem peh m old Rhizopus  

oligosporus  can synthesize large am ount o f vitam in Bf,. B^ found rich in m eat (organ 

m eat) w hich is costly. W hole grain cereals and peanut are also rich source"''. Seteria  

italica  and C icer arietinum  are grow n in B angladesh and content o f  vitam in Bg is 

rich. T hough the vitam in B(, content o f the ferm ented Seteria italica  and Cicer  

arietinum  m ixed seeds are not sufficient, the product will also be enriched w ith other 

nutrients after this process.

The B vitam ins act as a cofactor in enzyrnatic reactions. They work side by side with 

som e m inerals. In this way they could increase the utilization o f  those m inerals. So, 

increased am ount o f B vitam ins in tem peh is beneficial for the utilization 

m icronutrient as well as for m acronutrient.

Sultana et al : Solid State Fermentation
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Since solid state ferm entation is a cheap, easy and less tim e consum ing process, so by 

m ixed cereal and legum e through solid state ferm entation we can m ake diet 

nutritionally  sound for adults and through this process even w eaning food for the 

grow ing  children m ay be prepared. D ue to ferm entation protein availab ih ty  

im proves, so all B -vitam ins. W e have long lasting tradition o f  consum ption o f 

ferm ented food stu ff like pantabhat and dadhi, ferm ented foods are likely to rem ain 

and im portant part o f the hum an food for m any years to com e. T em peh can be used 

to im prove nutritional status o f  poor people.
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