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RESULTS AND DISCUSSION

Part I: Effect of some pretreatments (soaking and gernination)

on the chemical composition and antinutritional

components of soybean and faba bean cotyledons.

1. Chemical composition of raw materials:

Results of chemical analyses of the raw materials

used of this investigation are shown in Table (1).

Soybean seeds has higher crude protein, non protein
nitrogen, ether extract and ash contents (40.11, 0.32,
23.% and 5.99%, respectively) than those of faba bean seeds
(27.13, 0.26, 1.80 and 3.44%Z, respectively). Faba bean
geeds has high available carbohydrates and fiber contents

(62,27 and 5.36%, respectively) than those of soybean seeds

(26.07 and 4.29%, respectively).

Crude protein content changed significantly (P<0.05)
from 40.11 and 27;13% to 42.73 and 31.72% in raw seeds
and cotyledons of soybean and faba bean, regpectively, but
decreased significantly (P<0.05) to 10.57 and 2.07% 1in

hull of soybean and faba bean, respectively.

Non protein nitrogen content changed gignificantly
(P<0.05) from 0.32 and 0.26% to 0.37 and 0.32% in the raw
seeds and hull of soybean and faba bean, respectively,

but it increased insignificantly (P>0.05) to 0.,35% in the
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cotyledons of soybean. Non protein nitrogen decreased
insignificantly (P>0.05) to 0.25% in the cotyledons of

faba bean.

Ether extract was changed significantly (P<0.05)
from 23.54 and 1.80% to 25.50 and 1.94% in raw seeds and
cotyledons of soybean and faba Dbean, respectively, but
decrecased significantly (P<0.05) to 1.47 and 1.03% in hull

of soybean and faba bean, respectively.

Ash content changgd from 5.99 and 3.44 to 6.04 and
3.05%Z, 1in raw seeds and cotyledons of soybean and faba
bean, respectively. There was no signifiqgnt difference
(P>0.05) in ash content of raw seeds and cotyledons of
both of soybean and faba bean, respectively. In the same
time there was significant difference (P<0.05) in ash
content of hull and_either cotyledons or raw seeds of both
of soybean and faba bean. Ash content is 5.41 and 5.56%

for hull soybean and faba bean, respectively.

Fiber content was changed gignificantly (P<0.05)
from 4.29 and 5.36% to 3.05 and 2.14% in the raw seeds
and cotyledons of soybean and faba bean, respectively,
but increased significantly (P¢<0.05) to 18.30 and 22.95%

in hull of soybean and faba, respectively.
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Table (1) also indicated that available carbohydrates
vere changed significantly (P<0,05) from 26,07 and 62.27%
to 22.68 and 61,15% in the raw seeds and cotyledons of
soybean and faba bean, respectively, but increased signifi-
cantly (P<0.05) to 64.25 and 68.39% in hull of soybean
and faba bean, respectively. The results obtained are
in agreement with the findings of Robinson and XKao (1977),

Abd El-Hamid (1980), El-Gharabli et al. (1985).

2. Distribution of chemical constituents in cotyledons

and hull of soybean and faba bean:

Results obtained in Table (2) summarized the distri-
bution of chemical constituents in cotyledons and hull
of the raw materials used in this study. The ratio between
cotyledons and hull was found to be 901.86:8.14 and
84.53:15.47 in soybean and faba bean, respectively. Crude
protein, non protein nitrogen, ether extract, ash, fiber
and available carbohydrate contents were found to be
distributed in higher ratio in cotyledons than in hull
of soybean seeds. They distributed in soybean cotyledons
in the percentage of 97.86, 90.63, 99.49, 92,65, 65.27
and 79.90%, respectively, against 2.14, 9.353 0.51, 7.35,
37.73 and 20.06, respectively, With respect to faba bean,
cotvledons has the highest distribution ratio of the
different constituents except fiber which has distribution

ratio of 33.77%. Distribution ratio for crude protein,
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non protein nitrogen,. ether extract, aéh and available
carbohydrates are in the percentage of 98.82, 80.77, 91.11,
75.00 and 83.017%, respectively, for cotyledons against
1.18, 19.23, 8.89, 25.00 and 10.99%, respectively for hull

of faba bean.

3. Effect of soaking period and germination on chemical

composition of soybean and faba bean:

Table (3) shows that moisture content of soaked soybean
increased significantly (P<0.05) from 6.24 up to 55.74,
58.%8 and 61.53% after soaking for 12, 24 hr and germinating
for 24 hr more. Soaking faba bean increased significantly
(P<0.05) moisture content from 9.25% to 55.26, 56.22 and
56.02% after soaking for 12, 24 hr and germinating for
24 hr more,. Germination for more 24 hr after soaking for
15 hr had a little effect on increasing moisture content
of soybean and faba bean. It may be due to continuous
absorption of water and swelling of germinating seeds.
Anyhow, statistical analfsis jndicated that this 1little
effect was significantly (P<0.05) for soybean and insignifi-
cantly (P > 0.05).f0r faba bean. These resglfs are in
agreement with findings of Chen et al. (1977) and Paredes-
Lopez and Harry (1989)., These results revealed also that
soybean seeds absorbed more water than faba bean seeds
as it was indicated previously by Krishnamurthy et 1.

(1958).
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Crude protein content increased significantly (P<0,05)
from 42.73% at the ziro time of soaking to 44.57% after
soaking for 12 hr, but it was increased insignificantly
(P>0.05) after soaking for 24 hr which was 43.17%. Crude
protein decreased gsignificantly (P<0.05) from 31.72% at
the zero time of soaking to 31.18, 28.73 and 28.B4% after
soaking for 12, 24 hr and germinating. Data indicated
also that germination process has insignificant effect
(P>0.05) on crude protein content which was 42.51% in

germinated soybean.

Non protein nitrogen decreased significantly (P<0.05)
from 0.35 and 0.25% at the zero time of soaking to 0.20,
0.15, 0.23 and 0.14, 0.11, 0.16% after soaking for 12,
24 hr and germination for 24 hr more of soybean and faba

bean, respectively.

With respect to ether extract content, soaking process
for 12 hr led to significant decrease (P<0.05) in ether
extract from 25.50 and 1.94% to 23.53 and 1.45% for soybean
and faba bean, respectively. Increasing soaking to 24 hr
has significant effect (P<0.05) on ether extract content
which was 23.84 and 1.50% in soybean and faba bean,
respectively. Germination process for more 24 hr has
significant effect (P<0.05) on ether extract content of

soybean, compared to 12  hr soaking, which increased
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significantly (P<0.05) to 24.00%. In the same time,
germination process for more 24 hr, has ingignificant
(P>0.05) effect on ether extract content of faba bean which

increased insignificantly to 1.54%.

Ash content decreased significantly (P<0.05) from
6.04% in zero time of soaking to 4.69% after soaking for
24 hr of soybean, but it increased significantly (P<0.05)
to 6.69% after germination. With respect to faba bean, soaking
for either 12 hr or 24 hr has no significant effect (P>0.05)
on ash content, while the germination process led to
significant increase (P<0.05) in ash content from 3.05

to 4.39%.

Fiber content increased significantly (P<0.05) from
3,05 and 2.73% in zero time of soaking to 4.05 and 3.08%
after soaking for 24 hr of soybean and faba bean, respect-
ively. After 24 hr germination fiber content increased
to 4.29 and 3.21% of soybean and faba bean, respectively.
This increasing is significantly (P<0.05) compared to raw
faba bean and it is insignificantly (P>0.05) compared to

faba bean soaked for 24 hr.

Available carbohydrates increased significantly
(P<0.05) from 22.28 and 60.56Z at zero time of soaking

to 24.25 and 63.39% after soaking for 24 hr of soybean
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and faba bean, respectively. Available <carbohydrates
jncreased insignificantly (P>0.05) to 22.51% and increased
significantly (P<0,05) to 62.02% after germination for
24 hr of soybean and faba bean, respectively. The results
obtained are in agreement with findings of Suparmo and

Markakis (1987), Paredes-Lopez and Harry (1989).

4. Effect of cooking for 30 minutes at 100°C on chemical

composition of soybean and faba bean cotyledons:

Data in Table (4) indicated that moisture content
increased significantly (P<0.05) from 6.24 and 9.25% at
serc time of soaking (cotyledons) to 65.98 and 68.22% after
cooking without soaking of soybean and faba bean cotyledons,
respectively, and increased significantly (P<0.05) to 55.22
and 63.55% for soybean cotyledons and 64.57 and 64.37%
for faba bean cotyledons after cooking soaked for 12 and
24 hr, TrTespectively. Also moisture content increased
significantly (P<0.05) to 62.42 and 67.72%2Z of cooked

germinated soybean and faba bean cotyledons, respectively.

The increasing in moisture content may be attributed
to high absorbed of water of soybean and faba bean during
cooking due to coagulation and denaturation of proteins,
which were characterized by high water absorption ratio

during germination ( Abul-Seoud, 1984 ).
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Cooking of soybean cotyledons without soaking or after
soaking for 12 hr has not significant effect (P>0.05) on
crude protein which is 42.61 and 44.19%, respectively,
compared to 42.73% for soybean cotyledons. In the same
time cooking of soybean cotyledons after soaking for 24
hr or germination has the same significant effect (P<0.05)
on crude protein which is 44 .43 and &4.59%, respectively.
Crude protein of faba bean treatments decreased signifi-
cantly (P<0.05) from 31.72 at zero time of soaking coty~
ledons to 30.12, 29.43 and 28.16% after cooking of soaked
for 12, 24 hr and germinated faba bean cotyledons, respect-—
ijvely, but increased insignificantly (P>0.05) to 32.13%

after cooking without soaking.

Non protein nitrogen decreased significantly (P<0.05)
from 0.35 at zero time of soaking of soybean cotyledons
to 0.29, 0,17, 0.11 and 0.18% and from 0.25% at zero time
of soaking of faba bean cotyledons to 0.20, o.11, 0.09
and 0.13% after cooking beans without soaking, soaking

for 12, 24 hr and germination, respectively.

Ether extract increased significantly (P<0.05) from
25 .50% at zero time of soaking soybean cotyledons to 27.87,
28.64, 28.99 and 28.62% after cooking without soaking, cook-

ing after soaking for 12 and 24 hr and cooking after germination
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respectively, Ether extract of faba bean cotyledons increased signifi-
cantly (B<0.05) from 1.94% at zero time of soaking faba bean coty-—
jedons to 2.28 and 2,47% after cooking without soaking
and cooking after germination, respectively, but there
were no significant differences (P>0.05) in ether extract
of soybean cotyledons and cooked faba bean cotyledons after

soaking for either 12 or 24 hr.

Ash content decreased gsignificantly (P<0.05) from
6.04%7 of soybean cotyledons to 4.32,4.34 4.39 and 3.76%
after cooking without soaking, cooking after soaking for
12, 24 hr and cooking after germination soybean cotyledons,
respectively. While ash content imueasaiinsignif}cantly
(P<0.05) from 3.05% of soybean cotyledons to 3.18% after
cooking of soaked 24 hr, but there were no significant differ—
ences (P>0.05) between soybean cotyledons and cooked faba
bean cotyledon without soaking and after soaking for hr.
GCermination decreased significantly (P<0,05) to 2.80% after

cooking germination faba bean cotyledons.

Fiber content increased significantly (P<0.05) from
3.05%2 of soybean cotyledons to 3.78, 4.09, 4.43 and 4,.62%
after cooking without soaking, cooking after soaking for
12, 24 hr and germination, respectively. While fiber

content increased significantly (P<0.05) from 2.73% of
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faba bean cotyledons Fto 3,24, 3.51 and 3.76% after cooking
of soaked faba bean cotyledons for 12, 24 hr and germinated,
respectively, but there wasg insignificant difference

(F30.05) between faba bean cotyledons and cooked faba bean

cotyledons without soaking.

Available carhohydrates decreased gignificantly
(P<0.05) from 22.28% for soybean cotyledons to 18.74, 17.76 and
18.41%2 after cooking of soaked for 12,24 hr. and germinated
soybean cotyledons, regpectively, while there was no
gignificant difference (P>0.053) in avajilable carbohydrates
between soybean cotyledons and cooked soyhean without soaking. Available
carbohydrates increased significantly (P<0.05) from 60.56%
for faba bean cotyledons to 62.81%after cooking of germinat-
ed fabha bean cotyledons. Statistical analysis jindicated
that there are insignificant differences (P>0.05) between
faba bean cotyledons and cooked one without soaking or
after cooking for either 12 hr or 24 hr of soaking. These
results obtained as agreement with the findings of Paredes-

Lopez and Harry (1989).
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5. Antinutritional factors (phytic acid, trypsin inhibitor

activity and total vicine): .

5.1. Antinutritional content of raw seeds, cotyledons and

hull of soybean and faba bean:

Antinutritional substances such as phytic acid, trypsin
inhibitor activity and total vicine play an important role
in decreasing nutritional value of legume foods. These
jnhibitors are vary in distribution in anatomical parts
of seeds. The effects of dehulling on the rate of phytic
acid, trypsin inhibitor activity and total vicine contents
were studied that they were determined in raw seeds,

cotyledons and hull of soybean and faba bean.

Results in Table (5) show concentration of phytic
acid (mg/g), trypsin inhibitor activity [trypsin inhibitor
unit (TIU)/mg] and total vicine (mg/g). Soybean seeds
had the highest phytic acid and trypsin inhibitor activity,
with an average of 10.23 mg/g and 41.09 TIU/mg compared
to faba bean which has the lowest -content 2.07 mg/g and
21.37 TIU/mg, respectively. Thege results are in accordance
with those obtained by Fernandez et al. (1982). Faba bean seeds had
the highest total vicine content with an average 14.16

mg/e compared to soybean which has an amount of 5.15 mg/g.

Phytic acid changed significantly (P<0.05) from 10.23

and 2.07 mg/g in raw seeds of soybean and faba bean to
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11.18 and 2.97 mg/g of soybean and faba bean hull, respect—
ively, but it decreased ingsignificantly (P>0.05) to 10.15
and 1.91 mg/g of soybean and faba bean cotyledons, respect-—

ively.

Trypsin inhibitor activity changed insignificantly
(P>0.05) from 41.09 TiU/mg in raw seeds to 41,92 TIU/mg
of soybean cotyledons, but it decreased insignificantly
(P>0.05) to 41.03 TiU/mg of soybean hull. In faba bean,
trypsin inhibitor activity increased significantly (P<0.05)
from 21.37 TIU/mg of raw seeds to 22.32 TIU/mg of cotyled-—
ons, but it decreased significantly (P<0.05) to 16.16 TIU/mg

in the hull.

Total wvicine changed insignificantly (P>0.05) from
5.15 mg/g in raw seeds to 5.17 mg/g of soybean cotyledons,
but decreased significantly (P<0.05) to 4.91 mg/g in soybean
hull, In faba bean total vicine increased significantly
(P<0,05) from 14.16 mg/g in raw seeds to 16.03 mg/g of
cotyledons, but it decreased significantly (P<0.05) to
3.94 mg/g in the hull. These results confirmed the reports
indicating the glucose-6~phosphate dehydrogenase difficient
favism-sensitive human subjects respond to faba bean seeds

(Mager et al., 1969; Li=ner, 1977 and Abul-Seoud, 1984).
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5.2. Distribution of antinutritional factors in cotyledons

and hull of soybean and faba bean:

Results obtained in Table {(6) also summerized the
distribution of phytic acid, trypsin inhibitor activity
and total vicine concentration in cotyledons and hull of

soybean and faba bean.

The ratio between cotyledons and hull was found to
be 91.86 : 8.14 and 84.53 : 15.47 in soybean and faba bean,
respectively. Phytic acid, trypsin inhibitor activity
and total vicine were found to be distributed in higher
ratio in cotyledons than in hull of soybean and faba bean.
They distributed in the percentage® of 91.10, 91.87, 92.23
and 77.78, 88.30, 95.69 in cotyledons of soybean and faba
bean, respectively, against 8.90, 8.13, 7.77 eand 22.22,
11.70, 4.31 in hull of soybean and faba bean, respectively.
These results obtained in Table (5 and 6) are in agreement
with those obtained by Collier (1976), Jamalian (1978),

Abul—-Seoud (1984).

5.3, Effect of soaking period and germination omn antinutri-

tional factors of soybean and faba bean cotyledons:

Soaking of legume seeds in water is a method used
for the purpose of eliminating toxic substances and anti-

nutrient, as well for removing the seed coat.




76

1e°y 19°0 69766 cgel LLL ov°0 A SL'Y (8/8m) auTdTA T€3I0L

0L° 1T 06°¢ 0L g8 L8°81 €1°8 ve't L8816 . SL'LE (Bw/NIL) £3TATIOE
, 103TqTYUT utsdiag

AN 9% 0 BL LL 19°1 06°8 16°0 0t 16 (498" (8/8m) pTo® IT34Yd

;4 4 % Z
TI0H suopatL109 T11RH suopa14&3o) g3usuodwo)
LV ST %€S° 78 $v1°8 %98° 16
%001 ueaq EBqEj %001 uesqiog STEeTI83EW

‘ueaq eBQEJ PUE UEBIQLOF
jo STINY pue suopaTilod uT (PuTI>TA TEBIOI PpUE £3TATIo® JOIFQTYUT

ursd£13l  ‘proe  2134yd) SI03DEY TBuUOTIITIINTGIIUE 3O UOTIBNGTIIST(d umo“ @Iqel




_77_

Results obtained in Table (7) showed that soaking
soybean and faba bean seeds in water for 12 and 24 hr caused
losses of phytic acid, trypsin inhibitor activity and total

vicine.

Phytic acid, trypsin inhibitor activity and total
vicine decreased significantly (P<0.05) from 10.15 mg/g,
41.vy2 TiU/mg 5.17 mg/g and 1.91 mg/g, 22.32 TIU/mg, 16.03
mg/g at zero time of soaking of soybean and faba bean
cotyledons, respectively to 8.97, 8.71 mg/g; 37.90, 28.25
TIU/mg; 4.13, 3.08 mg/g and 1.68, 1.65 mg/g; 18.52, 15.53
TIU/mg 14.20, 11.39 mg/g after soaking for 12 and 24 hr

of soybean and faba bean cotyledons,respectively.

Residual amount of phytic acid, trypsin inhibitor
activity and total vicine in soybean cotyledons after
soaking for 24  hours reached 85.81, 67.36 and 59.57%,
respectively of its origins, before the soaking process.
While the residual amount of phytic acid, trypsin inhibiteor
activity and total vicine in faba bean cotyledons after
soaking for 24 hr reached 86.39, 69.58 and 71.05%, respect~
jvely of its origins, before the soaking process. These
results agree with those obtained by Fernandez et 8l.

{(1982), Abul-Seoud (1984), Paredes-Lopez and Harry (1989).

High loss of total vicine in soybean might be due

to low thickness of seed coat, high water permiability
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through cells of seeds, high swelling capacity of seeds
and relatively high solubility of vicine in water. These
reasons might increased leaching of vicine out of soybean

as compared with faba bean (Kakade and Evans, 1966).

The preparation of germinated soybean and faba bean
were carried out by soaking soybean and faba bean seeds
in water for 15 hr followed by germination for 24 hr,
This experiment was carried out to study the effect of
germination on phytic acid, trypsin dinhibitor activity

and total vicine of both two kinds of legume seeds.

Results in Table (7) also showed that germination
decreased significantly (P<0.05) phytic acid, trypsin
ijnhibitor activity and total vicine to 8.64 mg/g, 39.29
TIU/mg; 4.45 mg/g and 1.61 mg/g., 19.06 TIU/mg, 13.10 mg/g
of germinated soybean and faba bean cotyledons, respect-

ively, compared to results before soaking.

Cermination led to slight increase of residual trypsin
inhibitor activity and total vicine from 67.36 and 59.57%
after soaking for 24 hr to 93.68 and 86.07%, respectively
in germinating soybean cotyledons for 24 hr. Also germinat~
jon led to slight increase of residual trypsin inhibitor
and total vicine from 69.58 and 71.052 after soaking for
24 hr to 85.39 and 81.72%, respectively in germinating

faba bean cotyledons for 24 hours.
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Cermination led to slight decrease of residual phytic
acid from 85.81 and 86.39% after soaking for 24 hr to 85.12
and 84.29% in germinating soybean and faba bean cotyledons,

respectively.
These results are in agreement with those obtained
by Collins and Sanders (1976), Liener and Kakade (1980),

Abdullah et al. (1984), Abul-Seoud (1984).

5.4, Effect of cooking for 30 minutes on antinutritional

facors of soybean and faba bean cotyledons:

Results in Table (8) indicated that cooking soybean
and faba bean cotyledons in boiling water for 30 min. at
100°C decreased significantly (P<0.05) phytic acid, trypsin
inhibitor activity and total vicine contents. The concent-
ration of these component decreased from 10.15 mg/g, 41.92
TIU/mg and 5.17 mg/g at =zero time of soaking soybean
cotyledons to 9.03, 33.25, 3.21:; 8.64, 23.34, 2,.81; 8.36,
19.28, 2.01 and 8.42 mg/g, 22.66 TIU/mg, 2.95 mg/g after
cooking without soaking, cooking after soaking for 12,
94 hr and cooking after germination soybean cotyledons,

respectively.

In the same time the concentration of these_component
decreased from 1.91 mg/g, 22.32 TiIU/mg and 16.03 mg/g at

zero time of soaking faba bean cotyledons to 1.72, 16.12,
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8.64; 1.56, 12.85, 8.24; 1.51, 11.60, 6.39 and 1.54 mg/g,
14.25 TIU/mg, 7.56 mg/g after cooking without soaking,
cooking after soaking for 12, 24 hr and cooking after

germination faba bean cotyledons, respectively.

Obviously, residual phytic acid, trypsin inhibitor
activity and total vicine of soybean and faba bean decreased
to 82.36, 45.97, 38.88% and 79.06, 51.97, 39.86% after
cooking of soaked for 24 hr, of soybean and faba bean

cotyledons, respectively.

The dustruction of trypsin inhibitor activity in both
soybean and faba bean cotyledons due to cooking may be
attributed to destroying or inactivation, but not to
leaching out of the beans. These result could be assured
by determining trypsin inhibitor activity of the obtained

soup.

These results were assured by those obtained by
Sudarmadji and Markakis (1977), Delumen and Salamat (1980),
Tan and Wong (1982), Abul-Seoud (1984), Paredes-Lopez and

Harry (1989).







Part I1II. Optimization of factors affecting fermentation

in production of tempeh from soybean _and faba

bean cotyledons:

Stainless steel trays (0.35x0.,30x0.05 m) with a holding
capacity of 0.8 kg(7.62 kg/mz) were designed and fabricated
for the production of soybean and faba bean tempehs.

Rhizopus oligosporus CATM 182 was used for fermentation

process and factors affecting pilot plant fermentation
i.e, pretreatments of soybean and faba bean cotyledons;
soaking period, germination process, incubation temperature
and incubation period (fermentation time); were studied.,
Changes occuring in chemical composition, chemical freshness
parameters and antinutritional factors were studied ¢to
select the excellent treatment of tempeh produced from

soybean or faba bean.

1. Chemical composition of soybean or faba bean tempehs:

The pretreatment soybean and faba bean cotyledons
were inoculated with spores suspension of the mold Rhizopus

oligosporus and incubated at 25°%, 31° and 37°C for O, 24,

36, 48, 60 and 72 hr to jnvestigate the changes in chemical
constituents (moisture, crude protein, non protein nitrogen,
true protein, ether extract, ash, fiber and available

carbohydrate contents) of tempeh product.




1.1. Changes in moisture content:

Data in Tables (9 and 10) shows the changes in moisture
content of tempeh produced from soybean and faba bean

cotyledons, respectively during fermentation.

Statistical analysis indicated that there are more
or less significant differences 1in moisture content of
soybean and faba bean tempehs between the different treat-—
ments. Also, comparing between incubation temperatures
generally or within the different treatments and between
incubation periods generally or within different treatments
in either soybean or faba bean tempeh ijndicated that there
is no finile correlation between either incubation
temperatures oOr incubation periods in moisture content
of produced soybean or faba bean tempehs. This could be
reffered to fluctuate in relative humidity of the incubator
which was ranged between 55 and 70%. Anyhow, moisture
content ranged between 52.01 and 64.79% for tempeh produced
from - * uhsoaked soybean at 31°C incubation temperature
for 60 hr and tempeh produced from germinated soybean at
37°C ihcubation temperature for 36 hr, respectively.
Results of Paredes-Lopez and Harry (1989) also presented
fluctua?ion in moisture content of faba bean tempeh during
jncubation periods. These results indicated that moisture
conten% ranged between 49.70 to 63.3 for tempeh produced

from fiba bean at 37°C for 12 and 72 hr incubation periods,

. -
£

5 g,
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Table (9): Changes in moisture content during tempeh fermentatiom
preduced from soybean (g/100 g).

Incubation Incubation period (hours)
Treatments temperature ——————--—T=TTTossmsoTsTmmEmmmIOTT Mean
(°C) 0 24 36 48 60 72
: 25 65.08 58.74 56.71 58.00 60.63 59.11 59.86
Dehulled with—} | 31 65.98 55.52 53.73 56.23 52.01 63.23 57.78
out soaking ! 37 65.98 60.37 63.40 63.16 53.90 62,60 61.57
and cooked } ———————————————————————————————————————————————————
! Mean 65.98 58.21 57.95 59.13 55.51 61.65 59.74
———————————— ..1r-.‘-_...__.__..._.._.__......_._._.._.._...._._...._...._...—__.....—_..__—-——__—-.-———-——.—.——--o—
: 25 55.22 55.75 57.26 55.23 54.12 59.58 56.19
Soaking for } 31 55.22 57.92 62.23 57.91 58.55 58.25 58.36
12 hr, dehullefl ! 37 55.22 62.31 59.65 63.48 63.53 56.20 60.07
and cooked } ———————————————————————————————————————————————————
: Mean 55.22 58.66 59.75 58.87 58.73 58.01 58.21
____________ q_+____a___ﬂ_________—____d__#______P___w__w_—_——_u——w
% 25 63.55 60.59 62.26 61.78 58,41 59.45 61.01
Soaking for : 31 63.55 58.11 57.25 56.74 57.70 56.21 58,26
24 hr, dehull ;{ 37 63.55 63.69 59.51 63.02 63.20 60.66 62.27
and cooked Do m s s s S T T ———
| Mean 63.55 60.80 59.67 60.51 59.77 58.77 60.51
———————————— -1-q-|-——-v-—--—-—-———-v-——-—---——-—--——----———-----——---——--—-—---——-—----—-lu———ﬂ
: 25 62.42 59.72 62.85 63,12 50.45 61,57 61.52
Germinated, } 31 62.42 57.33 60.08 60.79 57.67 61.56 59.98
dehulled 1 37 62.42 63.46 64.79 64,00 56.52 63.18 62.40
and cooked ? ———————————————————————————————————————————————————
: Mean 62.42 60.17 62.57 62,64 57.88 62.10 61.30
___________ “____n__-_u__________ﬂ_______________ﬁ__nﬁ______#___w_
Mean of incubgtion period 61.79 59.46 59.99 60.29 57.97 60.13 59.94
Mean of incubation temperature.
Temperature | 25°C 31°C- 37°C
Me 59,65 | 58.59 | 61.58
1.5.D. (P <0 an '
L.S.D. betwe of any two treatments = 0.95
L.S.D. betw of any two incubation temperature = 1.08
L.S.D. betwe of any two incubation period = 0.60
L.S5.D. betwe of any two incubation temperature/treatment = 0.99
L.5.D. betwe of any two incubation period/treatment = 2.17
L.S.D. betwe of any two incubation temperature/incubation period /
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Table (10): Qhanges in moisture content during tempeh fermentat-
fon produced from faba bean (g/100 g).
Incubation Incubation period (hours)
Treatments temperature —=——————=—=T--ooSsoesSoosmesmETEET Mean
(°C) 0 24 36 48 60 72

: 25 68.22 67.48 66.87 67.88 69.14 67.82 67.90
Dehulled with- : 31 68.22 64.98 67.34 70.67 64.33 72.11 67.94
out soaking : 37 68.22 69.95 72.52 74.25 75.24 76.06 72.711
and cooked e e m e e S S T

| Mean 68.22 67.47 68.91 70.93 69.37 72.00 69.52
____________ p+___,__________,_____________________,ﬂ____________m

| 25 64.57 66.20 66.41 63.09 66.27 63.74 65,05
Soaking for : 31 64.57 65.35 65.56 55.75 66,06 61.06 63.06
12 hr, dehullei= 37 64.57 68.36 70,87 70,32 73.87 71.95 69,99
and cooked b o e S T T

i Mean 64.57 66.64 67.61 63.05 68 73 65.58 66.03
_____________ e o e e e e e S S

: 25 64,37 62.28 65,32 59.61 59.57 63.87 62.50
Soaking for : 31 64.37 65.92 64,70 62,15 64.48 67.43 64.89

|

i

24 hr, dehullef 37 64.37 68.41 67.21 69.71 73,92 73.92 69.51
and cooked [ e e S T T

' Mean 64.37 65.54 65.74 63.82 65.99 68.24 65.63
------------ e b o e e o e o e e T

| 25 67.72 64.26 62.60 60.66 63,10 62.47  63.47
Germinated, : 31 67.72 63.06 62,61 63,99 62,64 62.77 63.80
dehulled ] 37 67.72 66.53 68.53 69.37 67.75 69.86 68,29
and cooked e e T T T T

' Mean 67.72 64.62 64.58 64.67 64.50 65.03 65.19
———————————— * |.............._.___....__._.___......_..___._..,_...____....._-_—_—....._—_—u--———_.-—-———-o—-—
Mean of incubagion period 66.22 66.07 66.71 65.62 67.20 67.71 66.59

Mean of incubation temperature.
Temperature | 25°C | 31°C | 37°C
Mean 64.73 | 64,92 | 70.13
L.S.D. (P < O. :
L.S.D. between means of any two treatments = 0.32
L.S.D. hetweerd means of any two incubation temperature = 0.28
L.S.D. hetweed means of any two incubation period = 0.17
L.S.D. hetweed means of any two incubation temperature/treatment = 0.42
L.S.D. betweed means of any two incubation period/treatment = 0.59
L.S.D. betweed means of any two incubation temperature/incubation period/
. treatmdnt = 0,29
§
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respectively. In the same time results of Agosin et al.
(1989) indicated that moisture content ranged between 67.8

to 69.4% for Lupine tempeh at 30°C for 12 and 45 hr

incubation periods, respectively.

1.2. Changes in crude protein:

Changes in crude protein content during tempeh
productien from soybean or faba bean cotyledons are

presented in Tables (11 and 12), respectively.

Statistical analysis showed that crude protein content
of moybemn tempeh increased significantly (P<0.05) to 48.97,
49.45 and 47.95% due to soaking process for 12 and 24 hr
and germination process, respectively compared to 46.22%
of tempeh produced from soybean without soaking. In
contrast, crude protein content of faba bean tempeh
decreasad significantly to 34.12, 34.08 and 30.90% due
to soakgng process for 12 and 24 hr and germination process,
reapectively‘ compared to 36.69% crude protein content of

tempeh iroduced from faba bean without soaking.

It% could be noticed that increasing incubation
tempera?ure from 25° to 31° and 37°C was accompanied by
signifitant increasel (P<0.05) in crude protein content
of either soybeén or faba bean tempehs from 47.66 and 31.23

toe 48.4 and 33.67, and 48.34 and 36.95%, respectively.




Table (l1): Changes in

crude
fermentation produdg

weight basis).

protein

content
ed from soybean (g/100 g,

tempeh
on dry

Incubation period (hours)

Incubation
Treatments temperature
(°C)

| 25
Dehulled with- | 31
out soaking : 37
and cooked T

| Mean
_____________ +

| 25
Soeking for ! 31
12 hr, dehulled: 37
and cooked r

! Mean
—————————————— '_

25
Soaking for ! 31
24 hr, dehulled! 37
and cooked r

| Mean
———————————— t

: 25
Germinated, ' 31
dehulled i 37
and cooked }

! Mean

e e 48— ——— A S = e . b ok S S o kA S T A o o T e 7 U5 RS T =

Mean of incubation period

o A P e —— b it S —

—— i —— ————— A — . APy T — o — A e B e S SV M S W T S S e g Ao S S R

ot AL S ——— S —— Y — I ppppn———— PR B R Al et e

e —— — L - ——— T — A T b S — e At PP ek A8 T e e Sy e A et

e — . T — At Ty o — A — @ e o ki S T oy Ao ki P T T e Al T S T A S

|

.S.D. (P < 0.,05):
S.D. between means
.5.D. between means
.5.D. between means
S.D. between means
S.D.

S.D.

betweeq means
between means

L] Ld

[l -l el ol ol

ete

Lreatmgnt = 3.

Mean of incubation temperature.

Temperature | 25°C 3i°C 37°C
Mean 4u7.66 48.44 48.34
of any two treatments = 0.94

of any
of any
of any
of any
of any
62

two
two
two
two
two

incubation temperature = 1.01

incubation period = 0.89

incubation temperature/treatment = 1.71
incubation period/treatment = 2.07

incubation temperature/incubation period/

]
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Table (12): Changes in crude protein content during tempeh

fermentation produced from faba bean (g/100 g on dry

weight basis).

Incubation Incubation period (hours)
Treatments temperature ———————=TTmTo—SSsTmosmoTmEmETETTET Mean
(°C) 0 24 36 48 60 72
: 25 32.13 32.83 33.49 31,23 34.01 35,90 33,27
Dehulled with- : 3l 32.13 34.38 35.64 37.05 40.38 42,84  37.07
out soaking [ 37 32.13 32.17 34.78 42.87 47.82 48.67 39.74
and cooked % ———————————————————————————————————————————————————
: Mean 32.13 33.13 34.64 37.05 40.74 42,47 36.69
_____________ +___,______a_________________________________-__-___
: 25 10.12 32.35 30.53 29.69 31.51 31.59 30.97
Soaking for { 31 30.12 35.12 33.92 28.52 32.29 36.14  32.69
12 hr, dehulledl 37 30.12 33.81 37.04 41.26 43.91 46,13  38.71
and cooked L et
: Mean 30.12 33.76 33.83 33.16 35.90 37.95 34.12
_____________ +___,ﬂ_______,___m____,________,___________________ﬁ
: 25 29.43 33.09 30.14 31.27 28,66 31.18  30.63
Soaking for } 31 29.43 35.08 36.12 36,02 34.58 37.70 34.82
24 hr, dehulled: 37 29.43 32.94 32.59 39.41 40.40 46,00 36.78
and cooked e e e T T
: Mean 20.43 33.70 32.95 35.53 34,55 38.29 34.08
———.——-——.——.—.—_._-_..._ ___________________________________________________
: 25 78.16 29.52 33.22 28.96 27.88 32.54 30.05
Germinated, : 31 28.16 30.25 31.08 28.50 30.34 32,30 30.11
dehulled : 37 28.16 30.82 35.31 33.35 31.39 36,29 32.55
and cooked b e e e T T
! Mean 28.16 30.20 33.20 30,27 29.87 33.71 30.90

..--_—_...—-_..—_...—_..__..._-..-—_...—_.—_-..-....—_.__....—_.————_......_.—_.__—_.....—_.

Mean of incubation period 29.96 32.70 33.66 34.00 35.27 38.11  33.95

L.S.D, (P < 0.05)

Mean of incubation temperature.

Temperature | 25°C 31°C 37°C

Mean 31.23 | 33.67 | 36.95

Lreatment

$.D. between means of any two treakments = 1.29

S.D. bhetween means of any two incubation temperature = 0.92

S.D. between means of any two incubation period = 0.60

.S.D. between means of any two incubation temperature/treatment " 1.61
S.D. between means of any two incubation period/treatment = 2,10

S.D. between means of any two incubation temperature/incubation period/

= 3.32




Data revealed that crude protein content in soybean
tempeh increased significantly (P<0.05) from 43.96 to 46.98,
48,99, 48.78, 49.39 and 50.79% by increasing incubation
period from 0 to 24, 36, 48, 60 and 72 hr, respectively.
The same trend was obtained in faba bean tempeh, whereas
crude protein content increased significantly (P<0.05)
from 29.96 to 32.70, 33.66, 34.00, 35.27 and 38.11% by
increasing incubation period from 0 to 24, 36, 48, 60 and

72 hr, respectively.

Statisitical analysis ijndicated that there are more
or less differences between either incubation temperatures
or incubation periods within the different treatments, in
crude protein of soybean or faba bean tempehs. Anyhow
crude protein ranged between 43.16 and 55.54% for tempeh
produced from soybean without soaking incubated at 31°C
for 24 hr and soybean soaked for 12 hr incubated at 31°C
for 72 hr, respectively, compared to 42.61 and 44.1@% for
the same treatments before carrying out the fermentation
process, respectively. With respect to faba bean tempeh,
crude protein ranged between 27.88 to 48.67% for tempeh
prcduced from germinated faba bean incubated at 25°C for
60 hr and faba bean without soaking incubated at 37°C for
72 hr, respectively, compared to 78.16 and 32.13% for the
same treatments before «carrying out the fermentation

process, respectively. L.S.D. between any two values of




crude protein of soybean and faba bean tempehs at given
incubation period within incubation temperature within

treatment are 3.62 and 3.32, respectively.

It is dimportant to decide here that c¢rude protein
was calculated as N%x6.25. The 6.25 nitrogen factor led
to an over estimation of the bean protein content. However,
it was used since most of the workers in this area wuse
this factor (Paredes-Lopez and Harry, 1989). On the other
hand, results of Paredes-Lopez and Harry (1989) indicated
that protein content ranged between 25.30 to 31.50 in tempeh
produced from soaked faba bean for 15 hr before and after
fermentation period of 72 hr at 37°C, respectively. With
respect to soybean tempeh, results of Kuo et al. (1989)
indicated that tempeh produced from soaked soybean 12-15
hr, incubated at 28-30°C for 24 hr, included 47.0% crude
protein on the base of 6.25 nitrogen factor. This means
that obtained results in the present investigation in good
agreement with finding of Lin (1980) and previous mentioned

results.

1.3. Changes in non protein nitrogen:

Data in Tables (13 and 14) indicate the changes in
non protein nitrogen (NPN) of tempeh produced from soybean

or faba bean cotyledons, respectively.

Statistical analysis indicated that germination process

in soybean only 1led to significant increase (P<0.05) in
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NPN of soybean tempeh, while it has not significant effect
(P>0.05) on NPN of faba bean tempeh. In the same time
soaking process for either 12 or 24 hr has no significant
effect (P>0.05) on NPN of both soybean and faba bean

tempehs.

It could be noticed that increasing incubation
temperature from 25° to 31° and 37°C was accompanied by
significant increase (P<0.,05) in NPN of soybean and faba
bean tempehs from 0.43 and 0.40% to 0.48 and 0.50% and
0.54 and 0.64%, respectively. Statistical analysis
indicated the same trend for the effect of dincubation
temperature on NPN of faba bean tempeh within the different
treatments that increasing incubation temperature led to
significant increase (P<0.05) in NPN. On the other hand,
there are more significant differences (P<0.05) 6r insigni-
ficant differences (P>0.05) in NPN of soybean tempeh between

incubation temperatures within the different treatments.

Data revealed that NPN in soybean tempeh increased
significantly (P<0.05) from 0.19% to 0.32, 0.41, 0.48,
0.66 and 0.83% by increasing incubation period from O to
24, 36, 48, 60 and 72 hr, respectively. The same trend
wasz obtained in the case of faba bean tempeh. Comparing
between incubation periods within any treatment of either

soybean or faba hean tempehs indicated the same trend that




Table (13): Changes

fermentation pro

in

non

weight basis).
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protein
duced from soy

nitrogen

during
bean (g/100 g, on dry

tempeh

Incubation period (hours)

dehulled
and cooked b mm oo T

Incubation
Treatments temperature
(°C)
' 25
Dehulled with— | 31
out soaking : 37
and cooked T
! Mean
_____________ +
I 25
Soaking for ! 31
12 hr, dehulled: 37
and cooked T
: Mean
_____________ IR
| | 25
Soaking for ! 31
24 hr, dehulled ! 37
and cooked -}
: Mean
_______________ +
! 25
Germinated, ! 31
§ 37
1
! Mean

Mean of incubation period

_..-—_.-...._——-—_..._.—_.——_——-—._..._..—_.-—_.._.——.-—_.__._

_.-_—-..-—_..-...._..-———.—.—_-.——_.—_..—_.-.__._..._.._.—_.—..-_.-._-_.__._.__.

-_-——......._._.-..-_..-a..——...——__-..._-_.__.--_..-_...___.—_—.-

—-——..-———...-——--——.—-—_--——.—-.—————.-———-———.—-

——...-__.-_-—__..-——.——.———-——-—.———.————.—-——-_.—_.———_—.—--—-——..-—

-....—-—_._---——....——-—-.u-—_._-_-—.—_._-——_--——.-——--.-—_.—_.._——-a-__.——_..-

_--.-—_._....—_..—.-_-_--_..__-_-—-—_...————-__—___—_-_..._.__._-—_—.-_.—-—-—

0.85 0.42
0.93 0.53
0.82 0.52

e — A —— ——— —— i ———

0.75 0.40
0.82 0.40
0.93 0.55
0.83 0.45
0.85 0.50
0.91 0.50
0.93 0.57
0.90 0.52

——— i — T — T

(P < 0.05):

between means
between means
between means
between means
between means
between means

Mean of incubation temperature.

treatment = 0.11

Temperature | 25°C 37°C
Mean 0.43 0.54
of any two treatments
of any two incubation temperature = 0.03
of any two incubation period = 0.03
of any two incubation
of any two incubation period/treatment
of any two incubation

temperature/treatment = 0.07
0.06

temperature/incubation period/
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Table (14): Changes in non protein nitrogen during tempeh
fermentation produced from faba bean (g/100 g,
on dry weight basis).

Incubation Incubation period (hours)
Treatments temperatuyre —-—-———=——==-ToTsoSTmmomTEoTTEITT Mean
(°C) 0 24 36 48 60 72
| 25 0.20 0.23 0.34 0.42 0.53 0.62 0.39

Dehulled with- | 31 0.20 0.32 0.40 0.63 0.74 0.86 0.53

out soaking ! 37 0.20 0.23 0.52 0.81 0.95 1.02 0.64

and cooked Y

I Mean 0.20 0.29 0.42 0.62 0.74 0.83 0.52

_____________ .|.......___.._...._.__.__..__._.._.__..._.____._......_...._..._.____...__..._......_.__.__...._._

} 25 0.11 0.29 0.38 0.50 0.64 0.77 0.45

Soaking for | 31 6.11 0.30 0.40 0,35 0.65 0.88 0.45

12 hr, dehulled ! 37 0.11 0.26 0.53 0.79 0.96 1,05 0.62

and cooked } ———————————————————————————————————————————————————

! Mean 0.11 0.28 0.44 0,55 0.75 0.90 0.51
______________ +_______________________________________-___-___ﬁ__#
| 25 0.00 0.24 0.28 0.38 0.44 0.62 0.34

Soaking for } 31 0.09 0.30 0.42 0.67 0.75 0.89 0.52

24 hr, dehulled ! 37 0.00 0.35 0.48 0.87 0.97 1.12 0.65

and cooked ? ———————————————————————————————————————————————————

: Mean 0.09 0.30 0.39 0.64 0.72 0,88 0.50
[ I S e
: 25 0.13 0.24 0.39 0,47 0.53 0.82 0.43

Germinated, H 31 0.13 0.30 0.41 0.47 0.72 0.92 0.49

dehulled I 37 0.13 0.38 0.59 0.71 0.74 1.24 0.63

and cooked F ———————————————————————————————————————————————————

1 Mean 0.13 0.31 0.46 0,55 0.66 0.99 0.52
Mean of incubation period 0.13 0.30 0.43 0.59 0.72 0.90 0.51

(P < 0.05):

Mean of incubation temperature.

Temperature | 25°C s1°c | 37°C

Mean 0.40 0.50 0.64

between
between
between
between
between
between

of
of
of
of
of
of

means
means
means
means
means
means

any
any
any
any
any
any

treatment = 0,13

two treatments
two incubation
two incubation
two incubation
two incubation
two incubation

= (.06

temperature = 0,03

period = 0.03
temperature/treatment = 0,08
period/treatment = 0,08
temperature/incubation period/




NPN is significantly increased {(P<0.05) with increasing

of incubation period.

Anyhow NPN in soybean tempeh ranged between 0.19 and
0.93%. The lower 1imit belongs to tempeh produced from
soaked soybean for 24 hr, incubated at 31°C for 24 hr
compared to 0.11 for the same treatment before carrying
out fermentation process. The upper limit belongs to tempeh
produced from soaked soybean for 24 hr and germinated
soybean incubated at 37°C for 72 hr compared to 0.11 and
0.187% for the same treatments before carrying out
fermentation process, respectively. This upper limit also
belcngs to tempeh produced from soaked soybean for 12 hr,
incubated at 31°C for 72 hr compared to 0.17% for the same
treatment before carrying out fermentation process. In
the case of faba bean tempeh, NPN, ranged between 0.23
and 1.24% for tempeh produced from faba bean without soaking
incubated at 25°C for 24 hr and germinated faba bean
incnbated at 37°C for 72 hr compared to 0.20 and 0.13%
for the same treatments before carrying out fermentation

process,rrespectively.

These results are in good agreement with finding of
Kuo et al. (1989) and Paredes-Lopez and Harry (1989).
NPN was: 0.4% in tempeh produced from soaked soybean for

12-15 hn, incubated at 28-30°C for 24 hr (Kuo et al., 1989).




It was 1.17% in tempeh produced from soaked faba bean
overnight, incubated at 37°C for 72 hr (Paredes-lLopez and

Harry, 1989).

1.4. Chanpes in _true protein content:

Changes in true protein content during tempeh
production from soybean or faba bean cotyledons are

presented in Tables (15 and 16), respectively.

Sratistical analysis indicated that true protein in
soybean tempeh increased significantly (P<0.05) to 45.91,
46.60 and 44.70%Z due to soaking process for 12, 24 hr and
germination process compared to 43.29% of tempeh produced
from soybean without scaking. On the other hand, true
protein in faba bean tempeh decreased significantly (P<0.05)
to 30.97, 30.92 and 27.60% in tempeh produced after soaking
process for 12, 74 hr and germination process, respectively
compared to 33.47% of tempeh produced from faba bean without

soaking. The same trend was observed in crude protein.

It could be noticed that increasing incubation
temperature from 75° to 37 led to significant increase
(P<0.05) in true protein of soybean or faba bean tempehs
from 44,96 and 28.71% to 46.23 and 32.95%, respectively.
Data ingicated that increasing incubation temperature from

25°C ta 37°C within different treatments of soybean or
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Table (15): CHanges in true protein during tempeh fermentation
pjoduced from soybean (g/100 g, on dry weight basis)*

Incubation Incubation period (hours)

Treatments temperature ——-———-————=--—ToSmoso—oosmEsToToE Mean

(°C) 0 24 36 48 60 72
25 40.80 42.72 44.77 44.07 44.01 42.79 43,19
DPehulled with— 31 40.80 40.98 47.18 44,56 45.25 44,87 43.94
out soaking 37 40.80 42.26 43,71 44.58 42.84 42.28 42,75
and cooked e e e T T e
Mean 40.80 41.99 45.22 44,40 44.03 43.31 43.29
25 43.14 45.13 44,43 45,28 45,90 49.99 45.65
Soaking for 31 43.14 47.39 47.28 46.66 48,40 49.33 47.03
12 hr, dehulled 37 43.14 45.74 45.62 45,46 46.34 43.99 45.05
and cooked TR PR
' Mean 43.14 46.09 45,78 45.80 46.88 47.77 45.91
______________ O S U
25 43,72 47.89 46,87 46.50 45.80 44.12 45,82
Soaking for 31 43.72 46.46 47.39 46.54 46,55 48.09 46,46
24 hr, dehulled 37 43.72 47.21 48,70 48,34 49,99 47.11 47.51
and cooked  pFp-————-—"—"———7——w—T—— e e e e
Mean 43.72 47.19 47.65 47.13 47.45 46.44  46.60
25 43.44 44,75 47.56 46.64 43.33 45.26 45.16
Germinated, 31 43.44 43.81 45,95 44,65 42.85 45.32 44.34
dehulled 37 43.44 45.25 47.98 45.83 41.75 43.36 44.60
and cooked b e e T T o
1 Mean 43.44 44,60 47.16 45.71 42.64 44,65 44,70
Mean of incubatfon period 42,78 44,97 46.45 45.76 45.25 45.54 45,13

* Determined terifference between total nitrogen and non protein nitrogen.

Mean of incubation temperature.

Temperature j 25°C 31°C 37°C

Mean 44,96 | 45,44 | 46,23

L.S.D. (P < 0. :
1..S5.D. between feans of any two treatments = 0.88

L.S.D. between keans of any two incubation temperature = 0.82
L.S.D. between feans of any two incubation period ='0.90
L.S.D
L.8.D
L.S.D

. between feans of any two incubation temperatute/treatment = 1.60

. between peans of any two incubation period/treatment = 1.86

. between jeans of any two incubation temperature/incubation period /
treatmeng = 3.26




Table (16): %
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true protein during tempeh fermentation

oduced from faba bean (g/100 g, on dry weight

sis)¥*.
Incubation Incubation pericd (hours)
Treatments temperature —————===—-—=TTSTSTmTomTTTEReTTTIOTE Mean
(°C) 0 24 36 4i 60 72
] 25 40.86 31.52 31,37 28.59 30.70 32,01  30.84
Dehulled with- : 31 30.86 32.39 33.17 33.03 35.76 37.49 33.78
out soaking ] 37 30.86 30.11 31.67 37.87 41.91 42.30 35.79
and cooked f ———————————————————————————————————————————————————
! Mean 30.86 31.34 32.07 33.16 36.12 37.27  33.47
———————————— hT—-—'“——*"——‘—-#————————"“—-————*—-—~-~——"——”--"“——“
{ 25 29.41 30.56 28.16 26.57 27.51 26.78 28.17
Soaking for : 31 29,41 33.27 31.47 26.35 28.20 30.66 29.89
12 hr, dehulled 37 29.41 32.16 33.73 36.34 37.84 39,55 34.8B4
and cooked f ——————————————————————————————————————————————————
! Mean 20.41 32.00 31.12 29.75 31 18 32.33 30.97
————————————— PT—"‘——“‘—-————ﬂ——‘—-—'—”—_-—_-—‘———_“--—*——-‘—-—————
! 25 28.86 31.59 28.37 28.88 25.89 27.30 28.48
Soaking for : 31 78,86 33.18 33.47 31.86 29,88 32.12 31,56
24 hr, dehulleq 37 28.86 30.73 29.57 33.87 34.34 39.01 32,73
and cooked f—*“——f ——————————————— et et
: Mean 78.86 31.83 30.47 31.54 30.04 32.81 30.92
——————————— —|FT-'——-"-"-—--'——-—--—-—'——-'--—-"—'——-——-'—--———-'-———-'——-—'——-'“—-'-‘-'——'——
: 25 27.33 28.00 30.81 26.00 24,57 27.29 27.33
Cerminated, 1 31 27.33 28.38 28.54 25.56 25,82 26.58 27.04
dehulled : 37 27.33 28.43 31.31 28.94 26.76 27.79 28.43
and cookead f ———————————————————————————————————————————————————
= Mean 27.33 28.24 30.22 26.83 25.72 27.22 27.60
——————————— dP'-—.—-._—._-_._—.F—._-_-.._—_._-—_—-‘_.__—-—-_.—-—-_-—-_—-'_——-—__———
Mean of incubagion period 29,12 30.86 30.94 30.32 30.77 32.4 30.74
* pDetermined |by difference between total nitrogen and non protein nitrogen.
Mean of incubation temperature.
Temperature | 25°C 31°C 37°C
Mean 28.71 | 30.57 | 32.95
.S.D, (P < 0j05): R

r-r'r';*;'r*r4
U)U:U:?:?ﬂb::n
u::us:;:un:

-
L]
L

betweef means of any
betwee§ means of any
betweep means of any
betweeg means of any
betweef means of any
betwee§ means of any

treatmgnt = 3.09

two treatments = 1.27

two incubation temperature = 0.55

two incubation period = (), 84

two incubation temperatute/treatment = 1.55
two incubation period/treatment = 1,99

two incubation temperature/incubation period/
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faba bean was almost accompanied with significant increase

(P<0.05) in true protein.

True protein in soybean and faba bean tempehs increased
significantly (P<0.05) from 42.78 and 29.12% to 45.54 and
32.41%, respectively by increasing incubation period from
0 to 72 hr. Comparing between incubation periods within
any treatment of either soybean oOr faba bean tempehs
indicated the same trend that true protein is significantly
increased (P<0.05) with increasing incubation period, except
for tempeh produced from germinated faba bean which true
protein decreased insignificantly (P>0.05) witn incrgasing

incubation period after 36 hr.

Statistical analysis indicated that there are more
or less differences between either incubation temperatures
or incubation periods within the different treatments,
in true protein of soybean or faba bean tempehs. Anyhow
true pratein ranged between 40.98 and 49.99%. The lower
limit belongs to tempeh produced from soybean without
soaking :incubated at 31°C for 24 hr compared to 40.80%
for the same treatment before carrying out fermentation
process@ The upper limit belongs to tempeh produced from
soaked Soybean for 12 hr incubated at 25°C for 72 hr
compareé to 43.14% for the same treatment before carrying

out ferbentation process. This upper limit also belongs
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to tempeh produced from soaked soybean for 24 hr 1ncubated
at 37°C for 60 hr compared to 43.72% for the same treatment
before carrying out fermentation process. In the case
of faba bean tempeh, true protein ranged between 24.57
and 42.30% for tempeh produced from germinated faba bean
incubated at 25°C for 60 hr and faba bean without soaking

incubated at 37°C for 72 hr.

These results are in good agreement with finding of
Wang et al. (1968); Neumann et al. (1984), Kuo' et al. (1989)
and Paredes-Lopez and Harry (1989). True protein was 43.75%
in tempeh produced from soaked sSoybean for 12-15 hr,
incubated at 28-30°C for 24 hr (kuo et al., 1989). It was
22.50% in tempeh preduced from soaked faba bean for over-
night, and incubated at 37°C . for 72 hr (Paredes-Lopez and
Harry, 1989).

1.5. Changes in ether extract:

Changes in ether extract content during tempeh

production from soybean or faba ‘bean cotyledons using

Rhizopus : oligosporus are shown in Table (17 and 18),

respectiviply .

Statistical analysis indicated that ether extract
of soybeén tempeh decreased significantly (P<0.05) to 23.52
and 2&.@9% due to soaking process for 12 and 24 hr,

:
respecti?ely compared to 24.97% of tempeh produced from
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soybean without soaking. In contrast, germination process
led to significant increase (P<0.05) to 25.46% in ether
extract of soybean tempeh. Fther extract in faba bean
tempeh was decreased significantly (P<0.05) to 1.78 and
1.68% due to soaking process for 12 and 24 hr, respectively
compared to 1.92% of tempeh produced from faba bean without
soaking. Germination process led to insignificant decrease

(P>0.05) to 1.91% in ether extract of faba bean tempeh.

It could be noticed that increasing incubation
temperature from 25° to 31° and 37°C was accompanied by
significant decrease (P<0.05) in ether extract from 25.68
and 2.02% to 23.32 and 1.65% and 24.99 and 1.80% of soybean
and faba bean tempehs, respectively. The same trend is
noticed between incubation temperatures within different

treatments of either soybean or faba bean tempehs.

Data revealed that ether extract of soybean tempeh
decreased significantly (P<0.05) from 27.68 to 27.12, 25.46,
24.14, 22.44 and 21.12% by increasing incubation period
from O to 24, 36, 48, 60 and 72 hr, respectively. The
same trend was observed in the case of faba bean tempeh.
In the same time differences in ether extract between
different incubation periods within different treatments
of either soybean or faba bean tempehs were mostly decreased

significhntly (P<0.05) by increasing incubation periods.
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content during tempeh

Changes in ether extract
soybean (g/100 g on dry

fermentation produced from
weight basis).

Incubation Incubation period (hours)
Treatments temperature ——————=—==mmssoSesmSosomssmEEETE o Mean
(°C) 0 2% 36 48 60 72
l 25 27.87 27.38 26.23 25.57 24.10 22,97 25.69
Dehulled with- | 31 27.87 26.70 25.01 23.62 22.28 21.43 24,49
out soaking i 37 27.87 27.01 25.63 24.23 22.60 20.97 24.72
and cooked + ---------------------------------------------------
| Mean 27.87 27.03 25.62 24.47 22.99 21.79 24.97
______________ +—--‘-—-———.—-—_——-—t_—_-pﬂ.—_—_-’-—__-—--—-u-—-ﬁl‘-——.'__—-.-_‘-
| 25 28.64 26.15 24.64 24.10 23.28 21,75 24.76
Soaking for ! 31 28.64 24,30 22.70 21.13 20,41 19.39 22.79
12 hr, dehulled ! 37 28.64 25.46 24.87 24.01 23.11 22.17 24.71
and cooked e e e T T 00
| Mean 28.64 25.33 24.10 23.08 22.27 21.10 24.09
o e it i e 2 e e +____“_____“_____ﬂ_____ﬁ____-*_____n_—__#—_—_——~—-——
| 25 28.99 29,58 20.02 27.09 24.02 21.22  26.65
Soaking for | 31 28.99 26.37 24.00 21.21 16.22 15.14 21,99
24 hr, dehulled | 37 28.09 28.89 25.32 24.37 23.04 22.02 25.44
and cooked e -
| Mean 78.99 28.28 26.11 24.22 21.09 19.46 24.69
————————————— ‘-*—-—#———_-—q.-———-”-———-—-n———-ﬁ————--ﬂl————-ﬁﬂ--—-dﬂ’-——_-—‘u-
: 25 28.62 28.20 26.95 25.72 24,18 23,37 26.17
Germinated, ! 31 28.62 27.16 24.82 23.65 22.37 20.75 24.36
dehulled i 37 28.62 28.15 26.19 24.96 23.72 22,28 25.65
and cooked F ———————————————————————————————————————————————————
| Mean 28.62 27.84 25.99 24.78 23.42 22.13  25.46

. {P < OjDQL:

Mean of incubation temperature.

Temperature | 25°C 31°C‘ 37°C

Mean 25.68 | 23.32 | 24.99

of
of
of
of

. betwee
. batwee
batwee
« betwee
. b'etwee
. betwee
treatm

means
means
means
means
means of
means of
t =0.32

any
any
any
any
any
any

e

s 2t

B

two treatments
two incubation
two incubation
two incubation
two incubation

two incubation

= 0,20

temperature = 0.07

period = 0.07
temperature/treatment = 0.23
period/treatment = 0.24
temperature/incubation period/
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Table (18): Changés in ether extract content during tempeh
fermentation produced from faba bean (g/100 g on dry
weight basis).

Incubation Incubation period (hours)
Treatments temperature ————=—=-—-=smosSoomssssmsmmETTTEOTT Mean
(°C) 0 24 36 48 60 72
] 25 2,28 2.41 2.26 1.97 1.85 1.79  2.09
Dehulled with— | 31 2.28 2.10 1.78 1l.64 1,50 1.42 1.79
out soaking 1 37 2.28 2.16 1.90 1,75 1.64 1.59 1.89
and cooked % ———————————————————————————————————————————————————
: Mean 2.28 2.22 1.98 1.79 1.66 1.60 1.92
______________ .|.__............_...._.__........._..._.._......__......__._..._.._..._.........___....-_..._..._...........
| 25 9.14 2.36 2.19 1.88 1.72 1.64  1.99
Soaking for ¢ 31 2.14 1.94 1,62 1.46 1.30 1.25 1.62
12 hr, dehulled | 37 2.14 2.06 1,77 1.60 1l.44 1.39 1.73
and cooked e i D
} Mean 2.14 2.12 1.86 1.65 1.49 1.43 1.78
—————————————— p——_.--—__-..—_—..-———.————-————-——--m———-—-——-—-——-——-——-—--——-—-w—-
| 25 2.09 2.29 2.1 1.82 1.70 1.53  1.93
Soaking for |} 31 2.09 1.64 1.39 1,20 1.13 1.02 1.41
24 hr, dehulled | 37 2.09 1.87 1.70 1.58 1.49 1.40 1.69
and cooked e e e e T
! Mean 2.09 1.93 1.74 1.53 1.44 1.32 1.68
———————————— 1’.'—————-—-———————-n--———-————m———“—-—————-n.-———.———--———n_l—ﬂnl--—
| 25 9.47 2.3 2.20 1.92 1,78 1.66  2.06
Germinated, ! 31 2.47 2.13 1.81 1,59 1.42 1.30 1.79
dehulied 1 37 2.47 2.25 1.93 1.70 1.54 1.46 1.89
and cooked F-—~-——~———-~-——~~———-——-ﬂ————w——————-*——--4 ————————
} Mean 2.47 2.24 1.98 1.74 1.58 1,47 1.91
Mean of incubation period 2.25 2.13 1.89 1.68 1,54 1.46 1,82

Mean of incubation temperature.

Temperature | 25°C | 31°C | 37°C

Mean 2.02 1.65 1.80

L.S.D. (P < 0;05): -
L.S.D., hetweep means of any two treatments = 0.13

L.S.D. betweea means of any two incubation temperature ™ 0.02
L.S.D. between means of any two incubation period = 0.02
L.S.D !
L.S8.D
L.S.D

. betweea means of any two incubation temperature/treatment = 0.14

. betweep means of any two incubation period/trestment = 0.14

. betweeh means of any two incubation temperature/incubation period/
treatmﬁnt = 0.15
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Anyhdaw ether extract in soybean tempeh ranged between
15.14 and 29.58% for tempeh produced from soybean soaked
for 24 hr incubated at 31°C for 72 hr and the same treatment
incubated at 25°C for 24 hr, respectively compared to 28.99%
for the same treatments before carrying out the fermentation
process. ' With respect to faba bean tempeh, ether extract
ranged between 1.02 and 2.41% for tempeh produced from
faba beatn soaked for 24 hr incubated at 31°C for 72 hr
and faba bean without soaking incubated at 25°C for 24
hr, resp?ctively compared to 2.09 and 2.28% for the same
treatment% before carrying out the fermentation process,
respectiiely. L.S.D. between any {wo values of ether
extract &f soybean and faba bean tempehs at given incubation
period wjthin incubation temperature within treatment are

0.32 and 10.15, respectively,

The$e results are in good agreement with findings
of Van

ren et al. (1972), Kuo et al. (1989) and Paredes-
Lopez angl Harry (1989). Ether extract was 27.50 and 23.2%
in tempph produced from soaked soybean for 12-15 hr
incubatefl at 31°C for 12 and 72 hr, respectively (Van Buren

t al.,}1972). Ether extract contained 17.20% of tempeh

produce from soaked soybean for 12-15 hr, incubated at
98-30°C for 24 hr (Kuo et al., 1989). It was 1.3% in tempeh
produce from soaked faba bean overnight, incubated at

37°C fow 72 hr (Paredes-Lopez and Harry, 1989).
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1.6. Chgnges in ash content:

Datal in Tables (19 and 20) show the changes in ash
content during temeph production from soybean or faba bean
cotyledong, respectively.

Statlistical analysis showed that ash content of soybean
tempzh décreased significantly (P<0.05) to 4.48, 4.31 and
4.07% dde to soaking process for 12 and 24 hr and
germinatijon process, respectively compared to 4.84% of
tempeh produced from soybean without soaking. The same

trend wa$ obtained in faba bean tempeh,

decrease
due to

process,

wheras ash content

d significantly (P<0.05) to 2.97, 2.95 and 3.18%

qoaking process for 12 and 24 hr and germination

respectively compared to 3.47% of tempeh produced

from fabg bean without soaking.

It

temperatpre from 25°

(P>0.05)
tempeh,
ure to

in ash

increasijpg incubation temperature from 25° to 31°

was acc

to 3.11

respect#vely.

could be noticed that increasing incubation

to 31°C led to insignificant increase

from 4.34 to &4.42% in ash content of soybean

respectively, while increasing incubation temperat-

#7°C led to significant increase (P<0.05) to 4.52%

content of soybean tempeh. In faba bean tempeh,

and 37°C
mpanied by significant increase (P<0.05) from 2.87%

and 3.45% in ash content of faba bean tempeh,

Statistical analysis indicated that there




Table (19): Changes in
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ash content during tempeh fermentation

produced from soybean (g/100 g, on dry weight basis).

' Incubation Incubation period (hours)
Treatments temperatureg ———-——===s—-sosSSs—messsommsSTEooT Mean
{(°C) o 24 36 48 60 72
25 4,32 4,16 4,62 4.84 4,99 5.22 4,69
Dehulled with— 31 4.32 4.67 4.61 5.36 4.97 5.74 4,95

1
1
|

out scaking : 37
and cooked T

and cook.rd b e e e e e T T T

and cooked B Tt

Mean

25

Soaking for 31

12 hr, dehulled 37
Mean

! 25

Soaking for | 31

24 hr, dehulleﬁ} 37
i Mean

. 25

Germinated, | 31

dehulled “i 37
1 Mean

and cooked T T T T e 4.00 462

-——-“u———-“———-m————-u--———-ﬂ——-——-——-—-———--———-—--————-‘

-

. ——— T — - -———-——--——-—_—..-—-——m--—————.-n-———--..———-—--—————.-——_—...-————-»—-

Mean of :anubiion period

e 1 e

Mean of incubation temperature.

Temperature | 25°C 31°C 37°C

e ok

Mean

4.36 | 4.42 | 4.52

of any
of any
of any
of any
of any

two
two
two
two
two
two

treatments = .15

incubation temperature = (0,12

incubation period = 0.17

incubation temperature/treatment = (.24
incubation period/treatment = 0.34
incubation temperature/inc¢ubation period/
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content during tempeh fermentation

faba bean (g/100 g, on dry weight

Incubation period (hours)

Table (20): Changes in ash
produced from
basis).
Incubation
Treatments temperature
(°C) 0 24

| 25 3.05 3.58
Dehulled with— : 31 3.05 3.08
out soaking I 37 3.05 3.60
and cooked %

! Mean 3.05 3.39
______________ +

I 25 2.94 2.25
Soaking for ' 31 2.94 3.12
12 hr, dehulled ! 37 2.94 2,73

$
and cooked T

! Mean 2.94 2,70
______________ 4

| 25 3.18 2.71
Soaking for N 31 3,18 2,92
24 hr, dehulled: 37 3.18 2.07
and cooked r

' Mean 3,18 2.57
———— et i e i

| 25 2.80 3.31
Cerminated, ! 31 2.80 3.01
dehulled 1 37 2.80 3.48

I
and cooked r

! Mean 2.80 3.27
Mean of incubation period 2.99 2.98

_-.—--__.—_..-_..-—_.—_....—.—_..-.__..-__..——-—_..._..-__..-._.-_..—-..-_.__-..-_.--

.—_.-.-_...__..—_——_.__..__—_—__---_._-—.-—_...._--—_—_-...__..__..____.—_......—

_—-...—_.-_-...—...-..-._..-_-,..-_.—_.—.-——-.—__.-.--—_.-.._..-._—.__.—__._-—_—.—-——-—--—.

—_—....---—__.....—-—._—.._—-—_..—.——-—_——.—-———-—.u..—__-.-_..—_..—._—_--.--—_-._...-

.-_—.---—._._—.-...__—...-.-—_—...---_—_—-._-——_—.—_.—_...—...—__.——_—.......-—

—n —

L.S.D. (P < Q.05):

L.S.D. betwedn means
L.S5.D. betwedn means
L.S.D. betwedn means
L.S.D
L.S.D
L.5.D

. betwedn means
. betwegn means
. betwedn means

treatdent = 0.

Mean of incubation temperature.

Temperature | 25°C

31°C 37°C

Mean

2.87

3.11 3.45

of any
of any
of any
of any
of any
of any
55

two
two
two
two
two
two

treatments
incubation
incubation
incubation
incubation
incubation

= 0,21

temperature = 0.12

period = 0.15
temperature/treatment = 0.29
period/treatment = 0.22
temperature/incubation period /
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are more| or less significant differences between incubation
temperatfire within the different treatments 1in ash content

of soybedn or faba bean tempehs.

Stabtistical analysis showed that there are more or
less significant differences between incubation periods
generallf or within the different treatments in ash content
of soybefan or faba bean tempehs. Anyhow ash content ranged
between |3.44 and 5.74% for tempeh produced from soybean
soaked flor 12 hr, incubated at 25°C for 60 hr and soybean
without |soaking incubated at 31°C for 72 hr, respectively
compared} to 4.34 and 4.32% for the same treatments before
carryingi out the fermentation process, respectively. With
respect {to faba bean tempeh, ash content ranged between
2.25 ang 4.90% for tempeh produced from faba bean soaked
for 12 Hr, incubated at 25°C for 24 hr and faba bean without
soaking, incubated at 37°C for 60 hr, respectively compared

to 2.941iand 3.05% for the same treatments before carrying

out the |{fermentation process, respectively.

Th%se results are in good agreement with those obtained

§
H
{

t 1. (1989), Paredes-Lopez and Harry (1989),

by Kuo

Paredes4Lopez et al. (1990). Tempeh produced from soaked

EPPRIS! S

§
H

soybeani for 12-15 hr, incubated at 28-30°C for 24 hr,

S—

H

included 3.30% ash content (Kuo et al., 1989). Ash content

ranged éetween 2.30 and 2.70% in tempeh produced from soaked

o
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faba bean for 15 hr before and after fermentation period
of 72 hr at 37°C, respectively (Paredes—-Lopez and Harry,
1989). Paredes—Lopez et al. (1990) reported that ash
content of tempeh produced from faba bean soaked overnight
decreased from 2.50 to 2,40 and 2.40 by increasing
incubation period from O to 24 and 48 hr at 37°C,

respectively.

1.7. Changes in fiber content:

Data in Tables (21 and 22) indicate changes in the
fiber content of tempeh produced from soybean and faba

bean cotyledons using the mold Rhizopus oligosporus.

Statistical analysis indicated that fiber content
in soybean tempeh increased significantly (P<0.05) to 4.94,
5.42 and 5.64% due to soaking process for 12 and 24 hr
and germination process compared to 4.52% of soybean tempeh
produced from soybean without soaking, respectively. The

same trend was observed in the case of faba bean tempeh.

It could be noticed that increasing incubation
temperature from 25° to 31° and 37°C was accompanied by
significant increase (P<0.05) in fiber content of soybean
and faba bean tempehs from 4.66 and 3.80 to 5.35 and 4.25%
and 5.39 and 4.26%, respectively. Statistical analysis

indicated the same trend for the effect of incubation
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Table (21): Changes in fiber content during tempeh fermentation
produced from soybean (g/100 g, on dry weight basis).

Incubation Incubation period (hours)
Treatments temperature ———-———==-—-—--somsssseosmomEETETTET Mean
(°C) 0 24 36 48 60 72

i 25 3.78 3.85 3.96 4,15 4.32 4.67 4.12

Dehulled with- ! 31 378 4.05 4.34 4.96 5.18 5.72 4,68
out soaking ] 37 3.78 4.13 4.53 4.99 5.29 5.79  4.75
and cooked } ———————————————————————————————————————————————————
| Mean .78 4.01 4.29 4.70 4.93 5.39  4.52

———————————— .—+-ﬁl—_——*u——-—l———‘-—.-l.-———l-———-'-'-—-_--—-_‘.——_————‘l———“__--
| 25 4.00 4.18 4.20 4.51 4.72 4.94  4.46

Soaking for [ 31 4.00 4.45 4.97 5.32 5.89 6.23 5.16
12 hr, dehulled | 37 4.00 4.51 4.88 5.39 6.07 6.34 5.21
and cooked # ———————————————————————————————————————————————————
| Mean 4.00 4.38 4.71 5.07 5.56 5.84 4.94

P ———— oo e s i i o T - —
' 25 4.43 4.56 4&.72 4.97 5.18 5.43  4.88

Soaking for | 31 4.43 4.89 5.86 5.94 6.42 7.01 5.68
24 hr, dehulled! 37 4.43 4.76 5.42 6.04 6.49 6.98 5.69
and cooked ettty e -
. Mean 4.43 4.74 5.17 5.65 6.03 6.47 5.42
____________ g..!.p......_...__...__......._._........_...._........._.........__..._._...._.-._.....__.__.__.-._...—_—.-...
1 25 4.62 4.78 4.96 5.26 5.52 5.84 5.16

Germinated, : | 31 4.62 4.91 5.45 6.28 6,75 7.23  5.87
dehulled Y 37 4.62 4.97 5.49 6.32 6.83 7.15 5.90
and cooked % --------------- e e e P e e S S
| Mean 4.62 4.89 5.30 5.95 6.37 6.74 5.64

—————— -——m—+——ﬂ—————-——————.-—————ﬁn—————oﬂ————-na-————on-——-—.-q-———--——l-hb—
Mean of 1ncuhption period 4.23 4.51 4.87 5.34 5.72 6.11 5.13

Mean of incubation temperature.

Temperature | 25°C | 31°C | 37°C

Mean 4.66 | 5.35} 5.39
L.S.D. (P < _ - ;
.S.D. betwe of any two treatments = 0.16
L.S.D. betw of any two incubation temperature * 0.05
L.5.D. bet of any two incubation period = 0.04
L.S.D. betw of any two incubation temperature/treatment = 0,18
L.S.D. bet of any two incubation period/treatment = 0.18
L.S.D, bet of any two incubation temperature/incubation period /
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Table (22): Changes in fiber content during tempeh fermentation
produced from faba bean (g/100 g, on dry weight

basis).
Incubation Incubation period (hours)
Treatments temperature =—-———=——=mmsssssssmsmoosmEEmEIETEoT Mean
(°C) 0 24 36 48 60 72

| 25 2.98 3.09 3.24 3.38 3.67 4.05 3.40
Dehulled with— | 31 2.98 3.25 3.58 3.96 4.37 4,63 3.80
out sosking | 37 2.98 3.19 3.62 3.88 4.45 4.71 3.81
and cookead % ———————————————————————————————————————————————————
i Mean 9.08 3.18 3.48 3.74 4.16 4.46  3.67
————————————— .’.-u-—_—__——__-.._..._—_...—_—_...-____...-_.—__.......——__.p———m————q.—--m-
{ 25 3.24 3.36 3.48 3.75 3.94 4.39  3.69
Soaking for ! 31 3.24 3.59 3.87 4.22 4,46 4.85 4,04
12 hr, dehulled | 37 3.24 3.48 3.93 4.35 4,71 5.03  4.12
and cooked B e s T
| Mean 3.24 3.48 3.76 4.11 4.37 4.76  3.95
e e e e e o o e T o 2 e T s
. 25 3.51 3.64 3.78 3.94 4.17 4.36  3.90
Soaking for | | 31 3.51 3.92 4.34 4.89 5.05 5.41 4,53
24 hr, dehulldd!? 37 3.51 3.94  4.46 4.86 5.11 5.54  4.57
and cooked | e e e T
1 Mean 3.51 3.83 4.20 4.56 4,78 5.10 4.33
kA e e e el Ml e e e e o S S T o e e
| 25 3.76 3.84 4.05 4.27 4.53 4.71 4,19
Germinated, : 31 3.76 3.98 4.56 4.88 5.12 5.34 4,61
dehulled : 37 3.76 3.92 4.32 4.76 5.03 5.41  4.53
and cooked et
| Mean 3.76 3.91 4.31 4.64 4.89 5.15 4,44

Mean of incubgtion period 3.37 3.60 3.94 4.26 4.55 4.87 4,10

Mean of incubation temperature.

Temperature | 25°C 31°C 37°C

Mean 3.80 4,25 4,26

any two treatments = 0.17

any two incubation temperature = 0.08

any two incubation period = 0.08 -

any two incubation temperature/treatment = 0,22
any two incubation period/treatment = 0.22

any two incubation temmperature/incubation period /

]
;
;
!
!
:
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5.72

period £

In the
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dre within the different treatments on fiber content

A soybean or faba bean tempehs were mostly increased

dntly (P<0.05) by increasing incubation temperature

to 31° and 37°C, respectively.
q revealed that fiber content in soybean and faba
increased significantly (P<0.05) from &.23

4 to 4.51 and 3.60%, 4.87 and 3,94%, 5.34 and 4.26%,

4.55% and 6.11 and 4.87% by increasing incubation

bom O to 24, 36, 48, 60, and 72 hr, respectively.

same time differences in fiber content between

L incubation periods within the different treatments
} soybean or faba bean tempehs were mostly increased

hntly (P<0.05) by increasing incubation periods.

how fiber content in soybean tempeh ranged between
tempeh produced from soybean without

incubated at 25°C for 24 hr and germinated soybean,

4.82%2 for the same treatments before carrying

at 31°C for 72 hr, respectively compared to 3.78

out the

process. With respect to faba bean tempeh,

ranged between 3.09 and 5.41%2. The lower

to tempeh produced from faba bean without

incubated at 25°C for 24 hr compared to 2.98%

same treatment before carrying out the fermentation

The upper limit belongs to tempeh produced from
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faba beak soaked for 12 hr, incubated at 31°C for 72 hr
compared {to 3.51% for the same treatment before carrying
out the flermentation process. This upper limit also belongs
to tempdh produced from germinated faba bean incubated
at 37°C For 72 hr compared to 3,.76% for the same treatment

before c4rrying out the fermentation process.

Thege results are in good agreement with finding of
Van Buren et al. (1972) and Agosin et al. (1989). Fiber
content lincreased from 2.77 to 3.07, 3.89 and 4,.81% by
increasipg incubation period from 0 to 12, 24 and 36 hr,
respectiyely, of tempeh produced from soybean (Van Buren
et al.,|1972). It increased from 2.20 and 2.20% to 2.40

and 2.50%Z by increasing incubation period from 0O to 24

hr of iI?DEh produced from sweet and bitter lupine soaked

overnig incubated at 30°C, respectively (Agosin et al.,
1989).
1.8. anges in available carbohydrates:

Dada in Tables (23 and 24) show. changes in available
carbohydrates during tempeh production from soybean oF
faha be*n cotyledons, respectively.

2
:

St§tistical analysis indicated that available

carbohy‘rates of soybean tempeh decreased gsignificantly

(P-<0.05§ to 17.68 16.17 and 16.87% due to soaking process
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for 12 anll 24 hr and germination process compared to 19.50%
of tempeh| produced from soybean without soaking, respect-—
ively. Oh the other hand, in faba hean tempeh, available
catbohydrijtes increased significantly (P<0.05) to 57.20,
56.96 and|] 59.57% due to soaking process for 12 and 24 hr
and germination process compared to 5&.312 of tempeh

produced from faba bean without soaking, respectively.

Statlstical analysis showed that there are more ofr
less sigpificant differences in available carbohydrates
of soybegn or faba bean tempehs between the different
incubatioh temperatures. Also comparing between incubation

temperatufe within the different treatments and between

incuhatior periods generally or within the different
treatmentk in either soybean or faba hean tempehs indicated
that theie are more or less significant differences in
availableicarhohydrates.
i

Anyho@ available carbohydrates in soybean tempeh ranged
between 11.75 and 22.33% for tempeh'produced from soybean
soaked fcr 24 hr, incubated at 25°C for 24 hr and the same
treatment, incubated at 31°C for 60 hr, respectively
compared?to 17.76Z for Lhe same treatment before carrying
out ferméntation process. With respect to faba bean tempeh,
available carbohydrates ranged between 40.82 and 63.20%

for tempeh produced from faba bean without soaking,

incubated at 37°C for 72 hr and faba bean soaked for 12

hr, incubated at 31°C for 48 hr respectively compared to
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Table (23): fhanges in available carbohydrates during tempeh
Fermentation produced from soybean (g/100 g, on dry
feight basis)®,

Incubation Incubation period (hours)
Treatmeni:s temperature —-—————=——=wo——S————————ssmsoemomes Mean
(°C) 0 24 36 48 60 72
! 25 21.43 20.06 18.59 19.03 19.74 20.06 19.82

Dehulled with- : 31 21.43 21.41 16.24 18,78 17.89 17.98 18.96

out soaking 1 37 21.43 19.49 18.26 18.24 20.49 20.45 19.73

and cooked it

: Mean 21.43 20.32 17.70 18.68 19.37 19.50 19.50
____________ e s
! 25 18.74 17.87 20.90 19.73 19.09 13,30 18.27

Soaking for : 31 18.74 16.92 17.79 19.71 17.13 14.81 17.52

12 hr, dehulleﬁl 37 18.74 16.61 16.73 17.48 15.83 18.02 17.24

and cooked e

: Mean 18.74 17.13 18.47 18,97 17.35 15.37 17.68

____________ S A

! 25 17.76 11.75 13.84 14.41 16.22 20.55 15.76

Soaking for : 31 17.7616.26 17,11 20.06 22.33 20.45 19.00

24 hr, dehullej | 37 17.76 12,51 13,32 13.20 12.12 13.65 13.76

and cooked ittt e e e e

; Mean 17.76 13.51 14.76 15,89 16.89 18.22 16,17

———————————— PT--——————-—.-—-—-—————--——-—-_——————.————————--——l“————----————_-w

I 25 18.41 17.06 13.79 15.16 18.93 15.31  16.44

Germinated, : 31 18.41 18.30 17.02 18.31 19,58 16.17 17.97

dehulled I 37 18.41 15.29 12.86 14.69 18.80 17.22 16.21

and cooked sttt
g: Mean 18.41 16.88 14.56 16.05 19.10 16,23 16.87

———————————— !.._...._-......._._____.____...___......__.........__.._...__...._.___.._...._._.....-_..._....._._-.__

Mean of incubafion period 19.08 16.37 16.44 17.40 18.18 17,33 17.56

k4

Mean of incubation temperature.

Temperature | 25°C 31°c 37°C

Mean 17.69 | 18.52 | 16.86

L.S.D. (P < 0.05):
L.S.D. between means of any two treatments = 0.81

L.S.D. between means of any two incubation temperature ~ 0.90
L.S.D. between means of any two incubation period = 1,07
L.S5.b
L.S.D
L.S.D

. between means of any two incubation temperatute/treatment = 1.68
. between means of any two incubation period/treatment = 2.12
. between means of any two incubation temperature/incubation period/

treatment = 3.78
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Table (24): ((lhanges in available carbohydrates during tempeh
flermentation produced from faba bean (g/100 g, on
dry weight basis)¥*.

Incubation Tncubation period (hours)
Treatments temperature ————=————— oo S ——m———— oo ———e— e Mean
(°C) 0 24 36 48 60 72
I 25 59,56 58.09 58.17 60.33 57.87 55.45 58.25

Dehulled with— : 31 59.56 57.18 55.82 53.98 50.27 46.95 53,9

out soaking 1 37 59.56 59,72 55.79 47.27 41.19 40.82 50.73

and cooked ettty e o S S S e S e e e e

: Mean 59.56 58.33 56.59 53.86 49.78 47.74 54,31

______________ e

! 25 61.56 59.68 60.80 61.97 60.06 59.93 60.67

Soaking for : 31 61.56 56.24 537.45 63.20 58.65 55.15 58.71

12 hr, dehulled|i 37 61.56 57.92 53.53 50.30 45.99 43.96 52,21

and cooked f"-—-——--"-"—‘“-—-—--""““"—--——--""*“-“———-'”-—"“—’
: Mean 61.56 57.95 57.26 58.49 54.90 S53.01 57.20
______________ SRR vhE SRR S M
: 25 61.79 58.30 61.33 60.71 62.57 60.13 60.81
Soaking for : 31 61.79 56.43 55.76 55.10 56.34 52.50 56.31
24 hr, dehulled]) 37 61.79 59.19 58.58 50.87 49.29 42,88 53.77
and cooked Rttt et bt b e e
: Mean 61.79 57.97 58.54 55.56 56.07 51.84 56.96
______________ e
J 25 62.81 60.98 57.22 61.73 62.39 58.52 60.61
Germinated, H 31 62.81 60.61 59.67 61.49 59.85 57.72 60.39
. dehulled g 37 62.81 59.53 55.10 56.44 58,92 53.42 57.70
and cooked éf ---------------------------------------------------
} Mean 62.81 60.37 57.33 59.89 60.39 56.55 590,57

______________ L SRS E R

61.43 58.66 57.43 56.95 55.29 52.29 57.01

Mean of incubation period

-

W L Ll A U AL
=

[ ] L ]
uuup?u

E*_t-'r‘r'r‘r'

-
-

(P < O.le:

between peans
between means
between weans
between means
between means
between means

Mean

of incubation temperature.

Temperature

25°c | 31°c | 37°¢

Mean

60.08 | 57.34

53.60

of
of
of
of
of
of

any
any
any
any
any
any

treatment = 3.46

treatments = 1.39

incubation temperature = (.59

incubation period = 0.96

incubation temperature/treatment = 1,68
incubation period/treatment = 2,24
incubation temperature/incubation period/

two
two
two
two
two
two
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61.562 for the same treatments before carrying

bation process, respectively.

s in pH value:

value during tempeh production from

The changes in pl

soybean or| faba bean cotyledons using Rhizopus oligosprous

are presenfed in Tables (25 and 26), respectively.

Statiptical analyais show that pH values in soybean

and faba Illean tempehs was significantly increased (P<0.05)

to 6.45, .48 and 6.52 due to soaking process for 12 and
24 hr and germination process, respectively compared to
6.18 of tempeh produced from soybean without soaking,

The same ttend was observed in the case of faba bean tempeh,

It «cdould be noticed that dincreasing 1incubation

temperaturp from 25° to 31° and 37°C was saccompanied by

significan} increase (P<0.05) in pH value of soybean or
faba bean?tempehs from 6.20 and 6.17 to 6.49 and 6.47 and
6.53 and §.55, respectively. These results indicated that

1ncubationitemperature 31°C led to less significant increase

in pH valwe than those of 37°C incubation temperature of
soybean «ar faba bean tempehs, Statistical analysis
indicated the same trend for the effect of incubation

temperaturé within the different treatments on pH value
of either soybean or faba bean tempehs were mostly increased
significanly (P<0.05) by

increasing tincubaton temperature

from 25° to 31° and 37°, respectively.
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Table (25): Changes in pH value during tempeh fermentation
produced from soybean.

Incubation Incubation period (hours)
Treatments temperature —————— =T —— T T oo o— oSS Mean
{°C) 0 24 36 48 60 72
125 5.40 5.65 5.80 5.97 6.19 6.38 5.88
Dehulled with- : 31 5.40 5.95 6.28 6.48 6.72 7.20 6.34
out soaking : a7 5.40 6.01 6.26 6.42 6.65 7.13 6.31
and cooked P e e e e — o s m e
[ Mean 5.40 5.87 6.11 6.29 6.52 6.90 6.18
————————————— ..._.——._____.____._.—__—-..—_—__..-——_—__._____——_—...-—.._._-_————_'—-u--n-—
| 25 5.91 5.96 6.08 6.40 6.54 6.72 6.27
Soaking for : 31 5,91 5.99 6.24 6.60 7.03 7.28 6.51
12 hr,dehﬂled: 37 5.91 6.07 6.19 6.78 7.09 7.40 6.57
and cooked el e
: Mean 5.91 6.01 6.17 6.59 6.87 7.13 6.45
_____________ e e e e i e o At A et
| 25 6.01 6.09 6.17 6.30 6.46 6.67 6.28
Soaking for ‘= 31 6.01 6.11 6.25 6.47 6.85 7.20 6.48
24 hr,dehulLu&: 37 6.01 6.23 6.45 6.86 7.15 7.33 6.67
and cooiked o e e e S S S e e
I Mean 6.01 6.14 6.29 6.54 6.82 7.07 6.48
____________ o o o e i e T o i
: 25 5.95 6.15 6.33 6.47 6.55 6.63 6.35
Germinated, : 31 5.95 6.36 6.53 6.84 7.00 7.18 6.64
dehulled I 37 5.95 6.22 6.39 6.55 6.98 7.32 6.57
and cooked F ———————————————————————————————————————————————————
: Mean 5.95 6.24 6.42 6.62 6.84 7.04 6.52

Mean of incubition period 5.82 6.06 6.25 6.51 6.76 7.04 6.41

Mean of incubation temperature.

Temperature | 25°C 31°C- 37°C

Mean 6.20 6.49 6.53

L.S.D, (P < 0.05):
L.S.D. betweei means of any two treatments = (.02

L.S.D. betweea means of any two incubation temperature = 0.01
L.S.D. between means of any two incubation period = 0.01
L.S.D
L.S.,D
L.S.D

. betweea means of any two incubation temperature/treatment = 0.03

. between means of any two incubation period/treatment = 0.03

. betwee1 means of any two incubation temperature/incubation period/
treatmant = 0.04
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Table (26): t‘hanges in pH value during tempeh fermentation
yroduced from faba bean.
Incubation Incubation period (hours)
Treatments temperature ———————=———TT-ToTmoosmTommemEET T Mean
(°C) 0 24 36 48 60 72
i 25 5.51 5.80 6.02 6.15 6.31 6.46 6.06
Dehulled with- : 31 5.51 6.07 6.32 6.53 6.90 7.16 6.42
out socaking I 37 5.51 6.18 6.33 6.68 6.99 7.29 6.50
and cooked o e e e T T T T
| Mean 5.51 6.05 6.22 6.45 6.73 6.97  6.33
——————————————— .'.-....._-___...__..__...__.....__.__-—_._.__..-—__..-..._-._._—_-.._._-__.-..._-——-—.—-———-——-
i 25 5. 67 5.90 6.10 6.28 6.41 6.61 6.16
Soaking for I 31 5.67 6.12 6.40 6.59 6.82 7.31 6.49
12 hr,dehﬂle(: 37 5.67 6.20 6.37 6.71 6.85 7.06 6.48
and cocked e e T T T
: Mean 5. 67 6.07 6.29 6.53 6 69 6.99 6.37
_____________ +___~__#_______________#_____________"____—____———-#
: 25 5.95 6.02 6.18 6.32 6.50 6.68 6.28
Soaking for ; 31 5.95 6.21 6.36 6.59 6.88 7.11 6.52
24 hr, MJmllmb= 37 5.95 6.32 6.53 6.91 7.13 7.46 6.72
and cooked e e T T
| Mean 5.95 6.18 6.36 6.61 6.84 7.08 6.51
____________ 1_-.,._...._.._.....__._._....__.__,_._._..._._._.__.._....__._.._._._._...._....___..__.__.._.._...._........__
| 25 5.81 5.93 6.16 6.30 6.41 6.53 6.19
Germinated, : 31 5.81 6.19 6.36 6.48 6.79 7.01 6.44
dehulled t 37 5.81 6.20 6.40 6.65 6.82 7.09 6.50
and cookad F ———————————————————————————————————————————————————
: Mean .81 6.11 6.31 6.48 6.67 6.88 6.38

—— o A S —

Mean of incuba:ion period

_..._.__...__._...__.....,_...__..____..._..._...__-........._.__..__._.__.........____._......._...._..__

5.74 6.10 6.30 6.52 6.73 6.98 6.40

e

lS.D

(P < 0,05):

Mean of incubation temperature.

Temperature | 25°C 31°C 37°C

Mean 6.17 6.47 | 6.55

S.D
S.D
.S.D
5.D
S.D
S.D

ol ol -

. between
. between
. betweer
. hetweer
. hetweer
. betweer

of
of
of
of
of
of

treatments = (.02
incubation temperature =
incubation period = 0,01
jncubation temperature/treatment =0.03
incubation period/treatment = 0.03
incubation temperature/incubation period/

two
two
two
two
two
two

means
means
means
means
means
means

any
any
any
any
any
any

0.01

treatme:nt = 0.04
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Dat4 revealed that pH value in soybean and faba bean
tempehs jincreased significantly (P<0.05) from 5.82 and
5.74 to |6.06 and 6.10, 6.25 and 6.30, 6.51 and 6.52, 6.76

and 6.73, and 7.04 and 6.98 by increasing incubation period

from O to 24, 36, 48, 60 and 72 hr, respectively. In the
same time differences in pH values between different
incubation periods within the different treatments -of either
gsoybean or faba bean tempehs were mostly increased signifi-

cantly (P<0.05) by increasing incubation periods.

Anyhow pH value in soybean tempeh ranged between 5.65
and 7.40 for tempeh produced from soybean without
soaking incubated at 25°C for 24 hr and soybean soaked
for 12 hr, incubated at 37°C for 72 hr, - respectively compared
to 5.40 and 5.91 for the same treatments before carrying
out the fermentation process, respectively. With respect
to faba bean tempeh, pH value ranged between 5.89 and 7.46
for tempeh produced from faba . bean without soaking and
incubated at 25°C for 24 hr and faba bean . soaked for 24 hr,
incubated at 37°C for 72 hr, respectively compared to 5.51
and 5.95 for the same treatments before carrying out the
_fermentation process, respectively. This increasing of

pH value was accompanied by increasing of ammonia.

These results are in good agreement with the findings

of Murata et al. (1967), Van Buren et 1. (1972),
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Paredes-Lopez et al. (1990) Agosin et al. (1989). pH value

.90, 6.20, 6.50 and 7.2 by

A

increased from 5.40 to
increasing dincubation period from © to 12, 24, 36 and 72
hr, reaspectively of tempeh produced from soyhean (Van—-Buren
et al., 1972). {t increased from 6.00 to 6.61 and 6.96
by increasing incubation period from O to 24 and 48 hr,
respectively of tempeh produced from faba bean soaked
overnight and dncubated at 37°C (Paredes-Lopez et al.,
1990). Agosin et al. (1989) reported that pH  value
increased from 5.93 to 5.97, 6.42, 7.18 and 7.38 by
increasing incubation period from 0 to 17, 24, 32 and 45

hy, respectively ol tempeh produced from sweet lupine soaked

overnight and incubated at 30°C.

2. Changes in quality index:

Changes in chemical freshness parameters of soybean
or faba hean tempehs, dincluding total vnlatile nitrogen
(TVN), ammonia and thioharbituric acid (TBA) are presented

o 17
in Tables (27, 28, 29, 30, 31,and 32), tespectively.

2.1. Changes in total valatile nitrogen (TVN):
| Data in Tables (27 and 28) showed different changes
in total volatile nitrogen during tempeh production from
soyktean or faba hean cotyledons, ;espectively uvsing the

mold of Rhizopus oligosporus.

Statistical analysis indicated that total volatile
nitrogen 1in soyhean tempeh was significantly decreased
(P<0.05) to 0.50 and 0.41% due to soaking process for 12
and 24 hr, respectively compared to 0.70% of tempeh produced

from soyhean without soaking. On the other hand,
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Table (27): Changes in total volatile nitrogen during tempeh
fermentation produced from soybean (g/100 g, on

dry weight basis).

Incubation Incubation period (hours)
Treatments temperature —-———————T—srommommessSTmoemEETE TS - Mean
(°C) 0 24 36 48 60 72
| 25 0.04 0.21 0.41 0.45 1.09 1.16 0.56
Dehulled with— | 31 0.04 0.63 0.87 0.93 0.96 1.21 0.77
out soaking I 37 0.04 0.76 0.80 0.98 1.03 1.09 0.78
and cooked ; ———————————————————————————————————————————————————
: Mean 0.04 0.53 0.69 0.82 1.03 1.15 0.70
—————————————— +_._.....__...___..__......__...__..._...___.__......__..__._......__._.__..__.._._._......._._.._.—._.__..-
| 25 0.05 0.07 0.32 0.44 0.47 0.83 0.36
Soaking for ! 31 0.05 0.17 0.38 0.68 1.00 1.00 0.55
12 hr, dehulled ! 37 0.05 0.21 0.42 0.78 0.97 1.10 0.59
and cooked Lt
! Mean 0.05 0.15 0.37 0.63 0.81 0.98 0.50
______________ y__________-,______“_____________“Hu__,___-_ﬁ_______
I 25 0.07 0.09 0.12 0.15 0.23 0.47 0.19
Soaking for N 31 0.07 0.16 0.29 0.39 0.50 0.95 0.39
24 hr, dehulled ! 37 0.07 0.49 0.54 0.75 1.00 1.06 0.65
and cooked et
} Mean 0.07 0.25 0.32 0.43 0.58 0.83 0.41
_____________ Vy__"_ﬂ___,___________,__u____u___-______,____#u_____
l 25 0.06 0.15 0.64 0.92 1.00 1.10 0.65
Germinated, ! 31 0.06 0.22 0,87 1.05 1.07 1.16 0.78
dehulled i 37 0.06 0.48 0.98 1,04 1.08 1.46 0.8l
and cooked F ———————————————————————————————————————————————————
' Mean 0.06 0.28 0.83 1.00 1.05 1.24 0.75

-—.—....-—_...-.___._—___—.._—...—_—..—_...___._—_—__....—.—-_—__.._-_.——_-.———__.._—_..-__....—_..—

Mean of incubation period 0.06 0.30 0.55 0.72 0.87 1.05 0.59

Mean of incubation temperature.

Temperature | 25°C 31°C 37°C

Mean 0.44 0.64 0.69

L.S.D. (P < 0.05):
1.S.D. between means of any two treatments = 0.03

L.S.D. between means of any two incubation temperature = 0.02
L.S.D. between means of any two incubation period = 0.01
L.S.D
L.S.D
L..5.D

. between means of any two incubation temperature/treatment = 0.05
. between means of any two incubation period/treatment = 0.03

. between means of any two incubation temperature/incubation period/
treatment = 0,05
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Table (28): Changes in total volatile nitrogen during tempeh
fermentation produced from faba bean (g/100 g, on
dry weight basis).

Incubation Incubation period (hours)
Treatments temperature —-——————=-T-ST=oosssmmmoTmEmTEET S =  Mean
(°C) 0 24 36 48 60 72
! 25 0.06 0.28 0.45 0.60 0.85 0.87 0.52
Dehulled with- } 31 0.06 0.44 0.69 0.85 0.90 1.25 .70
out soaking | 37 0.06 0.69 0.80 1.25 1.39 1.47 0.94
and cooked + ———————————————————————————————————————————————————
: Mean 0.06 0.47 0.65 0.90 1.05 1.20 0,72
—————————————— +._—_...——.—_..——.......—.—._—.——..-—-.——._—.—_.—-—...--..—_.—_.———--—-..—-——-—-—--—-——--—
| 25 0.07 0.09 0.54 0.67 0.68 0.95 0.50
Soaking for : 31 0.07 0.51 0.71 0.73 0.87 0.89 0.63
12 hr, dehulled ! 37 0.07 0.62 0.94 1.09 1 16 1.22 0.85
and cooked ? ———————————————————————————————————————————————————
| Mean 0.07 0.41 0.73 0.83 0.90 1.02 0.66
______________ p__"________,_______-___________-_______m___,___,u__
: 25 0.00 0.11 0.65 0.69 O 84 0.98 0.56
Sosking for ! 31 0.09 0.31 0.36 0.91 0.97 1.11 0.66
24 hr, dehulled ! 37 0.09 0.62 0.83 1.06 1.32 1.35 0.88
and cooked } ———————————————————————————————————————————————————
: Mean 0.00 0.35 0.68 0.89 1.04 1.15 Q.70
_____________ ..-.|..._....___._...__..__..._..,.__..._..__.___.__...._......_...__...._.__.,_.__.,_..._..........._....._....
! 25 0.05 0.12 0.45 0.57 0.97 1,01  0.53
Germinated, ! 31 0.05 0.44 0.71 0.90 0.97 1.05 0.69
dehulled I 37 0.05 0.50 0.79 0.91 1.04 1 18 0.75
and cooked - F ———————————————————————————————————————————————————
1 Mean 0.05 0.35 0.65 0.79 0.99 1.08 0.66
Mean of incubation period 0.07 0.40 0.68 0.85 1.00 1.11 0.69

Mean of incubation temperature.

Temperature | 25°C 31°C 37°C

Mean 0.53 0.67 0.86

L.8.D. (P < 0.05):
1.S.D. between means of any two treatments = 0.03

L.S.D. between means of any two incubation temperature = 0.01
L.S.D. between means of any two incubation period = 0.01
L.S.D
L.S.D
L.S.D

. between means of any two incubation temperature/treatment = 0.04
. between means of any two incubation period/treatment = 0.03

. between means of any two incubation temperature/incubation period/
treatment = 0.04

4
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germination process led to significant increase (P<0.05)
to 0.75 in TVN of soybean tempeh. This may be due to some
physiolegical changes during the germination process.
In faba bean tempeh TVN did not appear the same trend as
in soybean tempeh that it was decreased significantly
(P<D.05) to 0.66 and 0.66% due to socaking process for 12
hr and germination process, respectively, compared to 0.72%
of tempeh produced from faba bean without soaking. In
the sare time soaking process for 24 hr has no significant

effect on the value of TVN which was 0.70%.

It could be noticed that increasing incubation
temperc ture from 25° to 31° and 37°C was accompanied by
significant increase (P<0.05) in TVN of either soybean
and faja bean tempehs from 0.44 and 0.53% to 0.64 and 0.67%
and 0.39 and 0.B6%, respectively, This could be attributed
to mor: activity for fungus growth with increasing incubat-
ion temperagure to 37°C. The same trendwas noticed when
compar ison between these incubatién temperature within

the different treatments of soybean ov faba bean tempehs.
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1.00% «nd 1.05 and 1.11% by increasing incubation period
from O to 24, 36, 48, 60 and 72 hr, respectively. The
same effect of idincreasing incubation period was noticed
within the different treatments of soybean or faba bean
tempehe that TVN increased significantly (P<0.05) with

ijncreazing incubation period.

Anyhow, it could be considered that the excellent
tempeh is that produce from soybean or faba bean tempehs
after soaking for 24 hr, incubated at 31°C for 36 hr
incuba-ion period. Under these conditions TVN was 0.29 and
0.36% in soybean and faba bean tempehs, respectively.
These values are lesser than 0.40%Z which is the higher
accepted value by the panelists who were asked to evaluate
the products organoleptically in this research. 1t is
clear that there are other conditions have lower TVN than
¢.29 and 0.36%Z in soybean and faba bean tempehs, respect-
ively but it can not be considered és excellent conditions

that their products will includes higher amounts of
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2.2. Changes in ammonia:

Using the mold of Rhizopus oligosporus in tempeh

production from soybean or faba bean cotyledons led to
increase in ammonia as it is indicated in Tables (29 and

30), respectively.

Statistical analysis indicated that there are more
or less significant differences in ammonia of soyhean or
faba bean tempehs between the different treatments. Anyhow,
general means of different treatments could be, ignored

that they are greater than the accepted limit (0.30%) as

increased by different treatments of 8soybean or faba

tempehs.

It cgyld be noticed that inereasing incubation
temperature from 25° to 31° and 37°C was accompanied by
significant increase (P<0.05) in ammonia of soybean and
faba bean tempehs from 0.34 and 0.41%T to 0.53 and 0.52%
and 0.56 and 0.68%, respectively. This could be attributed
to more activity for fungus growth with increasing
incubation temperature to 37°C. The same trend is noticed

when making a comparison hetween these temperatures within the

different treatments of soybean or faba bean tempehs.
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Table (29): Changes ..in ammonia during .tempeh fermentation
produced from soybean (g/100 g, on dry weight

basis}.
Incubation Incubation period (hours)
Treatments temperature —————mm—— oo — oo oo — s Mean
{°C) 0 24 36 48 60 72

| 25 0.03 0.15 0.31 0.44 0,72 0.84 0,42
Pehulled with— : 31 " 0.03 0.57 0.70 0.75 o0.85 0.97 0.65
out sosking | 37 0.03 0.67 0.68 0.78 0.83 1.10 0.68
and cooked e e e e e e
{ Mean 0.03 0.46 0.56 0.66 0.80 0.97 0.58
—————————————— +————_—.———_—_—_—-......-———...._———__-...-—._.....———_————_.——-—-——————.—
| 25 0.04 0.04 0.27 0.39 0.42 0.72 0.31
Soaking for : 31 0.04 0.05 0.30 0.61 0.80 0.84 0.44
12 hr, dehulled} 37 0.04 0.07 0.35 0.72 0.84 0.97 0.50
and cooked I e e e e e e e e e
} Mean 0.04 0.05 0.31 0.57 0.69 0.84 0.42
______________ e e e e e e i B S o o e S S e e Y i i o o e e e e
: 25 0.05 0,05 0.06 0.07 0.08 0.34 0.11
Seaking for : 31 0.05 0.06 .25 0.31 0.42 0.83 0.32
24 hr, dehul]sedj: 37 0.05 0.30 0.43 0.63 0.83 0.93 0.53
and cooked o e e e e e e e e e e e e e e e e e e e e
: Mean 0.05 ©¢.14 0.25 0.33 0.44 0,70 0.32
——————————— —!—1—'————————————--q-n-'—-——---——————-———-———-—q—n—-n—--———————————————-—-
| 25 0.04 0.07 0.53 0.78 0.82 0.94 0.53
Germinated, : 31 0.04 0.16 0.65 0.75 0.93 0.99 C.59
dehulled I 37 0.04 0.43 0.58 0.80 0.81 1,12 .63
and cooked {- ———————————————————————————————————————————————————
Mean 0.04 0.22 0.59 0.78 0.85 1.02 0.58

Mean of incullation period 0.04 0.22 0.43 0.59 0.70 0.88 0.48

Mean of incubation temperature.

Temperature | 25°C 31°C 37°C

Mean 0.34 0.53 | 0.56

L.S.D. (P < Q.05):
L.S.D. betwedn means of any two treatments = 0.03

L.S.D. betwedn means of any two incubation temperature = 0.0}
L.S.D. between means of any two incubation period = 0.02
L.S.D
L.S.D
L.S.D

. betwedn means of any two incubation temperature/treatment = 0.03
. betwean means of any two incubation period/treatment = 0.04

. betweanh means of any two incubation temperature/inéubation period /
treatnent = 0.06
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Table (30){ Changes in ammgnia during tempeh fermentation
produced from faba. bean (g/100 g, on dry weight
"basis).
Incubation Incubation period (hours)
Treatments temperature =————————— T Sss— oo oo Mean
(°Cc) 0 24 36 48 60 72

I 25 0.02 0.14 0.29 0.43 0.69 0.77 0.39
Dehulled with- ! 31 0.02 0.27 0.49 0.63 0.71 0.96 0.51
out soaking ! 37 0.02 0.43 0.63 0.90 1.09 1.26 0.72
and cooked o e e e e e e e —

! Mean 0.02 0.28 0.47 0.65 0.83 1.00 0.54
—————————— 1P——+———---—-—'-'l-_—-—————-----“““‘_———-—‘--_._—"'"-'__-_————----""'

: 25 0.03 0.05 0.45 0.57 0.57 0.68 0.39
Soaking for | 31 0.03 0.39 0.61 0.64 0.71 0.79 0.53
12 hr,dehﬂﬁed: 37 0.03 0.46 0.81 0.84 0.90 1.07 0.69
and cooked I T T e e e e e e e e e e s

! Mean 0.03 0.30 0.62 0.68 0,73 0.85 0.54
—————————— o e e e e e o e e i e o e et i e e T o s e

! 25 0.03 0.09 0.44 0.59 0.74 0.83 0.45
Soaking for R 31 0.03 0.22 0.29 0.52 0.84 0.97 0.48
24 hr, dehul.Led_[: 37 0.03 0.51 0.72 0.87 1,09 1.19 0.74
and cooked I ittt e e e e e —

' Mean 0.03 0.27 0.48 0.66 0.89 1.00 0.56
—————————— e e o= o e e i e e e it i i s e S i o ™ T T T 8 e e s S —

| 25 0.02 0.04 0.28 0.44 0.72 0.88 0.40
Germinated, ' 31 0.02 0.31 0.46 0.49 0.81 0.94 0.51
dehulled ! 37 0.02 0.37 0.58 0.67 0.79 1.03 0.58
and cooked [ e e e e e e e e e e

: Mean 0.02 0.24 0.44 0.53 0.77 0.95 0.50
—————————— i o i — - e S o ot S S —— T Tl TP T o " ——— St Vot S0 S T S S T TS T T ek M NS S S S S S S G e e
Mean of incubation period 0.03 0.27 0.50 0.63 0.81 0.95 0.54

i
' 4

Mean of incubation temperature.

Temperature | 25°C 31°C 37°C

0.52 | 0.68

Mean 0.41

e
>

(P < 0.05):

of two treatments

betweegn
betwegn
betwegn
betvegn
betweén
betwegn

-
-
»

I:"F'E'"F'L"E"
nnhnhnwnian
UUU.UUUEJ

m|means
means
means
means
means
means

any
any
any
any
any
any

of
of
of
of
of

treatment = 0.04

two incubation
two incubation
two incubation
two incubation
two incubation

= 0.02

temperature = (0,02

period = 0,01

temperature/treatment = (0,03
period/treatment = 0,02
temperature/incubation period/
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Daya revealed that ammonia increased significantly
(P<0.05} from 0.04 and 0.03% to 0.22 and 0.27%, 0.43 and
0.50%, 10.59 and 0.63%, 0.70 and 0.81%Z and 0.88 and 0.95%
by tincrieasing incubation period from O to 24, 36, 48, 60
and 72 (hr of soybean and faba bean tempehs, respectively.
The samg effect of increasing incubation period was noticed
within |the different treatments of soybean or faba bean
tempehs| that ammonia increased significantly (P<0.05) with

increasfng the incubation period.

Anjhow, it could be considered that the excellent
tempeh {is that produce _from soybean or faba bean

after *oaking for 24 hr, incubated at 31°C and for 36 hr

incuba*ion period. Under these conditions ammonia was 0.25

and O.ng in soybean and faba bean tempehs, respectively.
These !values are less than 0.30% which is the higher
acceptéd value by the panelists who were asked to evaluate
the Epéoducts organoleptically in this research. It 1is
clear that there are other conditions ~have lower ammonia
than Q.25 and 0.29% in soybean and faba bean tempehs,
respectively but it can not be considered as excellent
conditions that their products will included higher amounts
of antdinutritional components such as phytic acid, trypsin

inhibi;or activity and total vicine as will ‘be clear later.
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These results are in good agreement with Ffinding of
Van Buren et al. (1972) and Agosin et al. (1989). Ammonia
increased from 0.05 to 0.22, 0.40, 0.47 and 0.59% by
increasing incubation period from 0 to 12, 24, 36 and 72
hr, respectively of tempeh produced from soybean (Van Buren
et al., 1972). 1t increased from 0.04 to 0.07, 0.08, 0.10,
0.21 and 0.60% with increasing incubation period from 0
to 12, 17, 24, 32 and 45 br, respectively of tempeh produced

from sweet lupine soaked overnight and incubated at 30°C

(Agosin et al., 1989)., These results also, are in comparable

with obtained by Smith et al. (1964) and Steinkraus et

al. (1960).

2.3, Changes in thiobarbituric acid (TBA):

Changes occuring in thiobarbituric acid during tempeh

production from soybean or faba bean cotyledons using

Rhizopus oligosporus are shown in Tables (31 and 32 ).,

regpectively.

Statistical analysis indicated that there are more
or less significant differences in TBA of soybean or faba
bean tempehs between the different treatments. Anyhow,
general means of the different treatments jndicated that
they are_under the maximum accepted l1imit (7.71 mg malon-
aldehyde/kg) mentioned before of buffalo meat by Bahlol

(1989).
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Table (31): Changes in thiobarbituric acid during tempeh
fermentation produced from soybean (mg mlanoaldhyde/
kg, on dry weight basis).

Incubation Incubation period (hours)
Treatments femperature —————=—==--<TToTTTToTmTTOAmTIIT Mean
(°C) 0 24 36 48 60 72
\ 25 0.42 0.80 0.91 0.92 0.94 1.0l 0.85
Dehulled with- : 3t 0.42 0.90 0.92 0.93 0.94 0.95 0.84
out soaking § 37 0.42 0.89 0.92 0.93 0.94 0.95 0.84
and cocked } ———————————————————————————————————————————————————
: Mean 0.42 0.89 0.92 0.93 0.94 0.97 0.84
—————————————— +——-—-——-——--—-———.——-—-—---——.—-———-—_-——.———..-—-.——.————-—-—-—.—-—-a-_._._
i 25 0.38 0.35 0.38 0.47 0.60 0.75 0.49
Soaking for I 31 0.38 0.32 0.33 0.37 0.54 0.82 0.46
12 hr, dehulled: 37 0.38 0.42 0.51 0.53 0.86 0.90 0.60
and cooked e T 52
: Mean 0.38 0.36 0.41 0.46 0.67 0.82 0.52
______________ .|..._.___...___..._..._._.___._....._.____._._.._...__..._......_,..._.__.__._..._..._._...-
I 25 0.35 0.32 0.48 0.52 0.77 0.97 0.57
Soaking for ‘= 31 0.35 0.30 0.34 0.41 0.53 0.85 0.46
24 hr, dehulled‘_l 37 0.35 0.44 0.48 0.51 0.86 0.93 0.60
and cooked } ———————————————————————————————————————————————————
: Mean 0.35 0.35 0.43 0.48 0.72 0.92 0.54
———————————— q_.!._.._._...__....__....__._._....._._._.__.__,_.___._._.__.,..__,_.__...._._._.__..__,___,_.__,_.._
} 25 0.41 0.86 0.87 0.90 0.91 0.93 0.81
Germinated, : 31 0.41 0.91 0.95 0.96 0.97 0.98 0.86
dehulled I 37 0.41 0.91 0.93 0.93 0.95 0.95 0.85
and cooked F ———————————————————————————————————————————————————
! Mean 0.41 0.89 0.92 0.93 0.94 0.95 0.84

_...-——--—..-———-————...——...-——n—_..--—..-——-_.—-—.-——.-.—.—-_—-——_p—._..-—---_.-—_...n—-__.-——_-_...

Mean of incubation period 0.39 0.62 0.67 0.70 0.82 0.92 0.69

Mean of incubation temperature.

Temperature | 25°C 31°C 37°C

Mean 0.68 0.66 0.72

L.S.D. (P < 0.05):
L.S5.D)., between means of any two treatments = 0.03

L.S.D. between means of any two incubation temperature = 0.01
L.S5.D.

L.S.]

S

S

.S.D. between means of any two incubation period = 0.01
S

S

m————

.S.D. between means of any two incubation temperature/treatment = 0.03
L.S.D. between means of any two incubation period/treatment = 0.04
L.S.D. between means of any two incubation temperature/inéubation period/

treatment = 0.04
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Table L3_2_l: Changes in thiobarbituric acid during tempeh
fermentation produced from faba bean {(mg mlancald-
hyde/kg, on dry weight basis). :

Incubation Incubation period (hours)
Treatments temperature ——————es————————————— o —— o Mean
(°C) 0 24 36 48 60 72
: 25 0.45 0.35 0.37 0.39 0.49 0.51 0.43
Dehulled with- : 31 0.45 0.32 0.34 0.35 0.38 0.41 0.38
out soaking [ 37 0.45 0.37 0.41 0.46 0.48 0.53 0.45
and cooked -}- ———————————————————————————————————————————————————
{ Mean 0.45 0.35 0.37 0.40 0.45 0.48 0.42
—————————————— +-....-_.-——_._.————_.__———_-._————._—————_————_.—.-—-—-—-—-_-————————--
: 25 0.40 0.28 0.29 0.31 0.44 0.45 0.36
Soaking for : 31 0.40 0.24 0.26 0.27 0.31 0.33 0.30
12 hr, dehulled} 37 0.40 0.28 0.29 0.31 0.34 0.38 0.33
and cooked [ e e e e e e e e e e e o e e
{ Mean 0.40 0.27 0.28 0.30 0.36 0.39 0.33
______________ o e e e e e e e e et e 4 i it e e e e e e o e e e e
: 25 0.37 0.29 0.33 0,35 0.36 0.48 0.36
Soaking for : 31 0.37 0.26 0.27 0.29 0.31 0.34 0.31
24 hr, dehulled_’: 37 0.37 0.29 0.30 0.33 0.40 0.45 0.36
and cooked [ e e e e e e e e e e e
} Mean 0.37 0.28 0.30 0.32 0.36 0.42 0.34
_______________ .'_._._--—--_.......___—_———.—_—————————_......._.———-.—-—-————————————————-—
| 25 0.43 0.34 0.35 0.36 0.47 0.48 0.41
Germinated, { 31 0.43 0.31 0.32 0.33 0.35 0.37 0.35
dehulled I 37 0.43 0.34 0.38 0.44 0.49 0.50 0.43
and cocked F ———————————————————————————————————————————————————
E Mean 0.43 0.33 0.35 0.38 0.44 0.45 0.40

A S " —— . e S S T N T TEE T P —— e ek AR el A o — f— S — — T — T i AL L S T —— T o | o S ————

Mean of incubation period 0.41 0.31 0.33 0.35 0,40 0.44 0.37

Mean of iacubation temperature.

Temperature | 25°C 31°C 37°C

Mean 0.39 0.34 0.39

L.S.D. (P < 0.05):
L.S.D. between means of any two treatments = 0.02

L.S.D. between means of any two incubation temperature = 0.01
L.S.D. between means of any two incubation period = 0.01
L.S.D
L.S.D
L.S.D

. between means of any two incubation temperature/treatment = 0.02

. between means of any two incubation period/treatment = 0.02

. between means of any two incubation temperature/incubation period/
treatment = 0.03
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There are more or less significant differences in
TBA of soybean or faba bean tempehs due to increasing
ijncubation temperature from 25° to 31° and 37°C. Anyhow,
general means, indicated that they are under the maximum
accepted Yimit (7.71 mg malonaldehyde/kg) mentioned before
of buffalo meat by Bahlol (1989). Comparison between
different incubation temperatures within the different
treatments indicated that 31°C incubation temperature is

mostly with lowest TBA content.

Data revealed that TBA in soybean tempeh increased
significantly (P<0.05) from 0.39 mg malonaldehyde/kg to
0.62, 0.67, 0.70, 0.82 and 0.92 mg malonaldehyde/kg by
increasing incubation period from 0 to 24, 36, 48, 60 and

72 hr, respectively. Thiobarbituric acid in faba bean

tempeh decreased significantly (P<0.05) from 0.41 mg malon-
aldehyde/kg to 0.31, 0.33, 0.35 and 0.40 mg malonaldehyde/kg
by inc;easing incubation period from O to 24, 36, 48 and
60 hr, respectively, while it iﬁcreased significantly
(P<0.05) to 0.44 mg malonaldehyde/kg by increasing incubat-
ion period to 72 hr, of faba bean tempeh. Anyhow these
mentioned means below the maximum accepted level. In the
same time, comparing between different incubation period
within the different treatments indicated -that ‘there are
more or less significant differences in TBA of scybean
or faba bean tempehs by increasing incubation period within

the different treatments.
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kow TBA ranged hetween 0.30 and 0.98 mg malon-
Ykg for tempeh produced from soybean soaked for
ncubated at 31°C for 24 hr and germinated soybean,

i at 31°C for 72 hr, respectively compared to 0.35

mg/malonatdehyde/kg for the same treatments before

out the fermentation process, respectively. With

respect to faba bean tempeh, TBA ranged between 0.24 and
0.53 mg| malonaldehyde/kg for tempeh produced from faba
bean sobked for 12 hr, incubated at 31°C for 24 hr and
fata bepn without soaking, incubated at 37°C for 72 hr,

respecti

for the

process,

vely compared to 0.40 and 0.45 mg/malonaldehyde/kg
same treatments before carrying out the fermentation

respectively.

3. Ch?nges in antinutritional factors:

Ch#nges in antinutritional factors of tempeh produced

from szbean or faba bean including phytic acid content,
trypsin% inhibitor activity and total vicine content are
presentbd in Tables (33, 34, 35, 36, 37 and 38), respect-

ively.

3.1. phnnggs in phytic acid contents:

Thk changes occuring in phytic acid during tempeh
production from soybean or faba bean cotyledons using
Rhizopus oligosporus are shown in Tables (33 and 34),

respectively.
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kistical analysis indicated that phytic acid content

in soybepn and faba bean tempehs was significantly decreased

(P<0.05)
process

or faba

respectijely.

and 0.95
was noti
On the

increase

mg/g in Boybean and faba bean tempehs,

to tempe

It

temperat

to 6.79 and 1.05 mg/g, respectively due to soaking
for 12 hr compared to tempeh produced from soybean

bean without soaking which have 7.25 and 1.24 mg/g,

More significant decrease {(P<0.05) to 5.99
mg/g in soybean and faba bean tempehs, respectively
ced due to increasing soaking process for 24 hr,

pther hand, germination process led to significant

{P<0.05) in phytic acid content to 6.83 and 1,04
respectively compared

h produced after socaking process for 24 hr.

could

signifi

c
and faba(

0.96 mg*g and 6.59 and 1.05 mg/g, respectively.

results

to more

be noticed that increasing incubation
tre from 25° to 31° and 37° was accompanied by
nt decrease (P<0.05) in phytic acid of soybean

bean tempehs from 7.44 and 1.20 mg/g to 6.12 and
These

' indicated that incubation temperature 31°C led

?significant decrease (P<0.05) in phytic acid than

those oﬁ 37°C incubation temperature of soybean and faba

bean tembehs.

Dat

or faba

8.61 and 1.58 mg/g to 7.73 and 1.36,

b revealed that phytic acid content in soybean
‘bean tempehs decreased significantly (P<0.05) from

6.63 and 1.08, 6.17
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Table (33): Changes in phytic acid content 'during tempeh
fermentation produced from soybean (mg/g, on dry
weight basis).

Incubation Incubation period (hours)
Treatments temperature ————————s———————meSS—o————moosee— Mean
{°C) 0 24 36 48 60 72
] 25 9.03 8.42 7.69 7.35 7.0l 6.73 7.71
Dehulled with— : 31 9.03 7.65 6.41 6.09 5.82 5.44 6.74
out soaking I 37 9,03 8.16 7.34 6.88 6.45 5.91 7.30
and coocked } ———————————————————————————————————————————————————
: Mean 9,03 8,08 7.15 6.77 6.43 6,03 7.25
————————————— +-—————_—.......-_———_—.———_-...——_._....—____._...--.-—_....—-—__._—....-_-_--...————
| 25 8.64 8.16 7.46 7.09 6.85 6.56 7.46
Soaking for : 31 8.64 7.55 6.13 5.82 5.29 4.91 6.39
H!hr,demﬂledl 37 8.64 7.72 6.29 5.86 5.44 5.08 6.51
and cooked [ e e e e e e e e S e e
} Mean 8.64 7.81 6.63 6.26 5.86 5.52 6.79
______________ o e e e e e et e e
: 25 8.36 8.01 7.21 6.79 6.48 6,07 7.15
Soaking for I 31 8.36 6.41 4.05 3.78 3.56 3.48 4.94
24 hr, dehulled 1 37 8.36 7.63 5.78 4.91 4.54 4.08 5.88
and cooked T
] Mean 8.36 7.35 5.68 5.16 4.86 4.54 5.99
——————————————— '-—————_.....—-—...————__——_____......._._.———_—_.____...—-—...__——.__.__—
: 25 8.42 8.19 7.63 7.25 6.81 6.23 7.42
Germinated, { 31 8.42 7.28 6.57 6.04 5.32 4.84 6.41
dehulled 1 37 8.42 7.53 6.94 6.22 5.68 5.17 6.66
and cooked F ———————————————————————————————————————————————————
: Mean 8.42 7.67 7.05 6.50 5.94 5.41 6.83

o S — " — A Ty T o b 4 LA S —— T T it ot S S S S T M T S e TS ELA S S S e S — T S S

Mean of incubation period 8.61 7.73 6.63 6.17 5.77 5.38 6,72

Mean of incubation temperature.

Temperature | 25°C 31°C 37°C

Mean 7.44 6.12 6.59

L.S.D. (P < 0.05):
L.S.D. between means of any two treatments = (0,06

L.S.D. between means of any two incubation temperature = 0.02
L.S.D. between means of any two incubation period = 0.02
L.5.D
L.S.D
L.S.D

. between:means of any two incubation temperature/treatment = 0.07
. between: means of any two incubation period/treatment = 0.07

. betweenimeans of any two incubation temperature/incubation period /
treatmegt = 0,08
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Table (34): Changes in phytic acid content during tempeh
fermentation produced from faba bean (mg/g, on dry
weight basis).

Incubation Incubation period (hours)
Treatments temperature ————————m—e——— e — e e — o ——e———— Mean
(°c) 0 24 36 48 60 72
' 25 1.72 1.61 1.38 1.28 1.09 1.00 1.35
Dehulled with— : 31 1.72 1.45 1.18 0.97 0.84 0.70 1.14
out soaking : 37 1.72 1,53 1.29 1.10 0.92 0.83 1.23
and cooked P e e e e e e e S e
} Mean 1.72 1.53 1.28 1.12 0.95 0.84 1.24
_____________ +—-._———_.__._____._.——-....___—_.__——_.....—_-_-—_———____—.-.-._.-.--.-——_——-
/25 1.56 1.42 1.24 1,07 0.94 0.86 1.18
Soaking for : 31 1.56 1.28 0.85 0.69 0.62 0,53 0.92
12 hr, dehulled ! 37 1.56 1.33 1.04 0.85 0.74 0.69 1.04
and cooked e e e e e
! Mean 1.56 1.34 1,04 0.87 0.77 0.69 1.05
_____________ o e e e e e o e e e e e it e
i 25 1.51 1.33 1.16 0.94 0.81 0.75 1.08
Soaking for } 31 1.51 1.19 0.74 0.58 0.49 0.41 0.82
ﬂihr,dehﬂle&: 37 1.51 1.28 0.91 0.76 0.63 0.55 0.94
and cooked o e e e e e e e e e e T e e
: Mean 1.5 1.27 0.94 0,76 0.84 0.57 0.95
———————————— q-'———.—-.—-—-—--—--——-————————-—.——--—---—————--—-——————-m—o—-————-———-————
: 25 1.54 1.38 1.25 1,08 1.00 0.90 1.19
Germinated, ! 31 1.54 1,26 0.91 0.74 0.62 0.55 0.94
dehulled : 37 1.54 1,21 0.99 0.83 0.72 0.64 0.99
and cooked o e e e e e e e e e
{ Mean 1.54 1,28 1.05 0.88 0.78 0.70 1.04
Mean of incubation period 1.58 1.36 1.08 0.91 0.79 0.70 1.07

Mean of incubation temperature.

Temperature | 25°C 31°C 37°C

Mean 1.20 0.96 | 1.05

D). (P < 0.05):
). between means of any two treatments = (.04

). between means of any two incubation temperature = (.02
)

)

)

. between means of any two incubation period = 0.01

. between means of any two incubation temperature/treatment = 0.05

. between means of any two incubation period/treatment = 0.05

.D. between means of any two incubation temperature/incubation period /
treatment = 0.06




- 138 -

and 0.91, 5.77 and 0.79 and 5.38 and 0.70 mg/g by increasing
incubation period from 0O to 24, 36, 48, 60 and 72 hr,

respectively.

caomparing between incubation temperatures within the
differant treatments showed that phytic acid content of
soybeaﬁ or faba bean tempehs decreased significantly
(P<0.03) with dincreasing incubation temperature from 25°
to 31° and 37°C. As the same general trend mentioned
before, also incubation temperature 31°C led to more
significant decrease (P<0.05) in phytic acid content than
those of 37°C incubation temperature of soybean or faba

bean tempehs.

Igcreasing of incubation period from 0 to 24, 36,
48, 60 and 72 hr within different treatments led to signifi-
cant @ecreases (P<0.05) in phytic acid content of tempeh
produc@d from any one of the four treatments of scybean
tempeh, The same trend was obtained in the case of faba

bean t?mpeh.

Cémparing between incubation temperatures within the
differ?nt incubation periods within the different treatments
showed% that phytic acid content decreased significantly
(P<0.0§) from‘7.21 and 8.36 mg/g to 4.05 mg/g by increasing

incuba@ion temperature from 25° to 31°C and increasing

1 R L I i
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incubation period from O to 36 hr of soybean tempeh produced
from soaking process for 24 hr, respectively. 1In the case
of faba bean tempeh, phytic acid content was also decreased
significantly (P<0.05) from 1.16 and 1.51 mg/g to 0.74
mg/g by increasing incubation temperature from 25° to
31°C and increasing incubation period from 0O to 36 hr of
faba bean tempeh produced from soaking process for 24 hr,

respectively.

These results indicated that this treatment was an
optimum one to produce the excellent tempeh from soybean
or faba bean, whereas it contained the lowest content of
phytic acid comparing with the other different treatments
at the same incubation period and temperature. Although
increasing incubation period for this treatment was
accompained by more significant decrease (P<0.05) in phytic
acid content, it was considered the optimum one because
of increasing chemical freshness parameters as discussed
before. Anyhow this treatment led to remove 60.10 and
61.26% of ohytic acid content, of soybean -and faba bean

cotyledons, respectively.

The reduction of phytic acid content during tempeh
production can be accounted for the activity of phytase

enzyme elaborated by the mold Rhizopus oligosporus

responsible for the fermentation. Production of phytase




- 140 -

by the fungus used is well documented (Sudarmadji and Mark-
akis, 1978; Lolas and Markakis, 1977; Wang et al., 1980;

Fardiaz and Markakis, 1981; Sutardi and Buckle, 1985a).

3.2. Changes in trypsin inhibitor activity:

Using of Rhizopus oligosporus in tempeh production

from soybean or faba bean led to decrease in trypsin
inhibitor activity as it was indicated in Tables (35 and

36), respectively.

Stapistical .analysis showed that trypsin inhibitor
activity in soybean or faba bean tempehs was significantly
decreased(P<0.05) to 11.03 and 6.76 TIU/mg, respectively
due to soaking process for 12 hr compared to 18.54 and
8.44 TIU/mg of tempeh produced from soybean or faba bean
without soaking, respectively. More significant decrease
(P<0.05) to 8.92 and 5.40 TIU/mg in soybean and faba bean
tempehs, respectively was noticed due to increasing soaking
process for 24 hr. On the other hand, germination process
led to significant increase (P<0.05) in trypsin inhibitor
activity to 14.28 and 7.51 TIU/mg in soybean and faba bean
tempehs, respectively compared to tempeh produced from

soaking process for 12 and 24 hr.

It could Dbe noticed that increasing incubation

tempersture from 25° to 31° and 37°C was accompanied by
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Table (35): Changes in trypsin inhibitor activity during tempeh
fermentation produced from soybean (Trypsin inhibit-
or unit (TIU)/mg, on dry weight basis).

Incubation Incubation period (hours)
Treatments temperature —-———==—====TT=TTTTTommTTRIETII Mean
(°Cc) 0 24 36 48 60 72
25 33,25 28.19 25.34 21.67 19.85 18.05 24.39
Dehulled with- 31 33.25 17.08 9.6l 8.93 B.47 8.26 14.27
out soaking 37 33.25 22.15 12,83 11.76 11.08 10.62 16.95

_-———-—_.——_.——_-—.—.-_—-———-—.———.—.——.—-——.—.——..._-_.._.__._._....._—-—

and cooked

i S — S — = —— i —_._.-._...__....._._——--———_-—-—--——————-—-—-——.—-——.—-——.—-——.—-—__-—_—--——-

25 23,34 17.86 13.71 10.09 9.65 9.23 13.98

Scaking for 31 23.34 10,93 5.02 4.67 4,39 4.18 8.76
12 hr, dehulled 37 23.34 12.08 7.24 6.85 6.44 6.07 10.34
and cooked e
} Mean 23.34 13.62 8.66 7.20 6.83 6.49 11.03
_____________ +___#__#________,__ﬁ__#________ﬂ__#__#____-___u_____
% 25 10.28 13.65 10.03 9.74 9,38 8.49 11.76

Soaking for _{ 31 19.28 8.14 3.21 2.85 2.63  2.55 6.44
24 hr, dehulled! 37 19.28 9.85 6.18 5.93 5.27 4.89 8.57
and cooked } ———————————————————————————————————————————————————
: Mean 19.28 10.55 6.47 6.17 5.76 5.31 8.92

————————————— -._-‘--—-——-.--—--.-———-——..-—_...—_..__._.__.__—__.-__.-__...___._.__.___..__._.___.
} 25 26.66 21.34 17.96 16.51 16.08 15.73 19.05

Germinated, } 31 26.66 12.09 6.85 6.32 5.76 5.14 10.47
dehulled 1 37 26.66 15.43 10.07 9.67 9.21 8.82 13.31
and cooked F ———————————————————————————————————————————————————
} Mean 26.66 16.29 11.63 10.83 10.35 9.90 14.28

-.——---——-——..-..-—_-..———-—_..--—_-...__———-———-—-———-—-—-——.—-——.—-——.—-—_.——_.-—._.———.—-..-_.—-._.-.

Mean of incubation period 25.63 15.73 10.67 9.58 9.02 8.50 13.19

Mean of incubation temperature.

Temperature { 25°C 31°C 37°C

{ Mean 17.30 | 9.99 | 12.29

L.S.D. (P < 0.05):
f..5.D. between means of any two treatments = 0.82 :

L.S.D. between means of any two incubation temperature = 0.18
L.S.D. between means of any two jncubation period = 0.09
L.8.D
..8.D
L.S.D

D. between means of any two incubation temperature/treatment = 0.87

D. between means of any two incubation period/treatment = 0.84

D. between means of any two incubation temperature/incubation period /
treatment = 0.52




- 142 -

Table (36): Changes in trypsin inhibitor activity during tempeh
fermentation produced from faba bean (trypsin
inhibitor unit (TIU)/mg, on dry weight basis).

Incubation Incubation period (hours)
Treatments temperature —————————ss————— oo —— oo ——————me—s— Mean
{°C) 0 24 36 48 60 72
i 25 16.12 12.45 9.37 7.28 6.53 6.04  9.63
Dehulled with- ; 31 16.12 6,63 5.11 4.67 4,22 3.85 7.27
out soaking 1 37 16,12 10.52 7.29 5.98 5.46 5.13 8.42
and cooked e ittt
! Mean 16.12 10.87 7.26 5.98 5.40 5.01  B.44
—————————————— +-—_—_—_—_—_—_—--—_—..-.—_._——_..——_—-—u———_——-———_———-_——-.——
: 25 12.85 10.16 8.07 6.87 6.44 5.83 8.37
Soaking for : 31 12.85 7.04 3.54 3.26 2,95 2.59 5.37
12 hr, dehulled ! 37 12,85 8.27 5.13 4,71 4,23 4.05 6.54
and cocked } ———————————————————————————————————————————————————
: Mean 12.85 8.49 5.58 4,95 4,54 4.16 6.76
_____________ o e e e e e i e e
| 25 11.60 8.75 6.34 5.28 4.62 4.18  6.80
Soaking for :. 3 11.60 5.38 2.16 1.84 1.47 1.25 3.95
24 hr, dehulled | 37 11.60 7.05 4.29 3.86 3.28 2.79 5.45
and cooked } ———————————————————————————————————————————————————
: Mean 11.60 7.06 4.26 3,66 3.06 2.74 5.40
—————————————— '————-—————--—.———-———————_———.————-—————————--———-—--—-————————
: 25 14,25 11.32 8.61 7.46 65.83 6.20 9.11
Germinated, : 31 14,25 8,56 4,05 3.59 3.37 3.04 6.16
dehulled I 37 14.25 9,27 5.73 5,22 4,69 4.41 7.26
and cooked } ———————————————————————————————————————————————————
: Mean 14.25 9,72 6.13 5.46 4.96  4.55 7.51

I — — — o ——— —— o ok deid A E T —— — T T k. A S T ——— D T T T . o s S S W S — T S W A ek S S ——

Mean of incubation period 13.71 9.04 5.81 5.01 4,49 4,12 7.03

Mean of incubation temperature.

Temperature | 25°C 31°C 37°C

Mean 8.48 5.69 6.92

L.S.D. (P < 0.05):
L 3.D. between means of any two treatments = 0.44

L.S. D between means of any two incubation temperature = 0.12

L.S.D. between means of any two incubation peried = 0.19

L.S.D. between means of any two incubation temperature/treatment = 0.48
L.S.D.

L.S.D.

between means of any two incubation period/treatment = 0.45
between means of any two incubation temperature/incubation period /
treatment = 0.52
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sigificant decrease (P<0.05) in trypsin inhibitor activity
of soybean and faba bean tempehs from 17.30 and 8.48 TIU/mg
to 9.99 and 5.69 TIU/mg and 12.29 and 6.92 TIU/mg, respect-
ively. These results indicated that incubation temperature
31°C led to more significant decrease (P<0.05) in trypsin
inhibitor activity than those of 37°C incubation temperature

of soybean or faba bean tempehs.

Data revealed that trypsimn inhibitor acitivity in
soybean or faba bean tempehs decreased significantly
(P<0.05) from 25.63 and 13.71 TIU/mg to 15.73 and 9.04,
10.67 and 5.81, 9.58 and 5.01, 9.02 and 4.49 and 8.50 and
4.12 TIU/mg by increasing incubation period from 0 to 24,

36, 48, 60 and 72 hr, respectively.

Comparing between incubation temperature within the
different treatments showed that trypsin inhibitor activity
of soybean or faba bean tempehs decreased significantly
(F<0.05) with increasing incubation temperature from 25°
tc 31° and 37°C. As the same general trend mentioned
before, also incubation temperature 31°C led to more
signifcant decrease (P<0.05) in trypsin inhibitor activity
than those of 37°C incubation temperature of soybean or

faba bean tempehs.

Increasing of incubation period from 0 to 24, 36,

48, 60 and 72 hr within different treatments led to
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significant decrease (P<0.05) in trypsin inhibitor activity
of tempeh produced from any one of the four treatments
of soybean tempeh, The same trend was obtained in the

case of faba bean tempeh.

Comparing between incubation temperatures within the
different incubation periods within the different treatments
showed that trypsin inhibitor activity decreased signifi-
cantly (P<0.05) from 10.03 and 19.28 TIU/mg to 3.21 TIU/mg
by increasing incubation temperature from 25°C to 31°C
and increasing incubation period from O to 36 hr of soybean
tempeh produced from soaking process for 24 hr, respect-
ively. In the case of faba bean tempeh, trypsin inhibitor
activity was also decreased significantly (P<0.05) from
6.34 and 11.60 TIU/mg to 2.16 TIU/mg by increasing incubat-
jon temperature from 25°C to 31°C and increasing incubation
period from 0O to 36 hr of faba bean tempeh produced from

soaking process for 24 hr, respectively.

These results indicated that this treatment was an
optimum one to produce the excellent tempeh from soybean
or faba bean, whereas the tempeh produced from this treat-
ment contained the lower amount of trypsin inhibitor
activity comparing with the other different treatments
at the same incubation period and temperature. Although

increasing incubation period for this treatment was
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accompanied by more significant decrease (P<0.05)

in trypsin inhibitor activity, it was considered that this
treatment is the optimum one because of increasing chemical
freshness parameters as descussed before. Anyhow this
treatment led to Tremove 92.34 and 90.32% of trypsin
inhibitor activity in soybean and faba bean cotyledons,

respectively.

Reszults concerning the reduction of trypsin inhibitor activity
during tempeh production is agreement with results obtained by
Wang et al. (1972 & 1975), Kao and Robinson (1978) and

Paredes—-Lopez and Harry {(1989) which they reported that

Rhizopus oligosporus is capable of hydrolyzing the trypsin

inhibitor of soybean or faba bean.

4.3. Changes in total vicine contents:

Production of tempeh using the mold Rhizopus

oligosporus from soybean and faba bean led to decrease

in total vicine as it was indicated in Tables (37 and 38),

respectively.

Statistical analysis showed that total vicine content
in soybean or faba bean tempehs was significantly decreased
(P<0.05) to 2.14 and 6.59 mg/g, respectively due to soaking
process for 12 hr compared to 2.64 and 7.06 mg/g of tempeh

produced from soybean or faba bean without scaking,
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respectively. More significant decrease (P<0.05) to 1.51
and 4.69 mg/g in soybean and faba bean tempehs, respectively
was noticed due to increasing soaking process for 24 hr.
On the other hand, germination process led to significant
increase (P<0.05) in total vicine content to 2.32 and 5.92
mg/g in soybean and faba bean tempehs, respectively compared
to tempeh produced from soaking process for 12 and 24 hr

in soybean tempeh and 24 hr in faba bean tempeh.

Ic could be noticed that increasing incubation
temperature from 25° to 31° and 37°C was accompanied by
significant decrease (P<0.05) in total vicine content of
soybean and faba bean tempehs from 2,30 and 6.60 mg/g to
2.03 and 5.60 mg/g and 2.13 and 6.00 mg/g, respectively.
These results showed that incubation temperature 31°C led
to more significant decrease (P<0.05) in total vicine
content than those of 37°C incubation temperature of soybean

or faba bean tempehs.

Data revealed that total vicine content in soybean
or faba bean tempehs decreased significantly (P<0.05) from
2.75 and 7.71 mg/g to 2.46 and 6.78, 2.22 and 6.15, 2.01
and 5.61, 1.82 and 5.18 and 1.67 and 4.96 mg/g by increasing
incubation period from O to 24, 36, 48, 60 and 72 hr,

respectively,




- 147 -

Table (37): Changes in total vicine content during tempeh
fermentation produced from soybean (mg/g, on dry
weight basis).

Incubation Incubation period (hours)
Treatments temperature —-———-———-—T--moSsm—sses—moooETTo Mean
(°C) 0 24 36 48 60 72
I 25 3.21 3.06 2.89 2.72 2.59 2.43 2.82
Dehulled with- : 3t 3,21 2.88 2.63 2.35 2.12 1.92 2.52
out soaking I 37 3.2% 2.93 2.71 2,45 2.21 2,01 2.59
and cooked % ———————————————————————————————————————————————————
: Mean 3,21 2.96 2.74 2.51 2.31 2.12 2.64
————————————— +_—..--——_——_.-..-——___._.—__..—___.-.—....——__._.——...—__--..—.————__-—-.-—
| 25 2.81 2.54 2.28 2.08 1.80 1.74 2.22
Soaking for : 31 2.81 2.45 2.14 1.84 1.57 1.41 2.04
12 hr, dehulled! 37 2.81 2.47 2.24 2.04 1.75 1.60 2.16
and cooked e s A
: Mean 2.81 2.49 2.22 1.99 1.74 1.58 2.14
_____________ B e e e e e
i 25 2.01 1.85 1.73 1.59 1.47 1.35 1.67
Soaking for : 31 2.01 1.64 1.34 1.20 1,08 1.00 1.38
24 hr, dehulled ) 37 2.01 1.74 1.46 1.32 1.20 1.11 1.47
and cooked } ———————————————————————————————————————————————————
: Mean 2.01 1.74 1.51 1.37 1.25 1.15 1.51
____________ o ot o e e e S e e e S e e =
: 25 2.95 2,72 2.56 2.3% 2,25 2.14 2.50
Germinated, } 3 2.95 2.56 2.26 1.97 1.75 1.60 2.18
dehulled 1 37 2.95 2.64 2.37 2.09 1.88 1.72 2.28
and cooked F ———————————————————————————————————————————————————
H Mean 2.95 2.64 2.40 2,15 1.96 1.82 2.32
Mean of incubation period 2.75 2.46 2,22 2,01 1.82 1.67 2.15

Mean of incubation temperature.

Temperature { 25°C 31°C 37°C

Mean 2.30 2.03 | 2.13

L.5.D. (P < 0.05):
"§.D. between means of any two treatments = 0.18

. between means of any two incubation temperature = (.03

. between means of any two incubation period = 0.03

. between means of any two incubation temperature/treatment = (0,19

S.D
.S5.D
.S5.D

S.D

S.D

between means of any two incubation period/treatment = 0,19
between means of any two incubation temperature/incubation period/
treatment = Q.22

e e
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Table (38): Changes in total vicine content during tempeh
fermentation produced from faba bean (mg/g, on dry
weight basis).

Incubation TIncubation period (hours)
Treatments temperature —————=—====TTTTTTTTomTTTRITTIIT Mean
(°C) 4] 24 36 48 60 72
: 25 8.64 8.14 7.74 7.29 6.83 6.61 7.54
Dehulled with- : K} 8.64 7.02 6.76 6.29 5.84 5.53 6.68
out soaking i 37 8.64 7.77 7.14 6.56 5.96 5,72 6.97
and cooked oo T T 06
: Mean 8.64 7.64 7.21 6.71 6.21 5.95 7.06
______________ +——-.——-_—__——.—-—_.—.—_—-—_——_—-__...-___.___-_.-...._-_—-———.—-——--———
! 25 8.24 7.62 7.10 6.66 6.32 6.15 7.02
Soaking for ! 31 8.24 7.20 6.32 5.60 4.94 4.59 6.15
12 hr, dehulled ! 37 8.24 7.47 6.72 6.24 5.55 5.36 6.60
and cooked R
1 Mean 8. 24 7.43 6.71 6.17 5.60 5.37  6.59
______________ 4...-....___-..__...._....._...__..._._....._..._._.___......_._.__.___...___._.__.__...__
i 25 6 30 5.04 5.49 5.14 4.77 4.66  5.40
Soaking for : 3 6.39 4,88 3.70 3.46 3.27 2,96 4.11
24 hr, dehulled_-_: 37 6.39 5.21 4.37 4.04 3.79 3.56 4,56
and cooked e T L 69
: Mean 6.39 5.34 4.52 4.21 3.94 3.73 4,69
e T T T T s
| 25 256 6.90 6.64 6.21 5.77 5.61  6.45
Germinated, } 31 7.56 6.51 5.80 4.41 4.29 4.11 5.45
dehulled 1 37 7.56 6.68 6.02 5.42 4.80 h.62 5.85
and cooked L o T T T TS 02
1 Mean 7.56 6.70 6.15 5.35 4.95 4,78 5.92
Mean of incubation peried 7.71 6.78 6.15 5.61 5.18 4.96 6.07

Mean of incubation temperature.

Temperature 25°C 31°C 37°C

Mean 6.60 5.60 6.00
L.5.0. EP < 0,05):
I..5.0. between means of any two treatments = 0.25

. between means of any two incubation temperature = 0.04

. between means of any two incubation period = 0.05

. between means of any two incubation temperature/treatment = 0.26
. between means of any two incubation period/treatment = (0,27

.. between means of any two incubation temperature/ificubation period/
treatment = 0.31

L-'L"':"'L-'l:"
thtnwnanwm
== NN
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Comparing between incubation temperature within the
different treatment indicated that total vicine content
of soybeah and faba bean tempehs decreased significantly
(P<0.05) with increasing incubation temperature from 25°
to 31° and 37°C. As the same general trend mentioned before
also incubation temperature 31°C led to more significant
decrease (P<0.05) in total vicine content of soybean and
faba bean tempehs than those of tempehs produced wusing

37°C incubation temperature.

In spite of increasing incubation period from 0O to
24, 36, 48, 60 and 72 hr was always accompanied by signi-
ficant decrease (P<0.05) in total vicine content, there
was slight deviation in this comparison within most of
different treatments. The occurred decreases were not
always significant. In the <case of soybean tempeh,
increasing the incubation period to 72, 60, 36 and 60 hr,
within tempeh produced from without soaking, soaking process
for 12 hr, soaking process for 24 hr and germination
process, respectively, was accompanied by a significant
decrease (P<0.05) in the total vicine content. In the
same time increasing the incubation period from 36 to 60
hr or from 48 to 60 hr was accompanied by a significant
decrease (P<0.05) in total vicine content in the soybean
tempeh produced from soaking process for 24 hr. In the

case of faba bean tempeh increasing the incubation period
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to 60 hr always accompanied by a significant decrease
(pP<0.05) in total vicine content of faba bean tempeh
produced by any of the different treatments. This means
that ‘the reduction in total vicine Wwas jnsignificant

(P?0.0S) after 60 hr incubation.

Comparing between incubation temperature within the
different incubation periods within the different treatments
showed that total vicine content decreased significantly
(P<0.05) from 1.73 and 2.01 mg/g to 1.34 mg/g by increasing
incubation temperature from 25° to 31°C and increasing
incubation period from 0 to 36 hr of soybean tempeh produced
from soaking process for 24 hr, respectively. In the case
of faba bean tempeh, total vicine content was also decreased
gignificantly (p<0.05) from 5.49 and 6.39 to 3.70 mg/g
by incgreasing incubation temperature from 25° to 31°C and
increaping incubation period from 0 to 36 hr of faba bean
tempehé produced from soaking process for 24 hr, respect-—

ihese results revealed that this treatment was an
optim?m one to produce the excellent tempeh from soybean
or f?ba bean, whereas the tempeh produced from this
treatéent contained the lower amount of total vicine content

compa&ing with tempeh produced from the other different
i

i

N e,
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treatments at the same incubation period and temperature.
In spite of increasing incubation period for this treatment

was accompanied by more significant decrease (P<0.05) 1in

total - vicine content, this treatment was considered
the optimum one because of increasing chemical freshness
parameters as discussed before. Anyhow this treatment

led to remove 74.08 and 76.92%Z of total vicine content

of soybean and faba bean cotyledons, respectively.

R PP

IPEERR—




PART IITI:

Properties of Tempeh Produced from Soybean and Faba Bean
Cotyledons as Affected by Mixing with Green Spices and

Frying Compared with "Taameia".
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Part IIIl: Broperties of tempeh produced from soybean and

aba bean cotyledons as affected by mixing with

Jreen spices and frying compared with "Taameia"

Result

tempeh was

s of the previous part indicated that excellent

prepared from soybean or faba bean seeds after

soaking fof 24 hr, dehulled by hand, cooked at 100°C for
30 minute and inoculated with spores suspension of the
mold RhinEus oligosporus CAIM 152. The incculated bean
cotyledons| were incubated at 31°C for 36 hr to produce
fresh temgeh. Fermentation indroduced desirable changes
i.e. incriased in the protein quality, decreased anti-
nutritional] factors and contribute to the development of
a desirabje texture, aroma and flavor substantially the
biological}l value will increased. The aim of this part

is to prepare tempeh products to be consumed in the form

of fried tg¢mpeh which will be compared to "Taameia".

1. Changges in chemical composition:

Data jin Table (39) show the chemical constiuvents
of tempeh |products compared with "Taameia". Fermentation
process ing Rhizopus oligosporus CAIM 182 decreased
significazrly (P<0.05) moisture content from 63.55% at
zero timej of fermentation to 57.25% of soybean tempeh,

while moi
which con

to tempeh

Tture content did not change of faba bean tempeh
a

ined 64,70X. Addition of green spices mixture

produced from soybean and faba bean cotyledons
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increased significantly (P<0.05) moisture content to 63.48
and 70.94% of soybean and faba bean tempehs mixed with
green spices, respectively. Frying process in oil for
5 minutes decreased significantly (P<0.05) moisture content
to 26.07, 28.34, 23.67 and 25.56% of soybean tempeh without
and with green species and faba bean tempeh without and

with green spices, respectively.

As mentioned in the last part, fermentation process
led to increase protein content of either soybean tempeh
or faba bean tempeh, this increasing was significantly
(P<0.05) from 44.43 and 29,43% at zero time of fermentation
of soybean and faba bean cotyledons, respectively to 49.04
and 36.12% of soybean and faba bean tempehs, respectively.
Data in Table (39) dindicated that this increasing was
affected by adding green spices mixture which are known
to be po?r in protein content. So protein content was
40.56 andé 30.28% in soybean and faba bean tempehs mixed
with gree? spices, respectively. Any how protein content
in the méntioned tempeh products, except faba bean tempeh
mixed wit§ green spcies, was significantly (P<0.05) higher
than protéin content in "Taameia" paste (28.14%Z). Frying
process ;ecreased significahtly (P<0.05) crude protein
to ﬁ0.20,§28.47, 23.84 and 16.96% of fried sgoybean tempeh
without 03 mixed with green spices, faba bean tempeh without

and mixedi with green spcies, respectively. In "Taameia”
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also frying process decreased significantly (P<0.05) protein

content to 20.60% of fried "Taameia".

Fther extract decreased significantly (P<0.05) from
28.99 and 2.09% at =zero time of fermentation of soybean
and faba bean cotyledons, respectively, to 24,00 and 1.39%
of soybean and faba bean tempehs, respectively. The ability

of the mold Rhizopus oligosporus to hydrolyze fat is well

documented (Wagenkecht et al., 1961 and Agosin et al.,
1989), Addition of green spices mixture decreased signifi-
cantly (P<0.05) ether extract to 20,13 and 1.20% of soybean
and faba bean tempehs mixed with green spices, respectively.
This decreasing is due to defficiency of green spices in
ether extract. Frying process increased significantly
(P<0.05) ether extract of fried soybean tempeh without
and mixed with green spices and faba bean tempeh without
and mixed with green spices to 37.78, 36.15, 33.71 and
38.61%, respectively. Fried "Toameia" also contained 26.67%
pther extract which is significant higher (P<0.05})} than
"Taameia" paste 1.62%. Increasing ether extract in the

fried products is expected due to the absorbed oil during

the frying process.

Ash content decreased significantly (P<0.05) from
4.39 and 3.18% at zero time of fermentation of soybean

and faba bean cotyledons, respectively, to 3.99 and 2.39
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of soybean and faba bean tempehs, respectively. Addition
of green spices mixture increased significantly (P<0.05)
ash content of soybean and faba bean tempehs to 8.73 and
6.73%, respectively. Frying process decreased significantly
(P<0.05) ash content to 3.09, 7.21, 1.96 and 4.55% of fried
soybean tempeh without and with mixed green spices and
faba bean tempeh without and mixed with green species,
respectively. Also frying process decreased significantly
(P<0,05) ash content from 5.95% of "Taameia" paste to 4.56%

in fried "Taameia", respectively.

Crude fiber content increased gsignificantly (P<0.05)
from 4.43 and 3.51% at zero time of fermentation of soybean
and faba bean cotyledons, respectively to 5.86 and 4.34%
of soybean and faba bean tempehs, respectively. These
results are in agreement with those obtained by Steinkraus
et al. (1960) and Van Buren et al. (1972). Addition of
green spices mixture increased significantly (P<0.05) fiber
content of soybean and faba bean tempehs to 6.46 and 5.59%,
respectively. Frying process decreased significantly
(P<0.05) fiber content of éoyhean tempeh without and mixed
with green spices, faba bean tempeh without and mixed with

green spices and "roameia" to 4.86, 5.88, 3.87, 5.04 and

3,25%, respectively.

Available carbohydrates decreased insignificantly

(P>0.05) from 17.76% at zero time of fermentation of soybean
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to 17.11%Z of soybean tempeh, respectively. On the other
hand available carbohydrates decreased significantly
(P<0.05) from 61.79% at zero time of fermentation of faba
bean to' 55.73% of faba bean tempeh, respectively.
These results is well documented by Quinn et al. (1975)
and Paredes-Lopez et al. (1990) who refferred decreasing
of available carbohydrates to hydrolysis of starch,
Addition of green spices mixture increased significantly
(F<0.05) available carbohydrates to 24.10% of soybean
tempeh, but they increased insignificantly (P>0.05) in
the case of faba bean tempeh to 56.20%. Frying process
decreased significantly (P<0.05) available carbohydrates
to 14.07, 21.29, 36.62 and 34.84% of fried soybean tempeh
without and mixed with green spices, faba bean tempeh
without and mixed with green spices, respectively.
Comparing with "Taameia", available carbohydrates also

decreased significantly (P<0.05) from 60.50 to 44 ,92% for

"Taameia"™ paste and fried "Taameia", respectively.

2. Changes in quality _index:

Total volatile nitroge, ammonia nitrogen, thiobar-
bituric acid and pH value were determined as chemical
freshness parameters. Obtained data are tabulated in Table
(40) which indicated that total volatile  nitrogen (TVN)
jncreased significantly (P<0.05) from 0.07 and 0.09% at

zero time of fermentation of soybean and faba bean
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cotyledons, respectively, to 0.29 and 0.36% of soybean
and faba bean tempeh, respectively; Addition o¢f green
spices increased significantly (P<0.05) total voltaile
nitrogen to 0.56 and 0.53% of soybean tempeh mixed with
green spices and faba bean tempeh mixed with green spices,
respectively. Data in Table (40) indicated that frying
process deceased significantly (P<0.05) total volatile
nitrogen of soybean tempeh without and mixed with green
spices, faba bean tempeh without and mixed with green spices
and "Taameja" to 0.12, 0,17, 0.29, 0.24 and 0.03%, respect-—

ively.

with respect to ammonia data in Table (40) showed

that jt increased significantly (P<0.05) from 0.05 and 0.03 to 0.25
and 0.29%7 -at .zero time of fermentation of soybean and faba bean,
respectively. This increase of ammonia could be largely
attributed to deamination of amino acids (Van Buren et
al,, 1972 and Agosin et al., 1989). Addition of green
spices mixture increased significantly (P<0.05) ammonia
to 0.42 and 0.40% of soybean and faba bean tempehs,
respectively. Frying process decreased significantly
(P<0.05) ammoria to 0.09, O0.14, 0.16, 0.12 and 0.02 Zof
fried soybean tempeh without and mixed with green spices
and faba bean tempeh without and mixed witli green spices
and "Taameia", respectively. Any how, it could be noticed

that fried tempeh products contained higher amount of
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ammonia compared to "Taameia" but still in the accepted

range.

Thiobarbituric acid (TBA) decreased insignificantly
(P<0.05) from 0.35 mg malonaldeh&de/kg at zero time of
fermentation of soybean to 0.34 mg malonaldehyde/kg in
soybean tempeh, respectively, while it decreased signifi-
cantly (P<0.05) from 0.37 mg malonaldehyde/kg at zero time
of fermentation in faba bean to 0.27 mg malonaldehyde/kg
in faba bean tempeh, respectively. The difference between
soybean and faba bean may be due to the high ether extract
content in soybean. Adding green spices led to significant
decrease (P<0.05) in thiobarbituric acid of soybean and
faba bean tempehs that it was 0.26 and 0.22 mg malon-
aldehyde/kg, respectively. Frying process increased
significantly (P<0.05) thiobarbituric acid to 0.43, 0.40,
0.34, 0.40 and 0.31 mg malonaldehyde/kg of fried soybean
tempeh without and mixed with green spices, faba bean tempeh
without and mixed with green spices and "Taameia", respect-
ively, This significant increase could be reffer to
thiobarbituric acid of the used o0il in frying process.
Anyhow, in spite of thiobarbituric acid in fried tempeh
products is significant higher than thiobarbituric acid

in "Taameia", it is still in the accepted rairige.

pH values increased significantly (P<0.05) from 6.01

and 5.95 at zero time of fermentation of soybean and faba
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bean, respectively to 6.25 and 6.36 of soybean and faba
bean tempehs, respectively. This increase could be largely
attributed to the liberation of ammonia (Van Buren et al.,
1972 and Agosin et al., 1989). Addition of green spices
mizture increased significantly (P<0.05) pH value to 6.43
and 6.42 of soybean and faba bean tempehs, respectively.
Frying process decreased significantly (P<0.05) pH value
to 6.09, 6.14, 6.17, 6,05 and 4.99 in soybean tempeh without
and mixed with green spices, faba bean tempeh without and

mixed with green spices and "Taameia", respectively.

3. Changes in antinutritional factors:

Data presented in Table (41) show. changes in
antinutritional factors including phytic acid, trypsin
jnhibitor activity and total vicine during tempeh production
from soybean and faba bean, addition of green spices and

frying of this products in oil.

Phytic acid content decreased significantly (P<0.05)
from 8.36 and 1.51 mg/g in soybean and faba bean at =zero
time of fermentation to 4.05 and 0.74 mg/g of soybean and
faba bean pempehs. respectively. The reduction of phytic
acid content can be accounted for by the activity of phytase

elaborated by the mold Rhizopus oligosporus, responsible

for the fermentation. Production of phytase by the fungus
used is well documented (Lolas and Markakis, 1977; Wang

t 1., 1980; Fardiaz and Markakis, 1981 and Sutardi and




162

*quauodmod UTEIISD
UTyY3ITA J231319] SWEs Y} SABY SUBBW OA] fue UuUBAMIDQ SOUPISIJFTIP IUBDTFTUBIS ou BT @IdY] =J-F

(878u)
€10 mw.o 8¥°¢t mo.o 0Lt 6€°9 wm.o MN.H Wq.o Nm.H 10°¢ o%"% 61°¢1 SUTDTA TeIOo[
¥%*0 GL'0 10°CT 6L°0 91°C 09°TT %11 TE€E'S 9I°1 1z°€ B8T'6T L9°S ¥L°91 (Bu/nIL) £3rAT3OE

B q B q E 2 E 9 I03TqQTYuUT utsdix]

(8/8m)

Zv*0 6Z°0 ¥9'0 9£°0 %L°0 16°1 BO*'T §9'¢ G¥'1 GS0°% 9¢°8 08°0 g£9°'1 pIo® 2T34Yd

e qe qe 2q =] P2 3 ap I 2q |

SuTday Butdiy Sutkiy Surdiy uori SBuriay Butrdiy Burdijy Buti1l uotl Butdiy Butday

187]V aJojeg Ja1Jy 910J8¢ -uamIey J93FY 910jeg JIIIJY 2I10F9f -uswasy I93IIV 91033

e —m— —mem——————— JO BT} mmmmm———w—— m—mmm————e— 10 AW} ceemme———ses s3usuodmo)

s901ds ueaid soo1ds uasal 0192 gao1ds ueax8 seotds usdI® oJgez
'ats'1 . YATH INOYITH e SO UITM Inoyiry  1® SUO u BTOWEE]

||||| e — = PBTLIOD mmm e —— —PBT 4302

yodwsl usaq eBQERY ueaq eqed yadwey uesqlog ueaqLog

*(s7seq 3yBrem ALIp uo) suopalLiod

ugaq ®©QEJ pue ueaqios woiy pednpoid s3ionpoad yadwel PpuUB BTAWEB], JO SUIDTA

2303 ue £31AT3OE JO3TqTYul utrsdLiy ‘pro®E 2T14yd squsuodmwos TRUOCTITIANUTIUY :(T¥%) 9Iqe
! P 4 P q T qe]




- 163 -

Buckle, 1985a). Addition of green spices mixture decreased
significantly (P<0.05) phytic acid content to 3.65 and
0.64 mg/g of soybean and faba bean tempehs. Frying process
decreased significantly (P<0.05) phytic acid content to
1.45 and 1.08 mg/g of soybean tempeh without and mixed
with green spices, respectively, while the frying process
decreased dinsignificantly (P>0.05) phytic acid to 0.36
and 0.29 mg/g of faba bean tempeh without and mixed with
green spices, respectively. In the same time frying process
decreased significantly (P<0.,05) phytic acid from 1.63
in "Taemeia" paste to 0.80 mg/g in fried "Taameia", respect-

ively.

Trypsin inhibitor activity decreased significantly
(P<0.05) from 19.28 and 11,60 TIU/mg of soybean and faba
bean at =zero time of fermentation, respectively to 3.21
and 2.16 TIU/mg of soybean and faba bean tempehs, respect-—
ively. These results are in agreement with those obtained
by Wang et al. (1972 & 1975) and Paredes-Lopez and Harry

(1939) which they reported that Rhizopus oligosporus is

capable of hydrolyzing the trypsin dinhibitor o¢f soybean
and faba bean. Addition of green spices mixture to soybean
and faba bean tempehs has no significant effect (P>0.05)
on trypsin inhibitor activity. On the other hand, frying
process has significant effect (P<0.05) on trypsin inhibitor

activity that it was decreased to 1.16, 1.14, 0.79 and
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0.75 TIU/mg in case of fried soybean tempeh without and mixed with
green spices and faba bean tempeh without and mixed with
green spices, respectively. In the same time frying process
decreased significantly (P<0.05) trypsin inhibitor activity
from 16.74 TIU/mg in "Taameia" paste to 5.67 TIU/mg in

fried "Taameia", respectively.

With respect to total vicine content, statistical
analysis indicated that there are significant differences
(P<0.05) between "Taameia” (13.19 mg/g) and soybean and
faba bean at zero time of fermentation (2.01 and 6.39 mg/g,
respectively). Fermentation process caused . significantly
(P<0.05) reduction in total vicine content of soybean and faba bean
tempehs to 1.34 and 3.70 mg/g, respectively. Vicine was also
decreased significantly (P<0.05) to 1.24 and 3.48 mg/g
in soybean and faba bean tempehs mixed with green spices,
respectively., Frying process resulted in more significantly
decrease (P<0.05) in total vicine of "Taameia", soybean
tempeh without and mixed with green spices and faba.bean
tempeh without and mixed with green spices to 4.40, 0.40,

0.32, 0.92 and 0.87 mg/g, respectively.

Fig. ( 1) shows a clear difference between "Taameia"
and fried faba bean tempeh without or mited with green
spices from the stand point view of antinutritional

components. Faba bean tempeh products minimized phytic
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acid, trypsin inhibitor activity and total vicine compared
with "Taameia". Soybean tempeh products also minimized
trypsin inhibitor activity and total vicine content compared
to "Taameia", but their phytic acid contents vere not less
than that of "Taameia". This 1is due to the largest amount
of phytic acid in soybean at zero time of fermentation.
Anyhow processing of soybean, fried tempeh products
minimized phytic acid to about 13-17% compared to its value
at zero time of fermentation. These data indicated that
production of tempeh is s good method in which microorganism

(Rhizopus oligosporus) is used to produce a food with high

nutritional value.




