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ABSTRACT

The present investigation was conducted to investigate the effect
of unfortified biscuits, fortified biscuits with soybean flour and school
children biscuits on some biological and biochemical parameters such
as food intake, percent weight gain, serum glucose, liver functions,
kidney functions and iron status in normal and diabetic rats. Biscuits
were fortified with 10, 15 and 20% soybean flour. Biscuits samples
were evaluated to choose the best samples for the biological part.
Sixty albino rats were divided into two main groups (30 rats/each)
.The first main group was normal while the second main group was
hyperglycemic. Both groups were divided into six subgroups fed on
basal diet containing 2.5 or 5% protein from unfortified biscuits,
school children biscuits and fortified biscuits with 10% soybean flour.
After 5 weeks rats were sacrificed and blood samples were collected
to obtain the serum. Results indicated that feeding diabetic groups on
basal diet containing soybean flour led to an improvement in serum
glucose, liver functions and urea nitrogen. While normal groups fed
on basal diet containing 5% protein from school children biscuit led to
an improvement in total iron. The healthy groups fed on basal diet
containing 5% protein from fortified biscuit with 10% soybean flour
led to an improvement in total iron binding capacity. It is
recommended to use soybean flour in diabetic foods and diets.
Planning and implementing nutrition education programs for diabetic
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patients in order to explain the important role of soybean in
controlling diabetes. Both normal and diabetic children can
nutritionally benefit from fortified school biscuits with soybean flour
because it is suitable for them and improves their nutritional status.

Key words: Diabetic rats- soybean- glucose- liver functions- kidney
functions- total iron and total iron binding capacity.

INTRODUCTION

Diabetes mellitus is a syndrome of metabolic dysregulation,
characterized by chronic hyperglycemia, involving carbohydrate, fat
and protein metabolism, and resulting from destruction of pancreatic
B-cells and/or deficient action of insulin on target tissues. Diabetic
subjects show greater liability to long-term complications, such as
retinopathy, nephropathy, cardiovascular complications and
neuropathy (WHO, 2005).

Teixeira et al., (2004) and Azadbakht et al.,(2008) indicated that
isolated soy protein consumption improves several markers that may
be beneficial for type 2 diabetic patients with nephropathy. Lu et al.,
(2008) stated that ingestion of high-isoflavone soy protein not only
lowers glucose levels but also reduces the incidence of cataracts in
diabetic rats. The beneficial effects of soy isoflavones are attributed to
increased insulin secretion, a better glycemic control, and antioxidant
protection.  In addition, Villegas et al.,(2008) concluded that
consumption of soy bean was inversely associated with the risk of
type 2 diabetes mellitus.

McCue et al., (2005) suggested that sprouting and dietary fungal
bioprocessing of soybean improve the anti-diabetic potential of
soybean extracts, potentially through linked to phenolic profile of the
extract, and further suggest that enzyme inhibitory activity may be
linked to phenolic antioxidant mobilization during sprouting and/or
bioprocessing. The significance of food-grade, plant-based enzyme
inhibitors for modulation of carbohydrate breakdown and control of
glycemic index of foods in the context of preventing hyperglycemia
and diabetes mellitus complications such as hypertension in the long-
term is hypothesized..

Stephenson et al., (2005) reported that implementation of a soy
based diet appears to reduce the glomerular filtration rate (GFR) and
total and LDL cholesterol of young adults with type 1 diabetes and
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glomerular hyperfiltration, thus affecting positively their clinical
profile. In addition, Murray-Kolb et al., (2003) reported that soybeans
appear to be a good source of nutritional iron in marginally iron
deficient individuals.

So, the study was carried out to investigate the effect of fortified
biscuits with soybean flour compared with school children biscuits on
some biological and biochemical parameters in normal and
hyperglycemic rats.

MATERIALS AND METHODS

Materials

e Low fat soybean flour was obtained from Soy Pilot Plant Unit,
Food Technology Research Institute, Agricultural Research
Center, Giza, Egypt.

e School children biscuits were obtained from (6™ of October
Company for Food Industries).

e Commercial wheat flour (72% extraction rate), eggs, skimmed
milk, salt (sodium chloride), baking powder and corn oil were
obtained from the local market.

e Sixty weanling female albino rats were obtained from the animal
house, Food Technology Research Institute, Agricultural
Research Center, Giza, Egypt .

Methods:
Technological methods:

e Production of biscuits: Biscuits were prepared according to the
method of Abd El Salam, (2000) with some modifications.
Biscuits composed of 100 gm flour, 3 gm dried skimmed milk
powder, 24 gm egg, 4.5 gm baking powder, 17 gm oil, 4 gm salt.
The required amount of eggs and oil were beaten for one min.,
and then dried skimmed milk was added and mixed for one min.
The flour and baking powder were seared together and added to
the above mixture and beaten continuously until the blend got
smooth. The dough was cut into circles (1/2 cm thick and 2cm
diameter) and transferred to greased plate and baked at 180 °C for
12-15minutes.Biscuits were allowed to cool then evaluated
chemically and organoleptically.
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e Low fat soy flour was used to replace wheat flour at 10, 15 and
20% levels. The fortified biscuits prepared by the same method.

Sensory evaluation:

Thirty three children from AL Cawmia primary school in
Hadaec El Koba, Cairo governorate were selected randomely for
sensory evaluation of biscuits. Their age ranged between 7 to 12
years. Each child was asked to evaluate biscuits samples fortified with
soy bean flour (10, 15, and 20% levels ) according to the color; odor,
taste, texture, and general acceptability by putting a mark beside the
statement that best reflect his/her opinion in the evaluation sheets. The
statements used were" like it very much, like it sometimes, don't like
or hate it, do not like it sometimes, do not like it very much according
to Penfield and Campbell, (1990), and results were analyzed
statistically in order to know the best percentage for fortification.

Chemical analysis:

Moisture content, crude protein, fat, ash, and minerals(Fe, Mg,
Na, Mn, Zn and K) were determined in the raw material and all
samples of biscuits on dry basis according to the method described in
A.0.A.C., (1990).Fiber was determined according to the method
described by Pearson, (1970).Total carbohydrate content was
determined by differences.

Experimental animal design:

Sixty weanling female albino rats (110+5gm) were housed in
well aerated cages under hygienic conditions and fed on basal diet for
one week for adaptation. After this period, rats were divided into two
main groups (30 rats each):

The first main group was normal (-) and divided into 6 subgroups
fed on:

e Basal diet containing 2.5% protein from unfortified biscuits

e Basal diet containing 5% protein from unfortified biscuits

e Basal diet containing 2.5% protein from fortified biscuits with
20% soybean flour.

e Basal diet containing 5% protein from fortified biscuits with
20% soybean flour.

e Basal diet containing 2.5% protein from school children
biscuits.
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e Basal diet containing 5% protein from school children biscuits.
The second main group was hyperglycemic (+):

Rats were injected with 150 mg/kg body weight of recrystallized
alloxan to induce hyperglycemia. Rats were kept fasted for 12 hours
but allowed free access to water before the injection of alloxan. After
alloxan injection, water contains glucose was introduced to rats for
drinking to prevent hypoglycemia according to Buko et al, (1996). All
diabetic rats received basal diet prepared according to Reeves et
al.,(1993) for 48 hours after injection They were divided into six
subgroups fed on the same previous diet scheme.

At the end of experimental period (5 weeks), the rats were fasted
overnight then sacrificed. Blood samples were collected from the
orbital plexus by means of fine capillary glass tubes. Samples were
centrifuged for 10 minutes at 3000 rpm to separate serum from the
blood cells. Serum was carefully aspirated into dry clean Wassermann
tubes by using a Pasteur pipette and kept frozen till analysis at -20°C.

Percent Body weight gain (% BWG) and food efficiency ratio
(FER) were calculated according to the following formulas:

% BWG = [(Final weight — Initial weight) / Initial weight] x 100.

FER =Gain weight (gm) / Food consumed (gm).
Serum analysis:

e Blood glucose levels were assessed weekly throughout the
study. Enzymatic determination of glucose was carried out
colorimetrically according to the method of Trinder, (1969).

e Serum urea nitrogen, uric acid and creatinine were determined
colorimetrically according to the method of Tabacco et al.,
(1979), Fossatti and Prencipe, (1980) and Bartels and Bohmer,
(1971) respectively.

e Liver function enzymes were determined using the method of
Wilkinson (1976) for aspartate amine transferase (AST) and
the method of Bergmeyer and Horder (1986) for alanine amine
transferase  (ALT). Serum protein was determined
colorimetetrically according to the method described by
Dawson et al., (1986).
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e Serum total iron and total iron binding capacity were
determined calorimetrically according to the method of Burtis
and Edward, (1994).
Statistical analysis:

The statistical analysis was performed according to the methods
described by Snedecor and Cochran, (1967) using the computer SPSS
software package, version 11, Chicago, USA. Results were expressed
as mean * standard deviation (SD). Significant differences between
groups were tested with one-way analysis of variance (ANOVA)
followed by the least significant differences test (LSD) as a post hoc
test. Two-tailed student t test was used to examine the differences
between blood glucose level at the beginning and at the end of the
study among various groups.

RESULTS AND DISCUSSION

Chemical composition of wheat flour and soybean flour were
presented in table (1). Soybean flour contained 53.43% protein, 6.28%
fat, 3.98% fiber, 6.15% ash and 30.16% carbohydrate. Wheat flour
composed of 11.19%, 1.40%, 0.69% 0.64 and 86.08%, protein, fat,
fiber, ash and carbohydrate, respectively. Soybean flour had the
highest percent of protein, fat and ash. While, wheat flour had lowest
percent of all determined parameters except for carbohydrate
compared with soybean flour.

The obtained results were in agreement with the finding reported
by Abd EL-Hady et al., (1997) for soybean flour and with Abo-Zeid
(1998) for wheat flour.

Fortification of biscuits either with soybean flour at levels of 10,
15 and 20% caused general increment in protein, fat, fiber, ash and
carbohydrate. While, it caused a reduction in carbohydrates content
when compared with control biscuits (100% wheat flour).

These results are in agreement with those reported by Dhingra
and Jood (2001), who found a significant increase in defatted soybean
flours supplemented breads at the 10% level. In addition, Hammad,
(2000) found that the addition of defatted soybean flour at levels of 5,
10, 15 and 20% resulted in a remarked increase in crude protein and
ash contents of biscuits. Unfortunately, school children biscuits have
the lowest value of protein and the highest value in carbohydrate. It
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contained 10.6+0.36, 13.28+0.16, 0.40+0.03, 0.97+0.15 and 74.75%
protein, fat, fiber, ash and carbohydrate, respectively.

Table (1): Chemical composition (g/100g) of wheat flour, soybean
flour, unfortified biscuit, fortified biscuit with soybean flour and
school children biscuit.

'“"x-.ﬁ__x__m Components ‘ . Total
— protein fat fiber Ash Carbohvdrate
samples T~ i
Wheat flour 11.19£0.14% | 140=004% | 0.6920.07% | 0.64=007% 86.08°
Soybean flour 53432086 | 6432021 | 3982007 | 6.1520.06° 30.16"
Unfortified biscuits 13.80=029° | 12.80:1.77% | 0.52£006% | 1.9020.06" 70.98°
Fortified biscuits with soybean flour
10% 163£0.01° | 14982007 | 1.1220.04° | 245:0.04% 65.15°
15% 183=0.03% | 15682003 | 1.312003% | 2.66£0.04° 62.05°
20% 195=138% | 165520187 | 1.542034° | 2.8020.032¢ 59.52°
School children biscuits | 10.6£036° | 13.28=0.16° | 040:0.03° | 09720157 74.75¢

Results are expressed as mean=SD

Values sharing the same superscript capital letters in column indicate non significant differences between wheat
flour and soy bean flour.

Values sharing the same superseript small letters in column indicate non significant differences between various
kinds of biscuits

Table (2) showed minerals content of wheat flour, soybean flour
fortified biscuits with soybean and school children biscuits. Minerals
content of wheat flour were 126.5, 3.6, 0.6, 1.4, 0.9, 29.8 and 123.7
mg/100g for Mg, Na, Zn, Mn, Fe, Ca and K respectively. While,
soybean flour contained 130.01, 49.37, 0.40, 5.93, 23.97, 187.11 and
1641 mg/100g for Mg, Na, Zn, Mn, Fe, Ca and K respectively.

In this concept Abo-Zeid, (1998) studied the minerals content
(mg/100g) of wheat flour 72% and reported the following values 26.7
for Ca, 122.3 for K, 83.1 for P, 3.4 for Na, 127.8 for Mg, 1.5 for Mn
and 0.3 for Zn. In addition, Hussein and El-Akel, (1993) mentioned
that mineral content of defatted soybean flour were Fe 25.97, Zn 0.38,
Ca 188.32, K 1646.53, Na 50.42, Mg 127.97 and Mn 5.04 (mg/100g).

Faheid and Hegazi, (1991) reported that minerals content was
higher in legume flours than in wheat flour, hence, cookies
supplemented  with legumes flour were favorable than
unsupplemented ones probably due to the presence of higher amounts
of important minerals they contained.

From the same table it could be noticed that the mineral content
of unfortified biscuits and school children biscuits were
(32.38,89.15,4.37,0.92,1.21,31.49 and 77.26 mg/100g and
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(31.23,70.26,3.82,0.47,4.01,25.06 and 69.12 mg/100g) for Mg, Na,
Zn, Mn, Fe, Ca and K, respectively. When soybean flour were used in
biscuits fortification at levels of 10, 15 and 20%, gradual increase in
most minerals, compared to unfortified or school children biscuits was
observed.

Table (2): Minerals content (mg/100 g) of wheat flour, unfortified
biscuit, fortified biscuit with soybean flour and school children
biscuit.
\‘ﬂgmpoueuts

.

Mg Na In Mn Fe Ca K
samples ™.
Wheat flour | 1265£130° | 36£015° | 06020067 | 140014 | 090003 | 2984008 | 12370+166"
Soybean flour | 130.0120327% | 49.37£039% | 040£0.06* | 5.93£0.09% | 23.97£022% | 187.1120.17 | 1641.0£0.115
Unfortified
Biscuifs 3038:074° | 89.15£100° | 437:094° | 0922007° | 1212010° | 31.492060° | 7726:144°

Fortified biscuits with sovbean flour
10% L0101 [ 109.122082° | 480£006% [ 2342004° | 242:003° [ 715420.07° | 5197422817
15% [ 5081007 1213020147 [4992010° [2974004° [ 286007° | 82452005° | g pas3g0®
20% 61240047 [ 130.1122.61° [ 5.0020.05° [3.824006° | 33520.3° [ 10010159° [ 7874826117
School

children | 31.23#004% | 7026£0.77° | 3824003 | 0472002° | 4.01x004% | 25.06£0.06° 69.120.09*
biscuits

Results are expressed as mean=SD

Values sharing the same superseript capital letters in column indicate non significant differences between

wheat flour and soybean flour.

Values sharing the same superseript small letters 1n column indicate non significant differences between

various kinds of biseuit.

These results in agreement with El-Shatanovi, (1983) who found
that supplementation with 10% soy flour increased minerals content of
biscuits, which had an effect on increasing the nutritive value of the
product. In addition, Hammad, (2000) revealed that the addition of 5
and 10% defatted soybean flour increased the minerals content such as
iron, manganese, zinc, copper, sodium, calcium, potassium and
phosphorus.

Table (3) showed the sensory evaluation of fortified biscuits
with soybean flour. The control sample of biscuits recorded the
following scores: 4.64+0.81, 4.40+0.65, 4.40+0.65, 4.60+0.91 and
8.13+1.54 in color, odor, taste, texture and general acceptability
respectively. Results indicated that non significant changes were
observed between all characteristics of the control sample and the
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biscuits fortified with 10% soybean flour. On the other hand, fortified
biscuitss with 15 and 20% soybean flour resulted in significant
decrease in texture and general acceptability scores as compared to
control (non fortified biscuits). Replacement of wheat flour with 20%
soybean flour recorded lower scores of all characteristics than that of
other samples, except in color

Table (3): Sensory evaluation of fortified biscuits with soybean
flour.

---_-H-%"“'“--q.__h_f{?llnl)lES Control Soybean flour
Characteristies 10% 15% 20%
Color 146420817 4.40£1.00* | 4.52+0.71° 4.24+0.93°
QOdor 4.40£0.65° 452:0.77° | 4.64=049° 3.92+1.15°
Taste 440£0.65° | 4.482092° [4.16£0.62° |3.00£1.23°
Texture 4.60+0.91° 4.64£0.70° | 4.00=0.76" 2.96£1.15°
General acceptability 8.13=1.54° 7.8851.64° | 6.68£1.79° | 4.52£2.40°

Results are expressed as mean=SD
Values sharing the same superscript letters in the same raw are not statistically significant.

The results of feed intake (FI), body weight gain% (BWG %)
and feed efficiency ratio (FER) are summarized in table (4). Feed
intake values of all experimental groups ranged from 11.75 + 1.88
gm/day for each rat in the healthy group fed on basal diet containing
2.5% protein from fortified biscuits with 10% soybean flour to 13.87+
3.25 gm/day for each rat in the healthy group fed on basal diet
containing 2.5% protein from unfortified biscuits.

No significant differences were observed in feed intake levels
among all normal groups fed on basal diets containing unfortified
biscuits, school children biscuits and fortified biscuits with soybean
flour. Data showed that, BWG% of diabetic groups fed on basal diet
containing 2.5 or 5% protein from unfortified biscuits was
significantly decreased compared to healthy groups fed on the same
diets. These results are in the same line with those obtained by Louz,
(1997) who found a significant decrease in daily gain in body weight
in case of alloxan-induced diabetic rats fed on basal diet.

Furthermore, BWG% of all healthy groups of rats fed on basal
diet containing 2.5 or 5% protein from unfortified biscuits, fortified
biscuits with 10% soybean flour and school children biscuits did not
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significantly differ. Regarding diabetic groups which fed on basal diet
containing 2.5 or 5% protein from unfortified biscuits, fortified
biscuits with 10% soybean flour and school children biscuits their
FER were significantly lower than other healthy rat groups fed on the
same diet. Bell and Hye, (1992) found that, there is a decrease in body
weight, food intake, food efficiency ratio and digestive efficiency in
the injected rats with alloxan compared to non diabetic rats.

Table (4): Effect of unfortified biscuits, fortified biscuits with
soybean flour (SBF) and school children biscuits (SCB) on some
biological parameters of normal and diabetic rats.

T Parameters Feed intake BWG
T _ FER
Groups —— (gm/day) (%)
2.5% protein from unfortified biscuit (-) 13.87£3205° | 32.87413.18° | 3.61£0908%
2.5% protein from unfortified biscuit (+) 12162224 | 2.17+1.64° 027+0.18°¢
5% protein from unfortified biscuits (-) 1282£130° | 27.69+746° 340=060°
5% protein from unfortified biscuits (+) 12.04+1.19° 135£0.64° 0.18£0.13°

2.5% protein from fortified hiscuits with 10% SBF (-) 11.75:1.88% | 41.28+11.92° | 5.68£2.70 ¢

2.5% protein from fortified biscuits with 10% SBF (+) 12.134245° | 1.48+1.02° 0.16+0.08°

5% protein from fortified hiscuits with 10% SBF (-) 12.76+2.14% | 3790£2155° | 4452159°¢

5% protein from fortified biscuits with 10% SBF (+) 13.08+4.10° 145£145° 0.1120.13°

2.5% protein from SCB () 128453107 | 32.63£3.04° | 402£051™
21.5% pratein from SCB (+) 1292:190° | 248+145° | 030=031°
5% protein from SCB (-) 13.56=260° | 30.11=746° | 343=071°
5% protein from SCB (1) 13.58£2.10° 12442 46 0.15£021%
Results are expressed as mean=SD  BWG: Body Weight Gain FER: Feed Efficiency ratio

Values sharing the same superseript letters in the same column are not statistically significant

Results showed that FER between all healthy groups of rats fed
on basal diet containing 2.5 or 5% protein from unfortified biscuits
and school children biscuits were not significantly differed. While rats
fed on 2.5% protein from fortified biscuits with 10% soybean flour
showed significant higher FER than other groups. The best results in
FER between all healthy groups were observed in the group fed on
basal diet containing 2.5% protein from fortified biscuits with 10%
soybean flour.
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All normal groups fed on basal diets containing unfortified
biscuits, school children biscuits and fortified biscuits with soybean
flour showed non-significant differences in serum glucose levels
(table 5). This result in same line with Louz, (1997) who found that
the healthy group of rats fed on different levels of soybean hull did not
show any valuable changes in serum glucose compared with control
negative.

Table (5): Effect of unfortified biscuits, fortified biscuits with
soybean flour (SBF) and school children biscuits (SCB) on serum
glucose levels of normal and diabetic rats.

T parameters Initial level Final level
Groups __ (mg/dl) (mg/dl)
2.5% pratein from unfortified hiscuits(-) §8.88+3.57°¢ 00.57+2.74¢

2.5% protein from unfortified biscuits(+)

230.42+39.11°

250.64+2.94°

5% protein from unfortified hiscuits (-)

90.68=3.36°

91.53£2.66°

5% protein from unfortified hiscuits (+)

222.21£21.85°

246.41£5.37°

2.5% pratein from fortified hiscuits with 10% SBF (-) 88.80=4.51° 90.08+2.46°
2.5% protein from fortified hiscuits with 10% SBF (+) | 229.12+42.13" | 134.03+6.25°
5% protein from fortified hiscuits with 10% SBF (-) 820.35£2.40° 02 44+5.75°

5% protein from fortified hiscuits with 10% SBF (+)

232.80+.20.02 °

118.74+27.66°

2.5% pratein from SCB (-) 89.94=1.57° 91.78+4.15°
2.5% protein from SCB (1) 221.12£13.25° | 231.53¢16.20°
5% protein from SCB (-) 88.20=4 06° 02.05+£1.66°

5% protein from SCB (+)

230.02+16.01 ®

230.37+£22.08°"

Results are expressed as mean=SD

Values sharing the same superscript letters in the same column are not statistically significant

The injection of some groups of rats (positive control) with
alloxan caused; as expected; significant increase in serum glucose
levels when compared with negative control groups. No significant
differences were observed between positive groups concerning serum
glucose levels at the initial level. The same trend was noticed also
between negative control groups.

Final serum glucose levels of diabetic rats fed on basal diet
containing 2.5 or 5% protein from fortified biscuits with 10% soybean
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flour (134.93 + 6.25 and 118.74 £ 27.66 mg/dl) respectively, were
significantly lower than their initial levels (229.12 + 42.13 and 232.89
+ 29.12 mg/dl) respectively.

Nutritional intervention studies performed in humans suggest
that the ingestion of soy protein associated with isoflavones and
flaxseed rich in legnans improves glucose control and insulin
resistance (Bhathena and Valesquez, 2002; Rochofort and panozzo,
2007).

No significant differences were found between the initial and
final serum glucose levels of normal or diabetic rats fed on basal diet
containing 2.5 or 5% protein from school children biscuits. Moreover,
final serum glucose levels of the later groups were significantly higher
than that of other diabetic groups fed on basal diet containing 2.5 or
5% protein from 10% soybean flour.

Results in table (6) demonstrated the effects of unfortified
biscuits, school children biscuits and fortified biscuits with soybean
flour on aspartate amino transferase (AST), alanine amino transferase
(ALT) and total protein level of healthy and diabetic rats. There were
non-significant differences in serum AST between all healthy groups
fed on basal diets containing unfortified biscuits, school children
biscuits and fortified biscuits with 10% soybean flour. Similar results
were observed in ALT and total protein levels.

The obtained results are in agreement with those reported by
Louz, (1997) who found that no significant differences were observed
in GOT and GPT between rats fed on balady bread and the other
groups fed on bread containing 5 and 10% soybean hull.

It is worth to be mentioned that, the control positive groups
which were fed on basal diet containing 2.5% and 5% protein from
unfortified biscuits, revealed a significant increase in the levels of
AST and ALT enzymes compared with those of the negative control
groups, fed on the same diets. Diabetic rats fed on basal diets
containing 2.5% as well as 5% protein from school children biscuits
showed significant increase in the level of AST and ALT enzymes as
compared with normal groups fed on the same content of diets. In this
respect, Anthony et al., (2004) found that markers of liver injury,
including AST and ALT were significantly associated with risk of
incidence of type2 diabetes.

Feeding diabetic rats on basal diet containing fortified biscuits
with 10% soybean flour provided the diets with 2.5% protein led to
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significant increase in AST and ALT enzymes compared to healthy
group fed on the same diet. On the other hand, diabetic groups fed on
basal diets containing fortified biscuits with 10% soybean flour which
provided the diet with 5% protein showed non-significant changes in
AST and ALT enzymes as compared to normal groups fed on the
same diets.

Table (6): Effect of unfortified biscuits, fortified biscuits with
soybean flour and school children biscuits on liver functions of
normal and diabetic rats.

T Parameters AST ALT Total protein
Groups __-_____'""‘--—-__________ (U/L) (U/L) (Mg/dn
2.5% protein from unfortified biscuits (-). = 3055£596% | 19.74x295° 6.01£0.1%
2.5% protein from unfortified biscuits (+). 47.1210.73° | 36.0120.08° | 5.22=0.08°
5% protein from unfortified biscuits (-). 2937£797° | 234422 26% 6.17£0.73°
5% protein from unfortified biscuits (+). 45.042384" | 3727£2.56° 5.23£0.10°
59 protein from fortified biscuits with 20 CP (+). 2735+419% | 263122177 6.00£0.02°

2.5% protein from fortified biscuits with 10% SBF(-). | 29.8743.64% | 22474123 6.06£0.21°

2.5% protein from fortified biscuits with 10% SBE (+). 436148817 | 3459£3.77° | 5.2320.03°

59 protein from fortified biscuits with 10% SBF (). | 30.6843.44% | 23.612226™ | 5702027

5% protein from fortified biscuits with 10% SBF (+). | 34.72+382% | 26.73=475° 5.16=0.10°

2.5% protein from SCB(-). 27015247 | 212742.11% 5.92+0.06°
2.5% protein from SCB (+). 47.19£737° | 35.37x1.32° 5.20=001°
5% protein from SCB (). 29383547 | 21254321% 5.80+0.04°
5% protein from SCB (+). 435824 88° | 35812049° | 530=002°

Results are expressed as mean=SD
AST:aspartate amino transferase. ALT: alanine amino transferase
Values sharing the same superscript letters in the same column are not statistically significant.

Xu et al.,( 2001) suggested that soy flour has the function of
decreasing blood sugar, blood lipid and improving their metabolism,
and of protecting liver and kidney of diabetes mellitus mice. These
results were confirmed withthose of Louz, (1997) who found that the
addition of 5 and 10% soybean hull to balady bread decreased
significantly the GOT and GPT levels in hyperglycemic rats.

Treating diabetic groups with basal diet containing 5% protein
from fortified biscuits with 10% soybean flour led to significant
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decrease in AST and ALT enzymes, as compared to diabetic groups
fed on basal diet containing unfortified biscuits and school children
biscuits which provided the diets with the same amount of protein.

Concerning total protein, results revealed that, all normal groups
fed on basal diets containing unfortified biscuits, school children
biscuits and fortified biscuits with soybean flour showed non-
significant differences in total protein. Diabetic rats fed on basal diets
containing unfortified biscuits provided the diets with 2.5 or 5%
protein have a significant decrease in the mean values of total protein
when compared with those of the control negative groups fed on the
same content of diets. The obtained results are in the same line with
those obtained by Allam, (2001) observed that total protein was
reduced from 5.87 mg/dL in the normal control to 5.33mg/dL (90.80%
relative to normal control) for the hyperglycemic rats.

Furthermore, significant decrease in the mean value of total
protein in diabetic groups fed on basal diets containing school children
biscuits which provided the diet with 2.5 or 5% protein, compared
with normal groups fed on the same diets.

Results in table (7) revealed that, all normal groups fed on basal
diets containing unfortified biscuits, school children biscuits and
fortified biscuits with soybean flour showed non-significant
differences in uric acid, createnin and urea nitrogen. Positive control
groups fed on basal diets containing 2.5% or 5% protein from
unfortified biscuits, showed significant increase in the mean value of
uric acid, createnin and urea nitrogen when compared with those of
the negative control groups fed on the same diets.

There were a significant increase in the mean value of uric acid,
createnin and urea nitrogen in diabetic groups fed on basal diets
containing 2.5% or 5% protein from school children biscuits,
compared with normal groups fed on the same diets.

Rockel, (2001) reported that inadequate adjustment of blood
sugar and blood pressure levels in diabetic patients tended to cause
abnormal protein metabolism, an impairment of kidney functions and
eventually diabetic glomeruloscloerosis. This is caused by hyperfusion
and hyperfiltration of glomruli which could consequently lead to
microalbuminuria and acute renal failure.

Feeding diabetic groups on basal diet containing 2.5 or 5%
protein from fortified biscuits with 10% soybean flour resulted in
significant increase in uric acid and createnin values in comparison
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with healthy groups fed on the same diet. Diabetic rats fed diet
containing 2.5 or 5% protein from fortified biscuits with 10% soybean
flour showed significant decrease in createnine levels compared to the
diabetic groups fed on basal diet containing the same amount of
protein from unfortified biscuit and school children biscuit.

Table (7): Effect of unfortified biscuits, fortified biscuits with
soybean flour (SBF) and school children biscuits (SCB) on kidney
functions of normal and diabetic rats.

"“--—--__________ Parameters Uric acid Createnin Urea nitrogen

Groups T (mg/dl) (mg/dl) (mg/dl)

2.5% protein from unfortified biscuits (-). - 1.68+0.10% | 0.51=0.06° 56.70£1.73 %
2.5% protein from unfortified biscuits (+). 2.4620.23° 1.64=0.05° | 67.54£2.28°

5% protein from unfortified biscuits (). 1.61£0.02° 0.54=0.03° 57.56£1.06*
504 protein from unfortified hiscuits (+). 24240.11° | 1.65=0.04° | 65.614.04°
2.5% protein from fortified biscuits with 10% SBF (-. | 1.48+0.04* | 0.5820.03 | 55.10+6.56"
2.5% protein from fortified biscuits with 10% SBF (+). 2475036 | 0.69=0.02° | 66.47£1.54°

594 protein from fortified biscuits with 10% SBF (). 149£0.15% | 0.55=0.05° |58.92¢1.51%

5% protein from fortified biscuits with 10% SBF (+). | 240£031° | 0.64=0.05" | 62.56=3.25™

2.5% protein from SCB (-). 1.63£0.03* | 0.53=0.02° 5830234
1.5% protein from SCB (+). 2524026 | 1.68£0.04° | 68.84£3.40°

5% protein from SCB (-). 1.6320.05% | 0.53%0.02% | 58.68=1.46™
5% protein from SCB (+). 2.57£0.24° 1.71=0.02° 66.47£3.13°

Results are expressed as meantSD

Values sharing the same superscript letters in the same column are not statistically significant

These results are in good agreement with Kontessis et al., (1995)
who found that soy protein consumption reduced urinary protein
excretion in type 1 diabetic patients with diabetic nephropathy. In
addtion, Azadbakht et al., (2003) found that, soy protein inclusion in
the diet fed diabetic patients with nephropathy can modify the risk
factors of heart disease and improve kidney function in these patients.

From table (8), it could be noticed that, the control negative
groups that fed on basal diets containing 2.5 or 5% protein from
unfortified biscuits, revealed a significant increase in the mean values
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of total iron compared with those of the positive control groups fed on
the same diets.

Table (8): Effect of unfortified biscuits, fortified biscuits with
soybean flour (SBF) and school children biscuits (SCB) on total
iron (TI) and total iron binding capacity (TIBC) levels of normal

and diabetic rats.

— Parameters

Groups ———

TI (ug/dl)

TIBC (ug/dl)

2.5% protein from unfortified biscuits(-).

114.60+6.693°

375.3+8.715¢

2.5% protein from unfortified biscuits (+).

96.00 = 3.807°

308.2+5.805°

5% protein from unfortified biscuits (-).

111.60+4.774°

345.6£3.493 ¢

5% protein from unfortified biscuits (+).

81.420+2.175°

2054 +5549°

1.5% protein from fortified biscuits with 10% SBF (-).

120.80 + 3.962¢

369.4+5.5041

2.5% protein from fortified biscuits with 10% SBF (+).

109.00+1.414°

324.8+3271°

5% protein from fortified biscuits with 10% SBF (-).

159.00 + 5.656%

4134+ 10.38"

5% protein from fortified biscuits with 10% SBF (+).

12840+ 1.673°

332.3+6.519°

2.5% protein from SCB(-).

160.60 + 6.426°

403.8+11.05%

2.5% protein from SCB (+).

14820+ 2.774°

386.4+7.232°

5% protein from SCB (-).

171.00 + 6.855°

419.2 £ 4.549*"

14640+ 5.177°

396.0+£8.944°%

5% protein from SCB (+).

Results are expressed as mean=SD
TI: Total iron TIBC: Total Iron Binding Capacity
Values sharing the same superseript letters in the same column are not statistically significant

Significant increase in the mean value of total iron in normal
groups fed on basal diets containing 2.5 or 5% protein from school
children biscuits was observed when compared with diabetic groups
fed on the same content of diet. Moreover, there is a significant
increase in the value of total iron in normal groups fed on basal diet
containing 2.5% or 5% protein from fortified biscuits with 10%
soybean flour when compared with diabetic groups fed on the same
content of diet

There were non significant differences between healthy groups
fed on basal diet containing 2.5 or 5% protein from unfortified biscuits
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and between diabetic groups fed on basal diet containing 2.5% protein
from fortified biscuits with 10% soybean flour. Feeding healthy
groups on basal diet containing 2.5 or 5% protein from fortified
biscuits with 10% soybean flour showed non significant changes in
total iron, compared to diabetic group fed on basal diet containing
2.5% from school children biscuits. On the other hand, feeding
healthy rats on basal diet containing 2.5% protein from fortified
biscuits with 10% soybean flour showed non significant differences,
compared to diabetic groups fed 5% protein from fortified biscuits
with 10% soybean flour. The best result of total iron was observed in
healthy group fed on 5% protein from school children biscuits.

Results of total iron binding capacity (TIBC) indicated that
feeding normal groups on basal diet containing 2.5 or 5% protein from
unfortified biscuits, revealed a significant increase in the mean values
of total iron when compared with those of the control positive groups
fed on the same diets. There was significant increase in the mean
value of total iron binding capacity in healthy groups fed on school
children biscuits provided the diet with 2.5 or 5% protein when
compared with the diabetic groups fed on the same content of diet

There was significant increase in the mean value of TIBC in
normal groups fed on basal diet containing 2.5 or 5% protein from
fortified biscuits with 10% soybean flour when compared with
diabetic groups fed on the same diets. Non significant differences
were observed in the mean value of TIBC between healthy groups fed
on basal diet containing 2.5% protein from unfortified biscuits,
fortified biscuits with 10% soybean flour and the healthy group fed
basal diet containing 5% protein from fortified biscuits with 10%
soybean flour.

Anuradha and Sangeetha, (2001), reported that soy malt product
(biscuits) significantly improved the iron profile (hemoglobin, serum
ferritin and iron, and total iron binding capacity) of experimental
group subjects.

From the obtained results, both normal and diabetic children can
nutritionally benefit from replacement of some wheat flour used in
making school biscuits with soybean flour because it is suitable for
them and improves their nutritional status especially iron status. It is
recommended to use soy bean flour in diabetic foods and diets
through planning and implementing nutrition education programs for
diabetic patients in order to explain the important role of it in



320 EFFECT OF FORTIFIED BISCUIT WITH SOYBEAN FLOUR

controlling diabetes. Combination of wheat flour with another protein
sources like soybean can offers economical improvement in protein
quality of wheat flour biscuits and increase its protein content. Finally,
further studies are needed to investigate the effect of soybean flour
fortification on other biological and biochemical parameters.
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