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ABSTRACT 
 
 In this study 15% raw and heat treated wheat germ were used individually to enrich pasta produced with 
wheat flour. Enriched samples were significantly (P<0.05) higher in protein, fat and ash content compared with 
blank sample. Samples were monitored over six month of storage at room temperature and compared to blank 
with respect to chemical composition, cooking losses, color, sensory attributes and microbial count. Enriched 
pasta samples had higher color difference (ΔE) compared to the control sample. Small but significant 
differences between the sensory attributes of the enriched samples and blank samples were found, although the 
overall acceptance was not significantly (P<0.05) different. Addition of raw and heated wheat germ increased 
cooking losses and acidity of cooked pasta during the storage. The less aerobic plate count was observed in 
enriched samples with heat treated wheat germ and the highest level was observed for enriched samples with 
intact wheat germ. The mold and yeast counts of samples increased slightly during storage but there was no 
significant difference between enriched samples with heat treated wheat germ and blank in mold and yeast 
.Results showed that enriched pasta stored for six month were safe to eat from microbial point of view.  
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Introduction 
 
 Pasta products are consumed in large quantities 
all over the world. Pasta is a source of carbohydrates 
(74–77%, db) whose interest is increasing due to its 
nutritional properties, particularly its low glycaemic 
index [17]. Nowadays great emphasis is placed on 
the relationship between health, lifestyle and diet. As 
consumers are more aware of what they eat, 
improving the nutritive quality of the final pasta 
product through the addition of different natural 
sources has been the goal of much research in recent 
years around the world. Epidemiological studies have 
demonstrated that a diet containing whole-grain 
cereals can protect against metabolic disorders such 
as cardiovascular diseases, cancer and diabetes. The 
effect is mainly referred to the fiber and 
micronutrients in the outer layer of the grain and in 
the germ fraction [8]. Thus, the by-product of the 
wheat milling, such as germ, aleuronic layer and 
bran, can be employed in the manufacture of pasta to 
improve its nutritional content [5].  

 Wheat germ is a by-product of flour milling 
industry which constituting 2.5–3.0% of the grain 
[22]. The germ provides three times as much protein, 
seven times as much fat, fifteen times as much sugar, 
and six times as much mineral content as wheat 
flour. While cereals in general are deficient in lysine, 
wheat germ is a rich source of this amino acid [21]. 
Wheat germ is rich in tocopherols, B-group vitamins, 
lysine and unsaturated fatty acids. Depending the 
wheat variety, wheat germ contains about 52% 
carbohydrate, 23% protein, 11% water, 10% oil and 
4% ash [10]. Nutritional value and high palatability 
of wheat germ makes this product ideally suitable for 
enrichment of some processed foods. However, 
wheat germ has poor shelf life due to the presence of 
unsaturated fatty acids, and oxidative and hydrolytic 
enzymes, rendering the product highly susceptible to 
rancidity [22]. 
 Although durum wheat is usually the raw 
material of choice to make pasta, spring wheat, other 
cereals, or legumes can also be used. Pasta is popular 
for its ease of cooking and its low glycaemic index. 
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Despite this low glycaemic index, pasta is poor in 
fibers and lack some essential amino acids. To 
enhance its nutritional composition, pasta can be 
supplemented with soy flour or its protein 
concentrate, fish protein concentrate, legumes and 
their protein concentrates, and corn distillers dried 
grains. In general, the supplementation of pasta with 
higher protein ingredients increased nutritional 
properties but had negative effects on the texture, 
flavor or acceptability of the final products [25].  
 Many efforts have been done for pasta 
enrichment by different nutritious ingredients. Petitot 
et al. [18] studied the addition of a high level (35%, 
w/w) of legume flour, especially split pea flour and 
concluded that it can induce some minor structural 
changes in pasta. Also studies on nutritionally 
enhanced spaghetti which was produced by adding 
high amounts (35% db) of legume flour (split pea or 
faba bean) to durum wheat semolina showed that 
addition of legume flour induced a decrease in some 
pasta quality attributes (e.g. higher cooking loss, 
lower breaking energy). This could be attributed to 
the introduction of non gluten proteins and insoluble 
fibers which weakened the overall structure of pasta 
[19]. It has been shown that the addition of 
buckwheat flour and bran had some effects on the 
quality of the spaghetti [5]. Also it has been reported 
that supplementing semolina with raw and 
microwaved wheat germ resulted in macaroni that 
gave similar results to control macaroni in terms of in 
vitro protein digestibility [20].  
 The objective of this research was to produce 
enriched pasta from wheat flour mixed with 15% raw 
and heated wheat germ individually. The effects of 
enrichment on pasta composition and various quality 
and microbiological parameters during 6 months 
storage such as color, cooking properties, sensory 
attributes, mold and yeast and aerobic plate count 
were evaluated and compared with pasta produced 
from wheat flour. 
 
Material and methods 
 
Wheat germ samples: 
 
 Wheat germ was obtained from a commercial 
mill (Tak Flour., Tehran, Iran). The chemical 
compositions of the used germ according to standard 
AOAC methods were as follows: 7.6% moisture, 
27.0% protein (N×5.7), 9.7% total lipids, 4.6% crude 
ash and 6.4 pH. Wheat germ samples were milled 
using an industrial hammer type mill to reach particle 
size of 100-200 µm to ensure homogeneous heating 
and distribution in flour. 
 
Heat Treatment: 
 
 Oven drying of wheat germ was found to be 
most effective in stabilization as this treatment 
inactivated total lipase and over 92% lipoxygenase 

activity [22]. Wheat germ samples were thermally 
processed using a commercial drying oven (Bizim 
Machine T15, Iran). Germ sample was spread to a 
thickness of 1.0 cm in aluminum trays and dried in 
drying oven maintained at 110 °C for 35 min to 
deactivate enzyme activity. After this treatment, the 
moisture of germs reached to 2.3%.  
 
Preparation of blends: 
 
 Wheat flour was mixed with raw or heat treated 
wheat germ at 15% (w/w) level. They were blended 
with wheat flour to obtain a homogeneous mixture 
by using a ribbon blender type mixer [21]. 
 
Pasta processing: 
 
 As experiments in commercial pasta production 
plant are not economically feasible, in the most 
published reports usually pilot scale has been used. 
As pilot scale processes do not always represent the 
real commercial production conditions, in the present 
study, industrial pasta production facilities were used 
[11]. Wheat flour was processed into short-cut pasta 
(Disk) with a continuous industrial scale line by the 
capacity of 1500 kg/hr (FAVA S.p.A., Cento (FE), 
Italy). Vacuum of 0.7 bar, pressure of 120 bar and 
jacket temperature of 36 °C were the conditions for 
dough extrusion. Pasta was dried using a HTST 
drying cycle (FAVA S.p.A., Cento (FE), Italy). The 
samples were packaged in polypropylene bags each 
with 500 g capacity, stored in a dark place at room 
temperature, and analyzed immediately after 
production, as well as one, three and six months of 
storage. 
 
Pasta sampling and analysis: 
 
 For each sample, the processing line was run for 
2 hours using the same lot of wheat flour. Every 30 
minutes, 10 kg sample of pasta was taken. Samples 
were taken and sent to storage prior to analysis. The 
Kjeldahl method was used to determine crude protein 
of pasta samples and ingredients. The nitrogen factor 
used for pasta samples was 5.7 [2]. Crude fat 
determination was performed by extracting samples 
with hexane for 6 hours [2]. Moisture was 
determined according to AACC Method 44-15A and 
ash was determined according to AACC Method 08-
01 [1]. All analyses were performed in triplicate. 
Chemicals used were all of analytical grade and were 
purchased from Sigma. 
 
Pasta cooking quality: 
 
 For cooking loss determination a 25 g sample of 
pasta was placed into 300 ml of boiling distilled 
water in a 500 ml beaker (Approved method 66–50, 
AACC [1]). The amount of residue in the cooking 
water is widely used as an indicator of cooked pasta 
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quality. Low amounts of residue indicate high pasta 
cooking quality [6]. After simmering for 10, 20 and 
30 min, samples were washed through with distilled 
water and allowed to drain for 2 min. Drained pasta 
samples were analyzed for their cooking loss [21]. 
Cooking loss (%) = (Weight of drained residue in 
cooking water/ weight of uncooked macaroni) × 100   
(1)   
 
 Acidity of cooking water was measured by 
titration method. Ten milliliters cooled cooking water 
sample was titrated with 0.01N NaOH after addition 
of phenolphthalein as an indicator. Acidity was 
calculated as a lactic acid [21]. 
 
Color analysis: 
 
 Color analyses were carried out on pasta 
samples using a colorimeter (Hunter lab Color Flex). 
Color was expressed in L*, a*, b* Hunter scale 
parameters. The colorimeter was calibrated before 
measurement and color difference (Hunter ΔE) was 
calculated according to equation 2. At least five 
measurements were carried out on each sample. [7] 
 
ΔE = [(L − Lref )2 + (a − aref )2 + (b − bref )2]1/2                   
(2)   
 
Where Lref , aref and bref were the L, a and b values of 
blank pasta which was used as reference.  
 
Sensory evaluation: 
 
 Pasta samples were cooked in distilled water to 
optimum cooking times and after draining for 2 
minutes, served to the panelists. The sensory test 
panel consisted of 8 panelists (4 female and 4 male, 
25–40 years old) who were untrained but familiar 
with traditional pasta products, under test conditions 
of the International Standard 7304 [13]. Panelists, 
using a hedonic scale of 1–7 judged the following 
parameters: appearance (1=pale, 4=normal, 7=too 
dark), texture (1=soft, 4=normal, 7=too chewy, firm), 
flavor (1=none, 4=normal, 7=too strong) and overall 
score (1=dislike, 7=like very much) [4]. The analyses 
were performed in isolated booths in a standard taste 
panel kitchen. 
 
Sample preparation for microbial analysis: 
 
 25 g of pasta was weighed aseptically into a 
sterile container. Then it was placed in 225 ml of 
sterile peptone water (0.1%) solution and mixed with 
a magnetic stirrer to homogenize the sample for 20 
min [14]. 
 
Aerobic plate count: 
 
 The aerobic plate count was made using the 
aerobic spread plate count method, as described by 

Jay [14]. Aerobic plate count agar (PCA; Merck-
Germany) was used for the analysis. 0.2 ml of the 
dilution was transferred onto a corresponding labeled 
plate and spread-plated over the agar surface. 
Inoculated PCA plates were incubated at 35°C for 
24–72 hours. Colony counts for the plates ranged 
from 30–300 colonies. The number of colony 
forming units was counted and the average value was 
taken after a duplicate count. The number of CFUs 
were multiplied by the dilution factor and divided by 
the inoculation amount in order to determine the 
CFUs per gram of pasta. 
 
Mold and yeast counts: 
 
 Mold and yeast counts were made with the 
aerobic spread plate count method, as described by 
Jay [14]. Potato dextrose agar (PDA; Merck-
Germany) was used for the analysis. 0.2 ml of the 
dilution was transferred onto a corresponding labeled 
plate and spread-plated over the agar surface. 
Inoculated PDA plates were incubated at 25°C for 2–
5 days. Colony counts on the agar plates ranged from 
30–300 colonies. The average value was taken after a 
duplicate count [20]. 
 
Statistical analysis: 
 
 The data were statistically evaluated by a one-
way analysis of variance procedure using SPSS 14.0 
software. Differences in pasta samples due to 
enrichment of raw and treated wheat germ were 
tested for significance using analysis of variance 
techniques (ANOVA). Duncan’s multiple range tests 
was used when the analysis of variance indicated 
significant difference in means. A level of 
significance of P<0.05 was used throughout the 
analysis. 
 
Results and discussion 
 
 The previous works regarding wheat germ 
addition to pasta formulation revealed that there is 
high cooking losses and ash content for beyond 20% 
wheat germ addition which is not suitable for pasta 
[21]. Therefore, in this study 15% wheat germ was 
used for enrichment of pasta. 
 
Chemical composition: 
 
 As table 1 shows there was a significant 
(P<0.05) difference between blank sample and both 
enriched types of pasta in the main composition 
factors namely moisture, protein, crude oil and ash 
content. The difference between moisture content of 
samples was significant (P<0.05). The sample which 
contained heat treated wheat germ had the lowest 
moisture content which maintained this characteristic 
during six month of storage. The lower the moisture 
content, the less energy or the less time needed for 
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drying process and less risk for microbial growth 
which is important for the industry. Addition of 
wheat germ in both unheated and heated forms 
significantly increased the protein content of pasta 
from 11.4% to around 12.3% and 13% respectively. 
Also differences in protein content between heated 
and unheated wheat germ enriched pasta was 
significant and results indicated that enrichment with 
heated wheat germ results in higher protein content 
in pasta. Statistics analysis showed that there are no 
significant (P<0.05) differences between protein 
content of each sample during the six months 
storage. The crude oil content of blank pasta 

increased from 0.5 to 0.85 and 1.31 percent for 
enriched pasta with unheated and heated wheat germ 
respectively. This may be important in stability or 
shelf life of pasta because wheat germ contains 84% 
unsaturated fatty acids and 3.6% linolenic acid that is 
important in determining the stability of the product 
[20]. The difference between blank and both 
enriched pasta samples in ash content was significant 
(P<0.05). It means that due to higher mineral content 
of wheat germ than wheat flour, by adding 15% 
heated or unheated wheat germ in pasta formulation, 
higher content of minerals which are considerable for 
human health can be provided.  

 
Table 1: Moisture, protein, crude oil and ash content of samples during six month storage٭ 

6 month After 
production 

3 month After 
production 

1 month After 
production 

After production Sample Test 

11.325±0.4113(c, B) 
10.285±0.0635(b, A) 
9.578±0.0544(a, A) 

11.695±0.0129(c, A) 
10.463±0.0768(b, B) 
9.693±0.0150(a, B) 

11.708±0.0208 (c, A) 
10.493±0.0150(b, B) 
9.800±0.0144(a, C) 

11.709±0.0232 (c, A) 
10.298±0.0061 (b, A) 
9.806±0.0064 (a, C ) 

B 
UWG 
HWG 

Moisture 

10.9750±0.1707(a, A) 
12.2175±0.2286(b, A) 
13.1050±0.0946(c, B) 

11.1175±0.2128(a, A) 
12.3475±0.0623(b, A) 
13.4125±0.0095(c, C) 

11.3875±0.0095(a, B) 
12.4025±0.0095(b, A) 
13.0150±0.0574(c, A) 

11.4120±0.0040(a, B) 
12.3200±0.0336(b, A) 
12.9893±0.0146(c, A) 

B 
UWG 
HWG 

Protein 
(N×5.7) 

0.4975±0.0125(a, A) 
0.8600±0.0469(b, A) 

1.3350±0.0602(c, AB) 

0.5175±0.0095(a, A) 
0.8900±0.0115(b, AB) 
1.3425±0.0287(c, A) 

0.5135±0.0041(a, A) 
0.8995±0.0017(b, B) 
1.4025±0.0095(c, A) 

0.5103±0.0353 (a, A ) 
0.8450±0.0619 (b, A) 
1.3100±0.0678 (c, A) 

B 
UWG 
HWG 

Crude oil 

0.660±0.548(a, A) 
0.936±0.0191(b, A) 
0.971±0.0144(b, B) 

0.700±0.0082(a, A) 
0.948±0.005(b, A) 
0.928±0.0189(b, A) 

0.705±0.0058(a, A) 
0.951±0.0017(b, A) 

0.949±0.0032(b, AB) 

0.686±0.0307(a, A) 
0.950±0.0024(b, A) 
0.938±0.0252(b, A) 

B 
UWG 
HWG 

Ash 

B= Blank (pasta made from wheat flour); UWG= Pasta made from 15% untreated wheat germ and 85% wheat flour; HWG= Pasta made 
from 15% Heated wheat germ and 85% wheat flour. 
 Figures in the same column for each test sharing a common a letter in parenthesis are not significantly different at 0.05 level, figures in the ٭
same raw for each test sharing a common capital letter in parenthesis are not significantly different at 0.05 level. 

 
Cooking quality: 
 
 Pasta quality is influenced by a range of 
physical, chemical, textural, and nutritional 
characteristics. For consumers, cooking quality is the 
most important quality attribute, including optimal 
cooking time, texture of the cooked product, 
stickiness, aroma, and taste [23]. As there are several 
factors which affect the quality of cooked pasta, in 
this study we considered the loss of solids to the 
cooking water and acidity of cooking water. For 
accuracy the assessment, measurements made at 
more than one cooking time (10, 20 and 30 min) 
during six month storage. 
 Statistics analysis showed that keeping pasta up 
to six months did not significantly (P <0.05) affect 
cooking loss. Comparing the UWG and HWG in 
cooking loss, it was found that heat treatment of 
wheat germ affect the cooking loss in most of the 
samples in which the HWG samples had higher 
cooking loss compare to blank  and lower cooking 
loss compare to UWG (Table 2). Enrichment of pasta 
with UWG and HWG caused a higher increase in 
cooking loss, compared with blank. These data are in 
agreement with Kordonowy and Youngs [15], 
Bahnassey and Khan [3], Wang et al. [24] and Pinarli 
et al [21] for fortified type of pasta. Increasing the 
cooking loss due to enrichment of pasta with wheat 
germ may be related to gluten dilution and the 
protein solubility fraction of wheat germ. [20]. It was 

demonstrated that a linear relationship exists between 
pasta cooking quality and protein content and 
increasing amount of gluten in pasta decreases the 
amount of solid residue in the cooking water [16]. In 
all cases increasing cooking time was accompanied 
by increase in cooking loss. Effect of time on 
cooking loss can be explained by the thermal effect 
of excessive heating on the protein matrix. 
Modification in protein solubility may arise from 
changes in degree of association between 
polypeptide chains, hydrogen bonds, hydrophobic 
interactions, salt-linkage or disulfide covalent bonds 
[9]. The higher cooking loss for enriched pasta 
samples may due to the disruptive effect of germ 
composition on the protein matrix, which allowed 
starch granules to rupture during cooking, hence 
releasing higher levels of amylose into the cooking 
water. 
 Storage and cooking time was significantly 
(P<0.05) affected the acidity of the cooking water. 
During the storage, enrichment resulted in increasing 
acidity of the cooking water. As table 2 shows, UWG 
significantly (P<0.05) has higher acidity than HWG 
and B. Adding intact wheat germ had a significant 
negative effect on acidity increase. Although Heat 
treatment of wheat germ causes lower acidity 
increase when compared to untreated wheat germ. 
Wheat germ contains high amounts of unsaturated 
fatty acid and enzymes especially lipase and 
lipoxidase which increased acidity during storage. 
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The results were in accordance with the results of 
Pinarli et al. [21]. Which found that, supplementing 
durum semolina with raw and microwaved wheat 
germ had no significant effect during one year 

storing on the quality parameters except acidity and 
acidity of enriched samples showed a significant 
increase during storage. 

 
Table 2: Cooking quality parameters of pasta samples at different cooking times during six month storage ٭   

 6 
months 

  3 
months 

  1 
months 

  Initial  Cooki
ng 

time(
min) 

HWG UWG B HWG UWG B HWG UWG 
 

B HWG UWG 
 

B 

 
5.975± 
0.0500
(b,A) 

6.400± 
0.1414
(b,A) 

7.475± 
0.0500
(b,C) 

 
6.200± 
0.1633
(c,A) 

6.425± 
0.0500
(b,A) 

7.325± 
0.1500
(b,B) 

 
5.350± 
0.0577
(a,B) 

5.500± 
0.0816
(a,A) 

6.000± 
0.0816
(a,A) 

 
6.075± 
0.1500
(b,A) 

6.450± 
0.0577
(b,A) 

7.275± 
0.0957
(c,B) 

 
6.275± 
0.1708
(b,A) 

6.575± 
0.0957
(c,B) 

7.075± 
0.1258
(b,A) 

 
5.125± 
0.0957(

a,A) 
5.575± 
0.0957(

a,A) 
6.07± 

0.1258(
a,AB) 

 
5.975± 
0.0957
(b,A) 

6.550± 
0.1000
(b,A) 

7.125± 
0.0957
(b,A) 

 
6.300± 
0.2449
(c,A) 

6.875± 
0.0957
(c,C) 

7.375± 
0.1500
(c,B) 

 
5.050± 
0.1000
(a,A) 

5.550± 
0.1000
(a,A) 

6.025± 
0.0500
(a,A) 

 
5.925± 
0.0957
(b,A) 

6.675± 
0.1500
(b,B) 

7.125± 
0.0957
(b,A) 

 
6.125± 
0.0957
(c,A) 

7.025± 
0.1258
(c,C) 

7.252± 
0.0500
(c,B) 

 
5.075± 
0.0957
(a,A) 

5.575± 
0.0500
(a,A) 

6.200± 
0.0816
(a,B) 7 

Cooki
ng 

loss 
10 
 
20 
 
30 

 
3.475± 
0.0500
(b,D) 

4.025± 
0.0957
(b,D) 

4.400± 
0.1414
(b,D) 

 
4.100± 
0.0816
(c,D) 

4.750± 
0.1915
(c,D) 

5.325± 
0.2062
(c,D) 

 
2.400± 
0.1414
(a,D) 

2.675± 
0.0500
(a,C) 

2.925± 
0.0957
(a,C) 

 

 
2.950± 
0.1291
(b,C) 

3.200± 
0.1414
(b,C) 

3.025± 
0.0500
(b,C) 

 
3.175± 
0.0957
(c,C) 

4.000± 
0.1826
(c,C) 

3.900± 
0.0816
(c,C) 

 
2.025± 
0.0500(

a,C) 
2.200± 
0.1633(

a,B) 
2.625± 
0.3096(

a,B) 

 
2.475± 
0.0957
(b,B) 

2.800± 
0.0816
(b,B) 

3.025± 
0.0500
(b,B) 

 
2.900± 
0.0816
(c,B) 

3.540± 
0.0577
(c,B) 

3.900± 
0.0816
(c,B) 

 
1.775± 
0.0500
(a,B) 

2.150± 
0.0100
(a,B) 

2.625± 
0.0957
(a,B) 

 
1.900± 
0.0816
(b,A) 

2.450± 
0.0577
(b,A) 

2.825± 
0.0500
(b,A) 

 
2.475± 
0.0500
(c,A) 

2.775± 
0.0500
(c,A) 

3.075± 
0.0957
(c,A) 

 

 
1.625± 
0.0500
(a,A) 

1.875± 
0.0500
(a,A) 

2.075± 
0.0500
(a,A) 

 

Acidi
ty 

(%) 
10 
 
20 
 
30 
 

B= Blank (pasta made from wheat flour); UWG= Pasta made from 15% untreated wheat germ and 85% wheat flour; HWG= Pasta made 
from 15% Heated wheat germ and 85% wheat flour. 
 Figures in the same column for each test sharing a common a letter in parenthesis are not significantly different at 0.05 level, figures in the ٭
same raw for each test sharing a common capital letter in parenthesis are not significantly different at 0.05 level. 

 
Color: 
 
 Pasta appearance is one of the main factors for 
assessing pasta quality. Generally, consumers prefer 
pasta with a bright yellow color [19]. The statistical 
analysis showed that heat treatment of wheat germ 
had significant effect (p<0.05) on the color of final 
product that has been evaluated as total color 
difference (ΔE). The higher ΔE values of sample 
indicate more difference in color with the blank 
which in our study the higher the ΔE, the darker the 
product. Color measurement results were 
summarized in the Table 3. 
 There is a significant (P<0.05) effect of wheat 
germ addition on the color of pasta and there is no 
significant changes in the color of final product 
during six month of storage in both samples. 
Enriched pasta samples showed a significant increase 
in ΔE which means less color scores compared to the 
blank sample. ΔE for pasta produced with 15% 
heated wheat germ was more than pasta produced 
with 15% raw wheat germ which might be due to 
additional heating of HWG in the oven before 
production. The color changes obtained in wheat 
germ samples due to heating are possibly from non-
enzymatic browning reactions as heating 
temperatures applied were above 100°C and these 

temperatures are detrimental on the activity of most 
food enzymes [12].  
 
Sensory evaluation: 
 
 Table 4 shows the results of sensory evaluation. 
The best scores for appearance of pasta samples 
denoted to blank sample and as the pasta produced 
from heat treated wheat germ had a dark color it 
couldn’t get good scores in this item. There was a 
significant difference (P<0.05) between blank and 
TWG sample which indicates that consumers mostly 
like yellowish appearance of pasta rather than dark 
appearance. Analysis of variance showed that there 
was no significant difference in appearance after six 
month storage. There was no significant (P<0.05) 
difference between the texture and overall score of 
pasta samples and panelists showed the same 
preference for texture and overall scores of pasta 
samples. Regarding flavor, Blank sample was more 
acceptable than the other samples and it may due to 
the effects of adding germ specially heated wheat 
germ which could significantly (P<0.05) affect the 
flavor of pasta products. Results of sensory 
evaluation after six months storage were similar with 
results of initial sensory evaluation. It was found that 
storage of enriched pasta samples up to six months 
did not affect the result of taste panel evaluation. 
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Table 3: Total color difference (ΔE) with blank during six month storage* 
6 month After 

production 
3 month After 

production 
1 month After 

production 
After production Sample Color Test 

2.1882±0.1151(a, A) 
4.2510±0.0417(b, A) 

2.2355±0.1134(a, A) 
4.3497±0.1399(b, A) 

2.2785±0.0367(a, A) 
4.3345±0.0414(b, A) 

2.2067±0.1082(a, A) 
4.2575±0.0173(b, A) 

UWG 
HWG 

ΔE 

B= Blank (pasta made from wheat flour); UWG= Pasta made from 15% untreated wheat germ and 85% wheat flour; HWG= Pasta made 
from 15% Heated wheat germ and 85% wheat flour. 
 Figures in the same column for each test sharing a common a letter in parenthesis are not significantly different at 0.05 level, figures in the ٭
same raw for each test sharing a common capital letter in parenthesis are not significantly different at 0.05 level. 
 
Table 4: Sensory evaluation of pasta samples during 6 month storage * 

6 month After 
production 

3 month After 
production 

1 month After 
production 

After production Sample Test 

2.50±1.643(a, AB) 
4±1.897(a, AB) 

6.50±1.225(b, AB) 

2.50±1.643(a, B) 
5±2.449(b, B) 
6±1.549(b, B) 

2±1.549(a, A) 
3±1.549(a, A) 

6.50±1.225(b, A) 

4±1.897(a, B) 
5.50±1.643(ab, B) 

7.0±0(b, B) 

B 
UWG 
TWG 

Appearance 

4.0±2.683ns 
2.50±1.643ns 

2±1.549ns 

5.50±1.643ns 
3.0±2.449ns 

1.50±1.225ns 

5.50±1.643ns 
3.50±2.258ns 
1.50±1.225ns 

5.50±1.643ns 
2.50±2.510ns 
1.50±1.225ns 

B 
UWG 
TWG 

Texture 

2.50±1.643(a, A) 
6.0±1.549(b, A) 
6.50±1.225(b, A) 

4.0±1.897ns 
5.50±1.643ns 
6.50±1.225ns 

4.50±2.258ns 
5.0±1.549ns 

6.50±1.225ns 

3.0±2.449(a, A) 
6.0±1.549(b, A) 

6.50±1.225(b, A) 

B 
UWG 
TWG 

Flavor 

4±3.286ns 
5.0±3.098ns 

7.0 ±0ns 

5.0±3.098ns 
5.0±3.098ns 

7.0 ±0ns 

5.0±3.098ns 
5.0±3.098ns 

7.0 ±0ns 

5.0±3.098ns 
5.0±3.098ns 

7.0 ±0ns 

B 
UWG 
TWG 

Overall score 

B= Blank (pasta made from wheat flour); UWG= Pasta made from 15% untreated wheat germ and 85% wheat flour; HWG= Pasta made 
from 15% Heated wheat germ and 85% wheat flour. 
 Figures in the same column for each test sharing a common a letter in parenthesis are not significantly different at 0.05 level, figures in the ٭
same raw for each test sharing a common capital letter in parenthesis are not significantly different at 0.05 level. 

 
Microbial count: 
 
 As pasta has relatively low water activity, it is 
generally regarded as a microbiologically safe 
product. Wheat germ is a by-product of wheat, which 
may be contaminated during the milling and storage 
by various pathogens which can then survive for 
extended periods. Therefore, in this study, aerobic 
plate counts, as well as mold and yeast counts were 
conducted for the blank and enriched pasta samples 
over the six months storage. 
 The results showed that the aerobic plate count 
of HWG samples and blank were not significantly 
(P<0.05) different from each other, although there is 
a significant difference between UWG with HWG 
and blank. The less aerobic plate count was observed 
in HWG samples that might be due to the effect of 
heat treatment on the survival of bacteria in wheat 
germ and the highest level was observed for UWG 
samples which had no heat treatment. This results 
show that, adding wheat germ without any treatment 
is not recommended for fortification of such products 
because of high microbial counts and no enough 
further thermal processing in the production line. 
These results are not in accordance with Pinarli et al., 
[20] which found that the aerobic plate counts of 
both microwave heated and unheated samples are 
same as blank. Also no significant increase in aerobic 
plate count was found over the six months of storage 
(Table 5). During the first month of pasta production, 
the mold and yeast were not detected. The mold and 
yeast counts of samples increased slightly during 
storage and statistical analysis of the data showed 
that there is no significant difference between HWG 
and blank in mold and yeast counts but UWH sample 
had rather high load of mold and yeast and was 

significantly (P<0.05) difference with HWG and 
blank, also a higher increase was obtained in pasta 
with raw wheat germ. Previous studies indicated that 
wheat germ has a higher amount of aerobic bacteria, 
mold and yeast than other outer grain fractions [21]. 
 
Conclusion: 
 
 Many efforts have been done for pasta 
enrichment by different nutritious ingredients. Wheat 
germ as a part of wheat kernel can be used for pasta 
enrichment and adding 15% heated wheat germ 
could result a pasta with higher fat, protein and ash 
content which is much nutritious than the regular 
ones. Although slight differences were found 
between the appearance and taste of enriched pasta 
with blank, the overall scores were not significantly 
different. Storage of up to six month did not 
significantly affect the sensory evaluation test results 
and cooking quality. Also pasta samples stored for 
six month were safe to eat from microbial point of 
view. These results showed that the addition of 15% 
raw and heated wheat germ did not significantly 
change the preferences of the panelists. Hence 
because of wheat germ composition, acidity of 
enriched pasta in cooking water gradually increased 
during storage. According to our results it could be 
recommended to determine six month of shelf life for 
these types of products instead of one year or more 
for common pasta products.  
 
Abbreviations:  
 
B= Blank (pasta made from wheat flour);  
UWG= (% Untreated Wheat Germ) Pasta made from 
15% untreated wheat germ and 85% wheat flour; 
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 HWG= (Heated Wheat Germ) Pasta made from 15% Heated wheat germ and 85% wheat flour. 
 
Table 5: Aerobic plate count & Mold and yeast count of the pasta samples (cfu/g)* 

6 month After 
production 

3 month After 
production 

1 month After 
production 

After production Sample Microbial 
Test 

27.50±5(a, A) 
4750±500(b, B) 
15±5.774(a, A) 

20±8.165(a, A) 
4750±500(b, B) 

5±5.77(a, A) 

27.50±5(a, A) 
375±50(b, A) 
2.50±5(a, A) 

20±0(a, A) 
275±50(b, A) 
2.50±5(a, A) 

B 
UWG 
HWG 

Aerobic 
plate 

counts 
50±50.735(a, A) 

900±81.650(b, C) 
100±81.650(a, B) 

50±50.735(a, A) 
475±50(b, B) 

50±57.735(a, AB) 

- 
- 
- 

- 
- 
- 

B 
UWG 
HWG 

Mold & 
Yeast 

B= Blank (pasta made from wheat flour); UWG= Pasta made from 15% untreated wheat germ and 85% wheat flour; HWG= Pasta made 
from 15% Heated wheat germ and 85% wheat flour. 
 Figures in the same column for each test sharing a common a letter in parenthesis are not significantly different at 0.05 level, figures in the ٭
same raw for each test sharing a common capital letter in parenthesis are not significantly different at 0.05 level. 
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