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ABSTRACT

Wheat flour was blended with enzyme active (full fat and defatted) and heat treated (full fat and defatted)
soy flours @ 10%. Wheat-soy flour blends along with the control sample were analyzed for proximate composition,
essential amino acids and mineral profile. Rat bioassay was conducted to evaluate the nutritional quality of
unleavened flat bread (chapattis) prepared from wheat and soy flours blends. Soy flour blending significantly
increase the crude protein, ash, crude fiber and fat contents while moisture contents and nitrogen free extract
decreases significantly by the incorporation of soy flour. Micronutrient deficiency of wheat flour was compensated
by the addition of soy flour. Essential amino acids composition of the wheat-soy flour blends was balance by
meeting the deficiency of each other. Defatted soy flour samples (enzyme active full fat soy flour (T,) and enzyme
active defatted soy flour (T,)) attain maximum score regarding the sensory parameter of the flat bread. All types of
flour blends along with the control were fed to group of 4 rats for ten day. Heat treated soy flour samples (heat
treated full fat soy flour (T3) and heat treated defatted soy flour (T4)) have higher feed intake, food efficiency ratio,
and biological value. The parameters of biological assay were significantly higher than the control diet which
interfered that these wheat-soy flour samples are nutritionally superior to the wheat flour.
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INTRODUCTION

Cereals are an important source of energy andiprothuman diet. Wheat is the second most produced
food among the cereal crops (USDA, 2003). Cereasihgrprovide an incredible 68 % of the world foog@ly. It is
recognized as a major staple food and the cheapeste of protein and calories. In its refinedestits average
consumption can supply 30 % energy and 49 % pratequirement of the population (Health and Welfare,
1990).Wheat is principally used for the productadrunleavened flat bread locally known as chapaitid rotis in
Indo-Pak. Chapattis and rotis are least expensideutilize almost 90 % of the total wheat produgethe region
(Sidddique, 1989). Cereals main dietary contribueioe carbohydrates beside these they also provatein and a
smaller amount of lipids, fiber and vitamins. ltdesmmonly known that the main nutritional drawbaglcereal is
their low protein contents and limited biologicaladjty of their protein (highly deficient in lysinend tryptophan)
(Mertz, 1970; Ortegat al., 1986; Waliszewsket al., 2000), when compared with animal protein. Thetgn
quality in the given cereal can be improved by cminly it with other sources of protein. Defattedeah germ,
casein and soy products are the best sources tovmphe quantity and quality of protein found lne tcereals. Soy
flour addition improves the nutritional quality thfe diet (Figueroat al., 2003) as it improves the nutritional quality
of the protein (Serna-Saldivat al., 1988). Legumes proteins are major componentheofliet of food-producing
animals and are increasingly important in humamitient. Soybean is the most important legume iatieh to total
world grain production and the most frequently ubedause of its high protein contents and relatil@l prices
(Gupta, 1987). Soybeans are rich in lysine andthezefore, a good complement to wheat proteinighdeficient in
lysine contents. The availability of nutrient varieith the form of Soy food. Soybean is used iradety of foods,
and can be easily incorporated in the diet to ptendesirable health effects (USDA, 1986; NB, 198@ssinaet
al., 1994; Kleinet al., 1996). Soybeans have been used in various prothuctitigate the shortage of protein. One
of such products is chapatti (unleavened flat breadhmonly used as staple food in Pakistan. Ite#f tnown fact
that soybeans must be heat processed to destipgrigally inactivate antinutritional factors sualydsin inhibitor
and phytates. Furthermore, proper heat treatmesdyliean protein increases amino acid digestilalitgt decrease
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protein solubility (Anderson, 1992; Qiet al., 1996). Soy flour incorporation to chapattis incesashe protein
quality of the product. Consumption of soy foodfisreasing because of reported beneficial effacthe nutrition
and health (Friedman and Brandon 2001). The aithefstudy was to assess the nutritional statushfatvsoy
based unleavened flat bread with different kindsedted soy flours through biological assay.

MATERIAL AND METHODS

Procurement of Raw Materials

Wheat (SH-2002) was purchased from Wheat Reseasthute, Ayub Agricultural Institute, Faisalabad
and grounded to whole wheat flour through chinakkhéSmall Scale Grinder used in Indo-Pak and tgpe Pin
mill). Soybean (95-1) was purchased from Oil Seeeséarch Institute, Ayub Agriculture Research lostit
Faisalabad.

Preparation of Soy Flour

Soy flour was prepared by following the schemdtievfdiagram

Soybean grains

!

Cleaning
Autoclaving Untreated Soy bean
!

Grinding

| }

Heat treatled soy flour Enzyme active soyrflgnains
v v
Defatting Heat trealed full fat soy flour Enzymetive full fat soy flour l
(HTFFSF) (EAFFSF)

Defatting
Heat treated defatted soy flour

(HTDFSF)
Enzyme Active defatted soy flour
(EADFSF)

Defatted soy flour was prepared by removing thefdull fat soy flour through solvent extractiorethod
using food grade hexane as solvent (Wetrad., 1999). Soy flours were mixed with wheat flour tepare
experimental treatments as shown in Table I.
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Tablel. Preparation of Wheat-soy flour blends

75

Treatments Wheat flour EAFFSF EADFSF HTFFSF HTDFSF

To 100 - - - -

T, 90 10 - - -

T, 90 - 10 - -

Ts 90 - - 10 -

T, 90 - - - 10
EAFFSF Enzyme active full fat soy flour EADFSF Enzyme active defatted soy flour
HTFFSF Heat treated full fat soy flour HTDFSF Heat treated defatted soy flour

Chemical Assay

All types of flours were analyzed for their proxit@acomposition according to their respective meshod
described in AACC (2000). Mineral contents of tliffedent flour samples and chapattis prepared wietermined

by the method described in AOAC (1990).

Preparation of Chapattis

Chapattis were prepared from different flour bleradgl whole wheat flour according to the method
described by Haridast al. (1986). The dough was prepared by adding wate85@0% in the flour and mixing
(kneading) was carried out for 3 minutes. The dowgh allowed to rest for one hour at room tempeeats dough
piece weighing 80g was rounded and turned into aftiapy using wooden roll. The chapattis were offarm
thickness. Baking of chapattis was done on thetatistically controlled hot plat at 210°C for 1.5m

Sensory Evaluation of Chapattis

To assess the quality and acceptability, the clispaere presented to a panel of judges and thsosgn
evaluation was carried out on 9 point hedonic st@ieolor, taste, aroma, chew ability, folding lakiand overall
acceptability characteristics according to methasisescribed by Land and Shepherd (1988). The $tigoere was
given to the products like more while lower scorasvgiven to the product disliked by the panel ofges. The
rejection level on 9 point hedonic scale was 5.

Efficacy Studies

Rats for biological studies were obtained from Keional Institute of Health (NIH), Islamabad. Tesass
the protein quality of flours with different type$ soy flours were fed to the group of 4 rats gsicted in Table 1.
Feed intake, water intake, body weight, digestipilnet protein evaluation (NPU), biological val(@@V), net

protein ratio (NPR), Protein efficiency ratio (PERhd feed efficiency ratio were

determined durithg

experimental period according to the method of éliind Bender (1953).

Tablell. Composition of experimental diets fed to rats (@0h)

Parameters Flour Corn ail Mineral Mix Vitamin Mix Corn starch Casein
To 75.53 10 5 3 6.47 -
T, 65.40 10 5 3 16.6 -
T, 64.89 10 5 3 17.11 -
T3 61.54 10 5 3 20.46 -
Ts 60.98 10 5 3 21.02 -
Casein - 10 5 3 72.00 10
Protein Free - 10 5 3 82 -

Statistical Analysis

The data obtained for each parameter was subjdotestatistical analysis to determine the level of

significance according to methods described byl &te#t. (1997).
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RESULTSAND DISCUSSION
Proximate Composition

The proximate composition of the material mixtuused for the preparation of chapattis (unleaversd f
bread) is shown in Table Ill. The values obtaingoead with those reported by lwe and Ngoddy (1298) Kharet
al. (2005).Addition of soy flours reduced significgnfp > 0.05) the moisture and carbohydrates in the wholeatvhe
flour, but considerably increased the crude prot8ince the soy flour is low in sulphur containiggino acids but
high in lysine and wheat flour is low in lysine thigh in sulphur containing amino acids, the protei soy flour
complement the wheat flour and improve the nutngioquality of mixtures. There was no significapt> 0.05)
change in the oil contents of the mixtures follogvthe addition of defatted soy flours but changs significant p
> 0.05) in case of adding full fat soy flours as whadeeat flour contain 1.87% oil which is increaseghgficantly
to a level of 3.55%. Robert and Conkerton, (198®8)plemented bakery item with high protein peafutrfand
found that addition defatted peanut flour increasdal solids, protein, moisture retention of bredigr baking, and
dietary fiber contents. Ash and energy contentsisfures increased on addition of soy flour. Higkigmificant p
> 0.05) values of ash 2.07% were found for the defasigg flour addition while full fat soy flour addith also
result in increase ash content (1.95%) from tharobwalue of 1.62%. Defatting result increasehe tontents of
protein, ash, crude fiber and carbohydrates butdatents is decreased. Pearson (1976) and Lap®@ég) made
similar observations for defatted flour made framgtsean.

Tablelll. Proximate composition of wheat soy flours mixtures

Composition To T, T, T, Ta
Moisture 1150 a 11.20 ab 10.89 b 11.20 ab 10.89b
Protein 13.24 e 15.29d 1541 c 16.25b 16.40 a
Fat 1.87b 349a 355a 1.80b 181b
Fiber 2.16¢c 244 b 246 Db 257a 259a
Ash 1.62c 1.93b 1.95b 2.05a 2.07a
NFE 69.61 a 65.64 e 65.74 d 66.11 c 66.22 b

Minerals Profile

Micro and macronutrients profile of the flour mirds prepared are depicted in Table IV. Soy flouids
in the minerals content especially iron, zinc, zaft and phosphorous and its blending with wheairfiocreases
the minerals contents of the mixtures significarfly> 0.05). The results obtained are verified by Maqgbeicdl.
(1987) who supplemented rotis with soy flour andesded that Ca, P and Fe contents were as compdhmse
prepared from the whole wheat flour. It is furtiseipported by Rawad al. (1994) that soy blending increases the
Ca and Fe contents of the chapattis. Defatted Isoy (EADFSF and HTDFSF) contain higher amount d@fierals
as compare to full fat soy flours (EAFFSF and HTFF&s defatting increase the mineral contents Isecau
proportion of nutrients change (Pearson, 1976).Zreand Cu contents increased significangy>(0.05) by soy
flour blending as higher values of these mineradsesfound in }(4.44, 2.87 and 0.79mg/100g respectivaly) T,
(4.37, 2.85 and 0.75mg/100g respectively) contgiiADFSF and HTDFSF.,4.06, 2.95 and 0.62 mg/100and
T, (4.01, 2.92 and 0.56 mg/100g) containing EAFFSF ldm&FSF also have higher amount of these minemals a
compare to whole wheat flour {JTbut their concentration is significantlp & 0.05) lower in relation to Fand T,.
Mn contents were higher in whole wheat flour as para to wheat soy mixture as soybeans are low icdfrtents.
Heat treatment of soybeans has non-significantceffe the minerals composition of full fat and defd flour.
Macronutrients (Ca, Mg, P, and K) increased sigaiitly > 0.05) by blending soy flour with wheat flour. Similar
to micronutrients higher values of these mineraks faund in § (52.79, 154.88, 365.40 and 581.80mg/100g
respectivelypnd T, (51.04, 150.44, 360.51 and 564.52mg/100g respdyg}icontaining defatted flour. Khaat al.,
(2005) prepared chapattis from the composite flaorgaining different levels of soy flours and fduthat minerals
contents of these chapattis increased significamitly the increase in the level of soy flour suppéstation. Anjum
et al., (2006) conducted a study on the functional prigee of soy hulls supplemented whole wheat flotnick
concluded that increasing the level of soy hulls/ireat flour boost the minerals level of whole wifézur.
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Table V. Minerals Profile of wheat soy flours mixtures

Minerals To T, T, Ts Ty

Fe 3.92b 4.06b 4.01b 4.44a 4.37a
Zn 2.92 2.95 2.92 2.87 2.85

Cu 0.42e 0.62d 0.56¢ 0.79b 0.75a
Mn 3.83 3.64 3.63 3.75 3.73

Na 5.00c 5.59b 5.52b 6.50a 6.35a
Ca 34.00c 47.90b 46.60b 54.70a 52.89a
Mg 138.33c 153.50ab 151.32b 160.50a 155.90ab
P 345.83b 352.75b 351.75b 378.65a 373.59a
K 405.00c 575.80b 538.00a 602.90a 584.99a

Essential Amino Acids

The incorporation of soy flour to the wheat floigrsficantly (p > 0.05) improves the amino acids profile
of the diet as depicted in Table V. Essential amawids are of main concern as these amino acidsatre
synthesized in the body. Heat treatment (autoctgvitid not affect the amino acids composition aftdiegatively
as composite flour containing enzyme active soyrtBdEAFFSF & EADFSF) and their respective heatted flour
sample did not vary significantly in their essehéimino acids contents. Defatted soy flours sam(#DFSF &
HTDFSF) result in significant increase in the amawd contents of the wheat flour. Soy flour suppatation
result in the nutritional quality improvement ofettwheat flour due to balanced amino acids profilgsine
deficiency of wheat flour is compensated by the foyr addition and the scarcity of sulfur contaigiamino acids
in the soy flour is balanced by their high concatidn in the whole wheat flour and as result we figatr which
have rate of protein absorption due to balance arairids composition. Rawadf al. (1994) who observed an
increase in the protein and lysine contents of atiegpcontaining soy meal.

Table V. Essential amino acids of wheat soy flours mixtur@sg/100g of protein)

Amino acids To T, T, T3 Ta
Threonine 467.23c 515.35b 559.7a 519.58ab 561.14a
I soleucine 616.56b 618.89b 685.6a 622.35b 687.20a
Leucine 103.56¢ 369.44b 466.05a 376.68b 468.74a
Lysine 448.21c 572.29b 653.4a 579.38b 655.60a
M ethionine 262.33a 233.06¢c 253.9ab 237.44bc 254.34ab
Cystine 387.95a 341.52b 360.7ab 347.76b 361.23ab
Phenylalanine 769.63b 762.41ab 826.55a 768.89ab 828.28a
Valine 736.18b 737.69ab 791.10a 743.26ab 792.75a
Histidine 376.89b 383.09ab 411.80a 388.76ab 412.69a
Alanine 592.87b 609.78ab 659.50a 616.88ab 661.06a

Sensory Evaluation

The blending of wheat flour with soy flour alterédde organoleptic properties of different mixtures
chapattis as evaluated by a panel of judges. Datotor, flavor, taste, texture, chewing abilitydafiolding ability
obtained is depicted in Table VI. Color of chamatthange significantlyp(> 0.05) from creamy white to dull brown
by blending soy flour. The color change was greatechapattis prepared from full fat soy flours (HASF and
HTFFSF) than those prepared from defatted soy$lBADFSF and HTDFSF). The dark color of chapatiyrhe
because of greater amount of Maillard reaction betwreducing sugars and proteins (Raidi and K{@é®83). The
change in flavor of chapattis was non significgmt>(0.05) for heat treated soy beans (HTFFSF and HTDFSF).
However flavor of chapattis significantly change fbe wheat soy mixtures containing enzymes aciivgbean
flours (EAFFSF and EADFSF). Flavor of chapattis mitpe affected by beany flavor of soybeans. Shaanth
Chauhan, (2000) noticed a similar decrease inltheif of bread by supplementing fenugreek flouror8dor the
taste of the unleavened flat bread (chapattis)edeser significantly > 0.05) by the addition of soybean however it
was in acceptable range. Decrease in the scoreshighsr for untreated soy flour (EAFFSF and HTFESF)
Maqgboolet al. (1987) supplemented rotis (unleavened flat bredth) soy flour and stated that soy addition up to
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20% had no adverse effect on the sensory acceptatifilchapattis. Kharet al. (2005) prepared chapattis by soy
flour supplementation and soy flour addition uR2#%6 was acceptable by the panel of judges. Hidghetevels of
supplementation poor will the taste possibly beeaofsthe beany flavor of soybean (Rastogi and Sii§89).
Texture score also by blending soy flour with whélaur for the preparation of chapattis. Full fatysflour
(EAFFSF and HTFFSF) has higher effect on textur8atfbread as observed by the panel of judgeshriRaand
Neelakantan (1995) supplemented bread with puffedgBl gram and found similar deterioration in teetdre of
bread.

Table VI. Organoleptic properties of chapattis prepared frammeat soy mixtures

Characters To T, T, Ts Ty
Color 7.5a 6.5b 7.0ab 6.5b 7.0ab
Flavor 8.0a 7.0b 8.0a 7.0b 8.0a
Taste 8.0a 6.0d 7.0bc 6.5cd 7.5ab
Texture 8.0a 6.0b 7.0ab 6.5b 7.5ab
Chewing ability 7.5a 7.0ab 6.5bc 7.0ab 6.0c
Folding ability 7.5a 7.0ab 6.5bc 7.0ab 6.0c

Biological Assay

Diets based on chapattis prepared from all typashafat-soy flour mixtures and control is shown able
Il. The mean body weight gain, food efficiency oafi-ER), protein efficiency ratio (PER) for contaxid mixture of
wheat soy flour are shown in Table VII. Composltaif treatments significantlyp(> 0.05) affect the food intake,
protein intake, gain in body weight and PER valbas have non-significant affecp & 0.05) on the FER with
respect to control diet (whole wheat flour). Whesaty mixtures containing HTFFSF and HTDFSF showed
significant > 0.05) higher values for all the parameter indicatiing protein quality which are evident that heat
treatment of soybean increase the quality of pnodsi compare to raw soybeans. Rackis (1981) skategrotein
quality for the food supplemented with raw soybeasi€ompare to heat treated soybean. It is evidemt the data
depicted in Table 6 that soy supplementation oka&lefoods increase the protein digestibility. Flouixture
containing soy flour has higher PER values as coenfiawheat flour PER (2.30). This may be attribuie higher
level of lysine content in soy flour which balandbe amino acid profile wheat flour to improve digestibility.
These findings are in line with those of Lindelldawalker (1984) whom prepare chapattis from cerbldaded
with different levels of soy flour for nutrition iprovement and found higher digestibility for cerealy mixes as
compare to cereals, Total Digestibility, net proteitilization and biological value for the proterfi chapattis
prepared from wheat-soy blends varied significarfly> 0.05) as given in Table 7. Higher values of these
parameters were fond for wheat-soy flour mixes @iminig heat treated full fat soy flour followed bgat treated
defatted soy flour. Fat content of flour in casefdf fat soy flour increase the protein digesiilyil net protein
utilization and biological value as apparent frdra tlata. Magboddt al. (1987) stated increased PER, NPU and BV
for the rotis wheat flour supplemented with soyflas compare to control rotis prepared from wiieat. Parallel
results were avowed by Begum and Kupputhai (198&)4oybean flour is an excellent source of praaeith can be
used to supplement cereal-based diets for the wapment in protein quantity and quality. Baskaetal., (2004)
prepared supplemented food based on cereals (whagathajra and sorghum) and Legumes (Soy and &emgm)
and assessed their biological value in comparisitim skim milk powder (SMP). It was sated that alpplemented
foods were nutritionally and biologically as goalSMP with regard to proximate composition, PER IdRdl.

Table VII. Biological evaluation of chapattis prepared fromheat soy mixtures

Parameters Ty T, T, T3 T,

Feed Intake 132.29%e 137.51c 143.34a 136.87d 141.93b
Protein Intake 13.23d 13.76¢ 14.33a 13.69¢c 14.19b
Body weight 30.43e 34.88c 39.41a 32.84d 36.90b
FER 0.23e 0.25c 0.28a 0.24d 0.26b
PER 2.30d 2.50bc 2.75a 2.39cd 2.60b
TD 83.27e 84.91c 86.67a 84.21d 85.68b
NPU 53.55e 60.50c 68.38a 59.60d 67.34b

BV 64.30e 71.25¢c 78.90a 70.77d 78.60b
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CONCLUSION

In light of results obtained from the study it mag/concluded that substitution of wheat flour witrat
treated soy flour whether defatted or full fat opph amount equivalent to 10% produced acceptalolanatritional
superior chapattis than the traditional wheat flchapattis
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