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Abstract

Corn flour was fractionated using 40, 50 and 60 mesh seives.
Each fraction was separately blended with wheat flour (82 and 72% ex-
traction rates) at levels of 10, 20 and 30%. The chemical composition
of each blend was determined. The gas production of wheat-corn flour
mixtures under investigation varied from 10 to 67 gas unit according to
the corn flour granulation, time of fermentation and also the extraction
rate of wheat flour. Meanwhile, the gas production of wheat flour ranged
from 51-213 and 59-235 for the 82 and 72% extraction rates respec-
tively. Falling number reached a maximum for wheat flour blended with
10% corn flour, then decreased gradually opposite to liquefaction num-
ber. Balady bread characteristics indicated significant differences in all
parameters due to wheat flour extraction rate. Also blending of corn
flour fractions (40, 50 and 60 M. seives) with wheat flour produced
loaves significantly differed in their proporties.

Blends of corn flour fraction of 50 M sieve at the level of 20%
with wheat flour was the most effective and favourable treatment re-
sulted in improving balady bread characteristics. Staling of the produced
balady bread was determined after 48h. storage period using alkaline
water retention capacity (AWRC). The data revealed that AWRC de-
creased significantly with increasing corn flour fractions during storage
period.

INTRODUCTION

Cereals contribute more than any other food groups as a source of energy and
protein content. The bread consumed in Egypt is mainly prepared from wheat flour. in
baking industry, corn flour has been used because of its flavor and its economical cost
in dry mixes such as muffins, pancake composite flour and corn bread (Gurbachan,
1972). Miller et al., (1967) observed that each baked product requires an optimum
granulation of flour for its production. Starch damage usually increases as the size of
endosperm particles is reduced. Good bread flour requires coarser granules. Bean et al.,
(1969) reported that the dough and bread properties of the blends were significantly
influenced by both the high protein fraction and base flour, that is, regrinding the par-
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ent flour reduced particle size and cookie diameters. Tipples (1969) reported that in
general, an increase in damaged starch will result in an increase in flour water absorp-
tion but the level of damaged starch at certain level is desired. The percent of dam-
aged starch is depending on the flour protein content, level of a amylase, and the type
of baking process. Kim and D'Appolonia (1977) mentioned that the presence of differ-
ent amounts of protein can isolate the starch granules to different degrees and in this
way, the retrogradation of starch is reduced. Ramadan (1986) found that bread tex-
ture, colour and loaf volume were not affected by the addition of maize flour. Moreo-
ver, addition of maize for up to 10% produced an acceptable bread. He and Hoseney
(1991) studied the difference in gas retention of dough prepared from corn, rice and
rye flours compared to wheat flour. They found that during proofing the loss of carbon
dioxide was the greatest in the corn flour dough. Larrsson (1993) mentioned that a
small amount of damaged starch is beneficial as the enzymatic hydrolysis starts more
quickly in the presence of damaged starch granules. If the amylase activity of the flour
is very low (a very high falling number) extra malt can be added.

The aim of the present investigation is to study the effect of different parcticle
size of corn flour blended with wheat flour on the acceptability of the produced loaves.

MATERIALS AND METHODS

Wheat flours (82% and 72% extraction rates) were obtained from Egyptian Mill
Co., Giza. Corn grains (hybride double cross 10) was obtained from Field Crops Insti-
tute, A.R.C. Giza.

Sieve fractionation of corn meal:

Corn grains were milled using cyclon mill. The corn meal was sieved at 40,50 and
60 M sieves.

Chemical analysis

Wheat flour (82% and 72% extraction rates), corn meal, its sieve fractions and
their blends with wheat flour at 10, 20 and 30% were analysed for moisture, ash, pro-
tein, oil and fiber according to the meathods outlined in the A.O.A.C. (1983). Total car-
bohydrates were calculated by difference.

Determination of gas production:

Gas production was determined using a 12 channel recording Gasograph accord-
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ing to the method described by Rubenthaler et al., (1980).
Falling and liquefaction number:

Falling no. was determined according to the A.A.C.C. (1990). Liquefaction no.
(L.N.) is calucated according to the following equation.

6,000
LN seoo
Falling no-50

Bread making:

Corn flour (whole meal) and its sieving fractions at the levels of 10.20 and 30%
were separately blended with wheat flour (82% or 72%). Each formula was mede into
balady bread using the straight method described by EI-Samahy and Cho (1982).

Organoleptic evaluation:

Balady bread loaves baked from wheat and corn flour formulas were organolepi-
cally evaluated for general appearance, separation of layers, texture, roundness, color,
odor and taste by 10 experienced pannalists. The quality scores of the evaluated
loaves were conducted as reported by El-Farra et al., (1982).

Staling of balady bread loaves:

The staling of balady bread loaves were tested by alkaline water retention ca-
pacity (AWRC) according to the method described by Yamazaki (1953) and modified
by Kitterman and Rubenthaler (1971).

Statistical analysis :

The results of sensory evaluation were statistically analysed according to the
methods described by Snedecor and Cochran (1969).

RESULTS AND DISCUSSION

Chemical composition of wheat flour, corn flour and its sieving fractions:

Results in table 1 show the chemical composition of wheat flour (82 and 72%
extraction rates), corn flour (whole meal) and its sieving fractions (40, 50 and 60 M).
The obtained data revealed that wheat flour (82%), corn whole meal and its sieved
fraction of 40 M contained almost the same protein content (10.72, 10.93 and
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10.30% respectivley), while wheat flour (72%) and sieved corn flour (50 M) had pro-
tein content of 9.83 and 9.77%, respectively. The lowest protein content was found
for the 60 M Sieving fraction (8.54%). Ash content showed the highest value for corn
flour (whole meal) being 1.62% and gradually decreased as a result of sieving to 1.53,
1.42 and 1.21 for 40, 50 and 60 M, respectively. Meanwhile wheat flour 72% record-
ed the lowest ash content being 0.62%, while 82% showed 0.92%. Crude oil content
showed that whole corn meal flour contained the highest value (4.51%) followed by
the sieving fractions being 3.61, 2.52 and 1.61% for 40.50 and 60 M., respectively.
Wheat flour showed the lowest crude oil content (0.95 and 0.85%). Similar trend was
observed concerning crude fiber content as that of oil and ash. Results show that corn
meal contained 2.01% of fiber, while the lowest value was found for wheat flour (0.5
and 0.6%). The calculated total carbohyrates showed that wheat flour, 72% extrac-
tion; contained the highest total carohydrate (88.82%) followed by 60 M corn flour
sieve fraction (87.42%), wheat flour 82% (86.10%). The lowest carbohydrate content
was recorded for corn flour (whole meal) being 80.93%.

From the above mentioned data, it could be concluded that sieving play an im-
portant role in the chemical composition of the produced corn flour fractions.

The obtained results agree with those reported by Hayashi et al., (1976).

Chemical composition of wheat flour, blended with different sieving frac-

tion of corn flour:

Resullt in table 2 show that the protein content ranged from 10.07 to 10.78%
and 9.40 to 10.16% for the blends contained wheat flour 82% and 72% extraction
rates, respectively. However total carbohydrates show an opposite trend of protein
and ranged from 85.05 to 87.0% and 86.03 to 88.12% for the above mentioned
blends, respectively. Ash, oil and fiber contents showed slight increase in blends con-
tained wheat flour 82% extraction compared to the 72% which was in paraliel with the
protein content. This may be attributed to that wheat flour 82% extraction contained
some particles of germ and bran, which are high in oil and ash.

Gas production of wheat flour, dough blended with different sieving frac-
tion of corn flour:

Results in table 3 show that gas production increased rapidly for the control
from 51 to 213 for the 82% and from 59 to 235 GU for the 72% at 30 and 120 min
of fermentation time. Addition of corn flour showed a large reduction in gas produc-
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Table 1. Chemical composition of wheat flour and corn flour sieving fractions.

Sample Protein | Ash% | Oil% |Fiber% | T.C. %*
%

Wheat flour 82% 10.72 0.92 0.95 0.60 86.10
Wheat flour 72% 9.83 0.62 0.85 0.50 88.82
Corn flour (whole meal) 10.93 1.62 4.51 2.01 80.93
40 M sieve fraction 10.30 1.53 3.61 1.73 82.35
50 M sieve fraction 9.77 1.42 2.52 1.41 84.88
60 M sieve fraction 8.54 1.21 1.61 1.22 87.42

* T.C. means total carbohydrates.

Table 2. Chemical composition of wheat flour blended with different sieving fractions of

corn flour .
Wheat flour Protein Ash [o]] Fiber TC*
Maize flour % 8% | 72% | 82% | 72% | 8% 72% | 82%] 72% 82% 2%
Whole meal
10] 10.74 | 9.94 1.0 072 | 131 122 ) 0.74 | 065 | 86.21 87.47
201 1076 | 1005 | 1.05 | 082 | 166 | 158 | 0.88 0.80 | 8565 | 86.75
30[ 1078 | 1016 | 113 | 092 | 202 | 195 | 1.02 094 | 8505 | 86.03
40 M sieving
fraction
10| 1068 | 988 | 098 | 071 | 122 | 113 |07 0.62 | 86.41 82.66
20( 1064 [ 992 | 1.04 | 080 | 148 | 140 | 083 075 | 86.0 87.13
30] 1060 | 9997 | 110 | 090 | 1.75 | 168 | 0.94 087 | 8562 | 86.58
50 M sieving
fraction
10| 1063 | 982 | 097 | 070 | 1.11 1.02 | 0.68 | 0.60 | 86.61 87.86
20| 1053 | 9.81 102 [ 078 | 126 | 1.18 | 076 | 0.68 | 86.43 87.59
30| 1044 | 981 1.07 | 086 | 1.42 | 135 | 084 | 077 | 8623 87.21
60 M sieving
fraction
101 1050 | 670 | 095 | 068 | 1.02 | 093 0.66 | 057 | 86.63 | 88.21
20( 1028 [ 9957 | 098 | 074 | 108 | 1.00 072 | 0.64 | 8694 | 88.05
30 10.07 | 9.40 100 | 088 | 1.15 | 1.08 | 078 | 072 | 87.00 87.95

* T.C. means total carbohydrates.
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Table 3. Gas production of wheat flour doughs blended with different sieving fractions of
corn flour after 30 , 60 , 90, and 120 min.

Fermentation time min.
Corn flour % Wheat flour 82 % Wheat flour 72 %
extraction extraction
30 60 90 120 30 60 90 120
Whole meal
10 15 22 32 49 22 33 34 44
20 12 18 32 37 20 27 32 43
30 10 17 28 32 17 25 24 43
40 M sieving
10 17 25 46 55 26 33 48 56
20 15 20 43 54 24 33 44 53
30 12 20 42 53 24 30 42 51
50 M sieving
10 18 25 47 58 26 37 51 60
20 17 23 45 55 26 33 50 55
30 13 23 45 50 25 33 46 51
60 M sieving
10 20 28 50 61 29 37 56 67
20 19 24 47 57 24 32 53 66
30 17 24 43 55 21 32 49 62
Control * 51 94 137 213 59 106 146 235

* Wheat flour dough.
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tions. The data revealed that the corn flour particle size also affected the gas produc-
tion. For example after 120 min. of fermentation the gas production was found in the
range of 49-61 gas unit (GU.) when 10% of the corn flour and its sieving fraction
were added and decreased to 32-55 GU upon the addition of 30%, when wheat flour
82% extraction rate was used. A slight increase was found in gas production when
wheat flour of 72% extraction was used. This means that the addition of corn flour
caused a loss in gas production. In this respect, He and Hoseney (1991) studied the
difference in gas retention between dough made from corn, rice and rye fiours com-
pared to wheat flour. They found that during proofing, the loss of carbon dioxide was
the greatest in the corn dough.

Falling number of dough blends:

Falling number is considered an important index for amylase activity in wheat flI-
our dough. The effect of blending wheat flour dough with different sieving fractions of
corn flour on the falling number are presented in table 4. The data indicate that the ad-
dition of corn flour (whole meal) and sieving fraction of 40 M at all levels reduced fall-
ing number slightly compared to the 82 % wheat flour dough while the other sieving
fraction showed similar effect (except 50 M 30% addition) or slightly increased than
the control.

Meanwhile, when whole meal of corn flour wa.s blended with wheat flour (72%), a
slight decrease was found in falling no. compared to the control. On the contrary ail
other sieving fractions of corn flour resulted in higher falling no. than that of controt.
The data revealed also that the falling no. of blends containing wheat flour 72% in-
creased by about 1.26 to 1.8 fold for that containing the 82% wheat flour . It could
also be mentioned that falling no. of wheat flour dough of 72% extraction is higher
than that of 82% by about 1.25 times. This means that the particle size of the starch
play an important role in the falling no. which reflect the amylase activity. It is reported
that a relation between falling no. and liquefaction no exists where the later is propor-
tional to o amylase activity and falling no. and maximum viscosity where

Falling no. -50

Liquefaction no. (L.N.) = =500

The liquefaction no. increases in parallel to the o amylase activity and de-
crease in the maximum viscosity, (Perten, 1964).

Concerning the effect of flour extraction on bread characteristics, data indicate
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Table 4. Falling number and liquefaction number of wheat flour doughs biended with differ-
ent sieving fractions of corn flour.

Corn flour % Wheat flour 82 % extraction Wheat flour 72 % extraction
Falling No. Liquefaction No. Falling No. | Liquefaction No.
Whole meal 7
10 255 34.29 285 25.53
20 222 34.88 282 25.86
30 220 35.29 280 26.10
40 M sieving
10 228 33.71 382 17.91
20 220 35.30 352 19.87
30 178 46.88 329 21.51
50 M sieving
10 231 33.15 385 18.07
20 231 33.15 370 18.75
30 202 39.47 346 20.27
60 M sieving
10 248 30.3 406 16.85
20 243 31.1 381 18.13
30 242 31.25 340 20.70
Control * 230 33.33 287 25.32

* Wheat flour dough.
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significant differences in all characters of Balady bread (Table 5). The72% wheat flour
extraction is exhibiting the highest values of all characters, except bread odor which
produced in bread made from the 82% wheat flour extraction. Total bread scores had
similar trend. Wheat flour of 72% extraction gave the highest total scores. These re-
sults might be due to the higher protein quality and the reduction of fiber in the 72%
compared to the 82% extraction flour

Addition of corn flour at different sieving fractions i.e. 40, 50 and 60 M. to Bala-
dy bread formula gave loaves with significant differences in their characters and total
scores (Table 6). All character scores were decreased with increasing the particle sizes
of corn flour (from 50 to 40 Mesh). These results may be due to the largest granules
sizes which led to unsuitable mixing of the dough and decreased bread quality. Charac-
ters and total scores of bread made of parent (wheat only) flour lay in between.

Balady bread obtained from formula contained corn flour of 60 M had the lowest
total scores. These results indicated that adding corn flour (50 Mesh) to wheat flour
improved bread characters and its quality.

Data in Table 7 show that the various studied characters of Balady bread (i.e. ap-
pearance, separation of layers, texture, roundness, crust colour, odor and taste) re-
sponded to the addition of corn flour to bread formula. Bread score characteristics in-
creased gradually with the increase in corn flour addition till 20%, after that characters
of bread loaves decreased by adding 30% of corn flour, thus adding corn flour up to
20% gave Balady bread with superior characters as compared to the 30% corn flour
addition level or the controt treatments.

Data in Table 8 indicate that Balady bread character scores were highest under
10% and 20% corn flour addition, 40 mesh corn flour sieving rate treatment, which
was added to wheat flour of 72% extraction. However the highest score of odor was
obtained in loaves made of corn flour as fine particles (sieving at 50 and 60 mesh).

From the previously mentioned results, it could be suggested that addition of
20% corn flour with medium particles (sieving at 50 mesh) being the most effective
and favourable treatment in improving Balady bread characters compared to the other
treatment, this may led to saving large quantities of wheat flour, which is demanded to
decrease the gap in wheat flour requirement in our country.

Staling of Balady bread prepared from 82% and 72% wheat flour blended with
maize flour with different sieving rates was measured by the determination of alkaline
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Table 5. Effect

of wheat flour extraction on Balady bread characteristics (mean scores +

SD).
Appearance| Separation Texture Roundness Colour Odor Taste Total scores
(20) of layers

(20) (15) (15) (10) (10) (10) (100)

Extraction 82 17.33 18.13 13.42 14.13 8.42 8.63 8.46 88.50
+0.87 +0.82 +0.51 +0.43 +0.66 +1.02 +0.66 +3.16

Extraction 72 18.42 18.65 14.06 14.50 8.96 8.60 9.04 9223
+0.93 +0.97 +0.56 +0.52 +0.54 +1.10 +0.65 +1.55

LS.Dat5% 0.34 027 0.29 0.30 0.26 ns 0.29 0.67

Table 6. Effect of corn flour sieving fra

ctions on Balady bread characteristics (mean scores

+ SD).

Parent 18.17 18.58 13.96 14.58 8.50 9.0 8.75 91.54
x1.21 +0.88 +0.62 +0.57 +1.22 +0.80 +0.53 +1.14

Sieving (M) 40 17.83 1825 13.63 14.38 8.17 9.21 8.50 ’ 89.96
+0.86 0.94 0.58 +1.32 +0.88 x1.21 =0.58 +2.45

50 18.63 19.08 14.29 14.50 9.04 8.50 929 93.33

+0.97 +0.91 +0.66 +0.84 +1.16 +0.88 +0.86 +1.04
60 16.88 1763 13.08 13.79 9.04 7.75 8.46 86.63
0.88 +0.86 0.67 +0.65 +1.10 +0.68 :0..S7 +3.25

LSDat5% 0.41 0.36 0.48 0.32 0.30 0.47 051 1.67

Table 7. Effect of, %, corn flour addition on Balady bread characteristics (mean scores = SD).

control 17.50 19.08 14.13 14.42 8.46 8.79 9.25 91.63

0.70 0.67 0.43 0.96 0.81 1.60 0.87 1.16

Replacement| 10 18.54 19.38 14.38 14.79 925 9.46 9.38 95.17
of maize

flour (%) 0.69 0.91 0.51 0.63 0.63 0.91 1.21 0.89

20 19.38 19.63 14.63 14.88 971 9.42 9.17 96.79

0.78 0.87 0.49 071 0.74 1.21 0.98 0.77

30 16.08 15.46 11.83 13.17 7.33 6.79 7.21 77.88

0.88 0.77 0.58 077 091 11 1.36 4.17

LSDat5% 0.49 0.39 0.41 0.42 0.36 0.43 0.41 1.07
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water retention capacity.

From the data in Table 9, it could be observed that alkaline water retention ca-
pacity of bread significantly decreased with storage time and these decreases varied
from one treatment to the other. The loss was relatively low in the crumb of bread
made of the 82% compared to the 72% wheat flour extraction, with non-maize flour
additions. Thus water retention capacity significantly decreased with increasing storage
period or /and the addition of maize flour fractions, and increased with higher protein
contents and with coarse than fine fraction. By storage of fresh bread 48 hrs. hydra-
tion capacity decreased in all treatments. Generally it can be concluded that the loss in
hydration capacity of bread during storage corresponded to the progress of staling in
bread. This drop in hydration capacity could be attributed to changes in starch mole-
cules which caused their degradation.

From the same data, it could be observed that the loss in crumb moisture was
relatively low in crumb of bread made of wheat flour blended with high damaged starch
(fine fraction) which may be due to the formation of more dextrine and sugars, which
have a relatively high water holding capacity.

Pomeranz (1971) indicated that increasing the protein content of the bread de-

creased the average crumb firmness.
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