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Raw and germinated chick peas and kidney peas flours and mushroom flours as a partial substitute for wheat flour in Egyptian balady bread and 
biscuit production were evaluated. The rheological properties of flour dough and baking quality properties (physical, chemical, protein content, colour 
and sensory characteristics) of wheat flour, raw and germinated chick peas and kidney pea’s flours or mushroom flours were examined in balady bread 
and biscuit. Wheat flour was partially replaced by raw and germinated chick peas and kidney pea’s flours and mushroom flours in ratios of 5, 10, 
and 15%. Water absorption, dough development time (DDT) and dough weakening increased but mixing tolerance index (MTI) and dough stability 
decreased in the case of raw and germinated legumes flours, whereas the extent of decrease was relatively marginal in the case of mushroom flours 
at the level of 5 and 10%. Greater effects were observed on the mixing tolerance index values (MTI) in biscuit. It increased in the case of germinated 
legumes flour and mushroom flour, whereas the extent of decrease was relatively marginal in the case of raw legumes flour with increasing the level 
from 5% to15%. Baking properties, colour and sensory evaluation tests showed that 15% of wheat flour could be replaced with germinated legumes 
and mushroom flours and still providing good quality of Egyptian balady bread and biscuits. MTI as an indicator for staling test revealed that wheat 
bread was better than wheat-germinated legumes and mushroom flours bread regarding freshness.

INTRODUCTION

In Egypt, the total yield of bread grains does not satis-
fy the needs of the country. The total production of wheat 
grains cover only about 55% of the total needs. The way 
to overcome this problem is to search for the native cereal 
sources or others which could be used with wheat flour bread 
making. Biscuits are convenient food products and the most 
popular bakery items consumed nearly by all levels of soci-
ety in Egypt. Some of the reasons for such wide popularity 
are low cost among other processed foods (affordable cost), 
good nutritional quality and availability in different variet-
ies, varied taste, easy availability and longer shelf-life. Most 
of bakery products are used as a source for incorporation of 
different nutritionally rich ingredients for their diversifica-
tion [Gandhi et al., 2001; Hooda & Jood 2005; Sudha et al., 
2007]. The enrichment of protein may be achieved through 
the incorporation of protein–rich non-wheat flours [Gandhi 
et al., 2001; Sharma & Chauhan, 2002]. Among them chick 
peas, kidney peas and Oyster mushroom have a great poten-
tial, due to their high and good quality-protein (24–35%), 
whereas legumes and mushrooms have better nutritional 
qualities (higher lysine and soluble dietary fiber and lower 
methionine than wheat) and better baking qualities than rye, 
but mushrooms have soluble and insoluble dietary fibre espe-

cially b-glucan [Fahmey et al., 1981; Ulloa et al., 1988; Var-
ughese, et al.,1996; Petrovska et al., 2002]. Therefore, fortifi-
cation with high protein legume flours could provide a good 
opportunity to improve the nutritional quality of protein con-
sumed by many people. Also, fortification of wheat flour with 
non-wheat proteins increases protein quality by improving its 
amino acid profiles [Stark et al., 1975; Hoover, 1979].

Results according to Autio et al. [1998] reported that the 
germination–induced microstructural changes of cell walls in 
dough’s were very extensive. The larger values of the area of 
visible cell walls of the germinated than for the native grains 
suggest that germination induces swelling of cell walls, but 
the smaller values suggest that germination causes fading of 
cell walls. However, the microstructure examination of dough 
section showed that germination caused two types of struc-
tural changes in the cell walls: (1) swelling and (2) fading of 
the blue fluorescence of cell walls. Moreover, doughs made 
from flours of germinated grains were always softer than 
dough’s made from flours of native grains. Hence, devel-
opment and consumption of such therapeutic bakery prod-
ucts would help to raise the nutritional status of the popula-
tion. Information on incorporation of treated and untreated 
legumes (chick peas, kidney peas) and mushroom flour in 
bakery products and balady bread is scanty. 

Thus, the present study was designed to evaluate the suit-
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ability of partial replacement of wheat flour using mushroom, 
ungerminated and germinated chick peas and kidney peas 
flours in Egyptian balady bread making and biscuit manufac-
ture. Therefore, this study was aimed at evaluating the effects 
of raw and germinated chick peas and kidney peas flours and 
Oyster mushroom flours added as various ratios (5, 10 and 
15%) on the rheological properties of dough and on the qual-
ity (physical, chemical, protein content, colour and sensory 
characteristics) of wheat balady bread and biscuits.

MATERIAL AND METHODS

Materials. Wheat flours (72% and 82% extraction) were 
obtained from the North Cairo Flour Mills Company, Egypt. 
New cultivar of chick peas (Cicer ariethinum) and kidney peas 
(Vigna sinensis) were purchased from The Ministry of Agri-
culture in season 2005–2006 and kept at 3–4°C until needed 
for technological studies. Fresh Oyster mushroom (Pleurotus.
Sajor-Caju, strain 290) cultivated on rice straw was purchased 
from the Center of Mushroom service (COMET)-Dokki, 
Cairo, Egypt and kept at 3–4°C for 2 days until needed for 
technological studies. 

Preparations of mushroom flour. Oyster mushrooms 
were washed with cold water and blanched with steam for 
7 min  and dried in a thermostatically controlled oven with 
air fan to 60°C for 270 min and milled using a Laborato-
rial disc mill (Quadrumat Junior flour mill or Model Type 
No: 279002, ©Brabender ® OHG, Duisburg 1979, Germany) 
to pass through a 20 mesh/inch sieve, until using. However, 
steam blanching is necessary to remove the bitter taste from 
the mushrooms and to completely inactivatedthe polypheno-
loxidase in mushroom [Deshpande & Tamhne, 1981; Paeaek-
koenen & Kurbela, 1987]. 

Preparations of legume flour. The chick pea seeds and 
kidney pea seeds were soaked in distilled water for 9 h fol-
lowed by boiling for 30 min. The chick peas seeds and kid-
ney pea seeds were dehulled and dried in a thermostatical-
ly controlled oven with air fan at 60°C for 12 h, then ground 
using a Laboratorial disc mill (Quadrumat Junior flour mill 
or Model Type No: 279002, ©Brabender ® OHG, Duisburg 
1979, Germany) to pass through a 20 mesh/inch sieve.

Germination of legumes. The raw materials of chick 
peas and kidney peas were germinated in sterile Petri-dish-
es lined with wet filter papers for 48 h at 37°C, with frequent 
watering. The sprouts were rinsed in distilled water and dried 
at 55–60°C. The dried samples of raw and germinated chick 
peas and kidney peas were ground to fine powder in an elec-
tric grinder using a Laboratorial disc mill (Quadrumat Junior 
flour mill or Model Type No: 279002, ©Brabender ® OHG, 
Duisburg 1979, Germany) to pass through a 20 mesh/inch 
sieve and then stored in pouches bags for further use. 

Preparation of raw and germinated legumes flour 
or mushroom flour and wheat flour blends. Raw and 
germinated legumes and mushroom were milled and sieved 
to obtain 72% extraction flour. Wheat flour of 72% or 82% 
extraction was well blended with raw and germinated legumes 
flour or mushroom flour to produce individual mixtures con-

taining 0, 5, 10 and 15% replacement levels. All samples 
were stored in airtight containers and kept at 3–4°C until 
required.

Balady bread making. Balady bread making was done 
on an automatic commercial baking line according to Brown 
[1993] in the official baking house, north of Cairo city, 
Egypt.  

Balady bread was prepared by mixing 100 g of wheat flour 
(82% extraction) / raw and germinated legumes and mush-
room flour blends, 0.5 g of active dry yeast, 1.5 g of sodium 
chloride, 75–80 mL of water by hand for about 6 min to form 
the needed dough. The dough was left to ferment for 1 h at 
30°C and 85% relative humidity, and was then divided into 
125 g pieces. The pieces were arranged on a wooden board 
that had been sprinkled with a fine layer of bran and were left 
to ferment for about 45 min at the same temperature and rel-
ative humidity. The pieces of fermented dough were flattened 
to be about 20-cm in diameter. The flattened loaves were 
proofed at 30–35°C and 85% relative humidity for 15 min and 
then were baked at 400–500°C for 1–2 min.

The loaves were allowed to cool at room temperature for 
2 h before being packed in polyethylene bags and stored at 
room temperature for further analysis.

Biscuits making. Test baking of biscuits was carried out 
for blends containing different levels of raw and germinated 
legumes flours or mushroom flours (0, 5, 10 and 15%). Bis-
cuits were prepared according to the procedure described 
in A.A.C.C. [2000] with slight modifications. The ingredi-
ents included wheat flour or blends with raw or germinated 
legumes (chick peas and kidney peas) and mushroom flours 
were used as described by Sudha et al. [2007] and Hooda 
& Jood [2005]. The formula used was: 100 g of wheat flour 
(72% extraction), 57.77 g of sugar (cane, granular), 7.1 mL 
of water, 6 mL of fresh orange juice, 28.44 g of shortening, 
0.93 g of salt (sodium chloride), 1.11 g of sodium bicarbon-
ate and 14.66 g of dextrose. All ingredients (wheat flour con-
trol and wheat flour blends with raw and germinated legumes 
flours or mushroom flours) were mixed for 15 min using a 
mixer. The dough was then rolled between sheets of wax coat-
ed freezer paper to a uniform thickness of 9-mm and was cut 
using a circular mould to a diameter of 3.8 cm. Biscuits were 
baked at 205°C (400°F) for 9-10 min in a conventional air-fan 
electric oven. After baking, the biscuits were cooled to room 
temperature, packed in polyethylene pouches and sealed until 
analysis and testing.

Dough characteristics. Blends of 0, 5, 10 and 15% were 
prepared by substituting the wheat flour with raw and ger-
minated legumes flours or mushroom flours. The effect of 
different flour levels on dough rheology was determined by 
Farinograph (Model Type No: 81010 (31, 50 and 63 rpm), 
©Brabender® OHG, Duisburg, 1979, Germany) accord-
ing to the standard methods [A.A.C.C., 2000]. Parameters 
measured were water absorption, dough development time, 
dough stability and mixing tolerance index (MTI). The elastic 
properties of dough with different levels of flours were mea-
sured using Extensograph (Model Type No: 81010 (31, 50 
and 63 rpm), ©Brabender ® OHG, Duisburg, 1979, Germa-
ny) according to the standard [A.A.C.C. 2000] methods. The 
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parameters studied were resistance to extension (R), extensi-
bility (E), ratio figure (R/E) and energy (Area).

Physical characteristics of biscuits. Diameter (w) was 
measured by Boclase (HL 474938, STECO, Germany). Also, 
volume (v) and thickness (T) of biscuits were determined 
according to standard methods [A.A.C.C. 2000]. The spread 
ratio W/T was calculated. Percent spread ratio was calculat-
ed according to standard methods [A.A.C.C. 2000] by divid-
ing the average value of diameter (w) by the average value of 
thickness (T) of biscuits. 

Analytical methods of protein determination. Pro-
tein content of all samples was determined according to the 
macro Kjeldahl method [A.O.A.C., 2000].

Colour determinations. Objective evaluation of surface 
colour of biscuits and surface colour of crust of balady bread 
samples was measured. Hunter a*, b* and L* parameters 
were measured with a colour difference meter using a spec-
tro-colourimeter (Tristimulus Colour Machine) with the CIE 
lab colour scale (Hunter, Lab Scan XE - Reston VA, USA) in 
the reflection mode. The instrument was standardized each 
time with white tile of Hunter Lab Colour Standard (LX 
No.16379): X= 72.26, Y= 81.94 and Z= 88.14 (L*= 92.46; 
a*= -0.86; b*= -0.16) [Sapers & Douglas, 1987]. 

The Hue (H)*, Chroma (C)* and Browning Index (BI) 
were calculated according to the method of [Palou et al., 
1999] as follows:

H* = tan-1 [b*/a*]    (1)
C* = square root of [a2* + b2*]   (2)
BI = [100 (x-0.31)] 10.72   (3)

where:

         X = (a*+ 1.75L*) / (5.645L*+ a* - 3.012b*)

Sensory characteristics. The loaves of bread were 
allowed to cool on racks for about 1h before evaluation. Bal-
ady bread loaves were organoleptically evaluated for general 
appearance, surface colour of crust, taste, odour, roundness, 
crumb distribution, separation layer, upper layer thickness 
and lower layer thickness by 12 trained panelists according 
to El-Farra et al. [1982].

Sensory characteristics of biscuits were evaluated with 
some modifications, according to Zabik & Hoojjat [1984]. 
However, the sensory characteristics of biscuits were deter-
mined, using a taste panel, consisting of 12 judges. The pan-
elists were asked to evaluate the products for surface colour, 
taste, odour, shape, texture and distribution of cell. 

Statistical analysis. The results obtained were analysed 
statistically using SPSS statistical package (Version 9.05) 
according to Rattanathanalerk et al. [2005], analysis of vari-
ance (ANOVA), Duncan’s multiple range test and least sig-
nificant difference (LSD) was chosen to determine any signif-
icant difference among various treatments. Differences were 
found significant at p<0.05. 

RESULTS AND DISCUSSION

Influence of raw and germinated legumes and mush-
room flours on dough mixing properties (Farinograph) 
of biscuits made of flour with 72% extraction rate

Incorporation of raw and germinated legumes and mush-
room flours at 0%, 5%, 10% and 15% levels showed differenc-
es in dough mixing properties as measured by Farinograph. 
The results are indicated in Table 1. 

TABLE 1. Effect of supplementation of wheat flour (72%) biscuit with different levels of raw and germinated legumes and mushroom flours on 
Farinograph reading.

Samples
Water 

absorption 
(%)

Arrival time 
(min)

Dough devel-
opment time 

(min)

Stability 
(min)

Mix 
Tolerance 

Index (BU)

Weakening 
(BU)

Control 61.5 1.2 4 5.5 20 90

5% chick peas 64 1.25 7 14 15 90

10% chick peas 66 1.5 7 8 30 130

15% chick peas 68 1.2 6 10 30 90

5% chick peas geminated 64.5 1.2 3 10 20 110

10% chick peas geminated 69 1.5 5 4.5 40 160

15% chick peas geminated 70 2 4 8 40 160

5% mushroom 66 1.5 4 6 30 160

10% mushroom 68 1.5 5 6 50 110

15% mushroom 68 1.5 4 8 60 100

5% kidney peas 65 1.5 7.5 13 23 60

10% kidney peas 68 1.8 7 8 20 60

15% kidney peas 72 2 8 24 15 50

5% kidney peas germinated 63 1.5 4 7 40 110

10% kidney peas germinated 65 1 3 7 50 150

15% kidney peas germinated 67 1 4 8 65 160
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Addition of raw and germinated legumes and mushroom 
flours mainly increased the water absorption. By increas-
ing the sample level from 5% to 15% the highest increase in 
water absorption was found with the addition of legumes 
flour samples (64–72%), for germinated legumes (63–70) 
and for mushroom flour (66–68%). The increase in the 
water absorption in the case of raw and germinated legumes 
flour was marginal. Similar effects on water absorption were 
observed by Sudha et al. [2007] when wheat bran or rice 
bran was added. Rosell et al. [2001] reported that the dif-
ferences in water absorption are mainly caused by the great-
er number of hydroxyl groups which exist in the fiber struc-
ture and allow more water interactions through hydrogen 
bonding. The extent of increase in dough development time 
(DDT) was high in the case of raw and germinated legumes 
and mushroom flours. Dough stability which indicates the 
dough strength, decreased from 13 to 8 and 10 to 4.5 min in 
the case of raw and germinated legumes flours, respectively, 
whereas the extent of decrease was relatively marginal in the 
case of mushroom flours at the level of 5 and 10%. Greater 
effects were observed on the mixing tolerance index values 
(MTI). It increased in the case of germinated legumes flour 
and mushroom flour, whereas the extent of decrease was rela-
tively marginal in the case of raw legumes flour with increas-
ing the supplementation level from 5% to15%. Similar results 
were reported by Sudha et al. [2007] for the addition of wheat 
bran and rice bran blends. The results showed the weakening 
of dough with the increasing level from 5% to15% of germi-
nated legumes flours, but adversely of the raw legumes and 
mushroom flours.

Influence of raw and germinated legumes and mush-
room flours on dough mixing properties (Farinograph) 
of balady bread made of flour with 82% extraction rate

The effect of replacing wheat flour by raw and germinated 

legumes and mushroom flours at 0%, 5%, 10% and 15% lev-
els on the Farinograph test is presented in Table 2. The raw 
and germinated legumes and mushroom dough developed 
readily with a low stability toward mixing, indicating defi-
cient gluten quantity and quality. Water absorption, dough 
weakening and mixing tolerance index increased by increas-
ing the level of germinated chick peas and mushroom flours, 
but decreased by increasing the level of raw and germinated 
kidney peas flour. Also, dough development time and stabil-
ity increased by increasing the level of raw and germinated 
legumes, but decreased by increasing the level of mushroom 
flours. Greater effects were observed on the mixing tolerance 
index values (MTI). It increased in the case of germinated 
chick pea flour and mushroom flour, but decreased in ger-
minated kidney pea flour whereas the extent of decrease or 
increase was relatively marginal in the case of raw chick and 
kidney pea flour with increasing the level from 5% to15%. 
Similar findings were observed by other authors [Rosell et al., 
2001; Sudha et al., 2007; Ragaee et al., 2001; Doxastakis et 
al., 2002]. The increasing water absorption might be due to 
that raw and germinated legumes and mushroom flour con-
taining more fiber, sugars and higher protein content, which 
retained more water.

Influence of raw and germinated legumes and mush-
room flours on the elastic properties of the dough 
(Extensograph) of balady bread

The effect of incorporation of raw and germinated legumes 
flours and mushroom flours at varying levels on extensible 
properties is illustrated in Table 3. The resistance to exten-
sion values gradually increased for legumes flours addition 
with increasing levels of raw and germinated legumes flour, 
respectively, whereas it decreased for mushroom flour addi-
tion with increasing level of mushroom flour. This may likely 
be due to the interaction between polysaccharides and pro-

TABLE 2. Effect of supplementation of wheat flour (82%) balady bread with different levels of raw and germinated legumes and mushroom flours 
on Farinograph reading.

Samples
Water absorp-

tion (%)
Arrival time 

(min)

Dough devel-
opment time 

(min)

Stability  
(min)

Mix Tolerance 
Index (BU)

Weakening 
(BU)

Control 57 2.5 6.5 10 40 80

5% chick peas 60 1.5 10.5 18 30 80

10% chick peas 63 1.75 7.25 10 30 85

15% chick peas 64 2 10 19 20 90

5% chick peas geminated 62 2 5 8.5 20 160

10% chick peas geminated 62 3 7.5 9 40 170

15% chick peas geminated 63 3 7.5 14 40 180

5% mushroom 60 2.5 7 11 30 110

10% mushroom 64 2 4.5 8 40 120

15% mushroom 66 1.5 4 7 50 120

5% kidney peas 65 2.5 5 19 15 40

10% kidney peas 70 3.5 8 18 10 30

15% kidney peas 73 3 6 22 10 20

5% kidney peas germinated 60 4 6 12 30 70

10% kidney peas germinated 64 4 7 22 25 50

15% kidney peas germinated 67.5 5 9 25 15 20
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teins from wheat and mushroom flours as reported earlier by 
Jones & Erlander [1967]. The extensibility values were great-
ly reduced by the addition of raw and germinated legumes 
and mushroom flours. The ratio between dough resistance 
to extension and dough extensibility (D=R/E) increased with 
the increasing level of legumes (raw and germinated) and 
mushroom flours, indicating the dough becoming harder in 
the presence of legumes and mushroom flours.

The extent of increase in germinated legumes flour was 
marginal, indicating the dough becoming softer. The R/E 

ratio values increased to a greater extent in the case of ger-
minated legumes from 1.92 for the control to 8.8–20 for 15% 
incorporation. It gradually increased from 2.3 to 14.3 and 
2.94–20 for raw and germinated legumes, respectively. In the 
case of mushroom flour there was a marginal decrease in 
R/ E values. Area under the curve decreased with the increase 
in the level of raw and germinated legumes and mushroom 
flours.

The raw and germinated legumes flours and mushroom 
flours extensogram indicated that the dough was softer and 

TABLE 3. Extensograph properties of balady bread dough supplemented with different concentrations of raw and germinated legumes and mushroom 
flours. 

Samples
Dough energy  

(cm3)
Dough extensibility 

(mm)
Dough resistance to 

extension (BU)
Proportion number 

(D=R/E)

Control 54 125 240 1.92

5% chick peas 43.5 120 280 2.33

10% chick peas 55 110 340 3.09

15% chick peas 78 95 780 8.21

5% chick peas geminated 45 95 280 2.94

10% chick peas geminated 67 105 500 4.76

15% chick peas geminated 55 65 570 8.77

5% mushroom 60 130 1090 8.38

10% mushroom 74 110 705 6.41

15% mushroom 84 100 690 6.9

5% kidney peas 84 110 450 4.09

10% kidney peas 66 88 770 8.75

15% kidney peas 99 70 1000 14.29

5% kidney peas germinated 25 45 270 6

10% kidney peas germinated 66 50 940 18.8

15% kidney peas germinated 77 50 1000 20

TABLE 4. Physical characteristics (baking quality) of biscuit as affected by supplemented with different concentrations of raw and germinated legumes 
and mushroom flours.

Samples Weight (g) Volume (cc)
Specific vol-
ume (cc/g)

Diameter 
(cm)

Thickness 
(cm)

Spread ratio
Spread ratio 

(±%)

Control 30.50 250 8.2 6.67 1.37 4.87 +11.87

5% chick peas 28.44 271.7 9.6 6.67 1.73 3.86 -11.64

10% chick peas 30.02 253.3 8.5 6.64 1.67 3.98 -2.96

15% chick peas 34.73 251.6 7.3 6.9 1.5 4.60 +5.25

5% chick peas geminated 31.53 253.3 8.1 6.34 1.3 4.88 +13.47

10% chick peas geminated 34.41 256.6 7.5 6.77 1.6 4.23 -3.42

15% chick peas geminated 29.72 253.3 8.6 6.37 1.47 4.33 0.00

5% mushroom 27.94 256.6 9.2 6.1 1.4 4.36 +0.68

10% mushroom 33.60 271.3 8.2 6.17 1.63 3.79 -13.47

15% mushroom 29.9953 263.3 8.8 6.17 1.37 4.50 +3.42

5% kidney peas 30.97 243.3 7.9 6.27 1.47 4.27 -2.28

10% kidney peas 31.30 260 8.3 6.37 1.83 3.49 -20.55

15% kidney peas 27.93 278.3 10 6.5 1.5 4.33 -0.91

5% kidney peas germinated 31.31 245 7.9 6.37 1.53 4.16 -5.02

10% kidney peas germinated 29.32 283.3 9.7 6.43 1.47 4.37 +0.23

15% kidney peas germinated 29.58 246.6 8.4 6.43 1.53 4.20 -2.74
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weaker than wheat flour dough (Table 3). Raw and germinat-
ed legumes flours and mushroom flours have less extensibil-
ity and highest dough energy than wheat flour dough. The 
substitution of wheat flour with raw and germinated legumes 
flours and mushroom flours at different levels minimized 
the extensibility. This decrement may be due to the deficien-
cy of gliadin and glutenin in raw and germinated legumes 
and mushroom protein. The proportional number increased 
as the percentage of raw and germinated legumes flours and 
mushroom flours increased. These results are in agreement 
with those obtained by Jones & Erlander [1967] as well as by 
Naeem et al., [2002].

Influence of raw and germinated legumes and mush-
room flours on physical characteristics of biscuits

Physical characteristics of biscuits, such as thickness, diam-
eter and spread ratio, were affected by the increase in the level 
of raw and germinated of legumes flour and mushroom flour 
(Table 4). The changes in diameter and thickness are reflect-
ed in spread ratio which decreased consistently from 3.48 to 
4.61 in raw legumes, 4.16–4.90 in germinated legumes and 
3.79– 4.53 in mushroom flour at 5–15% levels. These results 
indicated that the addition of raw and germinated legumes 
flour and mushroom flour adversely affected the thickness and 
diameter and thus, spread ratio of the supplemented biscuits. 
Cookies having higher spread ratios are considered most desir-
able [Kirssel & Prentice, 1979]. Other research workers also 
reported that the thickness of supplemented biscuits increased, 
whereas diameter and spread ratio of biscuits decreased with 
the increasing level of rice bran-fenugreek blends, fenugreek 
flour and different bran blends [Sharma & Chauhan, 2002; 
Hooda & Jood, 2005; Sudha et al., 2007].

Reduced spread ratios of raw and germinated legumes 
and especially of mushroom fortified biscuits were attribut-
ed to the fact that composite flours apparently form aggre-
gates with increased numbers of hydrophilic sites available 
for competing for the limited free water in cookie dough 
[McWatters, 1978; Hooda & Jood, 2005]. Rapid partitioning 
of free water of these hydrophilic sites occurs during dough 
mixing and increases dough viscosity, thereby limiting cookie 
spread and top grain formation during baking. 

Influence of raw and germinated legumes and mush-
room flours on protein content (mg/100 g) of balady 
bread and biscuits

Table 5 shows that protein content increased with increas-
ing raw and germinated legumes and mushroom flour in 
wheat flour. Control balady bread and biscuits had 5.67 and 
9.18% protein content. In the case of supplemented biscuits, 
it ranged from 9.98 to 10.77% and from 9.18 to 10.70% in raw 
and germinated legumes flour based biscuits, but from 12.29 
to 12.93% in mushroom flour based biscuits.

Also, in the case of supplemented balady bread, it ranged 
from 6.06 to 6.30% and from 5.985 to 7.10% in raw and ger-
minated legumes flour based balady bread, but from 7.50 to 
10.61% in mushroom flour based balady bread. The increase in 
protein content of germinated legumes and mushroom flours 
supplemented balady bread and of mushroom flours supple-
mented biscuits might be the result of the appreciably higher 
protein content of germinated legumes flour and mushroom 
flour. These results are confirmed with the results of Hooda 

& Jood [2005] who reported higher protein content of bis-
cuits prepared from blends of wheat-raw and germinated fenu-
greek flours. This was also consistent with findings of Sharma 
& Chauhan [2000] who also reported higher protein content of 
breads prepared from blends of wheat-fenugreek flours.

From the same Table 5, it could be noticed that total pro-
tein content in balady bread increased by about 1.0% with 
each increment of mushroom flour, while this was 0.4% with 
each increment of germinated legumes flour and only 0.2% 
with each increment of raw legumes flour.  At the same time, 
total protein content in biscuits increased by about 0.7–1.5% 
with each increment of germinated legumes flour, while this 
was 0.3–0.7% with each increment of raw legumes flour and 
only 0.64% with each increment of mushroom flour. How-
ever, raw and germinated legumes and mushroom proteins 
could primarily be used in cereal products to improve nutri-
tional properties. 

Colour characteristics
Colour characteristic is a major criterion that affects 

the quality of the final product. The fortified flours blends 
showed a difference in colour in relation to the control (100% 
wheat flour). The slight improvement in colour was interpret-
ed as an intense colour and it was dependant on the fortifica-
tion level. Mean colour values of biscuit and balady bread of 
different treatments are recorded in Tables 6 and 7. It was not 
considered to be a real disadvantage since event the commer-
cial control biscuits or bread varies in colour intensity accord-
ing to the fortified biscuits or bread from which it is produced 
by addition of raw and germinated legumes flour and mush-
room flour [Barron & Espinoza, 1993]. 

Tables 6 and 7 shows Hunter values of whiteness (L), 
redness (a) and Yellow (b) measured for crumb and crust 
colours. All fortified samples had slightly lower L values for 

TABLE 5. Effect of supplementation of wheat flour balady bread and bis-
cuit with different levels of raw and germinated legumes and mushroom 
flours on protein content (mg/100 g).

Untreated and treated samples
Protein content (mg/100 g)

balady bread biscuit

Control  5.67 9.18

5% chick peas 6.06 10.77

10% chick peas 6.14 10.77

15% chick peas 6.22 11.09

5% chick peas geminated 5.99 9.98

10% chick peas geminated 6.14 10.69

15% chick peas geminated 6.46 11.65

5% mushroom 7.50 12.29

10% mushroom 8.38 12.77

15% mushroom 10.61 12.93

5% kidney peas 6.06 9.66

10% kidney peas 6.14 9.81

15% kidney peas 6.30 9.90

5% kidney peas germinated 6.70 9.98

10% kidney peas germinated 6.78 10.45

15% kidney peas germinated 7.10 11.97



493Legumes and mushroom in balady bread and biscuit

crust than the control and therefore a slightly darker crumb 
colour. All breads incorporating raw and germinated legumes 
flour and mushroom flour, especially germinated legumes 
flour, had lower crust L values than the control, indicating 
darker colour. There results are in coincidence and confirmed 
with these obtained by Kenny et al. [2000]. 

Increasing the percentage of added raw and germinated 
legumes flours and mushroom flours to wheat flours, the val-
ues of whiteness (L), redness (a), Yellow (b), chroma (C*), hue 
angle (H*) and browning index (BI) slightly increased in all for-
tified samples. Subjective evaluations confirmed that the raw 
legumes flour and mushroom flour biscuits and bread samples 
were darker, more red (a-values) and with higher browning index 
(BI) than with germinated legumes flour and control samples. 

The results showed that the a-values (redness) and 
browning index (BI) increased in the fortified biscuit samples 
with the increasing level of raw and germinated legumes flour 
and mushroom flour from 5% to15% (Table 6), but decreased 
in the fortified balady bread samples with the increasing level 
of raw chick pea flour and germinated kidney pea flour from 
5% to15% (Table 7). There results are consistent with these 
obtained by Ahmed [1999] and Kenny et al. [2000].

Sensory evaluation
Sensory characteristics of biscuits
The effects of legumes and mushroom supplementa-

tion on the sensory characteristics of biscuits are present-
ed in Table 8. With the increase in the level of legumes (raw 

TABLE 6. Colour characteristics of biscuits (cookies) supplemented with raw and germinated legumes and mushroom flours.

Samples L* a* b* C* H* BI

Control 79.61 4.82 30.14 30.52 20.36 92.82

5% chick peas 77.87 6.86 29.84 30.62 20.3 98.01

10% chick peas 72.70 10.69 32.37 34.09 35.08 124.59

15% chick peas 72.30 9.75 33.85 35.23 23.54 130.08

5% chick peas geminated 77.03 4.59 31.18 31.51 23.6 100.15

10% chick peas geminated 75.73 7.15 30.15 30.99 21.75 103.18

15% chick peas geminated 77.80 6.24 32.09 32.69 23.07 105.32

5% mushroom 72.59 7.22 28.78 29.67 21.95 103.41

10% mushroom 67.87 8.45 30.01 31.18 22.24 120.51

15% mushroom 64.85 8.24 29.80 30.92 21.9 126.29

5% kidney peas 79.92 5.38 31.41 31.87 24.32 97.87

10% kidney peas 76.717 5.97 34.72 35.24 24.65 117.14

15% kidney peas 75.63 8.05 35.61 36.51 24.56 126.95

5% kidney peas germinated 81.52 4.46 32.80 33.11 22.78 98.79

10% kidney peas germinated 77.00 7.56 31.67 32.56 23.22 107.55

15% kidney peas germinated 74.53 9.78 34.61 35.97 24.04 128.37

TABLE 7. Colour characteristics of balady bread supplemented with raw and germinated legumes and mushroom flours.

Samples L* a* b* C* H* BI

Control 55.62 6.80 20.23 21.34 19.48 97.27

5% chick peas 52.04 7.43 20.42 21.73 19.46 108.19

10% chick peas 51.70 6.72 19.20 20.34 19.03 100.47

15% chick peas 52.85 5.88 19.25 20.12 21.45 95.90

5% chick peas geminated 58.86 5.44 19.34 20.09 18.05 83.70

10% chick peas geminated 56.08 5.40 18.72 19.48 20 85.57

15% chick peas geminated 56.63 6.58 20.21 21.25 20.1 94.55

5% mushroom 57.78 7.25 20.99 22.20 21.11 97.60

10% mushroom 55.37 8.86 22.43 24.11 24.7 114.2

15% mushroom 47.65 9.34 20.13 22.19 21.1 124.29

5% kidney peas 52.74 6.39 23.60 24.44 25.58 121.64

10% kidney peas 55.21 7.23 19.79 21.06 19.29 97.00

15% kidney peas 54.17 7.74 20.96 22.34 21.85 106.64

5% kidney peas germinated 49.06 9.46 21.39 23.39 24.23 127.97

10% kidney peas germinated 48.27 8.78 20.70 22.48 22.68 124.31

15% kidney peas germinated 53.76 8.21 21.88 23.36 22.8 113.78
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and germinated) and mushroom in the formulation, the sen-
sory scores for shape, colour, texture and odour of biscuits 
decreased and increased sharply. Replacement of flour with 
5% and 10% legumes flour (raw and germinated) and mush-
room flour impaired the taste of biscuits (control samples 
had 7.6 score), which decreased significantly from 7.5–7.9 
(raw legumes), 7.5–7.8 (germinated legumes) and 6.0–5.4 
(mushroom) up to 15% levels, respectively, which might be 
due to the bitter taste of raw and germinated legumes flour.

The control samples had maximum shape and colour 
acceptability, whereas biscuits containing 15% addition of 
raw and germinated legumes flour and mushroom flour were 
found to be shape and colour unacceptable to the panelists in 
terms of shape and colour. The shape and colour acceptabil-
ity score for control was 7.9 and 8.0 on a 10-point hedonic 
scale. Biscuits made from blends containing 5% level of raw 
legumes and 10% level of germinated legumes flours did not 
differ significantly (p<0.05) from the control. At 15% lev-
els of substitution, the shape and colour acceptability was 
rated as poor. The germinated legumes flour-supplemented 
biscuits performed better than the other legumes and mush-
room–supplemented biscuits. Similar observations were also 
reported with supplementation of rice bran-fenugreek blends 
flour [Sharma & Chauhan, 2002] and fenugreek flour 
[Hooda & Jood, 2005] with wheat flour.

Biscuits made from blends containing 5% level of raw 
legumes and 10% level of germinated legumes flours did not 
differ significantly (p<0.05) from the control. At 15% levels 
of substitution, the shape and colour acceptability was rated 
as poor. The raw and germinated legumes flour-supplement-
ed biscuits with 5 and 10% performed better in distribution of 
cell than the control and the other legumes and mushroom- 
-supplemented biscuits.

From the sensory acceptability rating, it was conclud-

ed that legumes and mushroom flour could be incorporated 
up to 10% level in the formation of biscuits without affecting 
their sensory quality. 

With respect to the sensory evaluation, the organolep-
tic characteristics of biscuit samples made from wheat flour 
and different levels of raw and germinated legumes flour and 
mushroom flour are summarized in Table 8. There was a 
highly significant difference in all sensory properties of bis-
cuits except texture score between the control sample and 
those blends which contained raw and germinated legumes 
flour and mushroom flour up to 15% level. Biscuits prepared 
with raw and germinated legumes flour and mushroom flour 
at any level addition received significantly higher scores for 
colour, taste, shape, odour and distribution of cell with the 
highest acceptability. The results obtained indicated that raw 
and germinated legumes flour could constitute a good alter-
native for biscuits manufacture. 

Sensory characteristics of balady bread
Panelists liked all tested balady breads (Table 9). The gen-

eral appearance, distribution of crumb, crust colour, odour, 
roundness, separation layer, taste, upper and lower thickness 
of the breads containing raw and germinated legumes flour 
and mushroom flour up to 15% were ranked higher than the 
control bread. The sensory evaluation data demonstrated 
that wheat flour could be replaced up to 10% using raw and 
germinated legumes flour and mushroom flour without dras-
tically affecting bread quality [Pena & Amaya, 1993; Doxas-
takis et al., 2002; Naeem et al., 2002].

There was a highly significant difference in all sensory 
properties of balady bread score between the control sam-
ple and those blends which contained raw and germinated 
legumes flour and mushroom flour up to 15% level. Balady 
bread prepared with raw and germinated legumes flour and 

TABLE 8. Statistical analysis of sensory evaluation of biscuit as affected by different levels of raw and germinated legumes and mushroom flours 
(mean values).

Samples Shape Surface colour Taste Odour Texture Distribution of cell

Control 7.9A 8.0A 7.6AB 7.9A 7.3 A 7.7AB

5% chick peas 7.6ABC 7.6ABC 7.5AB 8.0A 7.1 A 7.6AB

10% chick peas 7.9A 8.3A 7.9A 8.1A 7.2 A 7.9AB

15% chick peas 6.5BC 6.7BCD 7.9A 8.2A 6.4 A 7.5AB

5% chick peas geminated 6.5BC 6.5CD 7.5AB 7.3AB 6.5 A 7.6AB

10% chick peas geminated 7.7AB 7.4ABCD 7.5AB 7.9A 7.3 A 7.9AB

15% chick peas geminated 7.4ABC 7.1ABCD 7.2ABC 7.7A 6.9 A 7.3AB

5% mushroom 6.9ABC 7.1ABCD 6.0CD 6.1C 6.6 A 5.9C

10% mushroom 6.4BC 6.1D 6.5BCD 6.3BC 7.0 A 6.9BC

15% mushroom 6.3C 6.1D 5.4D 5.9C 6.7 A 6.9BC

5% kidney peas 7.9A 7.6ABC 7.9A 7.7A 7.5 A 7.8AB

10% kidney peas 7.0ABC 6.3CD 7.2ABC 7.7A 6.6 A 6.9BC

15% kidney peas 6.8AB 6.5CD 7.0ABC 7.6A 6.5 A 6.8BC

5% kidney peas germinated 7.1ABC 6.7BCD 7.8A 7.7A 7.7 A 8.1A

10% kidney peas germinated 7.7AB 8.0AB 7.0ABC 7.5A 7.6 A 7.8AB

15% kidney peas germinated 7.7AB 7.3ABCD 7.7AB 7.7A 7.0A 7.3AB

LSD** 1.530184 1.921501 1.564211 1.353010 NS* 1.487346

* Non-significant; ** Least Significant Difference
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mushroom flour at any level addition received significant-
ly higher scores for appearance, distribution of crumb, crust 
colour, odour, roundness, separation layer, upper and lower 
thickness and taste with the highest acceptability. The results 
obtained indicated that raw and germinated legumes flour 
could constitute a good alternative for balady bread manu-
facture.

CONCLUSIONS

The results obtained indicated that raw and germinated 
legumes (chick peas and kidney peas) flour and mushroom 
flour may be blended with wheat flour at levels as high as 
15% without adversely affecting baking performance of bala-
dy bread, but with some adverse effects on biscuits. However, 
the addition of raw and germinated legumes and mushroom 
flours as a source of protein to wheat flour affected the rhe-
ological, colour and sensory characteristics of balady bread 
and biscuits in various ways. Balady bread and biscuits con-
taining germinated chick peas and kidney peas flour (15%) 
and mushroom flour (15%) were high in protein and accept-
able. The protein composition of these samples showed that 
protein, which plays a very important role in improving rheo-
logical, technological and sensory properties of baking prod-
ucts, could be used for enriching the protein content of bala-
dy bread and biscuits. These studies have shown the potential 
for developing protein-rich balady bread and biscuits.
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