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Summery- One bread wheat flour(Rezgary) and one durum wheat flour(Cham 5) with two barley flours were prepared in the 
laboratory using locally made disc mills, also a commercial bread flour and naked barley flours were used in this study, 
blends of wheat flour and barley flour were prepared at different ration. Khalouf flour (KH) (commercially produced in 
Syria) was studied before and after blending it with naked barley. The rheological properties were studied using Farinograph 
and Alveograph, the fermentation gassing power and specific loaf volume were carried out and finally the baking tests were 
conducted for all flour samples. Fermentation measure and baking tests were carried out with and without TGase. Good 
correlation was found between water absorption and (r=0.850 P<0.01) gassing power after five hours fermentation. 
Increasing dough stability and softening by addition of barley flour. The specific loaf volume (SLV) of bread decreased with 
the addition of barley flour and was more pronounced with white barley. The alveograph data for KH flour and its blends 
showed a high negative correlation of P/L with specific loaf volume (SLV) (r= -0.981 P<0.05), also the area under curve (W 
10-4J) high correlated to SLV (r=0.997 P<0.01). Addition of TGase caused positive increasing in gassing power of fermented 
dough’s, and SLV for all flour samples and blends were increased by adding TGase at certain con. (Up to 2 U) and 
increasing was higher for bread wheat flour (Rezgary) compared to durum wheat flour (Cham 5). It could be concluded that: 
1.Incorporation of TGase enzyme in gassing power tests showed an increase in liberated CO2 gas which from most flour 
samples. 2. Addition of TGase to wheat flours and their blends up to 2U improve SLV’s of all wheat flours and their blend 
while higher concentration of the enzyme (4U) haven’t show further increase in SLV values. 3. Baking tests of all wheat 
flour and their blends expressed as SLV showed that the addition of barley flour at different ration decreased SLV. 
 
Keywords- Transglutaminase, Gassing Power, specific loaf volume, Wheat and Barley Flours. 
 
I. INTRODUCTION 
 
Bread (flat or leavened) is one of the staple foods for 
most populations globally. Its quality normally 
depends on raw materials, processing methods and 
the food habits, Bread wheat (Triticum aestivum L.) 
is normally used for productions of variety breads. 
Many wheat varieties are cultivated in the region and 
a breeding program was established, research centers 
to continually improve the local varieties. 
 
It’s well known that chemical additives were added to 
wheat flour to perform positively during fermentation 
and baking stages so the quality parameters will 
improve. There are many improvers but the one that 
affects protein structure and manipulate the dough to 
hold fermentation gases are the chemical oxidants 
such as Potassium Bromate,   Azodicarbon amide, 
Ascorbic acid and, many others. The use of chemical 
is not preferable these days, especially after realizing 
that many enzymes were acquired by the same role, 
such as glucose oxidase and transglutaminase. These 
enzymes were used recently to improving the baking 
quality of normal and low quality characteristic of 
bread wheat flours. 
 
Composite flours have been processed using different 
cereals blends with or without wheat flours. The 
reasons normally were economical and nowadays 
some kind of composite flour  were processed and 
commercialized for health benefits,  since 

introduction of  high fibers (soluble and insoluble) 
cereal were known for lowering blood cholesterol and 
benefited those suffering from heart disease since 
consumers were aware of their diet and many 
preferred eating healthy foods. Even the consumers 
with diabetes mellitus can benefit from eating bread 
made from a blend of wheat flour and barley flour or 
other high fiber cereal flour. The healthy advantages 
of β-glucans present in barley were reported to be 
effective in reducing serum cholesterol level and 
slowing glycemic response (McIntosh et al., 1991; 
Kahlon and Chow 1997 and Rieckhoff et al 1999).  
The problems which expected to associate with 
introducing barley flour could be summarized in the 
term of weakening of dough properties therefore 
affects the processed bread quality parameters 
negatively. The barely normally have relatively  
higher lysine content (Brandt et al., 2000 and Shewry 
2007) which could be recognized as a positive 
indication when blended  with wheat flour of low 
lysine content beside its high fiber content, the 
disadvantage of black barley over the white one was 
considered for its coloration (brown to black) of the 
produced bread. 
 
The aim of this study was to investigate the role of 
microbial transglutaminase in improving some of 
bread making parameters of wheat flours (Bread and 
Durum wheat) and wheat flour blends composed 
from the addition different ratios of black and white 
barley flours as well as naked barley flours. 
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II. MATERIALS AND METHODS 
 
Two of local wheat cultivars, Rezgary (RE) and 
durum wheat Cham 5 (CH) wheat bread plus two 
barley cultivars white (WB) and black (BB) samples 
were obtained from Erbil Agriculture Research 
Center. Khalouf (KH) a commercial flour sample was 
supplied by Khalouf millers and a naked barley (NB) 
sample was provided by International Center of 
Agriculture Research in Dry Area (ICARDA). 
Bacterial Enzyme Transglutaminase (TGase) derived 
from Streptove- rticillium sp. was obtained from 
Ajinomoto Co. (Shanghai Biocaxis Chemicals Co., 
LTD) with an activity of 50U/g protein. Flour 
samples were prepared according to AACC method 
No. 26-10A (AACC, 2000).  The flour passed 
through sieve size 9xx (150 µ) was collected used in 
this work. Nevertheless the following extraction rates 
were obtained: 57.6%, 53%, 57%, 44%, 43% for RE, 
CH, NB, black and white barley respectively. Ten 
flour samples were prepared to study the effect of 
blending wheat flour with barley flour before and 
after the addition of TGase on their performance in 
bread making and other quality parameters (Table 1). 
 

Table 1: Flour Blends 

 

 
 

The addition of TGase was calculated on the basis of 
the amount of crude protein present in each recipe 

(blend). Approved Method AACC No 22-11(AACC, 
2000), for measurement of Gassing Power by the 
Pressuremeter method was used  to measure the gas 
production by baker’s yeast and flour with(1U/g flour 
) and without addition of TGase. Modified bulk 
fermentation method was used in loaf bread baking 
tests (Brennan 2006). The analysis was conducted for 
frozen dough samples at ICARDA using Singh et al 
(1991) procedure.  
The data testes analyzed using Statistical analyses 
program (SAS, 2005). Tukey’s multiple range tests 
were used to compare the Mean within the groups of 
one factor, and the correlation significant at level 
0.01%, 0.05%. 
 
III. RESULTS AND DISCUSSION 
 
These experiments were carried out for two purposes, 
firstly to give an indication of damaged starch levels 
in wheat flours and their blends and secondly to 
demonstrate the role of TGase during fermentation of 
wheat flour slurries in a closed jar by measuring the 
pressure of liberated CO2.  The data in table (2) 
illustrated that the gassing power measured as mm Hg 
during  five hours fermentation at 35°C was higher 
for Cham 5 durum wheat flour  (101 mm Hg at the 
end of five hour’s) compared to Rezgary bread wheat 
flour (66 mm Hg). 
 
This result is quite reasonable due to the hardness of 
durum wheat compared to bread wheat, according to 
Williams (1986) and Bass (1988) endosperm 
hardness increase starch damage, consequently 
causing more damaged starch especially when disc 
grinder is used for milling as in this study, as well as 
the data showed the high correlation coefficient with 
water absorption at five intervals time, and at the end 
of five hour’s was (r=0.850 P<0.001). The 
differences between BB and WB in gassing power 
were not very large (91 and 82 mm Hg) after five hr’s 
and small differences could be due to the relative 
hardness of BB. The addition of TGase at 1U/ g flour 
showed an increase in gassing power for Rezgary 
flour (from 66 to 87), Cham 5 flour (from 101 to 115) 
BB flour (from 91 to 109) and WB flour (from 82 to 
108). Concerning the role of TGase on flour blends 
attitudes during fermentation the data in table (2) 
showed same trends in increasing the production of 
CO2. The positive role of TGase on gas production 
during fermentation of wheat flours and their blends 
is not well understood and according to our 
knowledge there were no single research reference 
dealing with this issue. The interpretation of these 
finding could be on the basis that TGase could 
modify the enzymatic system (B- amylase of wheat 
flours and the zymase enzymes of the yeast) 
positively, hence making them more efficient in 
producing available sugars and as well as converting 
this sugar to CO2  or could be crud enzymes of TGase 
contributed in this phenomena. 
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Table 2:  Fermentation gassing power averages of wheat flour and their blends. 

 
 

The most important parameter of flour baking quality 
is the final specific loaf volume which reflects the 
volume of the bread gained for a given weight of 
dough which is expressed as SLV, the values ranged 
between 2-5ml/g were acceptable depended on 
dough’s ingredients. Factors affecting SLV can be 
summarized as protein quality and quantity, dough 
rheological properties, degree of starch damage, 
added flour improver, the amount of yeast, 
fermentation time, and baking conditions (Carson and 
Edwards 2009). The specific loaf volumes (SLV) 
were obtained after baking test for the wheat flour 
samples and blends (table 3). The results  showed that 
the SLV of bread wheat was higher for bread wheat 
flour Rezgary (3. 19 + 0.05 ml/g) comparing to 
durum wheat flour Cham 5 (2.85 ± 0.07 ml/g), the 
result was quite reasonable according to Sommier et 
al (2005), Rouille et al (2005)and  Jirsa et al (2007). 
Addition of different levels of either BB or WB flour 
at both levels (25 and 50 %) decreased the SLV 
values and differences between the blend attitudes 
were significant showing a decreasing inclination. 
This finding is well understood for the durum wheat 
flour which has no such ability to perform good 
baking quality (Boggini et al 1995a,b, 1998) while 
the role of barley flour in decreasing the SLV of 
Wheat flours blends was due to its deleterious effects 
through diluting wheat gluten, as it has been 
established that wheat alone has the gluten proteins 
capable of forming the fully elastic dough required to 
bake leavened bread, and responsible to rising dough 
and retention of gas during fermentation and baking, 
a similar results were founds by Newman and 
McGuire(1985), Swanson and Penfield (1988), 
Basman et al (2003), Dhingra and Jood, (2004) and 
Trogh et al (2005). The above explanation of diluting 
wheat gluten may extremely contributed in low 
correlation between protein content and SLV 
(r=0.515). 

Addition of 0.5, 1 and 2 U/ g protein of TGase to 
flour samples and their blends showed an increase in 
SLV values and the differences between the three 
treatments were significant at the same manner as for 
the samples before the addition of TGase with more 
pronounced effect for 0.5 and 1 U enzyme since the 
addition of 2U was either equal or slightly higher 
than the samples before the addition of the enzyme. 
This might be due to the interactions of the proteins 
subunits (Larre et al 2000, Koksel et al 2001, Basman 
et al 2002, Basman et al 2003, Koh and NG 2009). 
The data also cleared out that the addition of 4 U of 
TGase decreased the SLV values of all wheat flour 
and their blends indicating an increased or/and 
excessive cross linking of protein subunits to a level 
that increased dough resistance to expansion 
(Resistant to extensibility) owing to a decreased SLV 
values of the 4U TGase added samples and blends, 
the results were in agreements with those of Basman 
et al (2002), Bauer et al (2003) and  Autio et al 
(2005). 
Regarding the differences between BB and WB in 
their effects on SLV values of all blend and at 
different levels, the data illustrated that WB flour 
decreased SLV values of wheat flour blends at 25 and 
50 % (from 2.92 to 2.24 ml /g) much more than BB 
flour (from 3.08 to 2.34 ml/g) and this could be to the 
lower protein content and not the quality of the WB 
proteins compared to BB since it supposed in both 
cases the barley flour protein is not suitable for bread 
baking without the added enzymes. Also it was noted 
that the improving action of TGase up to 2U on bread 
wheat flour (RE) treatments (from 3.19 to 3.31 ml/g) 
was better than on Durum wheat flour (CH) 
treatments (2.85 to 2.93 ml/g) this could guided to 
conclusion that the protein subunits of bread wheat 
flour were more accessible to enzyme actions than 
durum wheat proteins ,since they are different in 
types and amounts of HMW and LMW ,specially 
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HMW-GS,  which according to Larre et al (2000) and  
Rosell et al (2003)  the HMW-GS were most effected 

by TGase cross-linking . 

 
Table 3: Specific loaf volume (SLV) with standard deviation of wheat flours and their blends with and without TGase. 

 
 

Conclusions: It could be concluded that: 
1.Incorporation of TGase enzyme in gassing power 
tests showed an increase in liberated CO2 gas which 
from most flour samples. 2. Addition of TGase to 
wheat flours and their blends up to 2U improve 
SLV’s of all wheat flours and their blend while 
higher concentration of the enzyme (4U) haven’t 
show further increase in SLV values. 3. Baking tests 
of all wheat flour and their blends expressed as SLV 
showed that the addition of barley flour at different 
ration decreased SLV. 
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