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ABSTRACT 

Background: Bakery products account for about 20%of human exposure to acrylamide. Many herbs and spices have 
been recognized to have medicinal properties and beneficial impact on health such as antioxidants activity. Objective: The 
aim of this study was to determine the effects of adding thyme, cumin and anise as antioxidants to reduce acrylamide 
content in Arabic bread, Paton salé and Cressina. Methods: Twelve samples were prepared for chemical analysis to 
determine antioxidant activity, acrylamide content, flavonoids, total phenols and essential oils. Bakery products were 
conducted for sensory evaluation. Results indicated that the percentage of antioxidant activity increased by adding thyme, 
cumin and anise. The highest percentage of antioxidant activity was detected in patonsalé with anise, cressina with cumin, 
arabic bread with anise (40.77 ± 0.53, 39.43 ± 0.36, 34.35 ± 0.15respectively) while the lowestwas detected in samples 
without additives. In contrast the content of acrylamide decreased in arabic bread with anise, patonsalé with anise, and 
cressina with cumin (0.0 ± 0.0, 0.30 ± 0.0, 0.43 ± 0.06, resp) while increased in samples without additives. Conclusion: 
The results confirmed that thyme, cumin and anise minimized and alleviated the formation of acrylamide in bakery 
products and increased the activities of antioxidant. This study recommends increasing the usage herbs and spices to 
foods, especially bakery products. 
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INTRODUCTION 

Many workers showed that Acrylamide is found 
in all baked goods and the most important products 
are bread, crisp bread, gingerbread, crackers, 
cookies, and biscuits (Friedman, 2003). khalaf 
Allah, (2014) reported that the average student 
acrylamide intake derived from balady bread was 
166.5 μg /month and noting that the content of 
acrylamide in balady bread is low but intake by 
students from it is relatively high also, it was found 
that 65.25% of students consumed patonsalé and 
most of them (61.5%) preferred buying from the 
bakery. 
   The risk of acrylamide to health and its toxic 
properties neurotoxicity, genotoxicity, 
carcinogenicity and reproductive toxicity were 
demonstrated by Scientific Committee on Toxicity, 
Ecotoxicity and the Environment (Zaied et al., 2016; 
Keramat et al., 2011). IARC (1994) Showed that 
(AA) occurs in foods containing carbohydrates 
prepared by heating above 120°C, frying, grilling, 
and baking. (AA) is not formed during boiling or 
microwaving. Cereal food product stand to have the 
highest amounts of (AA) among commonly 
consumed foods (Clause et al., 2008).  

Many spices have been recognized to have 
medicinal properties and beneficial impact on 
health,e.g. antioxidant activity, digestive stimulation 
action, antiinflammatory, antimicrobial, 
hypolipidemc and anticarcinogenic potential (Aaby, 
2004). Herbs are used in many domains, including 
medicine, nutrition, flavoring, beverages, dyeing, 

repellents, fragrances, cosmetics (Djeridanne etal., 
2006). Antioxidants such as phenolic compounds, 
flavonoids, vitamins, and phenolic extracts from 
various spices have been reported as inhibiting 
acrylamide formation (Ou et al., 2010; Kotsiou et 
al., 2011). 

There are many pathways of acrylamide 
formation, asparagine needs a carbonyle compound 
to be converted to acrylamide.The Carbonyle can 
come from multiple sources. Due to the diversity of 
antioxidants in structure and properties and 
complexity of the reaction, different antioxidants are 
involved in different reactions during the process of 
maillard reaction, Thus causing different effects 
towards acrylamide formation.It seems that whether 
the carbonyl is available in both A&B pathways 
depend on the functional group in the B-Position to 
the nitrogen atom. The presence of a hydroxyl group 
favors the rearrangement from azomethine yield to 
the decarboxylatedAmadori product to afford 
acrylamide (pathway A). α, β, γ, δ-diunsaturated 
carbonyl group and α- dicarbonyl groups may play a 
key role in pathway B. As for carbonyl 
group,aldehydes are more reactive than 
ketones.Also ,apathway named acrolein pathway 
was put up as shown in figure1(Yasuhara et al., 
2013).  

This study aims at evaluating the effect of 
adding thyme, cumin and anise on the formation of 
Acrylamide in Arabic bread, Patonsalé and 
Cressina. 
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Figure 1: Pathways formation of acrylamide from asparagine. a: α-hydroxy cabonyl compound, take 

glucose as an example. b: R1 or R2 has an α,β,γ,δ-di unsaturated carbonyl group orα-carbonyl, or 
R1 or R2=H sometimes(Jin et al.,2013). 

MATERIALS AND METHODS 
Study setting 

The study was conducted at the laboratory of 
Nutrition Department, Faculty of Specific 
Education, The Central Laboratory of The high 
Institute of Public Health, and The Central 
Laboratory of Faculty Agriculture, Alexandria 
University.  
Materials 

Dry powder of thyme, cumin, and anise and 
other materials were purchased from Alexandria 
local market, Egypt. All other chemicals and 
reagents used were analytical grade and obtained 
from EL- Goumhorya Company, Egypt. 
Preparation of bakery products:  

Bakery Products including arabic bread, 
patonsalé and cressina. Each Bakery products were 
prepared using three natural additives except control 
were prepared according to recommended 
ingredients (3 replicates for each). 3% of spices and 
herbs / 100 g flour were added to different bakery 
products and were prepared according to the 
methods mentioned by (Saba, 1991). 
Sensory evaluation: 

The sensory characteristics were evaluated 
according to(Stone et al 2012) by 20 staff members 
and students of Faculty of Specific Education, 
Alexandria University for pilot study to select the 
highest acceptability score in samples with (1, 3 and 
5%) of herbs and spices powder adding to bakery 
products to be ready to chemical analysis. 
Parameters were taste, color, texture, odor and the 
overall acceptability. The 9- point hedonic scale 

with a scale ranging from 1 (representing extremely 
dislike) to 9 (representing extremely like). 
Analytical methods 

Proximate analysis including moisture, Crude 
protein, crude fat, and total ash were determined 
according to (AOAC, 1995) Carbohydrates values 
were derived empirically after subtracting the other 
components. 
Acrylamide in bakery products: 

Acrylamide content was detected by HPLC 
according to the method of (Agamy, 2013) with 
some modifications. 
Antioxidants activity (free radical scavenging 
activity assay): 

Free radical scavenging activity assay was 
performed according to (Williams et al 1995). 
Total flavonoids content (TVC): 

Total flavonoids content (TVC) extraction was 
carried out using the method of (Siddhuraju and 
Becker, 2003). 
Total phenolic content (TPC): 
     Total phenolic content (TPC) was estimated 
according to the Folin–Ciocalteu method using 
gallic acid as the standard (Makkar et al 1997). 
Volatile oils (essential oils) content (EOs):  

Volatile oils content was determined according 
to the method of (Egan et al., 1981). 
Statistical analysis: 
     Analyses of variance (ANOVA) was conducted 
to determine significant differences among groups, 
Statistical significant was considered at <0.001. All 
statistical analyses were carried out using the 
Statistical analysis System program (Kotz, 2006; 
Kirkpatrick and Feeny, 2013).  
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RESULTS AND DISCUSSION 
Sensory evaluation of bakery products  

Sensory score when adding 1, 3 and 5 % of 
herbs and spices /100 g of flour to bakery products 

evaluated by 20 persons to select the highest score 
of acceptability in these samples are shown in Table 
(1). 

Table 1: Sensory scores of bakery products containing thyme, cumin, and anise. 

Samples Color Taste  Odor Texture  Acceptability  
Control 7.80a ± 1.01 8.0a ± 0.97 7.55a ± 1.36 8.15a ± 1.04 8.10a ± 1.02 
1% 7.40a ± 1.23 7.60a ± 0.94 7.50a ± 1.36 8.0a ± 0.92 7.60a ± 0.99 
3% 7.75a ± 1.12 8.0a ± 1.17 7.90a ± 1.21 8.30a ± 0.92 7.75a ± 2.07 
5% 3.95b ± 0.69 4.25b ± 0.97 4.50b ± 0.89 5.40b ± 1.57 4.75b ± 1.29 

T
h

ym
e 

F(p) 153.585* 
(<0.001*) 

103.797* 

(<0.001*) 
33.869* 

(<0.001*) 
29.096* 

(<0.001*) 
23.934* 

(<0.001*) 
Control 7.80a ± 1.01 8.0a ± 0.97 7.55a ± 1.36 8.15a ± 1.04 8.10a ± 1.02 
1% 7.90a ± 1.21 7.55a ± 1.28 7.70a ± 1.13 7.80a ± 0.89 7.75a ± 0.97 
3% 8.05a ± 1.0 7.50a ± 1.70 7.95a ± 1.23 8.05a ± 1.0 7.80a ± 1.99 
5% 4.20b ± 0.52 4.10b ± 0.64 4.85b ± 0.81 5.35b ± 1.23 4.50b ± 0.76 C

um
in

 

F(p) 119.043* 
(<0.001*) 

44.350* 
(<0.001*) 

31.799* 
(<0.001*) 

32.450* 
(<0.001*) 

17.736* 
(<0.001*) 

Control 7.80a ± 1.01 8.0a ± 0.97 7.55a ± 1.36 8.15a ± 1.04 8.10a ± 1.02 
1% 7.15a ± 1.50 6.50b ± 1.0 7.15a ± 1.35 7.05b ± 1.43 6.40b ± 1.22 
3% 7.70a ± 1.49 6.80b ± 2.12 7.0a ± 2.03 7.35ab ± 1.69 6.70b ± 1.22 
5% 4.25b ± 1.16 5.45c ± 1.39 5.0b ± 0.86 5.40c ± 1.19 5.70b ± 1.22 

A
ra

b
ic

 b
re

ad
 

A
ni

se
 

F(p) 83.256* 
(<0.001*) 

35.821* 
(<0.001*) 

12.243* 
(<0.001*) 

14.414* 
(<0.001*) 

11.782* 
(<0.001*) 

Control 8.40a± 0.75 8.30a± 0.73 8.10a± 0.85 7.85a± 1.09 8.10a± 1.07 
1% 7.10b± 1.59 6.90b± 1.02 7.15b± 1.39 6.95b± 1.47 6.56b± 0.86 
3% 7.05b± 1.67 6.90b± 2.13 7.25b± 1.33 6.80b± 1.61 6.70b± 1.59 
5% 2.0c± 0.65 4.30c± 0.86 5.0c± 1.21 5.80c± 1.15 5.95c± 0.94 

T
h

ym
e 

F(p) 101.702* 
(<0.001*) 

32.583* 
(<0.001*) 

23.650* 
(<0.001*) 

7.771* 
(<0.001*) 

12.106* 
(<0.001*) 

Control 8.40a± 0.75 8.30a± 0.73 8.10a± 0.85 7.85a± 1.09 8.10a± 1.07 
1% 7.35b± 1.23 8.10a± 0.85 7.95a± 1.23 7.0b± 1.26 7.65a± 0.83 
3% 7.40b± 1.23 7.70a± 1.38 7.90a± 1.52 6.95b± 1.28 7.95a± 1.35 
5% 3.70c± 1.66 4.65b± 1.31 5.40b± 0.94 6.0c± 1.03 6.25b± 0.97 C

u
m

in
 

F(p) 53.895* 
(<0.001*) 

47.918* 
(<0.001*) 

24.644* 
(<0.001*) 

8.395* 
(<0.001*) 

12.496* 
(<0.001*) 

Control 8.40a± 0.75 8.30a± 0.73 8.10a± 0.85 7.85a± 1.09 8.10a± 1.07 
1% 7.0b± 1.30 7.05b± 1.0 6.95b± 1.39 6.85b± 1.23 6.90b± 0.89 
3% 7.15b± 1.39 7.0b± 1.92 6.60b± 2.01 6.75b± 1.41 7.05b± 2.02 
5% 3.0c± 1.08 5.15c± 0.75 5.50c± 0.83 6.0c± 0.97 6.30b± 0.98 

pa
to

n
sa

lé
 

A
ni

se
 

F(p) 82.396* 
(<0.001*) 

23.336* 
(<0.001*) 

12.408* 
(<0.001*) 

8.212* 
(<0.001*) 

6.419* 
(0.001*) 

Control 8.15a± 1.46 7.95a± 1.39 7.90a± 1.48 7.95a± 1.39 7.90a± 1.37 
1% 6.15b± 0.81 7.05b± 1.0 7.10a± 1.37 7.35a± 1.31 7.05b± 1.0 
3% 7.85a± 1.35 7.55ab± 1.64 7.60a± 1.43 7.55a± 1.39 7.90a± 1.25 
5% 1.65c± 0.49 4.0c± 0.65 4.30b± 1.13 4.95b± 1.15 4.30c± 1.03 

T
h

ym
e 

F(p) 148.263* 
(<0.001*) 

69.292* 
(<0.001*) 

29.432* 
(<0.001*) 

21.285* 
(<0.001*) 

42.235* 
(<0.001*) 

Control 8.15a± 1.46 7.95a± 1.39 7.90a± 1.48 7.95a± 1.39 7.90a± 1.37 
1% 6.75b± 1.16 7.15ab± 1.04 7.35a± 1.57 7.0a± 1.75 6.75ab± 1.02 
3% 7.20b± 1.44 7.05b± 1.90 7.60a± 1.57 7.25a± 1.83 7.25b± 2.10 
5% 3.15c± 0.81 4.15c± 1.18 4.75b± 1.21 4.95b± 1.05 4.80c± 0.70 C

um
in

 

F(p) 61.619* 
(<0.001*) 

27.577* 
(<0.001*) 

19.641* 
(<0.001*) 

14.064* 
(<0.001*) 

18.262* 
(<0.001*) 

Control 8.15a± 1.46 7.95a± 1.39 7.90a± 1.48 8.95a± 1.39 8.90a± 1.37 
1% 6.20b± 1.06 6.40b± 0.88 6.90b± 1.59 7.10a± 1.33 6.35b± 0.88 
3% 7.40a± 1.73 6.80b± 1.94 7.15ab± 1.66 7.30a± 1.42 6.90b± 1.94 
5% 3.45c± 1.10 4.15c± 1.04 5.05c± 1.43 5.75b± 1.65 4.10c± 1.83 

cr
es

si
n

a 

 

A
ni

se
 

F(p) 97.269* 
(<0.001*) 

44.850* 
(<0.001*) 

12.296* 
(<0.001*) 

8.079* 
(<0.001*) 

21.149* 
(<0.001*) 

F: F test (ANOVA) 
*: Statistically significant at p ≤ 0.05 
Different superscripts are statistically significant. 
Data was expressed by using mean ± SD. 
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Sensory score of Arabic bread samples with 
thyme, cumin and anise are shown in Table (1). It 
can be observed that the highest mean value of 
overall acceptability of Arabic bread was (8.10 ± 
1.02) for control sample followed by 1, 3, 5%of 
thyme (7.60 ± 0.99, 7.75 ± 2.07, 4.75 ± 1.29, 
respectively). Taste, color, odor, texture and over all 
acceptability of Arabic bread were significantly (p ≤ 
0.05) affected by adding different doses of thyme to 
samples of Arabic bread compared to the control 
sample.  

It can be indicated that taste, color, odor, 
texture and over all acceptability of Arabic bread 
were significantly (p ≤ 0.05) affected by adding 
different doses of cumin to samples of Arabic bread 
compared to the control. Besides, the highest mean 
value of overall acceptability of Arabic bread was 
(8.80 ± 0.41) for control sample followed by 1, 3, 
5% of cumin (7.75± 0.97, 8.80 ± 1.99, 5.50 ± 0.76, 
respectively). 

Taste, color, odor, texture and over all 
acceptability of Arabic bread were significantly (p ≤ 
0.05) affected by adding different doses of anise to 
samples of Arabic bread compared to the control 
sample.  Besides, The highest mean value of overall 
acceptability of Arabic bread was 8.80± 0.41 for 
control sample followed by 1, 3, 5% of anise (6.70 ± 
1.22, 7.70 ± 1.22, 5.70 ± 1.22, respectively). 

Results indicated that adding 3% of thyme, 
cumin and anise led to increase in the level of the 
overall acceptability in Arabic bread compared to 
adding other concentrations. 

The sensory score of Patonsalé samples with 
thyme, cumin and anise shown in Table (1). It was 
indicated that the highest mean value of overall 
acceptability of Patonsalé was 8.10± 1.07 for 
control sample followed by 1, 3, 5% of thyme (6.70 
± 0.86, 7.60 ± 1.59, 5.95 ± 0.94, respectively). Color 
is one of the most important parameters in sensorial 
evaluation (Lotfy and Nawar, 2014).  Taste, color, 
odor, texture and overall acceptability of Patonsalé 
were significantly affected (p≤ 0.05) by adding 
different doses of thyme to samples of Patonsalé 
compared to the control. It can be observed that 
Taste, color, odor, texture and overall acceptability 
of Patonsalé were significantly affected (p ≤ 0.05) 
by adding different doses of cumin to samples of 
Patonsalé compared to the control. Besides, The 
highest mean value of overall acceptability of 
Patonsalé was 8.80 ± 0.41 for control sample 
followed by 1, 3, 5% of cumin (7.65 ± 1.35, 7.95 ± 
0.83, 6.25 ± 0.97, respectively). 

It can be indicated that Taste, color, odor, 
texture and overall acceptability of Patonsalé were 
significantly affected (p≤ 0.05) by adding different 
doses of vanilla to samples of Patonsalé compared 
to the control. Besides, the highest mean value of 
overall acceptability of Patonsalé was (8.80 ± 0.41) 

for control sample followed by 1, 3, 5% of anise 
(6.90 ± 2.02, 7.05 ± 0.89, 6.30 ± 0.98, respectively). 

 Sensory score of Cressina samples with thyme, 
cumin and anise shown in Table (1). It can be 
observed that the highest mean value of overall 
acceptability of Cressina was (7.90 ± 1.37) for 
control sample followed by 1, 3, 5% of thyme (7.05 
± 1.0, 7.90 ± 1.25, 4.30 ± 1.03, respectively). Taste, 
color, odor, texture and over all acceptability of 
Patonsalĕ were significantly (p ≤ 0.05) affected by 
adding different doses of thyme to samples of 
Cresina compared to the control. It can be indicated 
that taste, color, odor, texture and overall 
acceptability of Cressina were significantly (p ≤ 
0.05) affected by adding different doses of cumin to 
samples of Cressina compared to the control. 
Besides, the highest mean value of overall 
acceptability of Cressina was (8.80 ± 0.41) for 
control sample followed by 1, 3, 5% of cumin (6.75 
± 2.10, 7.25 ± 1.02, 4.80 ± 0.70, respectively). 

Recent years have seen increased interest from 
consumers, researchers, and the food industry in 
how food products can help maintain health; and the 
role that diet plays in the prevention and treatment 
of many illnesses. From the present results the 
samples of 3% was selected to perform the chemical 
analysis because it was showed that high score of 
sensory quality of bakery products. 
Proximate analysis of bakery products 

Proximate analysis of Arabic bread samples 
containing 3% of thyme, cumin and anise compared 
to the control are shown in Table (2). It is important 
to measure the moisture content in breads because 
of its potential impact on the sensory, physical and 
microbial properties of the bread (Olaoye et al., 
2006). It can be observed that the content of 
moisture was (12.15 ± 0.11) for control and 
increased to be (12.26 ± 0.15, 12.33 ± 0.07, 12.74 ± 
0.25) for samples contained thyme, cumin and anise, 
respectively. The obtained results were in agreement 
with those reported by (Jooyandeh , 2009; Hussein 
et al., 2013; Okafore et al., 2012 )who found that 
moisture content of Arabic bread was (12.5, 
11.65and 12.30%, respectively). Protein content of 
Arabic bread containing thyme, cumin and anise 
increased to be (11.54, 11.59and 11.66%, 
respectively) compared to the control sample 
(11.45%). The obtained results were agreement with 
these of (Mongi et al., 2011; Yıldız and Bilgiçli, 
2012; Bakare et al.,2016; Hussein et al., 2013) who 
reported that protein content in bread were10.9, 11.6, 
10.42, 12.05%, respectively. On the other hand, the 
fat content of Arabic bread containing thyme, cumin 
and anise were significantly increased (1.83, 
1.95and 1.94%) respectively compared to the 
control sample (1.78%). These values agreed with 
the results of (Hussein et al, 2013; Okafore et al., 
2012) who found that the fat contents were 1.81, 
1.30%, respectively. 
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Table 2: Proximate analysis of arabic breadsamples. 

Arabic 
bread 

Moisture 
Mean ± SD 

Ash 
Mean ± SD 

Protein 
Mean ± SD 

Fat 
Mean ± SD 

Carbohydrates 
Mean ± SD 

Control 12.15b ± 0.11 1.44a ± 0.02 11.45a ± 0.22 1.78b ± 0.04 73.19a ± 0.14 
Thyme 12.26b ± 0.15 1.45a ± 0.02 11.54a ± 0.09 1.83ab ± 0.12 72.92ab ± 0.26 
Cumin 12.33b ± 0.07 1.48a ± 0.02 11.59a ± 0.08 1.95a ± 0.06 72.65b ± 0.15 
Anise 12.74a ± 0.25 1.46a ± 0.03 11.66a ± 0.05 1.94a ± 0.01 72.20c ± 0.31 
F 7.844* 1.704 1.531 4.856* 10.309* 
p 0.009* 0.243 0.280 0.033* 0.004* 

F: F test (ANOVA) 
*: Statistically significant at p ≤ 0.05 
Means with Common letters are not significant (Means with Different letters are significant) 
Data was expressed by using mean ± SD. 

The data in Table (2) record that the total ash 
contents of Arabic bread containing thyme, cumin, 
anise were 1.45, 1.48and 1.46% respectively 
compared to the control sample (1.44%). These 
values were agreed with results reported by Mongi 
et al; 2011 who reported that the ash content was 
(1.15%), While disagreed with the results of (Yıldız 
and Bilgiçli, 2012; Bakare et al; 2016 ) who found 
that the value of ash in bread ranged from 0.65, 
0.47and 0.48%, respectively. The carbohydrates 
content of Arabic bread contains thyme, cumin and 
anise were significantly decreased to be 72.92, 
72.65and 72.20%, respectively compared to the 
control sample (73.19%). Concerning the 
carbohydrates content of bread (Jooyandeh, 2009: 
Mongi et al.,2011). It was observed that the percent 
evenness (63.25, 75.71%) and this agree with the 
control sample. The results tabulated in Table (2) 
showed that there were significant differences 
among samples in the content of fat, moisture and 
carbohydrates, while there were no significant 
differences in protein and ash at p ≤ 0.05. It can also 
be noticed that the high carbohydrates content of 
bread has a potential impact on Maillard reaction. 

Proximate analysis of patonsalé samples 
containing 3% of thyme, cumin and anise compared 
to the control are shown in Table (3). The moisture 
content of Patonsalé containing thyme, cumin and 
anise were 2.75 ± 0.31, 2.95 ± 0.36 and 2.92 ± 0.04, 
respectively compared to the control sample (2.61 ± 
0.11). It can be observed that ash content of 
Patonsalē containing thyme, cumin and anise were 

(2.95 ± 0.03, 2.75 ± 0.02 and 2.65 ± 0.43, 
respectively) compared to the control sample (2.47 
± 0.02).On the other hand, protein content of 
Patonsalĕ containing thyme, cumin and anise were 
(11.37 ±0.02, 11.80 ± 0.05 and 11.40 ± 0.05, 
respectively compared to the control sample (11.30 
±0.05).It can be noticed that fat content of Patonsalé 
containing thyme, cumin and anise were 5.44 ± 
0.02, 5.50 ± 0.43 and 5.33 ± 0.14, respectively 
compared to the control (5.26 ± 0.09). Besides, the 
carbohydrates content of Patonsalé containing 
thyme, cumin and anise were 77.49 ±0.26, 77.01 ± 
0.08 and 77.70 ± 0.54, respectively compared to the 
control sample (78.36 ± 0.14).The results tabulated 
in Table (3) showed that there were a significant 
differences among samples in the content of 
carbohydrates and protein, while there were no 
significant differences in fat, ash and moisture at 
p≤0.05. It can also be noticed that the highest mean 
value of carbohydrates content so it was important 
to measure the carbohydrates content in Patonsalé 
samples because of its potential impact on Maillard 
reaction of bakery products and acrylamide 
formation. 

Proximate analysis of Cressina samples 
containing 3% of thyme, cumin and anise compared 
to the control are shown in Table (4). It can be 
observed that the moisture content of Cressina 
containing thyme, cumin and anise were 4.69 ± 
0.07, 4.88 ± 0.04 and 4.66 ± 0.04, respectively 
compared to the control sample (4.30 ± 0.15). 

Table 3: Proximate analysis of patonsalé samples 

Patonsalé Moisture 
mean ± SD 

Ash 
mean ± SD 

Protein 
mean ± SD 

Fat 
mean ± SD 

Carbohydrates 
mean ± SD 

Control 2.61a ± 0.11 2.47b ± 0.02 11.30c ± 0.05 5.26a ± 0.09 78.36a ± 0.14 
Thyme 2.75a ± 0.31 2.95a ± 0.03 11.37bc ±0.02 5.44a ± 0.02 77.49bc ±0.26 
Cumin 2.95a ± 0.36 2.75ab ± 0.02 11.80a ± 0.05 5.50a ± 0.43 77.01c ± 0.08 
Anise 2.92a ± 0.04 2.65ab ± 0.43 11.40b ± 0.05 5.33a ± 0.14 77.70b ± 0.54 
F 1.235 2.627 81.293* 0.649 9.852* 
p 0.359 0.122 <0.001* 0.605 0.005* 

F: F test (ANOVA) 
*: Statistically significant at p ≤ 0.05 
Different superscripts are statistically significant 
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Table 4: Proximate analysis of Cressina samples 

Cressina Moisture 
mean ± SD 

Ash 
mean ± SD 

Protein 
mean ± SD 

Fat 
mean ± SD 

Carbohydrates 
mean ± SD 

Control 4.30c ± 0.15 1.96a ± 0.03 11.34b ± 0.02 11.20b ± 0.06 71.19ab ± 0.20 
Thyme 4.69b ± 0.07 1.96a ± 0.03 10.56c ± 0.21 11.32ab ± 0.12 71.47a ± 0.26 
Cumin 4.88a ± 0.04 1.35b ± 0.02 11.45b ± 0.09 11.41a ± 0.11 70.91b ± 0.14 
Anise 4.66b ± 0.04 1.96a ± 0.03 11.89a ± 0.12 11.44a ± 0.09 70.05c ± 0.21 
F 23.033* 359.683* 54.217* 3.632 26.381* 
p <0.001* <0.001* <0.001* 0.064 <0.001* 

F: F test (ANOVA) 
*: Statistically significant at p ≤ 0.05 
Different superscripts are statistically significant 

It can be noticed that ash content of Cressina 
containing thyme, cumin and anise were 1.96 ± 
0.03, 1.35 ± 0.02and 1.96 ± 0.03, respectively 
compared to the control sample (1.96 ± 0.03). 

On the other hand protein content of Cressina 
containing thyme, cumin and anise were 10.56 ± 
0.21, 11.45 ± 0.09 and 11.89 ± 0.12, respectively 
compared to the control sample (11.34 ± 0.02). 
Besides, fat content of Cressina containing thyme, 
cumin and anise were 11.32 ± 0.12, 70.91 ± 0.14and 
70.05 ± 0.21, respectively compared to the control 
sample (11.20 ± 0.06). As shown in Table (4), 
carbohydrates content of Cressina containing thyme, 
cumin and anise were 71.47±0.26, 70.91±0.14 and 
70.05±0.21, respectively compared to the control 
sample (71.19 ± 0.20). 

The results in Table (4) showed that there were 
significant differences among samples in the content of 
carbohydrates, protein, ash and moisture, while there 
were no significant differences in fat content at p ≤ 0.05. 
It can also be noticed that the highest mean value of 
carbohydrates content so it was important to measure the 
carbohydrates content in Cressina samples because of its 
potential impact on Maillard reaction of bakery products 
and acrylamide formation. 
Antioxidant activity and acrylamide content in 

studied bakery products  
Antioxidant activity (%) and acrylamide 

content (mg/100g) in some bakery products with 3% 
of thyme, cumin and anise are shown in Table (5). 

It was observed that, the highest score of total 
antioxidant of Arabic bread sample was containing 
anise (34.35 ± 0.15) followed by thyme (29.49 ± 
0.14) then samples containing cumin (25.33 ± 0.13). 
It is also noticed that the control sample had the 
lowest score (12.63 ± 0.15). Data of antioxidant 
activity belonging to Arabic bread containing anise 
are in agreement with the results of (Shojaii and 
Abdollahi., 2012) who reported that the most important 
compounds of anise seeds essential oils, anise seeds 
showed strong antioxidant activity.  On the other side, 
the result indicated that Acrylamide recorded the 
lowest content in anise (0.0 ± 0.0) followed by 
thyme (0.01 ± 0.0) and cumin (0.04 ± 0.01). The 
control sample recorded the highest level of 
Acrylamide (0.56 ± 0.0), these results agreed with 

the results of Mills et al., (2009) who reported that 
the amount of acrylamide in different product such 
as bread ranged from10 to3200 μg.kg-1 and bread 
toast ranged from 25 to1430μg.kg-1this score 
explains the denotation of the presence of 
relationship between high ratio of antioxidant 
activity in the three samples with the reduction of 
Acrylamide level in bread samples. These results 
indicated that there were significant increase (p ≤ 
0.05) in antioxidants activities and significant 
decrease (p ≤ 0.05) in content of acrylamide among 
all samples. The results in Table(5) showed that , 
the highest percent of total antioxidant activity was 
found in Arabic bread with anise ,thyme and cumin , 
respectively compared to control while, the lowest 
content of acrylamide was found in Arabic bread 
with anise, thyme and cumin compared to control 
sample. 

It is shown in Table (5) that the peak of 
totalantioxidants in Patonsalé samples was at the 
addition of anise (40.77 ± 0.53) followed by thyme 
(31.74 ± 0.50) and cumin came at the last order 
(30.51 ± 0.40) compared to the control (24.58 ± 
0.36). With regard to levels of AA in the samples a 
decrease happened in AA levels compared to 
control sample. It was also noticed that, the most 
effective way to decrease AA levels was by addition 
of anise (0.30 ± 0.0) followed by thyme (0.31 ± 
0.06) and cumin (0.38 ± 0.03). This explains the 
relation between total antioxidants and low levels of 
AA. These results indicated that there were a 
significant increase (p ≤ 0.05) in antioxidants 
activities and a significant decrease (p ≤ 0.05) in 
content of acrylamide among all samples. The 
tabulated results showed that , the highest percent of 
total antioxidant activity was found in patonsalé 
with anise ,thyme and cumin ,respectively compared 
to control sample while, the lowest content of 
acrylamide was found in Patonsalé with anise, 
thyme and cumin compared to control sample. 

Data in Table (5) indicates that the highest score 
of antioxidant activity were Cressina with cumin 
(39.43 ± 0.36) followed by thyme (35.20 ± 0.40) 
and anise (32.30 ± 0.12) compared to the control 
(20.94 ± 0.85). When comparing this result with the 
quantity of AA in the same samples it was obvious that 
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cumin had the lowest score (0.43 ± 0.06) followed by 
anise (0.48 ± 0.05) then thyme (0.54 ± 0.03) and the 
highest score was in the control sample (0.70 ± 0.05).  
These  results indicated that there were a significant 
increase (p ≤ 0.05) in antioxidants activities and a 
significant decrease (p≤ 0.05) in content of 
acrylamide among all samples. 

In the present results in Table(5) analysis of 
antioxidant activity of Anise which concluded that 
Anise is an antioxidant  agreed with the results of 
(Shojaii and Abdollahi., 2012) who reported that the 
most important compounds of anise seeds essential oil, 
aniseeds showed strong antioxidant activity, also 
agreed with those  of (Ani et al., 2006; El-Ghorab et 
al., 2010; Nadeem and Riaz., 2012)who concluded that 
cumin have a good antioxidant potentiality and a good 
source of natural antioxidants As shown in Table (5) 
which concluded that Thyme is an antioxidant are in 
agreement with the result of Juki and Milo., 2005who 
reported that thyme exhibited varying amounts of anti-
oxidative activity and it is a potential herbs having 
antioxidant activity and preservative effect. The 
previous results showed that, the highest percent of 
total antioxidant activity was found in Arabic bread 
with anise, thyme and cumin ,respectively compared 
to control sample while, the lowest content of 
acrylamide was found in bakery products when 
adding anise, thyme and cumin compared to control 
sample. These results approved that adding thyme. 
Cumin and anise increased antioxidants activity and 
decreased the content of acrylamide in bakery 
products. 

These results are due to the chemical 
mechanisms of acrylamide formation in heated 

foods through Maillard reaction which are shown in 
figure (1). Acrolein (2-propenalCH2=CH-CHO) is a 
three carbon aldehyde which is the back bone of 
acrylamide {CH2=CH-C(O)-NH2}.The antioxidants 
block the oxidation of acrolein to form acrylic acid 
thereby reducing the formation of acrylamide 
(Ciesarová et al., 2008). Acrole formed by 
transformation of lipids, degradation of amino acids 
and proteins degradation of carbohydrates and 
theMaillard reaction between amino acids or protein 
and carbohydrates. Thus lipid oxidation positively 
influenced the formation of acrylamide, especially 
in sugar-free system where lipids became the main 
sources of carbonyls, therefore antioxidants can 
inhibit acrylamide formation by preventing lipid 
oxidation, thus limit the acculation of carbonyls. So 
antioxidants can help protect acrylamide against 
radicals by scavenging them by changing the 
composition of the antioxidative extract during 
reaction. But if antioxidants is unstable or can be 
oxidized, it may attack acrylamide and reduce 
acrylamide content (Jin et al.,2013).That approved 
the relation between adding herbs and spices as 
antioxidants to reduce acrylamide formation. 
Flavonoids,phenolics compounds and volatile oils 
(essential oils) of in some bakery products. 

Analysis of flavonoids, total phenolics content 
and Volatile oils were conducted only on the 
samples that gained the highest score by panelists 
along with the controls sample. 

Effect of adding thyme in Arabic bread, anise in 
Patonsalé and cumin in Cressina on the mean value 
of flavonoids, phenolic compounds and volatile oils 
as mg/100gm are shown in Table(6). 

Table 5: Antioxidant activity(%) and acrylamide content (mg/100g) in some bakery products. 

Samples Antioxidant activity (%) Acrylamide (mg/100g) 
Control 12.63a ± 0.15 0.56a ± 0.0 
Thyme 29.49b ± 0.14 0.01b ± 0.0 
Cumin 25.33c ± 0.13 0.04c ± 0.01 
Anise 34.35d ± 0.15 0.0b ± 0.0 
F 12916.411* 15216.872 * 

A
ra

bi
c 

b
re

ad
  

P <0.001* <0.001* 
Control 24.58b ± 0.36 0.41b ± 0.05 
Thyme 31.74a ± 0.50 0.31ac ± 0.06 
Cumin 30.51c ± 0.40 0.38ab ± 0.03 
Anise 40.77d ± 0.53 0.30c ± 0.0 
F 650.129* 5.024* P

at
on

sa
lé

 

P <0.001* <0.001* 
Control 20.94b ± 0.85 0.70b ± 0.05 
Thyme 35.20a ± 0.40 0.54a ± 0.03 
Cumin 39.43c ± 0.36 0.43c ± 0.06 
Anise 32.30d ± 0.12 0.48a ± 0.05 
F 739.021* 22.048* C

re
ss

in
a 

P <0.001* <0.001* 
F: F test (ANOVA) 
*: Statistically significant at p ≤ 0.05 
Different superscripts are statistically significant . 
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Table 6: flavonoids, phenolic compounds and volatile oil (essential oils) in selected bakery products. 

 (TVC)  mg/100g (TPC)mg/100g  (EOs) (%) Samples 
Mean ±SD. Mean ±SD. Mean ±SD. 

Arabic bread with Thyme 32.10b 2.54 29.10e 2.07 0.056d 0.003 
patonsale with Anise 25.23cd 2.79 77.04ab 6.85 0.548a 0.022 
cressina with Cumin 23.99d 2.07 66.64c 6.22 0.368b 0.018 
F 9.919* 40.127* 82.916* 
P <0.001* <0.001* <0.001* 

F: F test (ANOVA), *: Statistically significant at p ≤ 0.05, Different superscripts within a column are statistically 
significant. 

It can be observed that the addition of spices 
and herbs to bakery product perform the highest 
significant TVC values and were detected in Arabic 
bread with Thyme (32.10±2.54), while the lowest 
score was detected in Cressina with Cumin 
(23.99±2.07) followed by Patonsalé with Anise 
(25.23±2.79). The relation between the chemical 
structure of flavonoids and their radical scavenging 
activities is due to antioxidant activity of flavonoids 
depends on the structure of hydroxyl groups. The 
essential requirement for effective radical 
scavenging is the 3́,4́-orthdihydroxy configuration in 
ring B and 4- Carponyl group in ring C. The 
presence of 3-and 5-OH groups, giving a catechol-
like structure in ring C, is also beneficial for the 
antioxidant activity of flavonoids (Wojdylo et 
al.,2007). 

It can be noticed in Table (6) that adding thyme, 
anise and cumin to salty samples bread, patonsalé, 
cressina also containing flavonoids compounds. 
Asignificant differences in the mean value of 
flavonoids among all samples were found. 

The effect of adding thyme in Arabic bread, 
anise in patonsalé and cumin in Cressina on the 
mean value of phenolic compounds as mg/100g 
shown in Table (6). It can be noticed that the 
addition of thyme, cumin, anise to bakery products 
perform the highest significant of TPC values in 
Patonsalé with anise and Cressina with Cumin 
(77.04±6.85and 66.64±6.22, respectively) while, the 
lowest score was detected in Arabic bread with 
Thyme (29.10±2.07).These results are agreement 
with those of (Allahghadri ., 2010) who showed that 
cumin with a high phenolic content and good 
antioxidant activity can be supplemented for both 
nutritional purposes and preservation of food. 
Adding cumin and anise to samples increased 
phenolics compounds. 

This may be due to the high content of phenolic 
constituents and demonstrated good natural 
antioxidant activity. Besides, phenols are effective 
in inhibiting acrylamide formation, where aldehydic 
groups may increase the formation of acrylamide as 
reactive carbonyls, thus preparative methods of the 
antioxidant may influence acrylamide formation by 
changing the composition of the antioxidative 
extract during reaction (Jin et al., 2013). So adding 

herbs and spices under study decreased the 
formation of acrylamide. 

Results shown in Table (6) indicates that the 
highest score of (EOs) in bakery products were 
detected in patonsalé with Anise (0.548 ±0.022) 
followed by Cressina with Cumin (0.368 ±0.368) 
while, the lowest score was detected in Arabic bread 
with Thyme (0.056 ±0.003). The results from Table 
(6) summerized that the highest mean value of Eos 
compounds for Patonsalé with anise while, the 
lowest value was for thyme bread. There were 
significant differences in the mean value of EOs 
among all samples. 

CONCLUSION 
Thyme, cumin and anise have antioxidant 

potential and are recommended to be incorporated 
in bakery products. Further work is necessarily 
needed to explore the effect of using other herbs and 
spices in bakery products. Reducing Acrylamide in 
bakery products while protecting other quality 
aspects and reducing dietary AA exposure still 
remains a major challenge. 
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