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Summry 

iRaewere fed .ground whole wheat, attas of- 80%And 9.5 extraction and 

-chapatis made -frm ths ith and without. supplsmentation with vitamins and 

minerals and with lysineat two levels: of supple tation bu t without 

Supplementary vitamins and minerals. Growth rates and protein efficiency 

ratios (PER) were evaluated weekly over an eight week period. The-PE 

values aere higher for chapatis than for attas from which they were prepared. 

Supplementation with vitamins and minerals resulted in an increase in PER 

during the 8 week feeding trial. A similar Improved PER resul ted during the 

first four weeks on diets with added lysine but without added vitamins and 

ainarals, but an adverse effect on PU during the second four week period 

was found using this diet. Livers of rate fed lysine-supplemented diets had 

lover moisture content and higher protein content than those of the rats on 

iother diets. Fortification of cereal products with lysine in the absence 

of 	adequate concurrent fortification with vitmins and minerals may not be 

of 	value when the products form essentially the only article of diet As 

is 	 often true in developing countries. 
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Mnhattan, Kansas 66502,
 

This paper is taken from a portion of the dissertation presented by Me
 
Shafiq Chaudhry in-partial fulfillment of the reUirements for the Ph.D. 
degisa at Kansas State University. Dr. Chaudhry s present address is Do
partment of Food Science, West Pakistan Agricultural University, Lyallpur. 



Impovng'the"nutritional, status of developing nations, most of which
 

produce insufficient protein for the national need, is currently of much 
interest ..often a cereal food constitutes the major portion of the diet 
of moat of thepeople and may even be essentially their sole source of
 
nutrition.. In West Pakistan and a large portion of India, unleavened
 
breadLknown as "chapatis", holds that position. Improvement of the nutri
tional status of the people in those areas will be mosteeasily and accept

ably accomplished by improvement of the nutritional value of chapatis. 

F1lour enrichment program in the United States, Newfoundland, -the 
Philippines and elsewhere have established the beneficial nutritional ef
fects of vitamin and mineral supplementation of basic cereal foods. There 
have been very few studies made of the nutritional value of chapatis. The
 
Protein Efficiency Ratio (MIR) of chapatis was reported by. Shayamala and
 
Kennedy, (1962) 
 to be about .20 higher than that of unheated flour, and re
placement of 10% flour with soy flour or dry milk solids was found to fur
ther increase the PER. Imtiaz (1962) reported that chapatis prepared from 
whole-wheat pastry.flour with the -addition of 15% medium fat soy flour and 
lO dry sklmed milk supported excellent growth of rats
 

In areas where chapatis form the staple food, it 
 has been felt that 
,the lmiting amino acid in the diet is lysIne, since the lysine content 

of wheat protein ts known to be the limiting factor in that protein for
 
humans. It is likely 
 that vitamins and mineralsare not At optiml lev
els 'in diets based largely on chpatis. The losses of thimin that occur 
during milling of wheat to the coarse flour, called "atta"°, from which 

chapatis are made, was studied by Singh at &I.according to Asix and Ihatti
 
(1962). Losses 
 of 20% to over 501 of thiamine were reported, the 

Loss being dependent upon the type of milling. 



The present stdy,was undertaken to explore the possibility of6 

im.roving the 'nutritionalvalue of chapatfs by the"fortification of atta 

with' lyiian aand aoe vitamins and'.minerals. 

Materialsand Methods
 

Gaines variety White Club wheat was milled-experimentally to produce
 

two actas' of 80%and '957 extraction respectively; the wheat and the milling 

procedure'were described by Chaudhry~et al. (1968).
 

Chapatis were prepared in batches, each from 1000 grams of atta (d.b.)
 

to which 70-75% distilled',water was added to produce a dough of the proper 

,consistency. The dough was,kneaded by hand, divided into balls weighing 

'50 grams :each, and each ball shaped with a rolling pin into a chapati of 6

to 7-inch diameter. Each chapati was cooked on an ungreased hot plate 

(290 - 3000C.) for approximately two minutes' 

0 0
° 


Cooked chapatis were air-dried in the .laboratory(65 75°1.) for 

48-72 hours, then ground in a Wiley Hammier MillNo. -1 to pass through a 1-u 

sieve.; Me ntal;nr d .w 
SDie containing the two attas and whole,ground wheat, as well as the
 

cooked, dried and ground chapatis, were prepared and fed to weanling male 

rats, as shown in Table I. Each prepared diet was analyzed for moisture 

content, and 2, sodium chloride and 57. refined cottonseed oil (d.b.) were
 

added to each. The moisture content of each diet was then adjusted to.15
 

by the addition of distilled water. Vitamin and mineral supplementation 

levels were based upon.multiple increments of the amounts available in-the
 

original grain, rather than upon known dietary requirements of the test
 

animals.
 

male weanling rats (Sprague-Dawley strafn)were used in the bcudies
 

They were fed a stock diet for one day before being housed individually.*
 



Five randomly selected rats were maintained 'on 'eachildiet. Initial weight
 

was taken after the animals had been on the die tnfor 5 days and weekly 

thereafter, for a.total'of 8 weeks. Food and water were provided a
 

At the end of 8 weeks, the rats were sacrificed and the liver of'each was
 

removed for analysis for moisture, crudefat and crude protein.
 

Whole wheat, attas andchapatis were analyzed for moisture, crude fat,
 

nitrogenash, crude.fiber thiamine,-niacin, riboflavin, calcium, land iron
 

contents by methods 44-15, 30-209 46-10, 08-10, 32-15g 86-80, 86-519 86-70,
 

40-20, and 40-41respectively, in Cereal LaboratoryMethods (1962). 'The
 

factor 5.7 was used to convert nitrogen to crude protein value. Lactobacillus
 

Plantarum NRRL!B331 was the organism used in determining niacin.
 

Each liver was wrapped in aluminum foil and frozen. ,The frozen liver
 

was siiced rapidly, and.appropriate amounts weighed for analysis. Moisture
 

was determined by the vacuum oven method (1000C., 5 hrs.); dried samples
 

were extracted for.8 hours with ethyl ether (high heat, Goldfish extractor)
 

for crude fat determination. The Kjeidahl method was used to determine
 

nitrogen.
 

Data on weight gain and on protein efficiency were analyzed by two way
 

classification analysis of variance, Fryer (1966). Duncan's New Multiple
 

Range Test, as outlined by Fryer (1966) was used to determine the signifi

cance of differences amonx means of vercentafe rain in waeht 
nd rnta4n
 

.efficiency ratio.
 

Results and Discussion
 

Chemical analyses of the wheat, attas and chapatis are shown in
 

Table II, where each value is an average of 4 to 6 replications. No
 

significant difference in vitamin contents was found between the attas of
 

80% and 95% extraction. The three vitamins that were determined decrease
 



:in amount during cooking of the chapatis, but the difference was not 

significant when atta of one extraction rate was compared with chapatis
 

made from it. With the exception of minerals, atta of 80% extraction 

and chapatis prepared from it showed higher contents of nutrients-than.
 

atta of 957. extraction and chapatis prepared from it. 

Average cumulative weight gain curves are- shown in Figs.1, 2, and 3 

:Atta of 957% extraction (Diet III) promoted significantly better growth 

than that of807. extraction (Diet I) and than hole wheat (Diet I) 

during the first.week, otherwise the three diets yielded no significant 

differences, (Figs. I and 2).
 

Feeding studies to determine the nutritive value of vitamins and
 

minerals added in making chapatis from atta of 80% ext'oaction showed
 

that supplementation at levels of 50 (Diet VIII) or 100 (Diet IX)
 

above the level in the original wheat (Diet 1) gave a significant
 

improvement (Fig. 2). Similar results were obtained with chapatis made
 

from atta of 95% extraction in which the vitamins and minerals were
 

added to make them equal in tae atta to the amounts present in the
 

original whole wheat (Diet'VII). Comparison of the data suggested
 

that rats fed d," based on atta of 80 extraction (Diat IV) and
 

chapatis made from it performed better than those fed diets based on
 

atta of 95 extraction (Diet I1) and chapatis made from it. The •
 

differences were, however, not statistically significant. Hepburn
 

at al. (1960) found less than half as high-a concentration of lysine
 

in the best patent flour than in germ. Removal of 15 fines during
 

production of atta of 80 extraction would therefore, mean removal of
 

15% lysine-poor material', with the result that the amino acid balance 

of the atta would be improved. The chapatis made from atta of 807 

extraction also contaiied more vitanins than those made from ats of 

95% extraction. 



Supplementation with lysine led to unexpected results'(Fig. 3).
 

Addition,of lysine at (Diet X) and 0.4% (Diet XI) the weight of
 

.the atta significantly improved the performance of the 'test animals
 

during the first four weeks, but caused a decline in the growth rate
 

during the subsequent four weeks. Such an effect has not been reported
 

in any of the numerous studies on lysine supplementation. of foods.
 

Rosenberg and Rohdenberg (1952) found significantly improved nutritional
 

value to result from addition of lysine at 0.2 to 08 levels to a
 

diet of which 90% was air dried bread; those workers considered 0.2% to
 

0.4% to be about the optimal level for lysine supplementation, and other
 

workers have come to similar conclusions.
 

Lack of fortification with vitamins and minerals of the diets to
 

which lysine was added might have caused the observed results. Forti

fication of wheat products with lysine to provide better nutrition for
 

developing nations has generally been recommended. Apparently this is a
 

promising procedure when the diet of the people contains other sources
 

of vitamins, minerals and even small amounts of methionine. In
 

economically poor areas of Pakistan and India, chapatis often form the
 

sole article of food consumed over long periods of time. Little fruit,
 

vegetables, fate or oils, meats or fish are eaten with the chapatis in
 

such areas. In view of the results of the present study, it appears
 

that atta supplementation with lysine is of questionable value unless
 

adequate enrichment with vitamins, minerals and other amino acids in
 

marginal supply is also practiced.
 

Data showing consumption of feed and of protein, gain in weight
 

and PER are given in Table 11I, and data on analysis of. variance are
 



shown in Table IV. 'Differences in PERamong the diets in both four week 

periods were tested forisignificance by'Duncan's NIRT. . During the first 

four weeks, Diet XI (0.4% lysine supplemented)Igave the highest PER, but 

that diet and Diet X (supplemented with lysine at 0.2. level) gave the 

lowest PERvalues during the second four week period. PER values were 

higher for chapatis than for the attas from which they were prepared, 

This may be due to nutrient availability rather than protein quality. 

Shayamala and Kennedy (1962) attributed a similar difference found in. 

their studies to the destruction of Trypsin inhibitor during baking.. 

Two other possible factors may be involved. First, Parihar and 

Chatterji (1956) determined by X-ray diffraction studies that starch 

is gelatinized during the baking of chapatis. The starch would there

fore be more susceptible to the action of digestive enzymes. Second,
 

although no information is available on the fate of phytin during the
 

baking of chapatis, Kent (1966) states that phytin is hydrolyzed during
 

the baking of bread. If hydrolysis occurs as chapatis are baked,
 

phosphorus would be freed, and there would be less probable formation
 

of complexes of calcium and iron with phytin.
 

During the first four weeks, supplementation with vitamins,
 

minerals and lysine resulted in an increase of the PER and the increased
 

value continued during the second four weeks, except in the cases of
 

supplementation with lysine.
 

Data obtained on the livers at the end of the feeding experiment
 

indicated that the supplementation of the diet with lysine increased
 

protein content and decreased moisture content of the liver. No con

sistent effects were obtained as the result of rate of extraction of
 

atts, baking or suppleentation with vitamint and minerals. 
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-TABLE:11 

Composition of diets
(27 sodium chloride and 5% fat not shown in this table, were added to diets before feeding to rats) 

Diet 

No. 

Code Description The amount of various nutrients added (expressed as mg.,ilO" g.),' 

Thiamine 
.ci 

Niacin Riboflavin Calcium 
Carbonate 

.Fe S04 7M2 0 Lysine 
HCI. 

I W- Whole ground wheat . .... 

. 1AT-80 Atta, 80 extraction -

III -AT-95 -Atta, 95% extraction - - -

IV CH-80 Chapati from atta of 
80% extraction - - - -

V CH-95 Chapati from atta of ..
95% extraction - - - -

VI CH-80 IX Chapati from atta of. 
80. extraction 0.008 1.251 00031 6.71 

VII CH-95 IX Chapati from atta of 
95% extraction 0188 1.41 . 0.046 . - - -

VIII .,(-80 1.5X Chapati from atta of 

-X CH-80 2X 
807.extraction 
Chapati from atta of. 
80% extraction 

0.368 

0.735: 

. 35 

47 

0.056 

0.112 

93.4 

187.28 

11.67 

23.34 
X CH-80 2L Chapat! from atta of 

807 extraction " " - -"-"200 

XI CH-80 4L Chapati from atta of 
80% extraction ' - - - - 400 



TABLE II 

Sample . Moisture Crude 

Analysis of wheat, attas,and chapatis . 

(moisture free basis) -

Crude Crude Ash Iron CalciUm Niacin Thiamin Ribo-

Whole wheat -i9.97 

protein 

% 

12.22 

fat 

%g 

.1.70 

fiber 

%g 

2.62 1.713 4.89 58.4 

miX 

4.70a 

MO7. 

0.733 

flavin 

0.1-12 

Atta of 80% 
extraction 12.39 12.16 2.04 1.95 1.611 4.96 56.3 4.28 0.728 0.096 

Atta of 95% 
extraction -12.57 12.07 1.81 1.72 1.482 5.07 53.9 3.78 .680 0.074. 

Chapatis from atta 
of 80. extraction 728 12.15 1.21 2.02 1.643 5.77: 56.5 3.58 0.728 0.081 

Chapatis from atta 
of 95% extraction 6.54 12.09 1.00 1.79 1.491' 7.52 65.1- 3.42 0.548 0.066 

LSD 0.01 level n.s. 0.200 0-281 0.036 0.177 3.89 1.087 0.203 0.0199 



TABLE III
 

Average 
amount of feed consumed, protein consumed, gain in weight and protein efficiency ratio (P.E.R, 

of different diets for two periods of four weeks each. 

Diet No. 
Feed 
consumed 

(-g..") 

First four week period 
Protein Gain in 
consumed weight

(g") (g-) 

P.E.R. Feed 
consumed 
_(g.) 

Second four week-period 
Protein Gain.in. • 
consumed weight.

(g.) (g.)-

P.E.R. 

"-: 

I 225.4 21.66 22.20 1.031 201.2 19.34 13.20 0.680 

-1.-- - 205.0 20.40 22.60 1.107 200.2 19.92. 18.80 0.797 

III. 235.2 22.44 ?2.20 1.011 198.6 18.95 16.40 0.873 

3W 201.8 19.84 16.80: 1.348 1914 1881 2200 1.172 

V 185.6 17.76 13.00 1.290 17642 16,86 12.80 0.786 

Vi 217.2 21.52 !7.20 1,266 197.8 19.60 22.60 1.156 

VII 185.0 17-95 !3.80 1,311 193.8 18.18 17.80 0p968 
Viii 216.2 21.31 12.00 1.494 201.2 19.84 22020 1.105 

Ix 2612 25.62 19.20 1,535 272.8 26.76 35.00 1.317 

x -200,2 20.00 16.40 1.724 190.0 18.98 11.00 0.544 

XI - 191.6 19.35 15.20 1.821 225.2 22.74 8.8 0.410 



TABLE IV 

Analysis: of .'variance for protein efficiency ratio of various :diets during 

two growth periods of four weeks each.' 

Source of Degrees of Sum of 
variation freedom squares Mean square F value 

5.5427 09.76**
Periods 1 5i54268 


10 2.6688 0.2669 5.285**
Diets 


Periods X 
Diets 10: 4.78716 0.4788 9.481"* 

Error 88: 4.44127 -0.0505 

Total 109 17,44031
 

** igaificanitat 0.01 level. 
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