
The Nutritive Quality of Bengal Gram Tempe
Cadi Parvin Banu* and Quazi Salamatullah

Institute o f  N utritron and Food Science, Dhaica U niversity

A bstract

A study was undertaken on Bengal gram tempe prepared from Bengal gram by fermentation 
with Rliizopous oligosporous to observe the changes of nutritive values. Fermentation process 
changes the nutritional value of the finished product (tempe) by increasing the protein (8.47f) 
and fat (8.5%) and decreasing the fiber (32.2%).. It decreased the phytate and tannin contents 
by 52 and 60 percent respectively. Zinc and copper contents of Bengal gram tempe increased 
by 43 and 19 percent respectively. Tempe contains an ample amount of unsaturated fatty acid 
and low in saturated fatty acid. The P/S ratio is higher in tempe than in the raw beans. The 
Cig-2 fatty acid increased by 22.87% while Cig decreased by 83.66%. After fermentation the 
amino acid composition remained fairly constant. The Bengal gram tempe could be used for 
supplementary feeding.
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Introduction

Tem pe is an Indonesian food generally  m ade from  soybean ferm ented by R hizopus  

oligosporous. Ferm entation is an indegenious processing technique, w hich 

transform s beans, grains and other substrates in to highly d igestib le  and palatable 

foods. Studies have confirm ed that ferm entation process enhances the nutritional 

value o f  the fin ished products by increasing the d igestib ih ty  o f  the proteins, reducing 

the anti nutritive factors and enriching it w ith vitam ins and m inerals. Tem pe 

possesses antim icrobial activity and has a hypocholesterolem ic effect. Its 

supplem entation  in the diet o f  m alnourished children has been found to  be beneficial. 

It is also  recom m ended as a nourishing food for pregnant and lactating  m o th er’.

In developing  countries plant proteins are cheaper and m ore accessib le than anim al 

proteins^ and could  be use to low er the protein energy m alnutrition  (PEM ) rate and 

o ther d ietetic problem s, and im prove the low nutritive quality  o f  cereals and starch 

staple foods^ G rain legum es are rich and cheap source o f  dietary  proteins in
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developing  countries. T heir utilization, how ever, is underm ined by the presence o f 

enzym e inhibitor, flatu lence causing by oligosaccharides'*, phytate causing reduced 

bioavailab ility  o f  mineral^, toxic tannins, haemagglutins*’ and prolonged cooking 

tim e. R hizopus ferm entation  o f cereal legum e m ixture was reported  to  produce tem pe 
w ith enhanced  nutritive quality^.

In Indonesia  tem pe has been successfully  used in com m unity-based therapy for the 

m anagem ent o f  d iarrhoea and for PEM  case^ in synthesis o f  vitam in B 12 and m ight 

help in anem ia m anagem ent. Tem pe can be incorporated in m any foods causes no 

m alabsorption  syndrom e and can be used by all age groups.

D espite a substantial increase in protein intake per capita per day in B angladesh, 

protein  energy m alnutrition  (PEM ) and m icronutrient deficiency are still m ajor 

problem . The average m ortality  rate o f 67 per thousand live births was reported to be 

associated  w ith PE M  and diseases, the level o f severe PEM  being 7 percent and 
m oderate PE M  54 percent^.

The aim  o f the study w as to prepare bengal gram  tem pe, to alleviate the nutritive 

quality  o f  the bengal gram , w hich could be use to low er the nutrient deficiency o f  the 
vulnerable groups.

M ateria ls and  M ethods

Raw m aterials and microorganisms

Splitted B engal g ram  (C hick pea, C icer arietinum ) was purchased from  the local 

m arket in D haka, B angladesh. Laru the rice grow n m ixed culture o f  Rhizoopus  

oligosporous  and R hizopus oryzae  (1:1) was obtained from  the production  unit o f 

R esearch and D evelopm ent C enter for A pplied C hem istry, Institu te o f  Sciences, 

B andung, Indonesia. L aru  prepared in the laboratory o f  Institute o f  N utrition and 

Food Science, D haka, B angladesh  was also used for tem pe preparation  .

Preparation o f  Bengal gram  tempe

T em pe w as p repared  by the m ethod developed by S lam et et al. (Personal 
com m unication).

The clean beans w ere w ashed, boiled and soaked in w ater for 2 hours. The pH  was 

adjusted  at 5.0-5.5 by adding 4%  acetic acid. The beans w ere then w ashed and 

surface dried  at room  tem perature. The beans w ere inoculated w ith 0.2%  inoculum  

by dry w eight o f  raw  m aterials to obtain an acceptable tem pe with respect to better
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mold grow th. Incubation was done at room  tem perature (23 ± 2° C) in 500 g 

polythene bags for 28-30 hours. Tem pe was steam ed, b lanched for 5 m inutes, dried 

in air oven at 50-55° C for 21 hours and pulverize through a 100 m esh laboratory 

mill. Sam ples o f  cooked uninoculated beans were treated sim ultaneously  and referred 

as zero hours or control through out the experim ent.

A nalytical procedure.

Raw , cooked unferm ented and Bengal gram  tem pe (ferm ented) w ere m echanically  

grounded in a grinder and kept in plastic bags for analysis.

Proximate analysis

M oisture, ash, fiber and protein contents w ere determ ined accordingly  to the m ethod 

o f A O A C '°.

Fat was extracted  accordingly  to the m odified m ethod o f Folch et.al}^  The crude fat 

was determ ined  g rav im etricallyA O A C ‘°.

C arbohydrate was determ ined by difference [100- (m oisture -i- protein  -i- fat + ash + 

fiber).

C aloric value was calcu lated  by m ultiplying the carbohydrate, protein and fat content 

w ith factor 4, 4, 9 re sp ec tiv e ly '”. All analysis were done in triplicate.

Determination o f  minerals

A bout 5 g o f  sam ple was w et ashed using a m ixture o f 18 M sulfuric acid, 12 M  

perchloric acid and 16 M  nitric acid (0.5 :1.0 :0.5 by vo l).’^ A fter proper d ilu tion ,the 

concentration o f  Fe, Zn, Cu, Ca and M g were determ ined by atom ic absorption  w hile 

Na and K  w ere determ ined by atom ic e m i s s i o n .A n  appropriate dilution was done 

with 0.4%  lanthanum  (w /w ) to overcom e ionic in terference during  the estim ation o f 

Ca and M g. Estim ation o f phosphorus was done colorim etrically  using the m ethod 

o f Fiske and Subbarow

Determination o f  phytate phosphorus

The extraction  and precipitation o f phytic acid were accom plished according to the 

m ethod o f A O A C ‘̂ , The am ount of phytate phosphorus was calculated  from  the iron 

content. Iron content was estim ated by atom ic absorption spectrophotom eter.
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Determ ination o f  tannin

T annin  w as estim ated  by the m ethod o f B urns'^ using Folin  D enis reagent. The 

extraction  w as done by refluxing the sam ple for 5 hours w ith d istilled  w ater and 

filtered.

Determ ination o f  fa tty  acid

Total lipid w as ex tracted  from  the sam ples according to  the m odified m ethod o f 

Folch  e t a l} ' T he  free fatty acids were extracted from  total lipid and w ere m ethylated 

accord ing  to the m ethod o f M orrison and Sm ith F inally  a portion o f  it w as injected 

in to  a gas liquid chrom otogram  (Pye U nicum  GC 304, glass colum n, 1500 nm  X 

4m m ); a 10% D E G S on 100-120 m esh diatonitc C A W  was used. N itrogen w as used 

as carrier gas at flow s o f  32 m l/m in. The standards w ere run parallely.

Determ ination o f  am ino acid composition

T he am ino  acid com position  w as determ ined by fully au tom ated liquid 

chrom atography  (JE .- 300 T E O L  L T D  TO K Y O ) by follow ing the m odified  m ethod 
o f M oore et

R esu lts and D iscussion

T he p rox im ate com position  o f  raw  B engal gram  and Bengal gram  tem pe is show n in 

table 1. M old ferm entation increased the protein and fat content o f tem pe slightly 

w hile it decreased  the fiber content. W ang et a lJ  attributed the increase in protein 

con ten t w ith the decrease o f  o ther constituent utilized by m old for grow th. 

Ferm entation  by R.. o ligosporus  increased the nitrogen content o f corn g lu ten ’  ̂ while 

M atsuo^° reported  a decrease in fiber content o f  okara tem pe. A  decrease in the 

m ineral conten t w as also  observed in the present study. This could  be due to 

dehulling^ ', leach ing  on soaking and cooking. A kinrele et al reported  the decrease 

o f  iron in m aize by lactic acid ferm entation , and Grandjar^^ reported the decrease in 

iron conten t o f  tem pe from  w inged beans. Z inc and copper contents increased slightly 

after ferm entation  o f Bengal gram . T he level o f anti-nutritive factors in B engal gram  

tem pe is also  sum m arized in T able 1. Ferm entation o f  B engal gram  decreased the 

phytate  by 52 %. Pre ferm entation procedure reduced phytic acid and a further by 

m old ferm entation . K hokhar and C hauhan^ , reported the decrease in phytate on 

soaking and  cooking. The activity on phytase enzym e during m old ferm entation  has 

been reported^. S im ilar findings show ed that cow  pea tem pe had a 60 percent
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The reduction o f  tannin content from  rawreduction o f  original phytate content, 
beans to  tem pe was found to be 60 %. Reddy et reported the reduction in tannin 

content by 37.5%  to 77.0%  by discarding the cooking w ater o f the bean. D ehulling“° 

and soaking reduce the tannin co n ten t'^  This study show s that the processing o f  food 

was effective to rem ove the tannin from the legume.

T able 1. P roxim ate com position  , m ineral com position  and antinutritive factors

Proxim ate com position
Bengal gram 

(g/lOOg)

B engal gram  tem pe 

(g/lOOg)

M oisture 7.8 7.97

Ash 3.03 1.45

Fat 5.62 6.10

Protein 22.31 24.18

Fiber 1.18 0.80

C arbohydrate * 60.01 59.50

C alorie (K ca l/ lOOg dry wt.) 380 289

M inerals (mg/lOOg) (mg/lOOg)

Iron 9.23 8.11

Zinc 2.25 3.22

C opper 0.67 0.80

Calcium 60.00 40.00

M agnesium 86.00 55.00

Sodium 88.00 15.00

Potassium 655.0 278.00

Phosphorus 391.0 328.00

A ntinu tritive fa c to rs (mg/lOOg) (mg/lOOg)

Phytate 211.00 101.00

Tannin 38.00 15.0

^C arbohydrate = 100 -(Protein + fat + ash + m oisture + fiber) 

Note: R esults are expressed as per 100 g dry wt. basis.

17



Bangladesh J. Nutr. Vol. 16, December 2003

T able 2. P ercen t com position  o f  fatty acid o f  raw B engal ^ram  and B engal gram
tem pe

Fatty  acid
Fatty acid content (% )

Bengal gram Bengal gram  tem pe

C i 4 0.41 T race

C . o 15.02 16.36

C l 6 : l T race T race

C l g 9.73 1.59

C l 8 : l 24.91 22.14

C l8 :2 47.50 57.89

C l8 :3 2.43 2.01

T able 3. P ercen t com position  o f saturated , m onounsaturated  and  
polyu n satu rated  fatty  acids and P/S ratio o f  B engal gram  and B engal gram

tem pe

Fatty  acid
Fatty  acid content (% )

B engal gram B engal gram  tem pe

Total Saturated 25.15 17.95

Total M onounsaturated 24.91 22.14

Total Polyunsaturated 49.93 59.9

P/S R atio 1.98 3.33
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Table 4. P ercent com position  o f am ino acid o f B engal gram  and Bengal gram
tem pe

A m ino A cid
A m ino acid content (% )

Bengal gram Bengal gram  tem pe

A spartic A cid 0.09 0.09

T hreonine 4.54 4,35

Serine 6.53 5.98

G lutam ic A cid 16.13 13.83

G lycine 7.75 7.04

A lanine 7.05 7.66

C ysteine 0.74 0.53

V aline * 5.63 5.56

M ethionine.* 1.03 0.86

Ileucine.* 4.90 4.79

Leucine* 8.54 8.09

Tyrosine* 2.43 2.53

Phenylalanine* 5.38 5.24

H istidine* 2.44 2.34

Lysine* 6.80 5.94

A rginine* 8.43 6.13

H ydroxyproline. 0.12 0.99

Proline 1.42 13.02

*Essential am ino acid.

In this m ethod tryptophan was destroyed during d igestion, aspartic acid contains 

aspargine and glutam ic acid contains glutam ine (peak show s together). Peak o f 

cysteine d id  not com e (reason is unknown).
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T able 2 sum m arizes the percent com position o f fatty acid o f  raw  B engal gram  and 

tiie tem pe. T he am ount o f  C u  in raw  bengai gram  was 0.41 percent and tem pe had 

trace am ount. Ci6 content in both raw and tem pe was alm ost same. T race am ount o f  

Ci6:i was found in both beans and tem pe. The am ount o f Cig was higher in raw  beans 

than in tem pe, Cism and C | 8 3  w ere alm ost same in raw  and tem pe w hile Cig;2 was 

found higher in tem pe than in the raw  beans. Total saturated, unsaturated  fatty acid 

and P/S ratio  of B engal gram  and its tem pe are show n in T able 3. T em pe was low  in 

saturated fatty acids, contains an am ple am ount o f  unsaturated fatty acid. The P/S 

ratio  was also found to be higher in tem pe than in the raw  beans. The ability  o f  the 

fungus to hydrolyze fat is w ell-docum ented '^  It is also reported  that the soy tem pe is 

low  in fat and has the ability  to low er the blood cholesterol level'®. Therefore, Bengal 

gram  tem pe contain ing  highest am ount o f polyunsaturated fatty  acid, could be 
included in the diet for the hyper choloesterolem ic patients.

T he am ino acid conten t o f raw B engal gram  and its tem pe are show n in T able 4. 

T here  was no rem arkable  difference found in the essential am ino acid content 

betw een the raw  Bengal gram  and its tem pe. H ydroxyproline and proline contents o f  

tem po w ere 0.99 and 13.02 mg/lOOg respectively, w hich w ere higher than raw 

B engal gram  (0 .12 and 1.42 mg/lOOg). It was also reported that after ferm entation the 
am ino acid com position  rem ained fairly  constant^®.
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