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ABSTRACT

Fermented foods such as Tempe represent technological alternative for a great variety of legumes
or combination of them to improve their nutritional quality and to obtain edible products with palatable
sensorial characteristics. The chemical composition, i.e., carbohydrate fractions, mineral content and
nitrogenous compounds) were determined for different legumes, (faba bean, lupine, chickpea; peas and
their mixtures before and after fermentation by Rhizopus oligosporus. Tempe had a higher (p < 0.05)
protein and fiber content, compared with their legume mixtures, while it had a lower fat, ash and
carbohydrate contents. Also, the levels of reducing sugars, starch and stachyose as well as raffinose were
reduced after fermentation. Therefore, non protein nitrogen and protein nitrogen were significantly
reduced, while the levels of total nitrogen and true protein were increased.
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1. INTRODUCTION

Legumes are an important source of
proteins in the Egyptian diet and in many
developing countries. High meat prices during
recent years and the need for protein rich foods
have led people in most less developed countries
to shift their consumption to certain legumes
(Askar, 1986).

Fermented foods may be defined as those
foods which have been subjected to the action of
microorganisms, so that desirable biochemical
changes cause significant modification to the
food. By fermenting the food it became more
nutritional, more digestible and safer or have
better flavour. Fermented foods provide a major
contribution to the diet in all parts of the world
and can be divided into many classes: beverages;
cereal products, dairy products; fish products; fruit
and vegetable products, legumes and meat
products (Campbell-platt, 1987).

Tempe is a traditional Indonesian solid-
substrate fermented product in which soybeans are
hydrated and acidified, dehulled, cooked, and then
fermented with Rhizopus spp mold. The cotyledon
become covered and penetrated by denes white
nonsporulated mycelium that binds them into a
compact, sliceable mass. Tempe is obtained by
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fermentation in two stages which consist of
soaking process and solid substrate fermentation
process with different strains of Rhizopus spp. (R.
oligosporus, R. arrhizus and R. stolonifer) as
reported by Nout and Rombouts (1990) and
Steinkraus (1996). Other substrates have been
used to elaborate tempe: common bean, chickpeas,
rapeseed, lupine, horshean, groundnut, wheat,
corn and soybean. The process of tempe requires a
relatively simple infrastructure that can produce
profound chemical changes that improve the
nutritional quality. The tempe manufacture could
be an appropriate method for small and medium
scale processing of locally available legumes and
or cereals into wholesome products of high
nutritional value in development countries
(Hachmeister and Fung, 1993).

Tempe is widely consumed in Indonesia,
the Netherlands and North America. The high
protein content and pleasant, relatively bland taste
has led to it occupying a small, but expanding part
of the vegetarian market in Japan, USA and
Europe (Mital and Garg, 1990 and Liu, 1997).

The present work was carried out to
produce tempe in a small scale using mixtures of
different Egyptian traditional legumes by
Rhizopus oligosporus (NRRL 2710). In addition,
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evaluations of the final chemically and

nutritionally products were carried out.

2. MATERIALS AND METHODS
2.1. MATERIALS

Four different kinds of legumes, i.e.,
Green peas (Pisum sativum) variety Lencolen,
broad bean (Vicia faba L.) variety Giza 3,
Chickpeas (Cicer aritinum) and Termis (Lupinus
termis) were obtained from the Agricultural
Research Center, Seeds Department, Giza, Egypt.
Mold strains: Rhizopus oligosporus (NRRL
2710) was obtained from Northern Regional
Research Laboratory, Peoria, Illinois, USA. The
strain was maintained on slants of potato-
dextrose- agar (PDA) at 5 + 1°C and used after 7

days.
2.2. METHODS
2.2.1. Inoculum preparation: Inoculum was

prepared by suspended each slant with 4 ml sterile
distilled water for 2 min and 1 ml (1 x 10° spores /
ml) of such suspension was used to inoculate the
legume mixtures grits (about 50 g dry weight).
2.2.2. Tempe preparation: Broad bean and green
peas as well as whole sweet termis and Chickpea
seeds were individually soaked in tap water (1:20
w/v) at room temperature (about 25°C) forl6 hrs.
The soaked seeds were dehulled manually and
ground into grits using household blender and
mixed as follow :

Blend 1 100 % faba bean

Blend 2 75% faba bean + 25% lupine
Blend 3 75% faba bean + 25% chickpea
Blend 4 75% faba bean + 25% peas
Blend 5 50% faba bean + 50% lupine
Blend 6 50% faba bean + 50% chickpea
Blend 7 50% faba bean + 50% peas
Blend 8 (Mixture) 25% faba bean + 25%

lupine + 25% chickpea + 25% peas
All the previous mixtures were cooked in tap
water at 100 °C (1:3w/v) acidified with 1% of
85% lactic acid for 25 min then cooled to 37 °C
and inoculated with spore suspension, mixed,
packing in petri dishes and incubated for 48 h at
37+ 1°C.
2.2.3. Proximate analysis

Moisture content, crude fat, ash, total
proteins and non-protein nitrogen were determined
according to AOAC (1990). Starch was
determined as glucose after hydrolysis by HCI.
Reducing sugars were extracted by 70% ethanol
and determined by phenol-sulfuric acid method
according to Dubois et al., (1956). Mineral
content was determined after digestion by
concentrated HNO3 and HCIO4 (1:1, v/v) for 3 h.
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Phosphorus was determined in the digested
solution according to the method of Taussky and
Shorr (1953). Na and K ions were estimated using
emission flame photometer (Model Corning 410,
England). The other minerals (Zn, Cu, Fe and Mn)
were determined according to Lindsey and
Norwell (1969) using absorption
spectrophotometer  (Perkin-Elmer  Instrument
Model 2380, USA).
2.3. Statistical analysis

The results were expressed as the mean
values of three separate determinations, except for
the mineral contents. Data were subjected to
analysis of wvariance wusing a completely
randomized design (Steel and Torrie, 1980).

3. RESULTS AND DISCUSSION

3.1. Proximate composition

Chemical constituents i.e., proteins, fats,
fiber, ash and total carbohydrates of legumes and
their unfermented as well as fermented mixtures
are presented in Tables (1 and 2). Lupine had the
higher amount of proteins, fats and fiber compared
with other legumes used in this study. The blends
containing 50% faba bean and 50% lupine had the
highest amount of proteins, fats, fiber and ash. On
the other hand, after fermentation, crude protein
and crude fiber content were significantly
increased (p < 0.05). The increasing rate of protein
and fiber were ranged between 2.50 to 26.34%
and 17.52 to 111.20%, respectively, while the
levels fats, ash and carbohydrates were decreased
significantly (p < 0.05). These changes may be
due to leaching out of some compounds during
boiling before fermentation and to fungal growth
and consumption of carbohydrates and fats as
source of energy and the development of a fiber-
rich fungus mycelium (Shurtleff and Aoyagi,
1979). The obtained results agree with those
obtained by De-Reu et al. (1995) and El-Bagory et
al. (2001).
3.2. Carbohydrate fractions

Reducing sugars, starch and
oligosaccharides (stachyose and raffinose) of raw
beans are illustrated in Table (3). Chickpea and
faba bean contained the highest amount of starch
(63.57 and 61.55%), respectively followed by pea
(53.97%) and lupine (38.77%). While, faba bean
and peas had the highest amount of reducing
sugars. On the other side, lupine and peas had the
highest amount of stachyose (2.39 and 2.19%,
respectively), while lupine and faba bean had the
highest amount of raffinose.
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Table (1): Chemical composition of raw materials used in tempe preparation.

Legumes  Crude protein Crude fat Crude fiber* Ash Total carbohydrates
Fababean 25.35 +0.60 1.05 +0.15 3.48 +0.35 3.59 +0.21 66.53 +1.19
Lupine 37.72+0.88 13.62 + 0.20 6.39 +0.42 2.73+0.25 39.90 +0.82
Chickpea 2154 +0.50 5.75+0.21 4.23 +0.36 2.81+0.12 65.67 +0.93
Peas 32.26 +0.80 2.45+0.10 4.15 +0.50 3.42+0.20 57.72 +1.10
L.S.D.5% 0.88 0.23 0.50 0.25 1.21

*Calculated by difference

Table (2): Chemical composition of legume mixture and their produced tempe.

Legumes Crude protein  Crude fat Crude fiber* Ash Total carbohydrates
100% FB 25.35 + 0.85 1.05 +0.05 3.48 +0.40 3.59 +0.15 66.53 + 1.40
75% FB+25% L 28.44+1.20 4.20+0.10 4.35+0.50 3.30+0.22 59.87 + 0.95
75% FB+25% C  24.40 + 0.95 2.22 +0.08 3.74 +0.45 3.46 +0.30 66.31 + 1.30
75% FB+25% P 27.07 + 0.76 1.40 +0.07 3.66 +0.40 3.58 +0.21 64.33 + 1.12
50% FB+50% L 31.53 + 1.47 7.30+0.27 4.97 + 0.50 450 +0.44 53.22 + 0.96
50% FB+50% C  23.45+1.10 3.40+0.12 3.78 +0.38 3.26 +0.22 66.10 + 1.15
50% FB+50% P  28.80 + 0.65 1.75 +0.07 3.83+0.40 3.51+0.31 62.14 + 1.00
Mixture 29.21+0.83 5.71+0.15 457 +0.43 3.16 +0.21 57.45 + 0.86

Fermented products.

100% FB 3141+125  0.62+0.04 4.09 +0.42 2.25+0.16 61.63 +0.90
75% FB+25% L  31.60+096  2.17 +0.09 7.36 + 0.55 2.05+0.18 56.82 + 1.10
75% FB+250 C  30.85+0.86  1.05+0.05 5.72 +0.47 1.74+0.17 60.64 + 0.75
75% FB+25% P  31.46+0.80 053 +0.03 7.73+0.60 1.92 +0.12 58.36 + 0.66
500 FB+50% L  34.89+130  4.89+0.17 6.53 + 0.36 2.17 +0.20 51.52 +0.97
50% FB+50% C  28.38+0.65  2.13+0.13 6.46 + 0.42 1.39+0.17 61.64 +0.72
50% FB+50% P  34.30+0.72  1.06+0.07 5.13+0.36 2.38+0.26 57.13+0.82
Mixture 3225+0.80  4.21+0.16 7.27 + 058 2.00 +0.12 54.27 + 0.58
L.S.D. 5% 1.47 0.27 0.60 0.44 1.46

Mixture: 25% faba bean +25% lupine + 25% Chick pea + 25% peas
* Calculated by difference
FB ( Faba bean), L ( Lupine) , C ( Chickpea), P ( Peas).
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Table (3): Carbohydrate fractions of raw materials used in tempe preparation.

Legume Reducing sugars Starch Stachyose Raffinose
Faba bean 498 +0.35 61.55 + 0.93 1.85+0.21 1.06 +0.11
Lupine 1.13+0.12 38.77+0.78 2.93+0.26 1.46 +0.16
Chickpea 2.10+0.21 63.57 + 0.85 1.63 +0.18 0.99 +0.14
Peas 3.75+0.18 53.97 + 0.66 2.19+0.16 0.81+0.10
L.S.D. 5% 0.35 0.93 0.26 0.16

Table (4): Carbohydrate fractions of legumes mixtures and produced tempe.

Legumes Reducing sugars Starch Stachyose Raffinose
100% FB 4.98 +0.41 6155+ 1.23 1.85+0.18 1.06 +0.15
75% FB+25% L 4.06 +0.38 55.85 + 1.10 2.12+0.21 1.16 +0.13
75% FB+25% C 4.26 +0.41 62.05 + 1.46 1.79 +0.20 1.00 +0.12
75% FB+25% P 4.67 +0.36 59.65 + 1.12 1.94+0.18 0.96 +0.11
50% FB+50% L 3.06 +0.25 50.16 + 0.96 2.39+0.30 1.30 +0.16
50% FB+50% C 3.54 +0.37 62.56 + 1.23 1.74+0.25 1.03+0.13
50% FB+50% P 4.36 +0.44 57.76 + 1.05 2.02 +0.26 0.92 +0.15
Mixture 3.00+0.28 54.46 + 0.86 2.15+0.23 1.08 +0.14

Fermented products.

100% FB 2.21+0.23 59.42 + 0.95 091+0.21 0.63+0.08
75% FB+25% L 1.43+0.21 53.39 +0.82 0.97 +0.17 0.59 +0.07
75% FB+25% C 1.51+0.24 59.13 +0.87 0.82+0.16 0.44 +0.09
75% FB+25% P 1.26 +0.20 57.10+0.88 0.73+0.12 0.31+0.08
50% FB+50% L 1.20 £ 0.17 49.32+0.75 1.03+0.15 0.60 +0.10
50% FB+50% C 1.17 +0.15 60.47 + 1.15 0.64 +0.12 0.49 +0.07
50% FB+50% P 1.39+0.21 55.71 + 0.66 0.72+0.20 0.36 + 0.09
Mixture 1.41+0.19 52.86 +0.76 0.85+0.17 0.21 +0.06
LSD 0.44 1.47 0.30 0.16

Mixture: 25%faba bean +25% lupine + 25% Check pea + 25% peas
FB ( Faba bean), L ( Lupine) , C ( Chickpea), P ( Peas).

Table (5): Mineral content (mg/100g-dry weight basis) of raw materials used in tempe preparation.

Legume Na K P zZn Mn Cu Fe

Fababean 1.20 4.13 3.70 0.14 0.023 0.028 0.52
Lupine 1.13 7.90 1.44 0.09 0.076 0.026 0.55
Chickpea 0.60 5.80 1.60 0.058 0.026 0.013 0.32
Peas 0.57 9.80 3.06 0.093 0.021 0.019 0.39
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Table (6): Mineral content (mg/100g-dry weight basis) of legume mixture and produced tempe.

Legume Na K P Zn Mn Cu Fe

100% FB 1.2 4.13 3.70 0.14 0.023 0.023 0.52
75% FB+25% L 1.04 5.06 3.15 0.13 0.021 0.027 0.53
75% FB+25% C 0.91 450 3.20 0.12 0.020 0.024 0.47
75% FB+25% P 0.90 5.57 3.55 0.12 0.022 0.026 0.49
50% FB+50% L 1.08 6.02 2.57 0.11 0.037 0.027 0.53
50% FB+50% C 0.80 4.98 2.66 0.10 0.025 0.020 0.42
50% FB+50% P 0.77 6.92 3.40 0.12 0.022 0.023 0.46
Mixture 0.83 6.90 247 0.09 0.020 0.021 0.45

Fermented products

100% FB 0.61 2.92 221 0.09 0.018 0.009 0.30
75% FB+25% L 0.86 4.05 1.83 0.08 0.015 0.015 0.41
75% FB+25% C 0.57 3.61 2.00 0.05 0.020 0.012 0.38
75% FB+25% P 0.58 6.25 2.58 0.06 0.018 0.017 0.37
50% FB+50% L 0.72 4.04 1.82 0.070 0.029 0.011 0.43
50% FB+50% C 0.69 4.06 1.90 0.065 0.018 0.007 0.33
50% FB+50% P 0.64 6.13 2.36 0.063 0.019 0.008 0.37
Mixture 0.76 6.00 181 0.075 0.016 0.008 0.36

Mixture: 25% faba bean +25% lupine + 25% Chick pea + 25% peas
FB ( Faba bean), L ( Lupine) , C ( Chickpea), P ( Peas).

Table (7): Nitrogenous constituents (%) of raw materials used in tempe preparation.

Legume Total nitrogen N.on protein Protein nitrogen True protein
nitrogen

Faba bean 4.05+0.20 0.98+0.11 3.07+0.35 19.18 + 0.90

Lupine 6.03 +0.30 1.37+0.13 4.67+041 29.15+1.00

Chickpea 344 +0.25 1.36 +0.12 2.07+0.27 12.93 + 0.60

Peas 5.16 + 0.22 1.30 +0.10 3.86 +0.26 24.13 +0.85

L.S.D. 5% 0.30 0.13 0.42 1.02

Table (8): Nitrogenous constituents (%) of legumes mixture and their produced tempe.

Legumes Total nitrogen N_on protein Protein nitrogen True protein
nitrogen
100% FB 4.05+0.20 0.98+0.10 3.07+0.25 19.18 +1.10
75% FB+25% L 4.55+0.23 1.08+0.11 3.46 +0.10 21.68 +1.05
75% FB+25% C 3.90 +0.36 1.06 +0.12 2.83+0.18 17.62 +0.95
75% FB+25% P 433+0.31 1.05 +0.15 327+021 20.42 +1.03
50% FB+50% L 5.07 +0.42 1.77 +0.16 3.87 +0.46 2418 +1.17
50% FB+50% C 3.74 +0.35 1.16 +0.15 258 +0.31 16.05 +0.86
50% FB+50% P 4.60 +0.46 1.02+0.10 3.47+0.36 21.65 +0.90
Mixture 4.66 +0.31 1.23+0.15 3.41+0.40 21.35 +0.96
Fermented
100% FB 5.02 + 0.50 1.88+0.17 3.14+0.30 19.62 + 1.06
75% FB+25% L 5.05+0.38 3.04 +£0.20 201+0.21 12.56 +0.75
75% FB+25% C 4.93 +0.22 243 +0.18 2.50+0.26 15.62 +0.70
75% FB+25% P 5.03 +0.39 2.30 +0.15 2.73+0.20 17.06 +1.15
50% FB+50% L 5.58 +0.50 240 +0.16 3.18 +0.38 19.87 +1.13
50% FB+50% C 4.54 +0.40 252 +0.10 2.02+0.17 13.75 + 0.65
50% FB+50% P 5.48 +0.25 3.19+0.20 2.29+0.20 14.31 +0.80
Mixture 5.16+ 0.30 3.73+0.25 1.43+0.15 8.94+ 0.65
L.S.D.5% 0.50 0.20 0.45 1.18

Mixture: 25%faba bean +25% lupine + 25% Check pea + 25% peas
FB ( Faba bean), L ( Lupine) , C ( Chickpea), P ( Peas).
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The results in Table (4) show significant (p
< 0.05) reduction in all carbohydrate fractions, i.e.
reducing sugars, starch, stachyose and raffinose.
The reduction rates of reducing, starch, stachyose
and reffinose ranged from 41 to 63%, 3 to 7%, 47
to 57% and 34 to 65%, respectively. Such
reduction in stachyose, raffinose and starch may
be due to acidic hydrolysis during the
pretreatment process and /or the enzymatic
hydrolysis by fungi during the fermentation
process. Similar results were obtained by
Egounlety and Aworh (2003) who reported that
about 50% of raffinose and more than 55% of
stachyose were lost during pretreatment and
fermentation of some legumes. The reduction of
carbohydrate fractions might have been due to
their utilization as an energy source by the fungi
during fermentation (Omafurbe et al., 2000).
3.3. Mineral content

The changes in mineral contents of
legumes, their mixtures and tempe produced are
presented in Tables (5 and 6). It could be stated
that faba beans have the highest P; Zn and Cu,
while lupine contains the highest Na, Mn and Fe,
wherease peas have the highest content of K
(Table 5). However, fermentation of different
legumes by R. oligosporus induced a slight
decrease in all mineral contents in tempe.

Ruiz-Teron and Owens (1996) reported
that mineral content of soy bean did not alter
appreciably after fermentation. The reduction of
mineral content in tempe production may be due
to the leaching out during preparation treatment
and boiling process. The results are in agreement
with those reported for mung bean by El-Sayed
and El-Bagoury (2003).

3.4. Nitrogenous constituents

Results in Tables (7 and 8) illustrate the
changes in nitrogenous conpounds of legumes,
their mixture and tempe. It could be observed that
lupine had the higher nitrogenous constituents
followed by peas and faba bean, while chickpea
had the lowest level.

On the other hand, fermentation process
increased significantly (p < 0.05) the total nitrogen
and non protein nitrogen contents in all legume
mixtures. The maximum increase in total nitrogen
and non protein nitrogen was found in the mixture
of 50% faba bean + 50% lupine and mixture (25%
of each four legumes), respectively. Significant (p
< 0.05) decrease was observed in protein nitrogen
content and hence true protein specially in the
case of the mixture. The increase of total nitrogen
could be attributed to the hyphae of Rhizopus
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oligosporus. While, the increase in non protein
nitrogen and the decrease in protein nitrogen may
be due to hydrolysis of legumes protein by fungi
proteolytic enzymes during fermentation. These
results concided with the findings of Nowak and
Szebiotko (1992); Komari (1993) and EI-Sayed
and El-Bagoury (2003).

Conclusion It could be concluded that tempe
from mixture of different Egyptian traditional
legumes can be produced. Fermentation process
improved the nutritional quality of legume
mixtures by increasing the protein and fiber
content and reducing the flatulence sugars
(stachyose and raffinose).
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