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ABSTRACT 
Defatted sesame flour (DSF), as a plant protein, was used in the formulation of chicken sausages 

by replacement of 9 and 18 % of chicken meat with equal amounts of DSF. Sensory evaluation of chicken 
sausages showed that sausages prepared by using 9% DSF  improved the quality attributes. Addition of 
DSF to chicken formula markedly increased the  sulphur- containing amino acids as compared with the 
control samples. The storage stability of the frozen sausages was investigated by following the changes 
occurring in total volatile bases nitrogen (TVBN), thiobarbituric acid (TBA) and microbiological load  
during storage. The obtained results showed that partially substitution of chicken meat with DSF caused 
reduction in both of the TVBN and TBA values followed by  a slight increase in these values  for all  the 
samples during the frozen storage. The results of microbiological analysis showed that Coliforms, Staphy-
lococcus aureus, Salmonella and Shigella were absent in all the  tested samples.  
Keywords : sausages, chicken meat, defatted sesame flour, thigh, breast, gizzard, sulphur-containing 

amino acids.

INTRODUCTION 
Chicken farms in Egypt play a major role 

in the national economy. Moreover, due to the 
high yield of white meats, chicken farms are 
sharing in solving the shortage of animal pro-
teins. On the other hand, processing of chicken 
meat had grown substantially, and it is now 
easy to find the chicken meat products on su-
permarkets shelves. The consumers prefer 
these products because of their  high meat con-
tent, low shrinkage during cooking, ease of 
digestibility and other health aspects as well as 
their moderate prices. 

One of the major problems facing the local 
sausage producers today is the formulation. It is 
often necessary to change sausage formulation 
from day to day because of the fluctuations in 
price and/or the availability of different quality 
of the raw materials. Therefore, it is worthy to 
find a formula which can lower the cost of the 
product. This could be achieved by partial re-
placement of the costly meat by some other 
ingredients that can help to reduce the cost 
without altering the nutritional value and palat-
ability of sausages. 

In an effort to counteract the effect of re-
duced fat levels and obtain acceptable products, 
a variety of technological procedures have been 

conducted including incorporation of non meat 
ingredients. Plant proteins had been widely 
used as binders and extenders in meat products 
to improve yields, reduce formulation costs, 
maintain nutritional value, enhance functional 
properties and decrease fat and cholesterol con-
tents (Dexter, et al., 1993, Lin & Keeton, 1998, 
Dzudie, 2000). 

Legume flours, such as soybean, are com-
monly used to replace some meat in the meat 
products (Berry, et al., 1979, Cruz & Hedrick, 
1985) which had stimulated interest in the po-
tential use of other oil seed such as defatted 
sesame flour (DSF) in meat products (Cruz & 
Hedrick, 1985). Properties of DSF  and meal 
had been reported by Dench, et al. (1981). 
Moreover, DSF is rich in protein, calcium, 
phosphorus, and niacin. The protein of sesame 
(Sesamum indicum) seeds is rich in sulfur-
containing amino acids, especially meth-ionine 
(Boloor Forooshan & Markakis, 1979), and 
thus it can be used in food products as a protein 
and methionine supplement. 

Defatted sesame flour and/or meal was 
used in fortifying some foods (Bressani, et al., 
1963 &  Rooney, et al., 1972) and formulating 
high protein beverages (Jaffe & Chavez, 1971). 
However, very few work had been done on the 
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use of DSF in meat products. Cruz & Hedrick 
(1985) successfully used DSF in the production 
of fermented salami without negative effect 
upon sensory attributes. Therefore, the objective 
of the present study was to evaluate the feasibil-
ity of using DSF in the formulation of cooked, 
smoked, frozen chicken sausages, with the as-
sessment of their sensory, chemical and micro-
biological storage stability. 

MATERIALS AND METHODS 
Materials : 

Ten Kgs of sesame seeds (Sesamum in-
dicum) were obtained in, June 2002, from 
Ministry of Agriculture, Egypt. Defatting was 
carried out as described by Morcos, et al. 
(1981). 

Chickens with an average weight of 3-3.5 
kg were obtained from a local market in Giza, 
Egypt. The obtained chickens were slaughtered, 
bled for 5 minutes, scalded for 1 minute at 
90°C, plucked by hand, eviscerated, skinned, 
deboned and divided into three parts (breast, 
thigh and gizzards). Each part  was separately 
minced three times using an electrical meat 
mincer. The minced samples were used to pre-
pare three kinds of chicken sausages, i.e.,  
thigh, breast and gizzards sausages. 

Preparation of sausages : Three kinds 
of sausages were prepared according to the 
recipe of Henrickson (1978) and El-Wakeil, 
et al. (1994). Two formulations were pre-
pared for each sausage kind by replacement 
of 9 and 18% of chicken meat with equal 
amounts of DSF. Thus, a total of 9 formula-
tions were prepared. The prepared samples 
and their symbols were recorded in Table (1). 
The following ingredients were added: 0.6% 

tri sodium poly phosphate, 1.2% sodium 
chloride, 5.0% casien, 1.67% starch, 0.17% 
ascorbic acid, 3.33% fresh onion, 1.67% 
fresh garlic and 1.0% fine powdered spices 
mixture for each prepared sample. The sau-
sage blends were mixed well for 5-10 min-
utes in a stainless steel vessel using a ladle. 
The sausage mix was stuffed into natural 
mutton casings, linked at 50-75 mm intervals 
and washed. Sausage samples were subjected 
to cooking in boiling water at 85-95°C for six 
minutes and dried at room temperature for 30 
minutes. The cooked sausages were smoked 
in a smokehouse at 74˚C and  68% relative 
humidity for 1.5 hr. The sausages were re-
moved from the smokehouse, chilled at 4°C, 
vacuum packaged and stored at -18°C for 30 
days. Fresh samples (at the time of packing) 
were subjected to sensory evaluation, chemi-
cal and microbilogical analysis. Frozen sam-
ples were withdrawn after 15 and 30 days for 
storage stability evaluation and microbiologi-
cal inspection.  

Sensory evaluation : Sensory evaluation 
was carried out by semi-trained judges using 
a 10 point hedonic scale rating for colour, 
odour, taste, juiciness, tenderness, and ac-
ceptability (Watts, et al., 1989). The rank 
method of statistical analysis was applied for 
test of the significance find the preferences 
(Snedecor & Cochran, 1979). 

Chemical analysis : Gross chemical 
composition was determined according to the 
AOAC (1990) methods. Amino acid content 
was determined as described by Moore, et al. 
(1958) using a Beckman Amino Acid Ana-
lyzer 119 Ch. Thiobarbituric Acid value 
(TBA) was determined as described by 

yncke (1970) and Lemon 
975) as mg malonaldehyde/kg 

n dry weight basis. Total vola-
le basic nitrogen (TVBN) was 
erformed according to the 
ethod of Vyncke (1989) and 

xpressed as mg/100 g sample 
n dry weight basis. 

Enumeration of bacteria : 
otal bacterial count, aerobic 
orefor-mirs, Coliforms, Staphy-
cocci, Salmonella and Shigella 
ere enumerated at 0-time and 

very 15 days during the storage 
eriod. Total bacterial count (TBC) 
as determined using plate count 
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Table 1:  The samples prepared in the present study and their 
symbols. 

Samples Symbol 

Defatted Sesame Flour DSF 
Chicken Breast Sausage, Control CBSC 
Chicken Breast Sausage, Containing 9% DSF CBS9 
Chicken Breast Sausage, Containing 18% DSF CBS18 
Chicken Thigh Sausage, Control CTSC 
Chicken Thigh Sausage, Containing 9% DSF CTS 9 
Chicken Thigh Sausage, Containing 18% DSF CTS 18 
Chicken Gizzard Sausage, Control  CGSC 
Chicken Gizzard Sausage, Containing 9% DSF CGS 9 
Chicken Gizzard Sausage, Containing 18% DSF CGS 18 
 2 
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agar (Difco). Aerobic spore former bacteria 
(SFB) were determined according to Wahab 
(1985). Coliform bacterial count were deter-
mined according to Harrigan & Margaret (1966) 
using violet red bile agar medium. Staphylococci 
were determined according to Baird-Parker 
(1962) using Baird-Parker's medium. Salmonella 
and Shigella were detected according to 
FAO/WHO (1979). 

Colour evaluation : The sausage sam-
ples were cut in half and the colour of the flat 
surface was measured using a Hunter lab Ul-
trascan reflectance spectrophotometer (Hunt 
lab, D25-L, Reston, VA, U.S.A). Five meas-
urements were carried out on each sample. 
Luminance (L value), redness (a value) and 
yellowness (b value) were measured.  

RESULTS AND DISCUSSION 
Sensory evaluation: Sensory character-

istics of freshly cooked smoked chicken sau-
sage samples as affected by defatted  sesame 
flour (DSF) addition were given in Table (2). 
Concerning breast sausages, addition of 9% 

DSF numerically improved the scores of all 
the tested properties. The improvement was  
insignificant (p<0.05) except for acceptability 
where a significant (p<0.05) difference was 
recorded between CBS9 and CBSC. On con-
trary, incorporation of 18% DSF led to de-
crease the organoleptic scores of all the tested 
parameters. The decrement was insignificant 
(p<0.05) except for both taste and acceptabil-
ity where a significant (p<0.05) differences 
were pronounced between CBS18 and CBSC. 
Similar observation could be given for thigh 

sausages, nevertheless, significant (p<0.05) 
differences were recorded between CTS18 
and CTSC with respect to all the tested prop-
erties. 

Regarding gizzard sausages, addition of 
DSF at a proportion of  9% numerically de-
creased the organoleptic scores, and the decre-
ment was significant (p<0.05) for odour, juici-
ness and tenderness. More decrement was oc-
curred by elevating the DSF proportion up to 
18%  where  significant (p<0.05) differences 
appeared for all the tested properties between 
the incorporated sample (CGS18) and the con-
trol (CFSC).   

Chemical composition : Table (3) 
shows the approximate chemical composition 
of the different smoked chicken sausage 
samples. It could be noticed that increasing of 
defatted sesame flour (DSF) in sausage 
preparation to 18% led to decrease the mois-
ture and fat contents and increased both of 
the protein and ash contents. These results are 
in agreement with the results reported by 
Morcos, et al. (1981).  

Amino acid com-
position : The amino 
acid composition (calcu-
lated as g/100g protein) 
of the sausage samples 
formulated from chicken 
meat (controls) and those 
manufactured by adding 
different levels of DSF 
to chicken meat (treated 
samples) are shown in 
Table (4). The results 
clearly indicated that the 
essential amino acid con-
tents of all kinds of the 
samples were higher than 
those of FAO/ WHO 
(1979) pattern. Data in-

dicated that threonine was considered to be 
the first limiting amino acid in all samples, 
while phenylalanine was the second limiting 
amino acid for most of the samples. The addi-
tion of DSF to chicken sausage formula led to 
increase the content of these amino acids in 
the samples due to the high content of DSF 
from these amino acids. From the same re-
sults, it could also be noticed that sausage 
formulated with 18% DSF was higher in sul-
phur-containing amino acids compared with 

Table 2: Sensory characteristics of cooked- smoked chicken sausage as 
affected by defatted sesame flour ( DSF) addition.   

Samples* Colour Odour Taste Juiciness Tenderness Acceptability 

CBSC 7.4 7.8 7.8 a 7.3 7.2 7.3 b 
CBS9 7.9 7.8 8.2 a 7.4 7.3 7.9 a 
CBS18 7.1 7.2 6.2 b 6.9 6.8 6.1 c 
CTSC 6.3 b 7.5 a 7.5 a 7.3 a 7.2 a 7.6 b 
CTS9 7.5 a 7.8 a 8.0 a 7.3 a 7.3 a 8.3 a 
CTS18 5.9 b 6.7 b 6.2 b 6.7 b 6.5 b 6.3 c 
CGSC 7.5 a 7.9 a 7.7 a 7.7 a 7.9 a 7.7 a 
CGS9 7.0 a 7.0 b 7.8 a 6.8 b 7.2 b 7.9 a 
CGS18 6.4 b 6.4 c 6.1 b 6.2 c 6.8 b 5.7 b 

* Refer to Table (1). 
a, b, c  Means having different letter exponents are significantly different (p<0.05) 
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the control and those containing 9% DSF due 
to the high content of DSF from sulphur-
containing amino acids (Morcos, et al., 1981). 

f
b
(
(
v
l
b
t
l
o
H

by adding DSF contained lower amount of 
animal protein compared to the control sam-
ples. On the other hand, the TVBN content 
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Table 3: Chemical composition of cooked – smoked chicken sausage as affected by defatted ses-
ame flour (DSF) addition (on dry weight basis). 

Chemical composition (%) 
Sample* 

Moisture Protein Fat Ash Fiber N-free extract** 
DSF 8.00 53.70 1.63 3.26 3.26 38.15 
CBSC 65.10 42.44 50.72 3.73 0.03 3.08 
CBS9 60.00 43.45 46.31 3.68 0.32 6.24 
CBS18 54.82 44.47 41.88 3.65 0.62 9.38 
CTSC 62.60 41.52 50.88 3.21 0.11 4.28 
CTS9 60.72 42.61 46.45 3.21 0.39 7.34 
CTS18 52.77 43.62 42.01 3.22 0.68 10.37 
CGSC 59.51 32.60 56.61 6.02 2.22 2.54 
CGS9 45.87 34.50 51.67 5.78 2.31 5.74 
CGS18 50.24 36.40 46.71 5.54 2.41 8.94 

* Refer to Table (1)   ** By differences 

Table 4: Amino acid* content (g/100g protein) of cooked-smoked chicken  sausage as affected by 
defatted sesame flour (DSF) addition. 

Essential amino acids Non- essential amino acids 
ample** 

Thr. Cys. Met. Val. Iso-leu. Leu. Tyr. Phe. Lys. Ala. Arg. Asp. Glu. His. Pro. Ser. Gly.

SF 3.66 1.95 3.78 4.75 3.66 6.58 3.54 4.75 2.80 4.27 14.14 8.17 20.84 2.68 3.66 4.39 4.39 
BSC 3.58 0.93 2.57 5.05 5.89 8.71 2.37 4.06 7.42 5.85 5.88 8.92 20.55 3.65 3.57 3.63 3.91 
BS9 3.59 1.03 2.68 5.03 5.69 8.52 2.48 4.13 7.00 5.70 6.62 8.86 20.58 3.56 3.58 3.70 3.96 
BS18 3.60 1.12 2.79 5.00 5.49 8.32 2.58 4.19 6.58 5.56 7.36 8.79 20.61 3.47 3.59 3.78 4.01 
TSC 3.39 1.02 2.84 5.85 4.85 8.35 2.17 4.16 7.48 5.91 5.75 8.18 21.09 2.67 4.30 3.57 4.71 
TS9 3.42 1.11 2.92 5.75 4.74 8.37 2.30 4.22 7.49 5.38 6.50 8.18 21.07 2.67 4.24 3.65 4.69 
TS18 3.45 1.20 3.01 5.66 4.66 8.03 2.43 4.27 6.63 5.61 7.26 8.19 21.05 2.67 4.19 3.73 4.66 
GSC 3.24 1.13 2.72 5.24 4.16 7.66 2.71 4.84 6.66 6.51 6.78 7.96 18.91 3.36 4.51 3.53 4.84 
GS9 3.28 1.21 2.82 5.20 4.12 7.56 2.79 4.83 6.31 6.30 7.44 7.98 19.09 3.30 4.43 3.61 4.71 
GS18 3.32 1.29 2.91 5.16 4.07 7.46 2.86 4.86 5.96 6.10 8.10 8.01 19.27 3.24 4.36 3.70 4.88 
AO/WHO 4.00 3.50 5.00 4.00 7.00 1.20 5.60 5.50         

* From world wide abbreviation for amino acids, only three letters digits abbreviations are used. 
** Refer to Table (1). 
 4 

Storage stability of sausages during 
rozen storage : The changes occurred in 
oth total volatile bases nitrogen compounds 
TVBN) and thiobarbituric acid number 
TBA) of chicken sausage samples under in-
estigation during storage at -18°C were fol-
owed up. From the results presented  in Ta-
le (5), it could be noticed that TVBN con-
ents of the samples containing DSF were 
ower than that recorded for the sample with-
ut DSF addition (controls). According to 
ashem, et al. (1978), the sausage prepared 

was increased in all samples with storage and 
the sausages formulated with 18% DSF con-
tained the lowest value. Brake & Fennema 
(1999) reported that TVBN increased in meat 
products throughout storage due to the effect 
of microorganisms as well as autolysis proc-
esses indicated some protein breakdown by 
enzymes, which were not completely inacti-
vated during frozen storage. 

Thiobarbituric acid number (TBA) is 
used as an index for measuring oxidative ran-
cidity which takes place during storage. The 
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obtained results in Table (5) show that, at 0-
time of storage, TBA number of samples con-
taining DSF was the lowest as compared to 
the controls. Substitution of chicken meat 

storage (at -18°C) . The results given in Table 
(6) show that the total bacterial and aerobic 
spore former counts (cfu) were gradually de-
creased during storage to reach their lowest 
Table 5: Changes occurred in thiobarbituric acid number (TBA) and total volatile bases nitrogen 
compounds (TVBN) of cooked- smoked chicken sausage  during storage at -18°C*   

Storage periods (days) 
0 15 30 

 
Samples** 

TBA1 TVBN2 TBA TVBN TBA TVBN 
CBSC 1.214 19.67 1.298 22.16 1.366 26.44 
CBS9 1.189 16.97 1.244 18.98 1.303 22.31 
CBS18 1.157 15.73 1.207 22.31 1.288 20.31 
CTSC 1.353 18.08 1.603 19.95 1.723 24.03 
CTS9 1.214 16.85 1.254 18.11 1.486 21.22 
CTS18 1.151 15.30 1.293 17.19 1.380 19.71 
CGSC 1.202 17.15 1.345 19.02 1.498 23.59 
CGS9 1.173 16.15 1.261 17.77 1.293 18.99 
CGS18 1.167 15.03 1.298 16.60 1.267 18.01 

*Mean of three replicates.     ** Refer to Table (1). 
1 TBA : mg malonaldehyde/kg, calculated on dry weight basis. 
2 TVBN : mg / 100 g sample, calculated on dry weight basis. 
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with DSF caused reduction in the TBA num-
ber of the prepared sausage especially at 18% 
replacement, therefore, it seemed that the 
positive effect of the addition of DSF with 
different percentage was observed for all 
samples, this effect might be due to the pres-
ence of some natural antioxidants such as fla-
vonoids and glycosides tocopherols in DSF 
which caused reduction of lipid oxidation and 
consequently reduced TBA number (Ziprin, 
et al., 1981). The TBA number of sausages 
prepared from chicken thigh was higher than 
the other samples, where chicken thigh had 
high fat content. Moreover, sausages formu-
lated from chicken meat had slightly higher 
TBA number than those formulated from 
chicken gizzard, this might be due to the 
higher percentage of unsaturated fatty acids 
in chicken meat compared to chicken gizzard 
(Ang, 1986). 

During frozen storage, a slight increase 
in TBA number was observed for all sausage 
samples which indicates that some lipid oxi-
dation have been taken place during  storage. 
These results agree with the findings reported 
by El-Wakeil, et al. (1994). 

Microbiological aspects of sausage 
samples  : All samples were subjected to 
microbiological analysis at 0-time and during 

number at the end of storage period. It 
seemed that both total bacterial and spore 
former counts were affected by heating 
treatment during sausage processing and also 
decreased as the storage time was elongated 
(30 days) which could be due to the lethal 
effect of  frozen storage (Amar, et al., 1988, 
El- Shawaf, 1990). 

Coliforms, Staphylococcus aureus, Sal-
monella and Shigella were absent in all the 
tested samples either the fresh (0-time) or 
during storage at -18°C as a result of the hy-
gienic conditions followed during the prepa-
ration and storage.  

Colour evaluation of sausage samples 
during frozen storage : The L, a and b col-
our parameters of the sausages are given in 
Table (7). The obtained results show a varia-
tion in L, a and b values among different sau-
sage samples due to the addition of DSF 
which caused a slight lighter colour. Sausage 
samples manufactured from thigh and breast 
had a white appearance, while those manu-
factured from gizzard appeared a little off-
white and higher darkness. On the other hand, 
samples containing the higher DSF propor-
tion (18%) had a high yellow colour. The 
Hunter colour values of the control sausage 
sample were higher in (L) and (a) values than 
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the other sausage samples, while yellowness 
(b value) of the control was the lowest as 
compared to the other samples. 

It could be noticed that L value of  lumi-
nance and therefore the lightness and yellow-
ness (b) value of the tested samples increased 

m
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result of reduced total bacterial counts, and 
the incorporation of DSF was detected. Yet, 
during the frozen storage slight increase in 
TBA value was observed for all sausages. 
Also, sausage formulated with chicken meat 
had slightly higher TBA values than that 
formulated with gizzards. 
Table 6: Microbial aspects of cooked-smoked chicken sausage samples during storage at -18°C 

Storage period (days) 
0 15 30 

 
Samples* 

 cfu x 102 S. F. B. cfu x 102 S. F. B. cfu x102 S. F. B. 
CBSC 15 50 1.0 40 1.0 30 
CBS9 1.2 30 1.0 > 30 1.0 > 30 
CBS18 13 50 1.0 40 1.0 > 30 
CTSC 9.0 40 4.0 100 4.0 > 30 
CTS9 2.5 30 1.0 > 30 1.0 50 
CTS18 8.0 50 2.0 40 4.0 30 
CGSC 30 100 30 30 20 80 
CGS9 70 100 17 100 13 80 
CGS18 10 40 7.0 30 2.0 > 30 

* Refer to Table (1)  cfu =colony forming units  S. F. B.: Spore forming bacteria. 
Table (7): Colour* changes of  cooked-smoked chicken sausage  as affected by both DSF addition 

and storage period (at -18°C) . 

Storage periods (days) 
0 15 30 Samples** 

L a b L a b L a b 
CBSC 49.4 7.5 8.9 51.3 7.2 9.6 52.4 6.5 10.9 
CBS9 50.8 6.4 10.5 52.2 6.0 10.7 53.1 5.7 11.8 
CBS18 52.4 5.9 13.4 53.6 5.1 13.9 53.9 4.8 14.3 
CTSC 52.6 8.4 9.5 53.2 8.2 10.9 55.1 7.9 12.6 
CTS9 52.7 7.2 11.0 54.1 7.3 11.8 54.6 5.6 13.7 
CTS18 53.2 6.7 14.8 54.9 5.9 15.5 55.2 6.1 16.6 
CGSC 55.8 9.3 12.6 56.4 8.9 13.3 58.2 8.4 14.6 
CGS9 53.0 8.1 13.4 55.1 7.9 14.3 55.6 7.5 16.1 
CGS18 51.7 8.1 15.0 57.2 7.9 15.6 53.9 7.5 17.3 

* Hunter Lab., mean of three readings.   ** Refer to Table (1) 
 6 

arkedly with the storage duration, while the 
edness value (a) decreased. This was proba-
ly due to the changes in the oxidation state 
f haem pigments, or the interaction between 
mines and sugars in Maillard reactions 
Hastings, 1989). 

Conclusion : The present results showed 
hat the addition of defatted sesame flour 
elps to produce chicken sausage of lower 
rice and better nutritive value without alter-
ng  the quality attributes. The breakdown of 
roteins and fats during frozen storage as a 
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  جمال فؤاد محمد-وفاء حسين إمام 
  الجيزة – الدقى – المركز القومى للبحوث –قسم الصناعات الغذائية 

من كمية اللحم الداخل    % ١٨ ،   ٩لدجاج وذلك باستبدال    تم استخدام دقيق السمسم منزوع الدهن فى إنتاج سجق ا         

تم تقييم المنتج حسيا وكيماويا وميكروبيولوجيا ، ودراسة مدى ثبات           . فى التصنيع بدقيق السمسم منزوع الدهن        

دقيق % ٩أظهرت نتائج التقييم الحسى للمنتج أن السجق المصنع من الخلطة المحتوية على              . المنتج أثناء التخزين    

م منزوع الدهن كان الأفضل من وجهة دلالات الجودة الحسية ، كما أظهر التحليل الكيماوى أن الخلطات                    سمس

كما أشارت  . المحتوية على دقيق السمسم كانت الأعلى فى محتوى الأحماض الأمينية الكبريتية عن عينة المقارنة                

 من النيتروجين الكلى المتطاير وحمض       نتائج ثبات المنتج أثناء التخزين حدوث زيادة بوجه عام فى قيم كل              

الثيوباربيتيوريك ، وكانت الزيادة أعلى فى عينة المقارنة عنها فى العينات المصنعة من الخلطات المحتوية على دقيق                 

كما أظهر التقييم الميكروبيولوجى لعينات السجق خلو المنتج من جميع الميكروبات المرضية            . السمسم منزوع الدهن    

 .وهى السالمونيللا و الشجيللا مع انخفاض عد الميكروبات المكونة للمستعمراتالمختبرة 
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