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ABSTRACT

Evaluation the effect of using different microbial strains in the fermentation of
Faba Bean on its nutritive value and consumer acceptance was performed.
Fermentation of processed Faba Bean (autoclaved and non autoclaved) with
lactobacillus acidophilus (LAB ), Bacillus Subtilis (B.subtilis) and Saccharomyces
cerevisiea (Yeast) were performed for 44 hrs after which analysis of chemical
composition and anti-nutritional factors were performed to estimate the major
differences before and after fermentation process.

The result showed marked decrease in the pH of the fermented product
accompanied by slight changes in the amino acids pattern. Marked reduction of anti-
nutritional factors was obtained after fermentation especially in phytic acid.

Estimation of True Digestibility (T.D), Biological Value (B.V) and Net Protein
Utilization (N.P.U) were performed in a biology trial using Albino rats. Results revealed
that, soaked and cooked Faba Bean fermented with B. Subtilis showed the greatest
T.D, B.V and N.P.U.

By applying panel test to estimate the palatability of the fermented Faba Bean,
results showed that, there was no significant difference between all fermented
products.

INTRODUCTION

Faba Bean (Vicia faba) is an important food legume in China, Egypt,
Italy, Brazil and Ethiopia. While China is considered as the major producing
country in the world (Adsule and Akpapunam, 1996). Vicia faba is known by
a variety of common names such as Faba Bean, field bean, broad bean,
horse bean, tick bean, Windsor bean, haba and feve. It belongs to the family
leguminosae (Fabaceae). Vicia faba is divided into three botanical varieties
on the basis of seed size (1) Vicia faba L. var. minor Beck- tick bean with
smaller seeds, (2) Vicia faba L. var. equina Pers- horse bean with medium
sized seeds, (3) Vicia faba L. var major — broad beans with larger seeds and
Faba Bean production is widespread in temperate and subtropical regions of
the world and it ranks as the fourth most important pulse crop in the world
after dry beans, dry peas and chickpea. It is the most important pulse crops in
the world, being consumed in large quantities in the Middle East, Far East,
and North Africa, particularly Egypt. Faba Bean, like other leguminous crops,
plays a unigue role due to its high protein content and ability to fix
atmospheric nitrogen ( El-sheikh et al., 1999).
The yield of broad beans in Egypt according to the statistical study of
FAO (2005) is 127,000, 31,496, 400,000, 26,000 Hary for dry area, dry yield,
dry production and dry seed, respectively. (Hary = Hectare = 10,000 m?).
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Faba Bean forms an important part of people diet in developing
countries. It is consumed in the form of immature tender pods, green mature
seed or as dry seeds after cooking. The methods of cooking and
consumption differ widely according to the geographical location. Some of the
popular Faba Bean dishes in Egypt include Fool Medammis, Taamia or
Falafel and Fool Nabet (Askar, 1986).

Faba Bean seeds contain antinutritional factors such as protease
inhibitors, tannins, favism inducing factors, haemagglutinins, flatus producing
factors and phytates (Adsule and Akpapunam, 1996).

Many processing techniques were used to overcome the high
antinutritional factor content of this high protein legume like, soaking,
germination and dry and moist cooking which were found to be effective in
this purpose (Ibrahim et al., 2002).

Another approach is to use fermentation with certain types of bacteria
and yeast to gain the same effect. These types of living organisms include B.
subtilis, LAB and Yaset which showed significant reduction of the
antinutritional factor contents in Faba Bean (Doblado et al., 2003; Porres et
al., 2003 and Azokpota et al., 2006).

The present work was designed to study the behaviour of micro-
organism and pH values during the fermentation process, effect of
fermentation process on amino acids contents, anti-nutritional factors,
biological evaluation and consumer acceptance.

MATERIALS AND METHODS

e Dry Faba Bean (Vicia faba) Var. Giza-2- , the most common variety in
Egypt, were kindly obtained from the Legume Research Section,
Agriculture Research Center , Ministry of Agriculture, Giza Egypt.

e B. subtilis, LAB and yeast were kindly obtained from Food Safety and
Biotechnology laboratory, Regional Center for Food and Feed, ARC,
Giza.

e Adult male Albino rats for biological evaluation were obtained from the
animal house in Research Institute of Ophthalmology, Academy of
Scientific Research and Technology.

e Salt mixtures and vitamins mixture for biological evaluation were obtained
from Sigma Chemical Co.

Preparation of micro-organism's cultures:

Cultures of micro-organisms were performed according to Kiers et al.,
(2000). Before the experiment, the strains were inoculated into brain heart
infusion broth and incubated at the optimum temperature (37°C for B. Subtilis
and LAB and 25°C for yeast) for 18-24 hrs. The bacterial cultures were
diluted with sterile solution contained 0.85% NaCl and 0.1% peptone and the
yeast culture was diluted with sterile distilled water and 0.1% peptone to give
approximately 106 colony forming units /mI(CFU/ml).

Fermentation of Faba Bean:

Fermentation of Faba Bean was performed according to Kiers et al.,
(2000). Cooked Faba Bean was transferred into 8 glass jars and 4 of them
were autoclaved at 121°C for 30 min. After cooling, one jar from the
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autoclaved and one jar from the non autoclaved groups were left as control
and the other 6 jars were inoculated with 5 ml of the micro-organisms under
study. After mixing, the beans were fermented at 37°C for bacterial
fermentation and 25°C for yeast fermentation for 44 hrs. Sub samples were
taken at O, 6, 18, 24 and 44 hrs to perform total count of the used strains and
to measure the pH during fermentation process. After 44 hrs, drying of the
samples was performed according to AOAC 2006.

Estimation of the chemical composition:

The chemical composition including moisture, ash, crude fibres, total
proteins and total lipids contents of the raw materials and the processed
products were determined after fermentation according to the methods
described in the AOAC (2006). Total carbohydrate was calculated by
difference. Amino acids determination except for tyrosine and tryptophan was
performed according to the method described by the Official Journal of the
European Communities (1998). Amino acids determination in amino acids
department in Regional Center for Food and Feed, ARC, Giza.
Determination of anti-nutritional factors:

Determination of tannins, phytic acid and trypsin inhibitor were
determined according to (Price et al., 1978; Wheeler and Ferrel, 1971 and
Kakade et al., 1969).
pH measurements and microbial analysis:

pH measurements and microbial analysis were carried out according to
Kiers et al., 2000.

Animal Feeding trial for biological evaluation:

Experiments were carried out according to the procedure of Eggum
(1973) using adult male Albino rats. The animals are weighted at the
beginning of the experiment as well as at the changing from pre-period to
experimental period and again at the end of the experiment. Urine is collected
in 50 ml 5% H,SO, while the faeces in 100 ml H,SO,. At the end of the
experiment, the rats were weighed and scarified with di-ethyl ether. An
eventual feed rest is weighed.

Nitrogen of urine and faeces was determined according to the
microkjeldahl method described AOAC (2006).

TD, BV and NPU were calculated according to the following equations:

N intake — (Faecal N — metabolic N)
TD= x 100
N intake

N intake — (Faecal N — metabolic N) — (Urinary N- endogenous)
BV = x 100
N intake — (Faecal N — metabolic N)

T.D. x B.V.
NPU =

100
Where: N=nitrogen
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Organoleptic evaluation:

Sensory evaluation for the fermentation products was carried out
according to Lanza et al.,, (1995). The panelists (n=15) were asked to
evaluate color, taste, odor, texture and general acceptance as follows: very
good (9-10), good (7-8), acceptable (5-6), weak (3-4), very weak (1-2).
Statistical analysis:

Statistical analysis of the obtained results was carried out according to
the method of Snedecor and Cochran (1980) using SAS program (1987).

RESULTS AND DISCUSSION

1-Chemical composition of raw materials:

The effect of fermentation of autoclaved and non autoclaved Faba
Bean using B, subtilis, LAB and yeast on its chemical composition was
studied and the obtained results are shown in Tables (1) and (2) .

Table 1:Effect of fermentation by B.subtilis , LAB and yeast on chemical
composition of soaked, cooked and autoclaved Faba Bean.

Products | Protein% | Fat% | Ash% | Fiber% | Carbohydrate%
1 29.78 1.19 2.36 1.69 64.98
2 29.20 1.09 3.12 1.62 64.97
3 28.50 0.97 3.13 1.37 66.03
4 28.90 0.98 2.82 1.59 65.71

1) represented soaked, cooked and autoclaved Faba Bean.
soaked, cooked and autoclaved Faba Bean fermented with B.subtilis, LAB and yeast,
respectively.

(2, 3 and4) represented

Table 2: Effect of fermentation by B.subtilis , LAB and yeast on
chemical composition of soaked, cooked and non autoclaved

Faba Bean.
Products | Protein% | Fat% | Ash% | Fiber% | Carbohydrate%
5 30.91 1.23 2.48 2.13 63.25
6 30.55 1.19 2.60 1.98 63.68
7 29.40 1.12 2.59 1.78 65.11
8 30.00 1.18 2.60 1.92 64.30

(5) represented soaked, cooked and non autoclaved Faba Bean. (6,7 and8) represented
soaked, cooked and autoclaved Faba Bean fermented with B.subtilis, LAB and yeast,
respectively.

From the results presented in Table (1) it could be noticed that, the
fermentation process using B. subtilis, LAB and yeast was found to have low
effect on chemical contents of autoclaved Faba Bean. However, ash contents
of all treatments were increased compared to control sample. The percentage
of increase were 32.2%, 32.63% and 19.49% for autoclaved Faba Bean
which treated with B.subtilis, LAB and yeast, respectively.

However fat contents were slightly decreased. The percentage of
decrease were 8.4%, 18.49% and 17.65% for autoclaved samples treated
with B.subtilis, LAB and yeast, respectively.
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Concerning non autoclaved Faba Bean, the results presented in Table
(2) showed no clear effect on chemical contents of samples treated with
B.subtilis, LAB and yeast with exception of fiber contents which showed
slightly decrease. The percentage of decrease were 7.04%, 16.43% and 9.86
% for non autoclaved samples treated with B.subtilis, LAB and yeast,
respectively.

These results also confirmed those reported by Soares et al., (2005),
who reported that fermentation had no marked effect on the chemical
composition of legumes.

2- Behavior of micro-organism and pH values during the fermentation
process:

The results in Table (3) indicated that, B. subtilis bacteria increased in
number after 6 hrs of fermentation period then remained stable till the end of
fermentation period. The pH values markedly decreased during fermentation
period. It decreased from 7.49 to 5.2 after 44 hrs. LAB showed an increase in
the colony count accompanied with a gradual decrease in the pH values
(5.09 at the end of fermentation period). During fermentation with yeast the
colony count showed an increase during the first 18 hrs of fermentation
process followed by a gradual decrease. The pH values decreased markedly
during the fermentation process and reached to 5.23 at the end of the
experiment.

Table 3: Effect of incubation period on the count of the examined
bacterial species and the pH of non autoclaved sample.

0 hr 6 hr 18 hr 24 hr 44 hr
B.subtilis *CFU | 1x10° 50x10° 10° 10° 10°
B.subtilis pH 7.49 5.33 5.07 5.08 5.20
LAB *CFU 1x10° 103x10° 230x10° 10° 226x10°
LAB pH 7.50 6.11 5.72 5.43 5.09
Yeast *CFU 7x10° 3x10° 5x10’ 11x10° 92x10°
Yeast pH 7.50 6.30 5.46 5.42 5.23

The count of the used microorganism in the fermentation process and
the pH. Changes during fermentation period of soaked, boiled and autoclaved
Faba Bean are illustrated (Table 4). The obtained results indicated that, B.
subtilis bacteria increased in number during the first 18 hrs of fermentation
period and then decreased in number gradually till the end of fermentation
period. The pH values markedly decreased during fermentation period and
reached to 5.54 after 44 hrs. LAB showed a marked increase after 6 hrs
followed by stability in count till the end of fermentation period. A gradual
decrease in the pH values was noticed during fermentation with LAB and
reached to 5.05 at the end of the fermentation period. During fermentation
with yeast the count showed a gradual increase accompanied with a
decrease in the pH values which reached 6.46 at the end of the experiment.

The decrease in the pH values during fermentation period in all
treatments could be due to the ability of the used micro-organisms to use
sugars as substrate for growth resulting in formation of organic acids which
causes reduction of the pH. This finding is similar to that obtained by Onilude
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et al., (1999) who reported a decrease in the pH value of fermented legumes
using yeast and lactic acid bacteria. These results also agreed with the
findings of Kiers et al., (2000) who found a decrease in the pH values during
fermentation of soya beans with B. subtilis. Porres et al., (2003) also found
that, the pH value of some fermented legumes using lactic acid bacteria was
decreased during the whole fermentation time.

Table 4: Effect of incubation period on the count of the examined
bacterial species and the pH of the autoclaved sample.

O hrs. 6 hrs. 18 hrs. 24 hrs. 44 hrs.
Control pH 7.27 7.35 7.18 6.95 6.38
B.subtilis *CFU 50x10°> | 3x10° | 7x10’ 14x10’ 21x10°
B.subtilis pH 7.21 6.94 6.18 5.86 5.92
LAB *CFU 3x10° 5x10° | 20x10° | 300x10° | 161x10°
LAB Ph 7.28 7.28 6.46 5.70 5.49
Yeast *CFU 2x10° 1x10° | 1x10° 14x10’ 10x10’
Yeast pH 7.29 7.31 7.09 6.72 6.50

Bacillus Subtilis (B. subtilis) - lactobacillus acidophilus (LAB)- Saccharomyces cerevisiea
(Yeast)- Colony Forming Unit *CFU

The value of the obtained pH in the bacterial fermentation process
ranged from 5.05 to 5.54 which was also found in agreement with (Sherfi and
Hamad 2001) who reported that, the pH value of fermented legumes with
Bacillus species and LAB was about 5.

The increase which was followed by a reduction in the colony count of
the used micro-organisms might be due to the normal life span of living
micro-organisms which begins with a lag phase followed by growth phase
then stationary phase, in which the number remains stable, and at last the
death phase. These findings are agreed with those of (Feng et al., 2005) who
noticed a marked increase in the count of lactic acid bacteria used in
fermentation of some legumes and cereals.

From the previous results it is clear that fermentation with lactic acid
bacteria yielded the lowest pH value due to consumption of the present
carbohydrates forming lactic acid.

However, the low pH value was found to enhance the quality of
fermented high- protein plant biomass as reported by Shurkhno et al., (2005).

Concerning soaked boiled non autoclaved Faba Bean, it was noticed
that lactic acid bacteria grew slower than the other used microorganisms and
this finding agreed with the investigation of Isu and Njoku (1997) who
reported that, a marked increase in the number of Bacillus cells was
observed. On the contrary of LAB which increased slowly during fermentation
of soya beans.

With respect to soaked boiled autoclaved Faba Bean, it was noticed
that LAB grew very fast during the first 6 hrs due to the absence of competitor
bacteria which destroyed by autoclaving.
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3-Amino acids contents of Faba Bean products:
Effect of fermentation process on amino acid contents of Faba Bean
products:

The results presented in Table (5) represent the effect of
fermentation using B. subtilis, LAB and yeast organisms on the amino acid
pattern of soaked cooked autoclaved and soaked cooked non autoclaved
Faba Bean. The results indicated that, soaked cooked autoclaved Faba Bean
showed no differences in all amino acids pattern before and after
fermentation except for cystein with fermentation by B. subtilis and yeast and
leucin with fermentation by yeast which showed a slight increase in their
values. In soaked cooked non autoclaved Faba Bean, the amino acids
pattern was almost the same before and after fermentation except with the
fermentation done by B. subtilis which caused a slight increase for therionin,
leucin, lysine, serine, glutamic and glycine contents. However, fermentation
with LAB species was found to have an increasing effect only on therionine,
isoleucine, leucine, aspartic and serine contents.

Table 5: Effect of fermentation process amino acids contents by B.
subtilis, LAB and yeast on soaked, cooked, autoclaved and
non autoclaved Faba bean on soaked, cooked and autoclaved
and non autoclaved Faba Bean.

Essential amino acids Autoclaved Non Autoclaved
1] 213114 |5 6] 7] 8
Methionine 079 | 0.74 | 0.79|071] 079|072 0.7 |0.73
Threionine 3.60 | 3.43 | 3.67 | 3.23 | 3.28 | 3.54 | 3.52 | 3.16
Cystein 1.25| 155|132 |1.93|1.45|1.31|1.03 | 1.38
Valine 486|483 |473| 4.7 | 483|477 |4.71 | 4.83
Isoleucine 408 |4.02|3.82| 3.9 [3.86|3.75|4.07 | 3.81
Leucine 780 | 7.71|7.71|801|7.38 | 7.60 | 7.88 | 7.01
Phenylalanine 439 | 4.35 | 4.38 | 4.17 | 4.66 | 4.06 | 457 | 4.21
Lysine 6.59 | 6.27 | 6.27 | 6.3 | 6.18 | 6.23 | 5.56 | 6.05
Total determined essential
NG acids 33.45(32.90(32.69|32.95|32.43(31.98(32.04|32.08
Aspartic 10.88]10.26]10.24]10.79]11.2811.04[11.86|11.23
Serine 4.80 | 413 | 45 | 3.65|3.80 | 4.27 | 4.71| 4.1
Glutamic 18.11]17.93]17.12|17.48]15.59(17.72| 15.4 |15.47
Proline 436 | 432 | 45 | 429 | 4.35 | 4.06 | 4.32 | 4.65
Glysine 4.48 | 417 | 413 | 4.15 | 4.21 | 4.23 | 4.01 | 4.68
Alanine 5.01 | 4.83 | 4.69 | 4.78 | 4.45 | 437 | 4.3 | 5.05
Histidine 379 | 321 | 2.5 | 2.91|4.76 | 3.91 | 2.73 | 3.84
Arginine 9.09 | 8.93 | 9.11 | 8.62 |11.83(10.02(10.69[10.88
;gti Non essential amino g 55|57 75156 79|56.67|60.27|59.62|58.02| 59.9
Total determined amino 90.68/89.48|89.62|92.70|91.60/90.06 |91.98
acids 93.97|

(1)Represented soaked-cooked-autoclaved Faba Bean. (2, 3 and 4) Represented soaked-
cooked-autoclaved Faba Bean fermented with B.subtilis, LAB and yeast, respectively.
(5) Represented soaked-cooked-non autoclaved Faba Bean. (6, 7 and 8) Represented
soaked-cooked-non autoclaved Faba Bean fermented with B.subtilis, LAB and yeast,
respectively.
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Moreover, fermentation with yeast showed no effect on amino acids pattern
except for a slight increase was observed in leucine, serine, proline, glycine
and alanine contents. The reduction of amino acids using LAB species and
yeast may be attributed to the used species which are known to be proteolytic
in nature. Also, the differences in the behavior of amino acids pattern
between autoclaved and non autoclaved Faba Bean may be due to the effect
of different microbial species included in the non autoclaved treatment.

The obtained results are similar to those obtained by (Wang and Fields
1978) who observed a decrease in methionine during fermentation of corn
meal by some microorganisms including yeast. Teniola and odunfa, (2001)
found also some decrease in amino acid pattern during fermentation of maize
grains.
4-Antinutritional factors of Faba Bean products:

The effect of fermentation of soaked-cooked-autoclaved/non
autoclaved Faba Bean by B.subtilis, LAB and yeast on its antinutritional factor
contents (on dry weight basis %) were also studied and the obtained results
are shown in Table (6).

Table 6: Effect of fermentation by B.subtilis, LAB and yeast on
antinutritional factors of soaked-cooked-autoclaved/non
autoclaved Faba Bean:

Treatment |[Total tannins (%)| Phytic acid % | Trypsin inhibitor mg/100g
1 0.33 0.23 33
2 0.28 0.18 22
3 0.31 0.20 27
4 0.20 0.19 25
5 0.33 0.30 45
6 0.20 0.23 29
7 0.20 0.25 32
8 0.22 0.28 28

(1)Represented soaked-cooked-autoclaved Faba Bean. (2, 3 and 4) Represented soaked-
cooked-autoclaved Faba Bean fermented with B.subtilis, LAB and yeast, respectively.
(5) Represented soaked-cooked-non autoclaved Faba Bean. (6, 7 and 8) Represented
soaked-cooked-non autoclaved Faba Bean fermented with B.subtilis, LAB and yeast,
respectively.

From data obtained from Table (6) it is clear that, fermentation of
soaked-cooked-autoclaved Faba Bean with Saccharomyces cerevisiae had
the greatest effect in reduction of tannins content by 39.4% followed by B.
subtilis (15.15%) then LAB which caused 6.06% reduction if compared with
non fermented soaked-cooked-autoclaved Faba Bean (control). While
fermentation of soaked-cooked-autoclaved Faba Bean by B. subtilis had the
greatest effect on both phytic acid (21.7%) and trypsin inhibitor (33.3%)
followed by yeast (17.4% and 24.2%) then LAB which made a reduction
percent of 13% and 18.2%, respectively.

Also from the same Table it is clear that, fermentation of soaked-
cooked-non autoclaved Faba Bean with B. subtilis had the greatest reducing
effect on total tannins (39.4%) and phytic acid content (23.3%) compared to
LAB (39.4% and 16.7%) and yeast (33.3% and 6.7%), respectively, while
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yeast had the greatest effect on trypsin inhibitor reduction (37.8%) followed
by B. subtilis (35.6%) then LAB (28.9%).

These data agreed with those obtained by Isu and Ofuya, (2000) who
found marked decrease in the anti-nutritional factors contents due to
fermentation of some legumes with useful bacteria. Also McKay (1992)
suggested a potential use of microorganisms or microbial enzymes for
detoxification of Faba Bean. Porres et al., (2003) evaluated the role of lactic
acid bacteria in the reduction of phytate content in beans.

Ene-obong and Obizoba (1996) mentioned that, fermentation had a
marked reducing effect on phytate levels in legumes. The role of Bacillus
species in reduction of antinutritional factors is supported by data obtained by
(Ramachandran et al., 2005) who used Bacillus fermentation in the reduction
of tannins and phytates in legumes.

Data clarified the role of microbial fermentation in the reduction of
trypsin inhibitor in legumes is supported with those obtained by (Vidal-
Valverde et al., 1993; Ibrahim et al., 2002 and Doblado et al., 2003), who
found marked reduction in trypsin inhibitor using fermentation of legumes by
useful bacteria such as LAB and Bacillus species. Kiers et al., (2000) and
Amro et al., (2006) reported the positive effect of microbial enzymes during
fermentation on antinutritional factors reduction in legumes and cereals.

5- Biological evaluation of different Faba Bean products.

Growing Albino rats were fed on various Faba Bean products in
addition to casein for comparison at 10% protein level for 9 days. The
nutritional quality of the Faba Bean protein was evaluated by the following
biological parameters: true digestibility (T.D), biological value (B.V) and net
protein utilization (N.P.U). The results obtained for biological evaluation are
shown in Table (7).

Effect of processing on the true digestibility (T.D) of diets containing
Faba Bean products at 10% protein level:

Concerning the fermented products, the results indicated that, soaked
cooked Faba Bean fermented with B. subtilis and soked cooked and
autoclaved Faba Bean fermented with yeast showed TD values higher than
control treatment (soaked cooked Faba Bean). The values were 93.04, 90.80
and 89.65%, respectively.

However, the results of statistical analysis showed that TD values of all
Faba Bean products were significantly lower than that of casein diet.

The same results showed also that, there were no significant
differences in the effect of fermentation by B. subtilis, LAB and yeast in case
of the soaked cooked Faba Bean on the TD values.

The same results in Table (7) showed that, fermentation of soaked
cooked and autoclaved Faba Bean with B. subtilis , LAB and yeast did not
affect significantly the TD of the diets compared to that contained soaked
cooked and autoclaved Faba Bean without fermentation. However, TD of the
diet contained soaked cooked autoclaved Faba Bean fermented with yeast
was significantly different from that of the diet contained soaked cooked
autoclaved Faba Bean fermented with LAB. Kiers et al., (2000) found that,
fermentation process improved the digestibility of legumes in healthy rats.
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Also Amro et al.,, (2006) found that, protein digestibility of grains after
fermentation was greatly improved.

Table 7: Biological effect of different Faba Bean products.
Source of True digestibility %|Biological value %| Net protein utilization %
protein (T.D) (B.Y) (N.P.U)
1 89.27 +1.28""" | 64.65+ 5.16>°" 57.73 + 4.85°C
2 87.17 +3.51%" | 60.5+ 10.53°°% 52.68 +0.59 °°°
3 85.07 +3.15° 51.4+11.64° 43.87+ 10.81°
4 90.80 £ 2.70°°" | 63.93 + .00 *™ 58.11 +5.21°
5 89.65 +3.25°° | 68.72 + 3.50°° 61.59 + 3.58"°
6 93.04 +5.48°° | 67.39+ 549 62.51 + 2.10°°
7 89.37 +2.60°°% [58.11+ 2487 51.96 + 3.10 %
8 88.77 +1.41°" [ 61.4 + 8.39°°% 54.50 + 6.91°°%¢
Casein 97.48+0.87° 76.68 + 4.79° 74.74 +459°
L.S.D. (005 * 4.220 *** 11.663 ** 9 851

- Faecal nitrogen and urine nitrogen of nitrogen Free diet were (13.02%) and(1.2%),
respectively.

- Each value is the mean of 5 replicates; Means + Standard error; Means in the same
column with the same letter are not significantly different at P< 0.05; **: Highly
significant values; *: Low significant values.

- B.subtilis*, LAB® and yeast °.

Effect of processing on biological value (B.V) of diets containing Faba
Bean products at 10% protein level:

Results in Table (7) showed that the B.V of the diet containing 10%
casein was 76.68%. This value is in agreement with the values reported by
(Youssef , 1999) who found that the B.V of casein was 76.50 %.

Results in the same Table indicated that, B.V of the experimental

diets could be classified into two groups:
B.V. of the first group of diets was not significantly different from that of the
casein diet. Those diets contained soaked- cooked fermented Faba Bean
with B.subtillus (67.39%), soaked- cooked autoclaved Faba Bean fermented
with yeast (63.93%).

The B.V values of the rest of the experimental diets were significantly
lower than that of the casein diet. B.V of this group of diets were for soaked
cooked Faba Bean fermented with yeast (61.4%), soaked cooked autoclaved
Faba Bean fermented with B.subtillus (60.5%), soaked cooked Faba Bean
fermented with (LAB) (58.1%) soaked cooked autoclaved Faba Bean
fermented with LAB(51.4%). Hussein (1982) found that the B.V value of
steam cooked Faba Bean was 40%.

Also one can notice that fermentation of either soaked cooked Faba
Bean or soaked cooked autoclaved Faba Bean had no significant effect on
the B.V of the diets contained these products.

Effect of fermentation on net protein utilization (N.P.U) of diets
containing Faba Bean at 10% protein level:

Results in Table (7) indicated that N.P.U of the diet contained casein
was 74.74%. This value is in agreement with the values reported by
(Youssef, 1999) who found the N.P.U of the casein was 74.30%.
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However, the observed lower T.D, B.V and N.P.U values of some Faba
Bean products under study might be due to their higher content of tannins
(Table 6) which may have depressed the utilization of dietary protein by
interacting with protein to form indigestible complexes, by inactivating
proteolytic enzymes, by interference with the epithelial protective mucus of
the intestine or by altering the absorption of digested nutrients (Oh and Hoff,
1989).

6- Estimation of consumer acceptance by applying the panel test.

Results presented in Table (8) represent the mean scores for the panel
test of the parameters: color, taste, odor, texture, and overall acceptability.
Higher score had been given for product supplemented with yeast
(autoclaved or yeast non autoclaved) respectively followed by product
supplemented with B. subtilis (autoclaved) or B. subtilis (nonautoclaved)
respectively. The lowest score was given to product supplemented with LAB
(non-autoclaved), whereas, supplementation with LAB (autoclaved) given
acceptable score as compared to control products.

There were no significant differences between products
supplemented with all tested organisms. Also, the autoclaved samples were
more acceptable than the others according to Lanza et al., (1995).

Table 8:-Sensory evaluation of Faba Bean supplemented with LAB, B.
subtilis and yeast N=15

Parameters

Groups Taste Odor texture color Acceptance
Control non autoclaved 8.7+ 0.75° |8.5+0.95 ® [8.75+0.47 2| 8.25+0.47° | 8.75+0.47
Control autoclaved 9.5 + 0.28% |9.87+0.12 *|8.75+0.47 *|8.75+0.25 *| 9.25+0.47 *
LAB non autoclaved 25+ 0.64° | 1.0+0.0° [7.75£0.25%(8.28+0.25 | 2.25+0.25 ©
LAB autoclaved 8.0+ 0.40° [8.0+0.40 ™ [7.75+0.25 %|8.50+0.28 *| 7.5+0.28"°
B. subtilis non autoclaved | 8.0 + 0.57*° [7.87+0.51"|7.75+0.25%|7.75+0.25%| 7.5+0.28 °
B. subtilis autoclaved 75+ 0.64° [8.0+0.81 ™ [7.75+0.25%|7.75+0.25°| 7.5+0.28"°
Yeast non autoclaved 85 + 0.86° |8.5+0.64 ™ [7.75+0.25°| 8.5+0.28 * | 7.75+0.74 "
Yeast autoclaved 8.6 + 0.89° [8.25+0.47 *|7.75+0.25 %[ 8.5+0.28 ® | 8.75+0.64 ™

o Values are expressed as means + SE.
o Means with the different letter superscripts in the same column denote significance at P
< 0.05.
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