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ABSTRACT
Wheat flour (WF) of 85% meal extraction was blended with/without
50g defatted soybean flour (DSF)/kg and enriched with 50 or 100mg
iron/kg diet used in vitro and In vivo study of protein digestibility. Sixty
male weanling albino rats were used as a biological model for this study.
Rats were divided into two major equal groups. First group as healthy
control rats and second group as iron depleted rats. Each group was
subdivided into six groups according to their body mass (BM), These

subgroups fed experimental diets for 10 days.

Digestible protein (%) and its digestibility index, rat BM gain and its
growth index were estimated using in vivo and in vitro methods. Dietary
iron absorption, apparent digestibility, and rat nutritional status of iron
depleted and healthy rats were determined. In addition the metabolic
energy of the six diets and rat growth index were calculated.

Data analysis showed that, the in vivo protein digestibility index was
lower than that index of in vitro. Protein digestibility index of the anemic
rats was higher than that index of healthy rats. The growth index of the
healthy rats was higher than that index of the anemic rats. The rat growth
index positively proportional to the dietary iron level, The DSF presence in
diet caused growth index improvement. The WF+50g DSF+50mg iron diet
improves protein digestibility and rat growth index.

INTRODUCTION

It is well known that the people consuming cereal for long time may
suffer from a shortage of protein, which is considered to be a major quality
problem rather than quantity. In many lands in the world, cereal products
provide most of the required calories and plant proteins in diet. Generally,
in most of developing countries, as much as 64% of the daily protein intake
is derived from cereal grains, (1). Soybeans are classified as oil seeds, not
as dry beans. Whole dry soybeans contain about 40% protein (twice as
much as most other pulses) and up to 20% fat. Whole soybeans are a good
source of calcium, iron, zinc, phosphorus, magnesium, thiamin, riboflavin,
niacin, and folacin, (2). It was recently recognized that the human diet
contains, in addition to essential macro and micronutrients, a complex
array of naturally occurring bioactive non-nutrients called phytochemicals
(plant-derived compounds) that confer significant long-term health
benefits, (3). Among these phytochemicals is the broad class of non-
steroidal oestrogens called phytoestrogens that also behave as oestrogen
mimics. The major classes of phytoestrogens that are of interest from a
nutritional and health perspective are the lignin and isoflavones. Soybeans
contain large amounts of the isoflavones diadzein, gesisten, and glycitein
(1-3mg/g) and their acetyl and malonyl conjugates, (4).

The protein contents of soybean flour is approximately 50%. Wheat

flour protein can be supplemented with soy flour protein, and improve the
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crust, colour and shelf life of baked goods when added to it. The nutritive
value of the wheat products depends upon the protein level in flour and on
the balance of various amino acids that make up protein, (5). Normal cereal
grains including wheat are low or deficient in some essential amino acids
such as lysine, threonine, methionine, tryptophan and isoleucine, they so-
called limiting amino acids, (6). Raising the nutritional value of cereal
products is done by blending wheat flour with different protein sources
such as soybean meal or fish meal have been generally used in the world
for improving protein utilization by the body. (7).

Food processing and the presence of anti-nutritional agents are the most
important criteria that contribute the protein digestibility and consequently
availability. Kent-Jones and Amos, (7) reported that digestibility of flours
of different extraction falls as the extraction rate increases. They
correlated the fall in digestibility with. the increase in fiber (0.15% fiber
increased in wheat flour caused 1.10% decreased in digestibility). This
study was conducted to determine the protein digestibility of wheat flour,
soybean meal alone, wheat flour with iron enrichment and wheat flour with
iron and soybean supplementation, throughout the in vitro and In vivo of
rat growth index methods.

MATERIALS AND METHODS

Experimental laboratory animals: Sixty albino male weanling healthy
rats (derived from Wister and Sprague-Dawley) having body mass ranging
between 58-64 g, and aged 25-30 days were divided into two major equal
groups. First group was the healthy rats, while the second group was iron
depleted by removing 20-25 drops of blood from the ocular capillary bed
vein (8), with a heparinized capillary tube on the first and third days of
starting the experiment. This group used as anemic rats. Handling and
treatment of the anemic rats were identical in all other aspects to the
healthy rats. Each of the healthy and anemic rats was divided into six
subgroups as follows:

Group 1 considered to be control group(N= 5 rats).

Group 2 used for studying WF+50mg iron diet(N= 5 rats).

Group 3 used for studying WF+100mg iron diet(N= 5 rats).

Group 4 used for studying WF+50g DSF diet(N= 5 rats).

Group 5 used for studying WF+50g DSF+50mg iron diet(N= 5 rats)

Group 6 used for studying WF+50g DSF+100mg iron diet(N= 5 rats).
Those groups of rats were fed the below mentioned six diets separately for
10 days experimental period. The single rat lived separately in righted
polyethylene cage covered with stainless steel net, fed approximately 10-
16g diet daily, food intake was determined by weighing the amount of
offering diet, fed, spilled and refused diet. Deionized drinking water in
polyethylene bottles was available ad [libitum, animals room was
maintained at 25°C and light/dark cycle was 12/12hrs.
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Diets preparation: Commercial wheat (Triticum aescivum Gramineae)

flour (85% extraction) was obtained from Nineveh Mill Company. While

soybean (Glycine max Leguminosae) was obtained from local market,
grains were graded, cleaned with tap water, dried to about 14% moisture
content and cracked to remove the hull. Dehulling soybeans were rolled
into full fat flakes. Fat was removed by extracting soybean flakes oil with
diethyl ether, then defatted flakes were completely dried, milled to get
defatted DSF. Ferrous sulfate substance, which was used as a source for
wheat flour iron fortification, was obtained from Flauka chemical Co.,
ferrous sulfate crystals was moistened with few drops of hydrochloric acid
in order to dissolve it, before using it in the diets preparation. In order to
meet the physiological status and nutritional requirements of the rats,
various WF diets were prepared by blending certain amounts of wheat
flour, defatted soybean flour and ferrous sulfate compound according to
according to the suggestions and recommendation of American National
Academy of Sciences (NAS)/Nutritional Research Council (NRC), (9) as
in the following formula:

WF alone, control sample.

WF enriched with 50 or 100mg uon/kg diet.

WF supplemented with 50g DSF/kg diet.

WF supplemented with 50g DSF and 50 or 100mg iron/kg diet.
Therefore, six diets samples of WF and its blends were prepared separately
by mixing it with suitable amounts of deionized water, formed in pellet
shaped (12-16g weight), dried on stainless steel trays in electrical oven at
50- 55°C till completely dryness, then maintained in polyethylene bags in
dry cool place. The various diets of WF, and its blends with DSF and iron
supplementation and their chemical analysis were listed in Table (1).

Table (1): The chemical composition of wheat flour and it’s
blends with soybean and iron enrichment, on dry
weight basis.

] o Metabolic
Protein | CHO | Fiber | Phytate-P | Ash | Iron
. Diets(kg) o o o ok o ok energy
] me/k
’ ’ ’ s ’ 8| Kealkg®
WF control 12.84 72.12 | 1022 4.28 200 | 1801 | . 33984
WF + 50 mg iron 12.80 72.10 | 10.02 427 2.12 | 68.01 3396.0
WF + 100 mg iron 12.78 72.07 9.98 4.25 220 | 118.16 3394.0
DSF 42.71 38.05 | 11.91 317 320 | 43.11 3630.4
WF + 50g DSF 14.96 69.92 | 1045 4.22 229 | 1927 3410.8
WF +50g
14.99 69.90 | 10.38 423 238 | 69.27 3409.2
DSF+50mg iron . '
WF +30g ’
14.92 69.88 | 1033 4.24 2,51 | 119.27 3407.2
DSF+100mg iron

Where, P: phosphate, CHO: carbohydrates.
*Calculated according to (9) where, each one g of carbohydrates and protein give 4 and one g of lipid

gives 9 Kcal.
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Chemical analysis: Crude protein, crude fiber, and ash were determined
according to the Association of Official Analytical Chemists methods(10).
Total hydrolysable carbohydrates were estimated according to the method
described by Smith et al, (11). Calcium and phosphorus were determined
according to the method fixed by Wheeler and Ferrel (12). In vitro protein
digestibility was determined by pepsin at pH 1.5, followed by pancreatic
enzymes at pH 7.6 according to the method stated by Akerton and
Stahman, (13). The nitrogen contents of the sample and digestible protein
was determined by the micro-kjeldahl method, (10) and calculated from
the difference of total protein value before and after the action of
proteolytic enzymes analysis. While protein digestibility% was calculated
according to the following equation reported by McDonald (14):
digestible protein
protein digestibility % = --- --- x100
dietary total protein
Analytical and biochemical procedures:Diets, feces, liver and spleen were
analyzed for iron contents according to the method described by Schricker et
al(15),which modified by Miller et al, (16and17), using the
disodiumbathophenanethroline reagent, light absorption was measured
spectrophotometrically at 535nm. Hemoglobin(Hb) was determined by the
cyanomethemoglobin method (18).In vivo determination:Experimentally
using the albino rats as biological model for studying the protein
digestibility. Apparent digestibility %, digestible protein (apparent iron
absorption %) and protein digestibility index were calculated according to
McDonald (14) and Sharaf (19), using the following equations:
g total diet intake — g feces
apparent digestibility %0 = = ~-=-mmmrmeme e x100
(dry matter absorption, DMA) g total diet intake
g digestible protein
protein digestibility index =--- x100
g total dietary protein intake
g dietary protein intake-g feces protein

apparent protein absorption%=
%100 _ .
(digestible protein) : g dietary protein intake
, g body mass gain
growth index =- “mmmmmm=e==-X 100
g final body mass
Where, final body mass = initial body mass + body mass gain.
Statistical analysis: Experimental data of the rats were statistically
analyzed using the factorial experimental conducted completely
randomized.design (CRD), (20) using the variance analysis and Duncan
multiple range test (spss computer program). o

Results
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Chemical analyses of WF and its blends with DSF and iron enrichment
diets analyses represent protein, carbohydrates, fiber, phytate-p, ash, iron
contents and metabolic energy content. All these components were
identical in WF blends. Metabolic energy of these six diets gives a good
values of energy content to meet the nutritional and physiological status of
the rats, as shown in Table (1). ’

Table(2) showed the in vitro and In vivo digestible protein% and
protein digestibility index of the tested six diets of WF and its blends only.

In vitro the level of digestible protein was lower for WF enriched with
iron only and WF supplementated with iron and DSF with the increasing
the iron level. The mean value of digestible protein for WF+50g DSF diet
enriched with iron (9.42%) WF diet enriched with iron only (8.41%). Also
in vitro the protein digestibility index % level for the WF diet enriched
with iron only and WF+50g DSF diet supplemented with iron increasing
iron level, was lower than WF control. The mean value of protein
digestibility index of WF diet enriched with iron was higher (69.56) than
that value of the WF+50g DSF diet enriched with iron (61.46).

In vivo ingested diets, digestible protein and protein digestibility index
values of the healthy rat groups fed the six tested diets were higher than
that values of the anemic rat groups fed the same diets. The mean value of
the ingested diet of the rat groups fed the WF diet enriched with iron was
higher (115.24g) than that value of the rat groups fed WF diet
supplemented with iron and DSF (87.22g). The mean value of the ingested
protein and digestible protein values of the rat groups fed WF diet enriched
with iron was higher than that values of the rat groups fed WF diet
supplemented with iron and DSF. The mean value of protein digestibility
index of rat groups fed WF diet enriched with iron was higher (69.27) than
that value of the rat groups fed WF diet supplemented with iron and DSF
(59.68). The general mean of protein in vitro digestibility index was
slightly higher than that value of the in vivo.
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Table (2): In-vitro and in-vivo protein digestibility of wheat flour and it’s blends with soybean and iron
Enrichment

In-vitro In-vivo*
Protein Rat . . . . Mean
. Digestible o . Digestible Feces Protein
Diets (kg) . digesti- | Physio- Ingested Ingested . . o of prot.
Protein . . . Protein protein Protein digestibi- o
bility logical © diet(g) Y o digesti-
% . ° % % lity index .
index status bility
. 88.06+3.07 11.31£04 | 8.05£0.11 | 3.26+0.04 | 71.19x4.3
Anemic .
D D C C B
WF, control 922 71.81 74.68
147.32+£5.14 | 18.92+0.2 | 14.78£0.0 | 4.05+0.08 | 78.16+3.4
Healthy :
A A A B A
. 103.53£7.27 | 13.25%0.5 | 8.65£0.09 | 4.60+0.09 | 65.28+2.2
Anemic
) ) B B C B D
WF+30mg iron 8.76 68.43 66.60
149.72+4.11 | 19.1620.6 | 13.02+0.1 | 6.14+0.10 | 67.92+2.6
Healthy
A A A B C
) 97.12£6.72 1241202 | 8.09+0.11 | 4.32+0.09 | 65.21%4.5
Anemic
B c C B D
WE+100mg iron 8.75 68.44 66.54
115.70£6.72 | 14.79+0.6 | 10.040.0 | 4.75+0.10 | 67.87+4.3 -
Healthy
B B B B - C
General mean 891 69.56 115.24+5.51 14.9740.8 | 10.44+0.0 | 4.52+0.09 | 69.27+2.4 69.27
) 88.3145.17 13.2120.6 | 8.00x0.11 | 321£0.02 | 60.56+2.6
Anemic .
D B C A E
W +30g DSF 9.75 63.52 61.07
Healtt 95.99£7.25 14.36:0.6 | 8.84£0.06 | 5.52+0.10 | 61.58+3.9
Health
y C B C A 3
. ) 87.7244.98 13.1520.5 | 7.59£0.08 | 5.56+0.05 | 57.70£2.5
Ancmic
WE+50g DSI D B b] A ¥
o 9.29 60.62 58.57
FS0mg iron Healtl 94,96+3.29 14.23+0.7 | 8.46£0.10 | 5.77%0.10 | 59.44%4.6
: calth
y c B C A F
) 70.10:+4.62 10.46£0.2 | 6.14£0.09 | 4.3240.11 | 58.66+2.2
Anemic
WF+50g DSF E D E B F
) 9.22 60.24 59.39
+100mg iron 86.214£4.75 12.860.4 | 7.73x0.09 | 5.1320.09 | 60.11£2.5
Healthy .
D C D A E
General mean 9.42 61.46 87.22+£5.01 | 13.05£0.6 | 7.79£0.07 | 5.25+0.09 | 59.68+2.7 | 59.68
Total mean 9.17 65.49 101.23£5.26 | 14.01£0.8 | 9.12+0.09 | 4.89£0.10 | 64.47£2.2 | 6447

*Mean of five rats.

There were a significant differences (p<0.05) in the BM gains, liver,

spleen weights and their iron contents, and growth index of rats. There are
no significant differences in the initial rat body mass, therefore, this weight
considered to be identical and a good rat group used in the experiment. The
highest BM gain was for the healthy rat groups fed the WF diet enriched
with iron and with DSF comparing with the control group. The BM gains
of the healthy rat groups were higher than those gains of the anemic rat
groups fed the same diets. The mean value of the BM gain of the rat groups
fed WF enriched with iron was lower (32.60g) than that gain of rat groups
fed the WF diet supplemented with iron and DSF (39.07g).

Weights of liver and spleen give similar results to the distributing results
of BM gains. The iron contents of those internal organs give similar results
to each other. The highest weights of liver were found in the anemic rats
fed WF+iron diet supplemented with/without DSF. While the highest
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weights of the spleen were found in the healthy rats fed WF diet
supplemented with iron and DSF. On the other hand, the highest iron
contents of liver and spleen were found in the healthy rats fed WF diet
supplemented with iron and DSF. The mean values of the liver and spleen
weights and their iron contents of the rats fed WF diet fortified by iron
were lower than that mean values of the rats fed WF diet supplemented
with iron and DSF.

There was a“significant differences (p<0.05)in growth index of rat
groups fed the six tested diets. The highest growth indices were found in
the healthy rats fed WF diet enriched with iron and with/without DSF. The
growth index value of the healthy rats was higher than that value of the
anemic rats fed the same diet. The mean value of the growth index of rats
fed WF diet enriched with iron was lower (34.16) than that mean value of
rats fed WF diet supplemented with iron and DSF (39.00), (Table 3).

Table (3): Effect of iron enrichment and defatted soybean flour to the wheat flour alone
and together on the nutritional status of growing male rats (mean + S.E.) * ,

Body mass (g) Liver Spleen

Dicts(kg) Sl[}l;lltls Initial Gain Weight [ron Cont. Weight [ron cont. ?;%?ih
(8) g (8) Mg
Anemic 60.82+1.8 | 1446419 3,0%‘0.07 224.25‘129. 1| 013003 | 269.3£23.18 19.2 ',*0'52
WH, control A [_) < ¢ € £ D
Healthy OLLLELG | 3845219 | 4.6620.12 | 326.4+9.14 0.36£0.08 | 658.5+38.18 | 38.62+1.21
A ] B B A B3 B3
, 5932420 | 28.11£2.5 | 4.21£0.22 | 304.8%32.19 | 0.21£0.05 338.0+47.23 32154113
Anenic - -
W30 mg iron A ¢ B L B D - S
) s Healthy 60.17£1.9 | 3992422 | 4.85+0.13 339761129 | 0.38£0.07 | 662.8£26.31 39.88+£1.76
A A 3 3 A 3 A
. 62.04+1.8 | 3442421 5.16£0.27 | 313.8+18.25 | 0.25¢0.14 371.2428.62 35.68+1.80
Ancmic )
WE+100mg iron A 8 A B B__ D ¢
o = Healthy 61.84£1.7 | 4025423 | 4.88+0.08 | 342.5£12.64 | 0.38+0.05 673.9+47.63 39.43+1.12
A A B B A B A
nmican 60.88+1.8 | 32.60+2.2 | 4.48+0.15 | 308.58+18.8 | 0.32£0.06 | 495.72+35.2 | 34.16+1.3
. 63.01£1.2 | 35.19£1.6 | 522+0.24 | 327.7+1944 | 0.26+£0.08 | 423.3x64.71 35.84+0.96
Anemic
" WF+S0g DSF A B A B B < ¢
= Healthy 62.14£2.0 | 39.15x1.1 4.76+£0.14 | 332.7+21.15 (. 0.37+0.11 725.6+48.52 38.65+1.17
A A B B A A B
Anemic 60.17+1.7 | 37.29+£2.6 | 5.54+0.41 | 3622+£21.18 | 027+0.12 | 447.5+34.89 | 38.26£1.52
WF+50g DSF A B A B B C B
+50mg iron Healthy 59.93£2.1 40.22£1.2 | 4.89%0.17 | 441.8£20.14 | 0.38+0.09 | 745.8+53.72 40.16:£1.62
¢ A A B A A A A
Anemic 60.9742.1 | 40.11£2.1 | 5.98+048 | 379.3£29.01 | 0.29+0.10 | 483.7£60.14 | 39.68+1.41
WF+30g DSF A A A B B C A
+100mg iron Health 60.04x1.1 42.45£1.6 | 5.16£0.31 459.9+27.13 | 0.40+0.08 781.4+£50.29 41.42+1.35].
alhy A A A A A A A
mean 61.04+1.8 | 39.07+1.8 | 5.26+0.29 | 383.93+23.0 [ 0.33£0.10 | 601.22+52.1 | 39.00+1.3
*mean of five rats.
DISCUSSION

The reason of adding DSF to-the WF in order to modify protein
controls quantitatively and qualitatively because WF considered to be a
poor nutrient materials with deficiency of essential amino acids especially
lysine. In addition to soybean, iron was also added to the WF in the form
of ferrous sulfate (the readily acidified water soluble and intestine
absorbable ferrous iron),(21). Because soybean contains digestive enzymes
inhibitors, divalent cations and mineral chelators (22). According to this
fact, WF blends(WF+50 or 100mg iron, WF+50g DSF with 50 or 100mg
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iron) were prepared as experimental diets, in addition to the unblended
control diets (WF and WF+50g DSF. The determination of carbohydrates,
fiber, phytate-p, ash and the metabolic energy were identified and similar
values between blends of diets, these results were agreed with the diets
preparation postulated by Sharaf (19); Sharaf and Thannoun (23 and 24).
In vitro and in vivo conditions as the level of iron in diet increases, the
level of digestible protein % and protein digestibility index decreases in
other word there was an inverse relationship between the level of iron in
diet and the two parameters mentioned above, which is due to the effect of
iron ion, and considered to be an proteolytic enzymes inhibitor, and also
due to the consideration of DSF as divalent cations and minerals chelators,
which return to the presence of anti-nutrients (especially enzymes
inhibitors) in the DSF. (21 and 22). The mean value of digestible protein of
WF+50g DSF diet enriched with iron was higher than that value of WF
diet enriched with iron only, this may be return to the high protein contents
(42.71%) of soybean flour, this results agreed with the results reported by
venter (25). Higher protein digestibility index value in vitro was higher
than that in vivo value of rat groups may be due to anti-nutrients, enzyme
inhibitors and mineral chelating agents content of soybeans, which may

‘aftect the dietary protein and other nutrients absorption (25).

In vivo digestible protein values of healthy rats were higher than that

_values of the anemic rats fed the same six tested diets, which might be due

to the less appetite status of the anemic rats uptake diets than that status of

the healthy control rats in agreements with report observed by Sharaf and
“ Thannoun (26, 27 and 28 and 29). The higher value of protein digestibility

index of healthy rats than the anemic rats fed the same six tested diets
attributed to decreasing amounts of diet intake and digestible protein.

In vivo protein digestibility index was considered to be the real practical
index, while the in vitro protein digestibility index was the theoretical
index.’

The highest BM gain was found in the healthy rats fed WF diet
supplemented with iron and DSF, these results were agreed with results
obtained by Sharaf (30, 31 and 32), who stated that the body mass gain was
positively proportional to the dietary weights and content of iron level.
However, the anemic rat group fed the WF+50g DSF+100mg iron diet was
showed another highest BM gain (40.11g). Therefore, this diet may be
considered the best diet according to the BM character. The highest
weights of liver were found in the anemic rats, may be due to the
enlargement of liver of iron-depleted (anemic) rats, while the spleen was
not affected. ~

The highest iron contents of liver and spleen were found in the healthy
rats fed WF diet supplemented with iron and DSF, these results were
agreed with the results obtained by Sharaf and Thannoun (24), this may be
due to the highly presence of ferritin (iron storage protein) shell in liver
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and spleen, these results were agreed with the conclusion reported by
others (26).

The mean values of liver and spleen weights and their iron contents of
rats fed WF diet enriched with iron were lower than that mean values of
the rats fed WF diet supplemented with iron and DSF; it may be due to the
affect of highly quantity and quality of protein contents of DSF.

The mean value of the growth index of rat groups fed WF diet enriched
with iron was lower than that value-of the rats fed WF diet fortified with
iron and DSF, this was due to the effect of soybean flour contains highly
qualitative and quantitative protein.

CONCLUSIONS
1.In vivo protein digestibility index had been found to be the lowest value,
which lower than that value of in vitro analysis.
2.The protein digestibility index of the anemic rats was higher than that
value of healthy rats.

3.The growth index of the healthy rats was higher than that value of

anemic rats. The growth index of both rat trails was positively proportional
to the dietary iron content with limitation to 100mg maximum iron level.
4. The addition of 50g defatted soybean flour and 50mg iron to the WF
improves the protein digestibility and rat growth index.
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