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Abstract 
Effect of three commonly used additives namely Carboxymethylcellulose (CMC), Xanthan gum (XG) and 
Sodium Stearoyl Lactylate (SSL) on fermentation and Pasting properties of composite sorghum-wheat flour 
was investigated using two different instruments; Rheofermentometer (F3) and Rapid Visco-Analyzer (RVA). 
It is clear that inclusion of sorghum flour as partial substitution of wheat flour has a direct negative impact on 
dough development measures and nearly all RVA properties of composite flour. Additives were differently 
affected the parameters under the investigation whereas Xanthan gum added samples exhibited a much 
poor fermentation and pasting properties than the control while the effect of CMC was modest and achieved 
reasonable improvement in some parameters. The most pronounced positive change was achieved by SSL 
which remarkably improved both fermentation and pasting properties of composite sorghum-wheat flour. 

Keywords: Composite flour, sorghum flour, additives, fermentation, pasting properties.   

Introduction 
Food insecurity is still a major problem in many 
developing parts of the world mainly due to the climate 
change, population growth and rising global crop prices, 
an alternative to overcome this problem is through 
utilization of locally produced crops. Sorghum (Sorghum 
bicolor (L. Moench)) is one of potential food crops which 
can be utilized in many different forms. The importance 
of this grain lies in its huge production in semiarid zones 
where, frequently, little else can be produced. 
It is therefore stable in Africa, Asia, and the drier parts of 
Central and South America (Dendy, 1995). According to 
Rooney and Waniska (2000) around 40% of world 
sorghum production is used as food for human. Bread is 
considered one of the most widely consumed food 
products in the world and bread making technology  
is one of the oldest technologies known. However, 
scarceness and the disturbed supply of wheat flour (the 
major component of bread) as well as existing wheat 
protein related diseases made the scientists and 
researchers to think about using a composite and gluten 
free flours for bread making. As result, numerous 
researches were undergone to find out the possibility to 
use sorghum and other cereal grains into bread  
making industry. Worldwide research on sorghum-wheat 
composites showed that up to 30% sorghum flour could 
be used in combination with wheat flour to make quality 
bread (Dendy, 1992). Despite this, sorghum flour is not 
considered bread-making flour and inclusion of sorghum 
into composite bread formula gives a dry, grittier and a 
faster firming crumb as it is unable to produce bread with 
an acceptable volume, consequently; additives and 
technological aids were suggested to improve the quality 
of bread.  

 
It is believed that incorporation of hydrocolloids or/and 
emulsifiers has a great potential to improve the quality 
attributes of bakery products made up composite flours. 
Hydrocolloids have found a wide application as additives 
in baked products due to their ability to modify dough 
rheology and keep qualities of final backed products. 
They are often used as gluten substitutes in gluten-free 
breads (Toufeili et al., 1994). Emulsifiers are active 
surfactant compounds that are used in bread making 
with different objectives. The emulsifiers have a chemical 
structure containing both hydrophilic and hydrophobic 
moieties. According to Manuel et al. (2004), the 
amphiphilic character of emulsifying agents provides a 
greater possibility to form complexes with starch and 
proteins in dough system, gives softer crumb and bigger 
loaf volume in the final product. Regardless, to the 
smaller trails; the information explaining how the different 
hydrocolloids and emulsifiers modify composite 
sorghum-wheat dough system is still very limited. 
The aim of this study was to investigate the effect of 
three additives namely carboxymethylcellulose (CMC), 
xanthan gum (XG) and sodium stearoyl lactylate (SSL) 
when used singly on rheofermentation and pasting 
properties of composite sorghum-wheat flour. 
 
Material and methods  
Materials: High-gluten wheat flour with moisture, ash, 
and protein content of 13.5, 0.98 and 13.8%  
was purchased from COFCO Peng Thai Co. Ltd. 
(Qinhuangdao, china). Grain sorghum purchased from 
(Zaozhuang, china), no information was available on the 
variety, growing location and harvest method.  
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Instant dry yeast, shortening butter, sugar and  
salt were from local markets (Wuxi, china). 
Carboxymethylcellulose (CMC), Xanthan Gum (XG) and 
Sodium Stearoyl Lactylate (SSL) provided by Qingdao 
Sonef Shemical Co. Ltd. (Qingdao, China), Neimenggu 
Fufeng Biotechnologies Co. Ltd. (Hohhot, china) and 
china GuagDong ZhonShang City Southern New Well 
Food Biology Engineering Co.Ltd (ZhongShan, china) 
respectively. All materials were kept in an air conditioned 
room at 25C. 
  
Flour preparation: Grain sorghum was milled (Using 
hammer miller) and screened through one hundred mesh 
screens. Composite flour was prepared at the following 
rates; 0/100 as control sample, 10/90, 20/80, 30/70 and 
40/60 w/w (sorghum flour to wheat flour), then used for 
the study experiments. Only 30/70 composite dough 
sample was taken into additives treatment. Additives 
were added at the flowing levels 0.5, 1, 1.5 and/or 2% 
(flour weight bases) depending on type of additive. 
 
Fermentation properties of composite dough: Rheology 
of dough during the fermentation was determined using a         
Rheofermentometer F3 (Chopin, Villeneuve-La-Garenne 
Cedex, France) to measure the time at which dough 
reaches the maximum height T1; maximum height of 
dough Hm; maximum gas fermentation height H’m; total 
gas volume G1; retention volume of gas G2 and gas 
retention coefficient G3; using the method described by 
(Czuchajowska and Pomeranz, 1993). A piece of dough 
(220 g) was placed in a movable basket of the gas meter 
with a 1 500 g cylindrical weight, and the cover of the vat 
was fitted tightly with an optical sensor. The test was 
conducted at 38°C for 3 h. The analyses were done in 
triplicate.  
 
Pasting properties of composite flour: The pasting 
properties of composite sorghum–wheat flours at 
different ratios were evaluated with Rapid Visco-Analyzer 
(RVA-4, Newport Scientific, Warriewood, Australia) using 
standard profile I as described by Kaur et al. (2013). 
Flour (3 g, 14% moisture basis) was weighed directly in 
an aluminium RVA sample canister and 25 mL distilled 
water was added. A programmed heating and cooling 
cycle was used where the samples were held at 50°C 
with a speed of 960 rpm for 10 s. Then the speed was 
decreased to 160 rpm and held at 50°C for 1 min and 
then heated to 95°C for 3.7 min and held at 95°C for 2.5 
min before cooling to 50°C in 3.8 min and holding it for  
2 min. Parameters recorded were peak viscosity, trough 
viscosity, breakdown viscosity, final viscosity, setback 
viscosity and pasting temperature. The tests were done 
in duplicate.  
 
Statistical analysis: All analysis were performed in 
triplicate for each sample where the data was subjected 
to an analysis of variance (ANOVA) and the significance 
of the difference between means was determined by 

Duncan's multiple range  test (P<0.05) using SPSS 17.0 
for windows program( SPSS Inc., Chicago, USA). 
 
Results and discussion  
Effect of substation level on the rheofermentation 
properties of composite sorghum-wheat dough: The 
effect of sorghum flour addition on fermentation 
properties of composite dough was summarized in Table 
1. Data of this investigation shows that there was a 
significant (P<0.05) reduction in dough maximum height 
(Hm), maximum dough fermentation time (T1) and 
maximum gas fermentation height (H'm) with the 
increase of sorghum flour in the formula. Despite the 
decrease in dough development parameters; no 
significant difference observed in maximum gas 
fermentation height (H'm) between the SF10% and 
control. Same results were found in (T1) and (H'm) 
among the SF20% and SF30%. Regardless to the 
retarded dough development; the gas behavior was 
improved with the increase of sorghum flour in dough 
system. Both total gas volume (G1) and retention volume 
of gas (G2) from 2005 mL (control) to 2061 mL and from 
1932 mL (control) to 2004 mL (SF40%) respectively. No 
significant difference was found between the gas 
retention coefficients of different substitution levels and 
the control. These results are in line with the findings of 
other trails. It is a general concept that a decrease in 
dough maximum height could be due to the lower matrix 
development therefore minimize the retained gas 
quantity, excessive tenacity which prevents the dough 
extension and/or reduction in gas production (Gómez et 
al., 2011). The results of this study supports; the second 
hypothesis which concludes that there is a higher 
tenacity which diminish the dough capacity to expand 
and that disagree with Hart et al. (1970) who reported a 
poor gas retention in sorghum dough. The improved gas 
retention of dough could also explained due to the higher 
shortening content in the formula and this is in line with 
finding of Mousia et al. (2007) who reported that 5-6% 
(flour bases) of shortening in formula will enhance the 
gas retention capacity of the dough by plugging the cell 
wall wholes and therefore assist to retain more gas in 
dough system. 
 
Effect of substation level on the pasting properties of 
composite sorghum-wheat flour: Pasting properties of 
composite sorghum-wheat flour were measured during a 
heating–cooling cycle to investigate the effect of the 
partial substitution of wheat flour with sorghum flour 
using RVA (Table 2). RVA data was subjected to the 
analysis of variance to identify the influence of the 
different substitution levels of the sorghum flour on the 
dough pasting properties. Data demonstrate that the 
replacement of wheat flour with sorghum flour had a 
direct adverse effect on the majority of these parameters. 
Peak viscosity-which is the equilibrium point between 
swelling and rupture of starch granule-was significantly 
(P<0.05) declined with the increase of sorghum in dough 
formulation.  
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This could be related to the presence of starch in 
sorghum flour and therefore dilution of wheat gluten 
network. Our results agree with Mohammed et al. (2012) 
who reported that, the rise of the viscosity will 
discontinue when granules reach adequate internal 
pressure followed by drop in pasting viscosity due to 
granules rupture. In other words, sorghum starch 
granules could have a lesser tolerance against the 
internal pressure, ruptures faster and therefore reduce 
the value of this parameter. Trough viscosity-which is the 
difference between peak viscosity and breakdown, was 
just decreased along with increasing the replacement 
level up to 20% of sorghum flour without exhibiting a 
significant difference with control. Only the trough 
viscosity of 30-40% (sorghum flour) contained samples 
were significantly (P<0.05) different from that of control. 
Decrease in this parameter could be explained as result 
of rupturing granules due to shearing. According to 
Zaidul et al. (2007), during breakdown, the starch 
disintegrates and further exudation of amylose takes 
place. Despite this; value of breakdown was gradually 
decreased, but no significant differences were found 
between the control sample and those of the dough 
containing sorghum flour.  Final viscosity (cold paste 
viscosity) is defined (Mahasukhonthachat et al., 2010) as 
a measurement of starch retrogradation which increases 
if starch granules are less impeded to swell and 
reassociate or retrograde upon cooling. It indicates the 
heat stability of the paste in the usage (Shimelis et al., 
2006). In this study, the final viscosity of the control was 
higher before replacing part of wheat flour with sorghum 
flour and this was obviously due to high and quick 
reassociation or retrogradation of starch granules upon 
cooling. Setback viscosity-which is the returned starch 
viscosity during cooling from heating up of the starch 
suspension, shows the tendency of the starch to 
retrogradation (Pranoto et al., 2014).  

 

 
 

 
Effect of sorghum flour addition on the setback followed 
the same trend to that on the final viscosity, whereas all 
substitution levels-with exception in SF10% were 
significantly declined the value of this parameter. Finally, 
peak time and pasting temperature were not affected in a 
relevant manner by the increased amount of sorghum 
flour. Regarding the results of this study; the replacement 
of wheat flour with sorghum flour had a negative impact 
on pasting properties of composite flour by reducing 
peak viscosity, trough viscosity, breakdown, final 
viscosity and setback along with the increase of sorghum 
flour. 
 
Effect of hydrocolloids and emulsifier on the 
rheofermentation properties of composite sorghum-
wheat dough: The effect of carboxymethylcellulose 
(CMC), xanthan gum (XG) and sodium stearoyl lactylate 
(SSL) on the fermentation behavior of composite dough 
was presented in Table 3. To obtain dough with the 
desired fermentation properties, a good interaction 
between different dough components and additives 
during fermentation period is very important. 
Consequently, any change in a bread formulation needs 
appropriate evaluation. In this study, all incorporated 
additives were significantly (P<0.05) affected in a 
different manner on maximum height of dough (Hm).     
An increase of CMC level gives elevated Hm while it was 
decreased with the increase of XG and SSL 
concentration. This likely has an agreement with Rosell 
et al. (2001) who stated a lower Hm when they added 
xanthan gum into dough formula. Addition of 
hydrocolloids and emulsifier with exception in highest 
concentration of XG (2%) was reduced the time for 
maximum dough development (T1). However, the degree 
of reduction in this parameter was higher with the 
increase of SSL level. Contrary to SSL, increase of CMC 
and XG concentration pronounced an extended T1. 

Table 1. Effect of substitution level on rheofermentation behavior of composite sorghum-wheat dough. 
                          Gas behavior       Dough development  Sample G3 (%) G2 (mL) G1 (mL) H'm (mm) T1(h) Hm (mmL) 

96.4±0.20a 1932±1.00a 2005±2.00d 91.4±0.95a 2.47±0.04a 92.6±1.05a Control 
97.3±0.26a 1951±1.73b 2029±1.00c 91.8±0.26a 2.00±0.43b 62.1±0.17b SF10% 
97.3±0.58a 1956±1.73c 2032±3.46c 89.0±0.95b 1.58±0.01c 56.9±0.26c SF20% 
97.6±0.20a 1996±2.00d 2046±2.64b 88.7±0.36b 1.46±0.01c 49.1±0.90d SF30% 
98.0±0.36ab 2004±1.00e 2061±2.65a 85.1±0.26c 1.24±0.04c 47.1±0.20e SF40% 

Control: wheat flour, SF: sorghum flour, Hm: maximum height of dough, T1: time at which dough reaches the maximum height, H'm: 
maximum gas fermentation height, G1: total gas volume, G2: retention volume of gas, G3: gas retention coefficient. 
Mean values within a column followed by different letter are significantly different (P< 0.05) Mean (n=3) ± standard deviation. 

Table 2. Effect of substitution level on pasting properties of composite sorghum-wheat flour. 
Pasting 

temp (C) 
Peak time 

(min) 
Setback  
(RVU) 

Final 
viscosity (RVU) 

Breakdown 
(BU) 

Trough viscosity 
(RVU) 

Peak viscosity 
(RVU) Sample 

90.1±0.57a 5.84±0.05a 1468.5±4.95a 2518.5±3.54a 449.5±9.19a 1050±1.41a 1499.5±7.78a Control 
88.4±0.49ab 5.87±0.09ab 1472.5±13.50a 2512.5±6.36a 439.0±13.43a 1040.4±12.73a 1482.0±4.95b SF10% 
87.3±0.07b 5.88±0.06ab 1267.0±3.96b 2293.0±9.90b 437.5±14.50a 1026±2.97a 1463.5±9.19c SF20% 
88.0±1.20b 6.00±0.04b 1168.0±3.47c 2033.0±12.00c 433.0±15.60a 865.0±12.5b 1299.0±2.12d SF30% 
87.7±0.57b 5.95±0.03ab 904.5±11.50d 1679.0±4.24d 415.0±11.00a 774.5±12.02c 1189.5±3.53e SF40% 

Control: wheat flour, SF: sorghum flour, Mean values within a column followed by different letter are significantly different (P<0.05) Mean 
(n=2) ± standard deviation. 
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The incorporation of SSL (at all levels) improved the 
maximum gas fermentation height of composite 
sorghum–wheat flour dough (H'm) compared to the 
control (P<0.05). While it was declined with the increase 
of CMC content to 1% before it rises again at the 
concentration of 2% contrary to other additives; increase 
of XG concentration was significantly reduced the H'm. 
The different effects of these additives on dough 
development parameters can be related to their 
interaction with the dough components and the formation 
of cross links that support or retard the gas expansion 
during fermentation. Total gas volume (G1) was 
improved by all additives with exception in highest level 
of XG (2%) which diminished the value of this parameter 
(from 2005 mL in the control to 1930 mL at XG2% 
contained dough). Same results were observed in the 
retained volume of gas (G2), the values of Gas retention 
coefficients (G3) were close together and were all 
significantly (P<0.05) different from that of control. 
Generally; all additives were improved the fermentation 
properties (compared to results in Table 1) and regarding 
to the results; this study suggest that SSL could be 
useful to improve the gas retention during the 
fermentation period.   
 
Effect of hydrocolloids and emulsifier on the pasting 
properties of composite sorghum-wheat flour: The effect 
of CMC, XG and SSL on the pasting properties of 
composite flour was summarized on Table 4.  

 

 

 
Data shows that incorporation of these different additives 
affected the dough pasting properties in a different 
manner, whereas peak viscosity was significantly 
(P<0.05) increased with the increase of both CMC and 
SSL, with having SSL the greater effect, this results has 
an agreement with those reported by Ali and Hasnain 
(2012), who added SSL and other additives into oxidized 
white sorghum starch and this could be explained due to 
their better capability to complex with sorghum starch. 
Contrary to other additives, XG has cut the value of this 
parameter compared with control. Decreased effect of 
xanthan gum could be presumed that it retards the 
swelling capacity of starch granules thus reduces the 
peak viscosity. All additives were exhibited a decrease in 
trough viscosity and breakdown when 0.5% (flour bases) 
was added. This has changed when 1% of additives was 
added, where trough viscosity value for both CMC and 
SSL was significantly (P<0.05) higher than their 
counterpart of XG and again only SSL was improved the 
breakdown. At the highest level; both CMC and SSL 
continued to raise the value of trough viscosity with SSL 
exhibited a significant improvement in breakdown value. 
CMC and XG were significantly declined the final 
viscosity (cold paste viscosity) and setback value of 
composite flour when added 0.5 to 1% (flour bases). 
Conversely to hydrocolloids, addition of emulsifier (SSL) 
at same levels was significantly (P<0.05) improved both 
final viscosity and the setback. At the highest level the 
trend was the similar to that of peak viscosity where both 

Table 4. Effect of hydrocolloids and emulsifier on pasting properties of composite sorghum-wheat flour. 
Pasting 

temp  
(C) 

Peak time 
(min) 

Setback  
(RVU) 

Final 
viscosity  
(RVU) 

Breakdown 
(BU) 

Trough 
viscosity 
(RVU) 

Peak viscosity 
(RVU) 

Additive 
% Sample 

90.1±0.57cd 5.84±0.05ab 1468.5±4.95e 2518.5±3.54f 449.5±9.19e 1050±1.41c 1499.5±7.78e 0 Control 
89.68±0.04cd 6.08±0.01bc 1441.0±9.90d 2452.0±5.66e 412.5±4.95d 1011.0±4.24a 1424.0±9.20c 0.5 

CMC 89.18±0.67c 6.10±0.33bc 1255.5±7.78a 2399.5±3.53d 384.0±9.19c 1144.0±11.3e 1527.5±2.12f 1 
90.88±1.66cd 6.70±0.04d 1353.0±11.3c 2675.0±8.50 h 349.5±0.71b 1322.0±2.83g 1672.0±2.12h 1.5 
89.63±1.24cd 6.10±0.04bc 1308.5±10.6b 2344.5±9.20c 389.0±4.24c 1036.0±1.41b 1425.0±2.83c  0.5 

XG 79.89±0.26b 5.88±0.01abc 1238.0±11.5a 2291.5±14.85a 322.0±8.49a 1054.0±1.41c 1376.0±9.90b 1 
76.85±0.30a 5.74±0.10a 1313.0±6.36b 2315.0±2.83b 317.5±2.12a 1002.5±3.54a 1320.0±1.14a 2 
89.70±0.71cd 6.08±0.01bc 1646.5±11.5f 2647.0±5.66g 448.0±3.54e 1000.5±10.6a 1448.0±7.07d 0.5 

SSL 90.85±0.64cd 6.14±0.02c 1718.0±1.41g 2812.0±7.07i 485.5±2.12f 1094.0±5.70d 1579.5±3.54g 1 
91.28±0.04d 6.04±0.05bc 1958.0±2.12h 3139.0±2.83j 515.5±0.70g 1181.5±4.95f 1697.0±5.66i 2 

Control: wheat flour, CMC: Carboxymethylcelluloce, XG: Xanthan Gum, SSL: Sodium Stearoyl Lactylate. Mean values within a column followed by different 
letter are significantly different (P< 0.05) Mean (n=2) ± standard deviation. 

Table 3. Effect of hydrocolloids and emulsifier on the rheofermentation behavior of composite sorghum-wheat dough. 
                              Gas behavior          Dough development     Additive % Sample G3 (%) G2(mL) G1 (mL)  H'm (mm)    T1 (h) Hm (mmL) 

96.40±0.20a 1932.0±1.00b 2005.0±2.00b 91.40±0.95g 2.47±0.04f 92.60±1.05h 0 Control 
97.50±0.10c 2023.7±0.58e 2076.0±2.00e 88.70±0.20f 1.40±0.02bbc 53.80±0.20e 0.5 

CMC 98.90±0.26d 2080.0±1.00g 2104.0±3.00f 83.50±0.44c 1.51±0.02d 57.00±0.17f 1 
97.13±0.15b 1970.0±1.00c 2029.0±2.65d 87.30±0.20e 2.10±0.09e 58.50±0.46g 1.5 
99.10±0.10de 2145.0±1.00i 2165.0±1.00g 85.50±0.46d 2.15±0.02e 24.67±1.45b 0.5 

XG 99.26±0.25e 1997.0±3.00d 2013.0±2.65c 81.20±0.35b 2.15±0.05e 24.90±0.10b 1 
99.30±0.26e 1917.3±2.52a 1930.0±3.61a 79.60±0.36a 2.52±0.06f 21.30±0.30a 2 
97.60±0.17c 2053.0±1.73f 2104.0±3.61f 91.50±0.70g 1.45±0.04cd 53.40±0.53e 0.5 

SSL 97.70±0.26c 2129.0±2.00h 2180.0±2.00h 93.20±0.20h 1.36±0.02b 51.50±0.50d 1 
97.70±0.17c 2356.0±3.61j 2411.0±1.73i 97.60±0.10i 1.27±0.03a 47.00±0.17c 2 

Control: wheat flour, CMC: Carboxymethylcelluloce, XG: Xanthan Gum, SSL: Sodium Stearoyl Lactylate, Hm: maximum height of dough, T1: time at 
which dough reaches the maximum height, H'm: maximum gas fermentation height, G1: total gas volume, G2: retention volume of gas, G3: gas 
retention coefficient. Mean values within a column followed by different letter are significantly different (P< 0.05) Mean (n=3) ± standard deviation. 
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CMC and SSL were significantly improved the final 
viscosity with SSL exhibited a higher impact and XG 
remains the lowest among them. At this level, only SSL 
has shown a remarkable improvement in setback while 
other additives were slightly increased it but still kept 
lower than that of control. Finally, data shows that both 
peak time and pasting temperature didn't much affected 
by the incorporation of additives into composite sorghum-
wheat flour and all results were close to of control with 
exception in xanthan gum which negatively affected on 
these parameters along with the increase of its 
concentration in the formula.  
 
Conclusion 
To conclude, inclusion of sorghum flour weakened the 
rheofermentation and pasting properties of composite 
flour along with increase of sorghum amount. Additives 
were differently affected the fermentation and  
pasting properties of composite sorghum-wheat flour.  
The greatest negative effect was displayed by xanthan 
gum while addition of CMC was resulted a modest 
positive impact. Conversely, SSL addition had a greater 
positive effect on both the fermentation and pasting 
properties of composite sorghum-wheat flour and that 
could be attributed to its nature of positive interact with 
flour components specially the starch.  
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