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ABSTRACT

This study was undertaken in an attempt to use some flour substitutes in
bakery production such as cakes and biscuits. Fifteen formulas of cakes and biscuits
were prepared. The confrcl formula contained only wheat flour ; the other formulas
wheat flour was replaced with barley or sorghum fiour substitutes at different levels
(15, 20, 25, 30, 35, 40 and 100 % of each).

Wheat flour had the lowest (WAC) value of only 202.89. The (WAC) values of
wheat flour rose from 211.36 - 231.18g water/100 g when replaced at fevels of 15 % -
40 % of barley flour and ranged from 210.35 - 230,659 water/100 g when replaced at
levels of 15% - 40 % of sorghum flour.

Barley flour had the highest value (159 60g 0il1100 g sample) of oil
absorption capacity (OAC) followed by sorghum flour which had the second highest
value (136.56) of (OAC). On the other hand, wheat flour had the lowest (OAC) value
(111.63). The (OAC) values of wheat flour ranged to 114.37 - 128.96 g oil/100 g when
replaced at levels of 15 % -40%, of barley flour and, 113.78 - 120.96 g oil/100 g
when replaced at levels of 15 % -40%, of sorghum flour,

The specific gravity of cake batters ranged between 0.92 to 0.97. The
specific gravity values of batter containing 100 % wheat flour showed the highest
values. Replacement with barley or sorghum flour increased the porosity of the cake.

Wheat flour had the highest values of bulk density (0.61g/m| ), while bariey
flour had the lowest values of bulk density (0.44g/mi ). Blending of barley flour or
sorghum flour in wheat flour led to the decrease of the bulk density value of wheat
flour.

The obtained data for the chemical composition of the cakes were moisture
(12.92 - 15.60%), protein {8.87 - 10.51%), total lipids (21.66 - 24.00%) and
carbohydrates (63.86 - 67.11%). The energy values of cakes ranged between 487.90
10 495 55 Kcal/ 100 g calculated on a wet weight basis .

The obtained data for the chemical composition of the biscuits were moisture
(1.37 - 2.27.60%), protein (6.96 - 8.14%), total lipids (14.66 - 16.52%) and
carbohydrates (63.86 - 67.11%). The energy vajues of biscuils ranged belween
466.15 and 475.22 Kcal/ 100 g calculated on a wet weight basis .

Adding barley or sorghum flour to cake formulas as flour substitutes resulted
in no significant differences (P<0.01) in the sensory characteristics (taste, color,
texture, flavour , appearance and overall acceptability ) in the cakes and biscuits.
The panelists in this study found all the sampies to be acceptable

- The results suggest that barley and sorghum flour can be successfuily used
as flour substitutes in producing cake and biscuits of high quality which are highly
nutritive at a reasonable cost.
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INTRODUCTION

The main problem facing the bakery industry in Egypt is the limited
availability of wheat flour. Blending wheat flour with other kinds of available
flours, e.g. barley or sorghum, will contribute to a lowering of cost.

The use of non-wheat flours would extend wheat supplies and has
been previously investigated with composite in bakery products.

Barley and sorghum are an important cereal crop grown in Egypt as
well as in many developing countries and are potenially suitable for use in
composite flours.

Many investigations used barley or sorghum flours in bakery products
because of their nutritive value benefits (high fibre, low gluten) and economic
benefits (low cost) (Ragee and Abdel-Aal, 2006, Schober etal, 2005, Raiz,
1899 and Kaira and Jood, 2000).

Barley is unique among cereals because of its high concentration of
soluble dietary fibre, particulary mixedlinked 1—3.1 = 4 p- Dglucans. This
matrial has been studied in connection with its hypocholesterolemic effects in
animals and humans (Raiz, 1999 and Kalra and Jood, 2000 ).

Several studies have indicated the possibility of incorporating barley
or sorghum in wheat flour at varios levels for bakery products ( Badi
etal, 1976, Hart et a/., 1970 and Huise ef al, 1980).

Cakes have become ftraditional food in many countries. Their
varieties in form ana taste combined with long shelf life and convenience of
use has perpetuated their popularity.

in biscuit-making the main ingredients are flour, water, sugar and
salt. Varying the preportions of these ingredients many produce avariety of
shapes and texture. The quality of biscuits is governed by the nature and the
quality of ingredients used. The cereal component is variosly enriched by two
majar ingredients, fat and sugar, but therafter the variety is almost endless
{(Manley, 1991). 7

Biscuits have [ow moisture content. The low moisture content
ensures that biscuits are generally free from mirobiological spoilage and
confers along shelf life on the products , provided of course , that they are
protected from uptake of moisture from adamp atmosphere or damp
surroundings. Their low moisture content also gives biscuits arelatively high
energy density compared with other baked goods.

Biscuits can serve as impotant carriers of nutrients, particularly for
child feeding programs, military rations and also for different groups of
different social levels { FAO/ WHO UNICEF, 1969 ).

Biscuits are a very popular and favourable snack amcng children,
due to the long shelf life, large scale production and distribution as well as
agood eating quality { Tsen ef al., 1973 ).

The characteristics of freshly baked cake may vary due to many
factors, including the ingredients used, baking pans and oven temperature.
(Daniel, 1978).
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The objective of this study was to see the effect of the incorporation
of barley or sorghum on the physical , chemical and sensory charactnstlcs of
some bakery products ( cakes and blscmts ).

MATERIALS AND METHODS

Materials:
Ingredients of cake:

Wheat flour (72 % extraction rate) was obtained from Minia Mills Co_,
Minia. Barley and sorghum were obtained from a farmer at the Faculty of
Agriculture, Minia University and milled in Minia Mills Co., Minia

Sugar, eggs, vegetable oil, baking powder and vanilla were
purchased from the local market in Minia, Egypt.

Methods:
Chemical analysis:

Moisture, protein, fat and ash in the experimental samples were
measured according to (AOAC, 1995).

Physical measurements:

Physical measurements of batter cakes such as specific gravity was
determined by (Campbell ef al, 1979). Porosity of cake formulas was
determined according to the method of Yakobe (1980).

Functional properties:
Bulk density (BD):

The bulk density of the sample was calculated and expressed as g/ml
(Jones and Tung, 1983},

Oil absorption capacity (OAC):

The fat absorption capacity was caiculated and expressed as a
percentage of original weight (Hulse et al., 1977) or as the volume of oil
absorbed per gram of sample (Lin et af, 1974)

Water absorption capacity (WAC):

The WAC was determined according to (Hulse ef al., 1977).
Cake formulas baking:

The ingredients and flour substitutes (barley flour and sorghum flour)
which were used at the level ranges 0 (control), 15, 20, 25, 30, 35, 40, and
100 % are shown in Table (1).

Cakes preparation:

Cakes were made according to Rosenthal, (1995). The formulations
presented in Table (1).

Control biscuit dough was prepared according to the formula in Table
{2) (Manchar and Rao, 1997). The supplemented biscuits were prepared
using the same formula except for replacing the wheat flour with barley or
sorghum flour at 15, 20, 25, 30, 35, 40 and 100 % levels,
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Table (1): formula prepared with different levels of flour substiutes.

ormula Content Wheat | Barley [Sorghum|Sugar| Water WEhole ‘::lt B:‘:Z': r Vanl|l;]
Control cake - - 140 31.0 120 | 70 ] 7.0 0.2
100 % wheat flour}
15 % barley flour 119 21 - 140 31.0 120 |70 [ 7.0 0.2
RO% v 112 28 - 140 31.0 120 | 70 7.0 0.2
R5% . .. 105 35 - 140 31.0 120 | 70 7.0 0.2
30% ” 98 42 - 140 31.0 120 (70| 7.0 0.2
B5% . " 91 49 - 140 31.0 120 | 70 7.0 0.2
wo % » 84 56 - 140 31.0 120 | 70 7.0 0.2
100% ,, " - .| 140 - 140 31.0 120 | 70 7.0 0.2
M5% sorghum flour | 119 - 21 140 31.0 120 | 70 7.0 0.2
20 % » » 112 - 28 140 31.0 120 | 70 7.0 0.2
5 % " .. 105 - 35 140 31.0 120 | 70 7.0 0.2
&% ” » 98 - 42 140 31.0 120 | 70 7.0 0.2
5% " y 91 - 49 140 | 31.0 120 | 70 7.0 0.2
%, » 84 - 56 140 31.0 120 |70 ] 7.0 0.2
0% » - - 140 140 | 310 120 | 70| 7.0 0.2 |
Table (2): Formulation of biscuit.
Ingredient Amount(g)
Wheat flour . 100.00
Powdered sugar 30.00
Shortening 20.00
iSodium chloride 1.00
Sodium bicarbonate 0.50
Ammonium bicarbonate 1.00
Baking powder ' 0.30
Water 16 -19ml

Preparation of biscuits:

The biscuit was prepared, packed, cooled for 30 minutes, packaged
in polyethylene bags and stored under dissication (Vatsala and Rao, 1991;
Manohar and Rao, 1997).
Evaluation of biscuit:
Physical characteristics:

Biscuits were evaluated for height (cm), width (cm), spread ratio and
spread factor which were calculated according to Manohar and Rao (1997) .
Energy values (Kcal/100g):

Energy values were calculated as reported by Greenf eld and Southgate

(1992).
Sensory evaluation:

Sensory evaluation for the color, texture, taste, flavour , appearance
and overall acceptability were used according to (Moskowitz ,1974).

Statistical analysis:

Ten experienced judges participated in this test, and the data were
analyzed using statistical analysis system (SAS, 1994).
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RESULTS AND DISCUSSION

Functional properties

The term functionality is defined as: "Any property of food or food
ingredient except its nutritional value that affects its utilization”, the most
common functional properties that food industries require in new protein
ingredients are: solubility, water absorption and oil absorption.

Buik density (BD):

The bulk density values (g/ml} of wheat flour, barley flour, sorghum
flour and their blends are given in Table (3). Wheat flour had the highest
values of bulk density (0.61g/mi),while barley flour had the lowest values of
~ bulk density (0.44g/ml). Blending of barley fiour,sorghum flour in wheat flour
led to the decrease of the bulk density value of wheat flour. This decrease
was propartional to both the value of bulk density and the amount of barey
flour and sorghum flour used to replace the wheat flour. However, bulk
density values of 0.57- 0.48 g/ml were obtained for wheat flours containing
15-40% barley flour, and BD values were 0.58-0.53 g/m! when wheat flours
contained 15-40% sorghum flour.

Cil absorption capacity (QAC):

Data in Table (3) revealed that barley flour had the highest value
(159.60g oil/100 g sample) of oil absorption capacity (CAC) followed by
sooghum flour which had the second highest value (136.56) of (OAC). On the
other hand, wheat flour had the lowest (OAC) value (111.63) among ail the
studied samples. However, blending of barley flour and sorghum fiour in
samples enhanced its ability to absorb oil. The (QAC) values of wheat flour
ranged to 114.37 - 128.96 g oil/100 g when repiaced at levels of 15% - 40%,
of barley flour and 113.78 - 120.96 g oil/100 g when replaced at leveis of 15
% -40%, of sorghum flour.

Generaily, it can be observed from the results in Table (3} that, the
relationship between bulk density and (OAC) of the studied samples is
ireversible. Dench {1982) also found the relationship between bulk density
and (OAC) of winged bean isolate was an irreversible relationship. Kinselfa ef
al. (1985) reported that it is probable that most of the oil held by protein is
actuaily physically entrapped and therefore the amount is influenced mainly
by the surface area and bulk densify of the protein preparation.

Water absorption capacity (WAC):

The data in Table (3) shows the water absorption capacity (WAC) values
of wheat flour, bariey flour , sorghum flour and their blends. From this table, it
can be seen that barley flour had the highest (WAC) value, 29123 g
water/100 g, and sorghum flour powder had the second highest (WAC) value,
290.84. On the other hand, wheat flour had the lowest {WAC) value, 202.89.
From the table it can also be seen that the addition of barley flour or sorghum
flour to the wheat flour enhanced its ability fo absorb water. The (WAC)
vajues of wheat flour became 211.36-231.18g water/100 g when replaced at
tevels of 15 % - 40 % barley flour and ranged to 210.85 - 230.65g water/100 g
when replaced at levels of 15% - 40 % sorghum flour
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Table (3): Bulk density (BD), oil absorption capacity (OAC) and water
absorption capacity (WAC) of wheat flour, barley Hour,
sorghum flour and their blends.

Bulk Oil absorption [Water absorption
Samples density capacity capacl:y‘*
sample/ml)| (g oll/100g) (g water/{00g) |
Control cake

(100 % wheat flour) 0.61 111.63 202.89
15 % barley flour 0.57 114.37 211.36
20 % 0.53 119.07 214.37
25 % u 0.53 121.60 215.69
0% " 0.51 122.55 225.67
35 % ., u 0.49 123.26 228.39
40% m 0.48 128.96 231.18
100 % 0.44 159.60 291.23
H5% sorghum flour 0.58 113.78 210.85
20 % n_ 2 0.56 118.23 218.74
25 % " » 0.55 118.98 219.37
30 % o " 0.54 119.56 221.78
36% 1 u 0.54 120.03 227.86
0 % o 1 0.53 120.96 230.65
00% I 1 0.52 136.56 290.84

Effect of incorporation of barley flour or sorghum flour on the physical
characteristics of biscuit samples:

Various physical quality characteristics of biscuits as influenced by the
incorporation of barley flour or sorghum flour are given in Table (4). The data
showed a decrease in spread ratio of biscuits upon incorporation of sorghum
flour. This reduction in spread ratio was proportional to the increase of the
levels of the incorporated sorghum flour. Assuming the spread factor of the
control to be 100%, it was found that the spread factor decreased to 98.71,
95.32, 93.42, 90.44 and 89.53% when sorghum flour was incorporated at 1£,
20, 25, , 30, 35 and 40%, respectively. There was a decrease in the spread
ratio and spread factor for all types of biscuits supplemented with sorghum
flour, due to the increase in width and thickness of these biscuits. When bariey
flour was incorporated at 15, 20, 25, 30,35 and 40 % levels, the spread factor
of the biscuits produced rose to 100.55, 101.01,102.84, 105.14 /106,06 and
106.50% . As shown in the table, the width increased from 20.70 ¢m for the
control biscuit 1o 23.20 em for the biscuit supplemented with barley flour at the
15% level to 40 % levels. ’

Physical preperties of cake samples:

The specific gravity of the cake batters are given in Table (5).it has
been reported that when egg white is whipped, it stiffens and the volume of
the foam increases, so the specific gravity decreases as air is incorporated
into the foam (Palmer, 1982). The values of specific gravity of batters
containing 100 % wheat flour were the highest, while the other samples
incorporating stiffened egg white showed lower values.
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Tahle (4): Physical characteristics of control and supplemented biscuit

samples.
a Thick- < d
Blscuit samples v{g‘%‘ r;ess?’ s::ar:izd 8 'a?i:g
cm
Control cake
(100 % wheat flour) 20.70 1.90 10.89 100
H5 % barley flour 21.80 2.00 10.85 1 100.55
0% , . 22.00 200 | 11.00 161.01
25% ., . 22.40 2.00 11.20 | 102.84
32'-/;6 o N 22.93 2.00 1745 | 105,14 |
» " 23.1 2.00 11.55 [ 106.06
%0 % . u 23.20 2.00 11.60 106.50 |
100% ., u 23.40 2.00 11.70 107.43
15% sorghum flour 21.50 2.00 10.75 88.71
20 % N 1 21.80 210 0.38 | 9532
5% ., 2 2180 210 10.38 9532
30 % N 22.30 2.20 1013 83.42
5% N . 22,60 2.30 9.85 a0.
40 % u . 23.40 240 8.75 89.53
100% n u 23.90 2.50 9. 56 87.87

a width of 5 biscuits in series
b thickness of 5 biscuits stacked.
¢ widththickness

Spread ratio of sampie
d= x 100
Spread ratio of control

Porosity of cake:

Data in Table 5 indicate that cake containing 100 % wheat flour had
the lower estimated porosity of cake.Table 5 alsc shows that replacement
with barley flour and sorghum flour increased porosity compared to that of the
control.

Chemical composition of cakes:

The proximate composition of cakes made by using wheat flour
supplemented with barley flour or sorghum flour is given in Table (6)

Moisture contents ranged between12.92 {016.60 %. It was noticed
that the moisture content increased as the concentration of barley flour was
increased. The same trend was observed with sorghum flour . The results
showed that the incorporation of barley flour or sorghum flour into wheat fiour
increased the moisture and fat contents of cake samples. The higher
moisture content of cakes containing barley flour or sorghum flour compared
to that of the control cake might be due to the great oil and water binding
properties of barley flour and sorghum flour (Table 3). Protein contents
ranged from 8.87 to 10.51 % with highest value found in the formula
supplemented with 100% sorghum flour. This could be due to the high initial
protein content of sorghum fleur. The addition of barley flour showed a
decrease in protein content, 9.40% for the control, compared to 8.87 % for
the cake supplemented with 100% barley flour. Fat content ranged from
21.66 to 24.00 %, with 100% barley flour scoring the highest value. The
addition of either barley flour or sorghum figur to wheat flour also caused a
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slight decrease of ash content in the cakes produced. The control cakes had
a higher slightly carbohydrate content than the supplemented cakes. This
might be because the total carbohydrates were calculated by difference.

From the data in Table(6), energy values ranged between 487.90
and 495.55 Kcal / 100 g calculated by wet weight basis.

Table 5; Effect of flour substitutes on the physical proparities of batter
and cake samples.

Treatment Specific gravity PorosHy
wheat flour} 087 44,14
0.95 48.14
(.95 . 8.15
0.94 51.18
0.93 ~ 51.58
0.93 51.85
0.92 52.1
. 0.96 - 55.56
% sorghum ?'our 0.96 —48.15
u 0.95 49.20
095 51.56
. n 0.94 52.15
0.94 55.15
0.94 50.55
100% " o 0.66 56.28

Table 6: Effect of flour substitutes on the chemical composition of cake
samples. (on a dry weight basis).

Content IMoisture| Protein'| Fat | Ash Carbohy-~| Energy
Formula Y % % | % | dretes® |ycais100 gt
IControl cake(100 % wheat flour) | 12.92 940 |2166(1.83| 67.11 487.80
5 % barley flour 13.85 | 9.34 |22.38 [1.79] 66.49 450.20
0% . 2 14,20 | 9.26 |22.79[1.78] 66.17 491,63
25% " 1456 | 918 |23.00 |1.77] 66.05 492.55
R0% ., 15.02 | 9141 |23.21 [1.76| 65.92 492 60
Bs% . 1633 | 9.03 | 2340 [1.74] 65.83 4583.23
KO% " 1555 | 8.04 }23.79[1.74| 65.53 404.57
Ho0% ,, 16.60 | 887 |24.00 [1.67| 6546 495 55
5%  sorghum flour 1382 | 960 [21.941.77| 66.69 488.36
0% N 1418 | 9.78 | 22.20[1.76| 66.26 489.21
5 % " " 1457 | 990 {22.8011.74| 6556 | 491.39
30 % " " | 15.02 | 10.05 | 23.34 [1.73] 64.88 493.27
135% u ., 1529 | 1016 | 23.58 [1.71| 64.56 454.05
0 % » 2 15.60 | 10.23 | 2366 [1.68] 64.42 404,28
00% ,. 16.34 | 10.51 | 23.96 {1.67! 63.86 494.60
*T.N, x 5 7

* Carhohydrates calculated by difference by differences
= calculated by wet weight basis.

Chemical composition of biscuits: _

The proximate composition of biscuits made by using wheat flour
supplemented with bariey fiour or sorghum flour is given in Table {7).
Moisture contents ranged between 1.37 to 2.29 %. it was noticed that the
moisture content increased as the concentration of barley flour was

11108



J. Agric. Sci. Mansoura Unkv., 34 (12), December, 2009

increased. The same frend was observed with sorghum flour. The results
showed that the incorporation of barley flour or sorghum fiour with wheat flour
increased the moisture and fat contents of biscuit samples. The higher
moisture content of biscuits containing barley flour or sorghum flour
compared to the control biscuit might be due to the great oif and water
binding properties of barley fiour and sorghum flour (Table 3). Protein
contents ranged from 6.82 to 8.14 % with the highest value found in the
formula supplemented with 100% sorghum flour . This could be due to the
high initial protein content of sorghum flour. The addition of barley flour
showed a decrease in protein content which was 7.34% for the control and
6.82 % in the biscuit supplemented with 100% barley flour. Fat content
ranged from 14.67 to 16.52% with highest value found in 100% barley flour.
The same trend was observed with sorghum flour, The addition of either
barley or sorghum flour to wheat flour aiso caused a slight decrease -+ ash
content in the produced biscuits.

The control biscuits had a slightly higher carbohydrate content than
the supplemented biscuits. This might be because the total carbohydrates
were calculated by difference. From the data in Table (7), energy values
ranged between 466.15 to 475.22 Kceal / 100 g calcutated on a wet weight
basis. The resuits showed that the incorporation of barley flour or sorghum
flour increased energy value and indicated that biscuits are a high energy
source,

Table 7: Effect of flour substitutes on the chemical composition of

biscuit samples. {on a dry weight basis).
Content Moisture| Protein* | Fat | Ash ca;"""'" Energy
o% o, % % rates value’

Formuia % Kecal /100 g
Control (100 % wheat flour) 1.37 7.34 |1467|167| 76.42 466.15
15 % barley flour 1.56 7.27 |15.16[1.54]| 76.03 468.00
0% » 1.71 7.21 |i5.46]1.562| 75.81 470.08
ES% . 1.81 714 [15.72[1.51] 75.63 471.23

0% " 1.92 7.08 115.92/1.49} 75.51 472.24

5% o " 2.04 7.02 16.10[1.47] 7541 473.09
0% 2 2.16 6.96 [6.23/144] 75.37 47376
100% s 2.29 6.82 [16.52[1.40] 75.26 47522
5% sorghum flour 1.54 748 [1504/153[ 75.95 468.01

0 % " o 1.69 761 115321.51] 7556 468.90

5 % w__o» 1.78 7.71 15.69[1.48} 75.12 471.25
30 % " " 1.89 7.82 [15.84[1.46] 7483 471.98
35% » " 2.02 7.91 [15.0211.44] 74.63 472.86
40 % . » 2.14 7.98 [16.141.42] 74.46 473.38
h00% " . 227 814 {1649(1.39] 73.98 475.16
*T.N. x5.7

*» Carbohydrates calculated by difference by differences
*** calculated by wet weight basis.

Sensory evaluaticn of the cakes:

The sensory quality of the studied cake samples as influenced by the
incorporation of either barley or sorghum flour is shown in Table (8). Adding
barley or sorghum flour to cake formulas as flour substitutes resulted in no
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significant differences (P<0.01) in the sensory characteristics (taste, color,
texture, flavour , appearance and overall acceptability ) of the cakes. :

Data in Table (8) indicated that taste scores of samples ranged from
6.71 to to 8.57. The highest taste score was recorded in samples without any
additives (control), while cake containing 100% sorghum flour had the lowest
taste score.

The scores of color as given in Table (8) was found to range from
7.71 to 8.57 for samples. The highest score was recorded for the control.

Texture scores of samples ranged from 6.711 to to 8.57. The lowest
texture score was recorded in samples containing 100% sorghum flour
(6.71). Flavour scores of samples ranged from 7.21 to 8.43 The lowest
flavour score was recorded in samples containing 100% sorghum flour
(7.21).

The scores of appearance as given in Table (8) was found to range
from 6.14 to 8.50. The highest score was recorded in cake containing 15%
sorghum flour, while cake containing 100% barley fiour had the lowest
appearance score.

The scores of overall acceptability as given in Table (8) was found to
range from 7.10 to 8.40 in cake samples.

The organeleptic scores suggested that the panelists in this study
found all the samples to be acceptable.

Table 8: Sensory evaluation and standard deviation (SD) of of cake

samples.
Content Overall
formula Taste | Color | Texture | Flavour |Appearance|acceptabi-
lity

Control 8.5740.98[8.5721.13 [ 8.2121.41| 8.43+1.27 | B.21%1.15 | 8.4011.05
100 % wheat flour)

5 % barley flour 8.1421.5718.1441.68 | 7.572.15 | 7.8611.86 6.8612.41 7.71£1.73
0% » 8.43141.817.794212 | 7.4332.44 | 8.00£1.92 7.42+2.51 7.81+2.08
5% " 7.8611.46 [ 8.3641.49 | 7.8631.77 ] 7.7111.80 8.0012.24 | 7.9641.69
30% |, " 004141 [T71£1.25 [7.7041.52) 7.7141.25 7.50+1.88 7.7411.38
B5% o " 21#1,52|7.8621.22 | 7.71+1.60 | 8.21+1.35 | 8.07+1.64 | 8.01#1.36
W% " .00+1.1518.14%146 | 8.36+1.18 | 8.43.21.13 | 8.14+1.07 | 8.2120.95
HOO % " 7.1431.3518.0041.41 | 6.80641.95 | 7.8642.04 6.14114 7.2041.55
H5% sorghum flour 8.5021.19{8.0041.53 [ 8.3631.18 | 8.43+1.13 8.50+14 8.40+1.22
[20 % " " 7.7141.70[7.79+1.22 | 8.57+1.29 | 7.86+1.68 7.79+1.73 7.7741.54
5 % o ,, 7.8641.34 | 7.791.08x [ 7.7121.98 | 8.00+141 | 807+0.73 | 7.03+0.94
0% 1 z 8.5041.38|8.5041.19|7.93:073 | 8.14+1.77 | 8.1421.07 8.2121.18
B5% " i 7.7941.35] 8.07+1.64 | 7.5041.07 | 7.6421.11 | 8.2911.25 | 7.8641.24

% . " B.0041.00] 7.9341.54 | 7.93+1.97 | 8.3640.95 8.21+1.08 8.08+1.19

00% " n 6.7141.97 | 7.6641.68 | 6. 7142 22 ] 7.2140.99 7.00+2.16 7.1041.58

Sensory evaluation of the biscuits:

The sensory quality of the studied biscuit samples as influenced by the
incorporation of either barley or sorghum flour is shown in Table (9). Adding
barley or sorghum flour to biscuit formulas as flour substitutes resulted in no
significant differences (P<0.01) in the sensory characteristics (taste, color,
texture, flavour, appearance and overall acceptability } of the biscuits
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Data in Table (9) indicated that taste scores of samples ranged from 5.50 to
8.19. The highest taste score was recorded in samples containing 15%
sorghum flour, white cake containing 100% bariey flour had the lowest taste
score. :
The scores of color as given in Table (9) was found to range from
5.94 to 7.94 for samples. The highest score was recorded for samples
containing 15% sorghum flour.

Texture scores of samples ranged from 6.19 to to 8.25 and flavour
scores of sampies ranged from 5.88 to 7.87,

The scores of appearance as given in Table (9) was found to range
from 6.13 to 8.06 The highest score was recorded in biscuits containing 15%
sorghum flour, while biscuits containing 25% barley flour had the |owest
appearance score.

The scores of overall acceptablllty as given in Table (9) was found {o
ranged from 6.15 to 7.98 in biscuit samples.

The organoleptic scores suggested that the panelists in this study
found all the samples to be acceptable.

Table 9: Sensory evaluation and standard deviation (SD) of bhiscuit

samples.
Content
Taste | Color | Texture | Flavour | ABPOA™ | oygp gy
Formula ne accoptablivty
C-ontrot 7.004293| 71942 48 | 7881164 | 7.63£2.20 | 7.81+1.65 7.5011.89
100 % wheat flour)
1S % barley flour 6.38£1.60 | 6.75+1.58 | 7.2541,04 | 5.88+1.46 | 6.63+1.06 5.58+1.18
0% o 7.3840.92|7.3841.19 [ 7.31+1.53 | 6.9421.52 | 7.1940.84 7.2440.82
5% " 5.38+1,20[6.656+2.16 | 6.19+1.96 | 5.94+1.74 | 6.13%1.89 6.24+1.84
0% ., " 7.314£0.96 1 7.6310.92 | 8.3140.70 | 7.87+0.64 000 7.8330.58
5% M 7.81+1.13 | 7.5640.62 | 8.06+0.78 | 7.5041.31 | 7.75+1.04 7. 7430.72
Bo% " 7.5621.29)7.6340.92 | 7.50+1.07 | 7.12:0.68 | 7.50+1.07 | 7.4630.91
HOO % ., o 5.5042 5115944204 | 6.31+2.22 | 6.8111.85 1623 17 6.15+1.88
5% sorghum flour 8.1940.92 | 7.94140.94 [ 7.9441.08 [ 7.75+1.39 .06+0.86 7.9810.82
20% " " 7.63+1.06| 7604080 7.8840.99 | 7.75+0.89 | 7.8110.7 7.75+075
25 % " M 6.7542.2517.19+1.56 1 7.63+1.06 1 6.63+2.07 | 7.4410.9 7.13+1.44
130 % N M 7.004+1.85(7.50+1.20} 8.25+0.89 | 7.06%1.78 | 7.81+1.04 7.53+1.21
[35% " M 67542 38 [ 7.5041.31 | 7.81+1.13 [ 6.9442.11 | 7.061.6 7.2111.61
% ” n 6,75+2 38| 7.06+1.61 | 7.38x1.69 | 7.1322.23 | 7.7541.46 7.21:1.78
00% “ o 6.75+2.25|7.1941.69{ 6.94+1.74 { 6.44£1.95 | 7.00x1.85 6.8611.78
Conclusion:

The present investigation clearly suggests that barley and sorghum flour
could be successfully used as flour substifutes. The produced cakes and
biscuits proved to be of high quality and were generally acceptable as judged
by a consumer taste panel. Sensory evaluation showed that acceptable
cakes and biscuits can be made with any of the flour substitutes used in
this study. Also, it is suggested that the replacement of up to 40% levels of
the flour substitutes lead to production of high quality cakes and biscuits
comparable to that of control.
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