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ASSESSMENT OF FOOD SAFETY KNOWLEDGE, ATTITUDE
AND PRACTICES (KAP) AMONG FOOD WORKERS IN
JORDANIAN FOOD FACTORIES
Omar S Sharaf*, W Ahmad Zalatimo
Department of Nutrition and Food Processing, Faculty of Agricultural Technology, AL-Balqa Applied University, Salt, Jordan, Amman

safe consumption of food, business owners and/or
shareholders focusing on increasing technology
efficiency to increase profit that may imitate in
conflicting of interest. Foodborne diseases are
extensive both in developed and developing
countries and have captured public awareness
worldwide in recent years. Centre Disease Control
and Prevention (CDC, 2000) identified five risk
factors of food handling that add to foodborne
illnesses which include improper cooking
procedure, temperature abuse during storage, lack
of hygiene and sanitation by food handlers, cross
contamination between raw and fresh ready to-eat
foods.
many previous studies identify the need for
training and education of food handlers in public
hygiene measures on microbiological food hazards,
temperature ranges of refrigerators, cross
contamination and personal hygiene [4]. However,
in some preceding studies show no differences
between staff who attended educational course with
those who did not [7]. This statement is supporting
by several [1,13] and it shows that although training
may increase the knowledge of food safety but it
may not always turn out positive changes in food
handlers attitudes. Attitude is a measure of degree
to which a person has favorable or unfavorable
evaluation towards behavior [5]. Such as person
thinks that preparing and handling food hygiene is
important and necessary, they are likely intend to
engage the behavior. [8].Point outs the correlation
of positive behavior, attitudes and continued
education of food handlers towards the
maintenance of safe food handling practices.
Clayton & Griffith (2004) in their study establish
that attitude scores of the food handlers toward
foodborne diseases prevention and control was poor
as well as hygiene practices scores were even low.
Several studies were conducted to evaluate the
food safety knowledge, attitude and practice (KAP)
of food handlers in restaurants .Other target
populations for food safety KAP studies were
university students [7,11@ DQG KRVSLWDOV¶ VWDII RU
food handlers [9,10]. In this study, the overall
knowledge, attitude and practice (KAP) scores of
the food handlers in Jordanian food factories were
explored for the first time in Jordan. The identified

ABSTRACT
Food handlers working in food factories play
a major role in transmission of foodborne diseases.
This study aimed to assess food safety knowledge,
attitude and practice of food handlers working in
food factories in Jordan. A total of 1000 food
handlers in 50 food factories were participated in
this question survey study. The overall knowledge
of food handlers on food safety concepts is fair. the
IRRG KDQGOHUV¶ NQRZOHGJH ZDV KLJK ZLWK D PHDQ
percentage score of 83.21% ± 12.03%. They
demonstrated excellent knowledge in the categories
of high risk foods, foodborne diseases, food storage
temperatures, and sources of food contamination.
But, they have a weak of knowledge about the
proper method of thawing frozen food, where 40%
thought that the correct method for thawing frozen
meat and broiler is to keep them overnight at room
temperature. The food handlers practiced good
hygiene level with a mean percentage score of
78.84 % ± 11.6 %. Our study showed that unfair
the handlers practiced the food hygiene despite
their knowledge . which means that the extensive
knowledge of the correct practices for hand hygiene
don't necessarily result in the appliance of these
methods because of the work place barriers. This
study suggests adopting proper food safety
education training courses to food handlers,
periodic evaluation of food handlers' knowledge
and food safety training course materials and
enforcement governmental regulations would
improve the food safety status in food factories.

KEYWORDS:
Knowledge; Attitude; Practice; Food Handlers; Jordan.

INTRODUCTION
Food industry in Jordan is a sector targeting
on local population of about 10 million persons
besides exported food products to different
countries worldwide . Food industry faces rigid
competitions, challenges as consumers demand
higher quality food, government need to guarantee
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specific unhygienic practice, negative attitude and
lack of knowledge that increase the risk of food
poisoning will be addressed in food safety training
programs for food handlers.

RESULTS
General characteristics of the participants.
A total of 1000 food handlers from 50 food
factories were included in this study; The gender of
surveyed food handlers was 750 male and 250
female. 56.3% of the workers had educational level
less than 10 years and had monthly income less
than 300 J.D. The participants worked in different
geographical location in Jordan. The mean age of
participants was 30.1 ± 5.60, and ages ranged
between 18 to 55 years. The experience ranged
from 1 to 15 years .

MATERIALS AND METHODS
Research design cross-sectional study where
used to assess food Safety knowledge, attitude and
practices (KAP) among
food
workers in
Jordanian food factories.
The respondents. A total of 1000 food
workers from 50 food factory were participated in
this study, the questioner were filled by the
respondents themselves or by face to face
interview.

Food handlers knowledge. In general, the
IRRG KDQGOHUV¶ NQRZOHGJH ZDV KLJK ZLWK D PHDQ
percentage score of 83.21% ± 12.03%. They
demonstrated excellent knowledge in the categories
of high risk foods, foodborne diseases, food storage
temperatures, and sources of food contamination.
But, they have a weak of knowledge about the
proper method of thawing frozen food, where 40%
thought that the correct method for thawing frozen
meat and broiler is to keep them over- night at
room temperature. 80% from food handlers thought
that Foodborne pathogens can be seen by the eye.
(Table 1). previous study in Portugal consist from
124 food handlers in 32 school canteens found that
the food handlers displayed reasonable level of
knowledge in personal hygiene and cross
contamination, but fared worse in other areas.. On
the other hand, other studies showed that food
handlers have low level of knowledge about food
hygiene issues. In a study that was performed in
small and micro enterprises, to assess food
KDQGOHUV¶knowledge on food hygiene (n = 159), in
South Africa, the average percentage of correct
answers was 46.0% [15] and in another study in
Ankara, Turkey, the mean food safety knowledge
score of food handlers (n = 764) was 43.4% ±
16.3% [14].
Our study showed that the food handlers have
a good knowledge of temperature control
knowledge and they practiced such knowledge. But
other studies carried out in Turkey, Portugal,
United Kingdom, Slovenia and Italy demonstrated
that food handlers lack the knowledge regarding
temperature control as a measure to reduce the risk
of food poisoning [2, 3,6,12,16,18].

Food safety knowledge questionnaire. Food
handlers in different Jordanian factories are the
target population for this study. Sharif and AlMalki (2010) questionnaire for Knowledge, attitude
and practice of the food handlers was used with
slight modification [7]. The questionnaire consisted
of fifty questions divided into three parts. Part one
included 15 questions about the knowledge, part
two included 15 questions about the attitude and
part three included 20 questions about the practice.
All questions about knowledge and attitude were
scored on a five-point scale (0 to 4) with options of
strongly agrees, agree, not sure, disagree or
strongly disagree. But, the questions about practice
were scored on a five-point scale (0 to 4) with
options of always, most of the times, sometimes,
rarely or never. The direction of the scale was (4 to
0) and reversed to (0 to 4) for some questions to
check the validity of the responses. For
dichotomous classification the scores less than 3
were categorized as a negative response,
(Answering wrong) while the scores 3 and 4 were
categorized as a positive response (Answering
right). The questionnaire stated clearly to the
participants that the information will be used only
for scientific purposes and the participants signed a
consent form.
Statistical analysis. All statistical analyses
were performed using the Statistical Package for
the Social Sciences, Version 15.0 (SPSS, Inc.,
Chicago, IL, USA). Descriptive statistics (means
and standard deviations, or frequencies) were used
for all variables. One way ANOVA test was used to
compare the mean score of knowledge, attitude, and
practice among the different
food handler.
Findings with a P-value < 0.05 were considered to
be statistically significant.

)RRG +DQGOHUV¶ $WWLWXGH. The response of
food handlers to the attitude questionnaire on food
poisoning is presented in Table 2. In general, the
IRRG KDQGOHUV¶ DWWLWXGH WRZDUG VDIH IRRG KDQGOLQJ
was high with mean percentage score of 84.36 % ±
10.7%
)RRG +DQGOHUV¶ 3UDFWLFH The response of
food handlers to the practice questions on food
safety is presented in Table 3. In general, the food
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TABLE 1
Response of food handlers in different Jordanian factories to knowledge questions on food poisoning.
Question
1) Food poisoning is caused by pathogenic microbes
2) Eating raw or half - cooked meat is highly risky for food poisoning
3) Eating raw unwashed vegetables is highly risky for food poisoning
4) Food handlers with unhygienic practice could be the source for food contamination with food
poisoning pathogens
5) Eating covered leftover cooked food, kept at room temperature for more than 6 hours, is at high risk
to cause food poisoning
6) Keeping food at refrigerator temperature helps to prevent food poisoning

Positive
Answer (%)
(88.3)
(87.3)
(91.3)
(82.3)

Negative
Answer (%)
(11.7)
(12.7)
(8.7)
(17.7)

(96.3)

(3.7)

(94.5)
(95)

(5.5)
(5.0)

(40)

(60)

(97)
(60)
(99)
(96.7)
(80)
(80.5)
(60)

(3.0)
(40)
(1)
(3.3)
(20)
(19.5)
(40)

7) Contacting ready to eat food with bare hands cause food contamination with food poisoning
pathogens
8) The correct method for thawing frozen meat or broiler is to keep them overnight at room
temperature
9) Food poisoning could cause severe diseases that end in hospitalization and sometimes death
10) Apparently healthy food handlers might carry foodborne pathogens
11) Insects such as cockroaches and flies might transmit foodborne pathogens
12) Harmful bacteria multiply quickly at room temperature
13) Foodborne pathogens can be seen by the eye
14) Vegetables should be placed on higher shelf in refrigerator than meat and poultry
15) Cooked food leftover should be re-heated thoroughly

TABLE 2
Response of food handlers in different food factories in Jordan to attitude questions on food
poisoning.
Question
16) Safe food handling is an important part of my job responsibilities
17) Learning more about food safety through training courses is important
to me
18) It is important to check the temperature of the refrigerator to prevent
food poisoning
19) Raw food materials should be kept separately from finish product.
20) Food handlers can be a good source of pathogenic microbes.
21) Wiping vegetables or fruits make them safe to be eaten
22) Thorough washing of vegetables and fruits in tap water is necessary to
prevent food poisoning.
23) Beards could contaminate food with foodborne pathogens
24) Long fingernails could contaminate food with foodborne pathogens
25) Raw vegetables and meat should not be cut by the same knife
26) Raw vegetables and meat should not be cut on the same cutting board
27) Food handlers should be medically examined every six months
28) Wiping off the cutting board with a clean paper towel between food
items (raw meat and bread) is enough to prevent spreading of foodborne
pathogens.
29) Before handling food, rinsing your hand with cold water is enough to
get rid of the bacteria on your hands
30) Foodborne outbreaks are natural life event

handlers practiced good hygiene level with a mean
percentage score of 78.84 % ± 11.6 %. They have
unfair concept regard safety rules of handling food.
Despite most of them care about the general
hygiene rules of preparing food, 95.5% wear gloves
during handling food products, 97.0% cover the
lesions on your hands during preparing food
product, 89.5% wash fresh vegetables and fruits in
tap water before eating, 90% separate raw food

Positive Answer (%)
(98.5)
(99.5)

Negative Answer (%)
(1.5)
(0.5)

(90)

(10)

(83.5)
(93.0)
(98.0)
(90)

(16.5)
(7.0)
(2.0)
(10.0)

(5)
(96.5)
(68)
(99)
(99)
(90)

(95)
(3.5)
(32)
(1)
(1)
(10)

(95.5)

(0.5)

(60)

(40)

materials from finished food products. They have
unfair response about cleaning and sanitizing food
contact surfaces before and after preparing food
(89%), keeping food at room temperature more than
4 hours (74.3%), washing their hands with water
and soap after using the bathroom (74%), washing
their hands with water and soap after handling
packaging materials (77%) and using mask during
processing time ( 41%). Our study showed that
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TABLE 3
Response of food handlers in different Jordanian factories to practice questions on food poisoning.
Question

(%) of positive
response

(%) of Negative
response

31) Do you wear gloves when you handle ready to eat food or
prepare sandwiches?
32) Do you wash your hands with water and soap before preparing
food?
33) Do you wash your hand with water and soap after using the
bathroom?
34) Do you work when you have diarrhea, vomiting and nausea?

(95.5)

(4.5)

(71.5)

(28.5)

(74)

(26)

(84.5)
(97)

(15.5)
(3)

(98)
(40.5)
(74.3)

(2.0)
(59.5)
(25.7)

(70.5)

(29.5)

(44)
(89.5)

(56)
(10.5)

(95.5)

(4.5)

(77.0)

(33.0)

(80.0)
(92.5)

(20.0)
(7.5)

(86.5)
(80)

(13.5)
(20)

(91)
(41)
(94)

(9.0)
(59)
(6.0)

35) Do you cover the lesions on your hands during preparing food
product?
36) Do you allow your finger nails to grow?
37) Do you sanitize vegetables and fruits before slicing them?
38) Do you keep cooked/grilled/ baked food product at room
temperature for more than 4 hours?
39) Do you clean food contact surfaces before and after preparing
food?
40) Do you work when you have cold?
41) Do you wash fresh vegetables and fruits in tap water before
eating?
42) Do you wash your hands with water and soap before eating your
meal?
43) Do you wash your hands with water and soap after handling
packaging materials?
44) Do you sanitize your hands after washing them using the toilet?
45) Do you dry your hands after washing them with disposable
tissues?
46) Do you dispose all wastes in processing line by intervals?
47) Do you separate raw food materials from finish products ( ready
to eat) ?
48) Do you check the temperature of the refrigerator by intervals?
49) Do you use mouth mask during processing time ?
50) Do you wear arm protection (sleeve) during preparing food
products?

unfair the handlers practiced the food hygiene
despite their knowledge. which means that the
extensive knowledge of the correct practices for
hand hygiene don't necessarily result in the
appliance of these methods because of the work
place barriers [17]. These barriers come from the
work staff, including inhibitory attitudes of
supervisors and colleagues, time pressures and/or
lack of staff, as well as structural factors, such as
facilities and accessibility to supplies. Therefore,
the training of food handlers should be carried out
in multidimensional approach covering social,
environmental and organizational factors, and with
greater focus on risk perception that may lead to
unsafe practices. Our study showed that 70.5% of
the respondents practiced proper cleaning and
disinfecting procedure of premises, surfaces and
utensils. This is crucial step in food processing
industry to prevent cross contamination of food. On
the other sides, a study of 200 chefs in Ireland
showed that 21.5% of all the respondents
considered the use of disinfectants in sanitizing
worktops as unimportant step [4].

CONCLUSION
This
investigation
provides
valuable
information about the level of knowledge, attitude,
and practice in food safety of food handlers food
factories in Jordan. An important result from this
study showed that the overall KAP scores were
82.13% . Educating, training and promoting
positive attitude of food handlers as well as
enforcement the governmental regulation would
improve the status of food hygiene knowledge,
attitudes and practices.
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EFFECT OF DIETARY GINGER (ZINGIBER OFFICINALE)
EXTRACT ON BODY COMPOSITION, FATTY ACID
PROFILE AND NUTRITIONAL QUALITY INDEX OF
RAINBOW TROUT (ONCORHYNCHUS MYKISS)
Elham Turani1, Reza Akrami2,*, Sara Jorjani2
1

Department of Food Sciences and Technology, Azadshahr Branch, Islamic Azad University, Azadshahr, Iran
Department of Fisheries, Azadshahr Branch, Islamic Azad University, Azadshahr, Iran

2

environment and human health e.g. resistant
bacterial strains and residual accumulation in tissue.
Hence, disease management in aquaculture should
concentrate on environmentally friendly and lasting
methods [1]. Immunostimulant plants or their byproducts contain several phenolic, polyphenolic,
alkaloid, quinone, terpenoid, lectine, and
polypeptide compounds, many of which shown to
be very effective alternatives to antibiotics,
chemicals or synthetic compounds and vaccines.
Some studies have confirmed that the application of
a diet with herbal adjuvants has a positive impact
on the health and resistance of the fish, and also
improves their condition and growth rate [2].
Medicinal herbs promote lipid metabolism that
catabolizes body fatty acids as a main energy
expenditure, resulting in efficient protein
accumulation and growth performance. It has also
been determined that these can improve the
metabolism of fats and their utilization.Thus, the
addition of herbal supplements to commercial feed
could potentially be advantageouse specially in
species that are less effective at assimilating highcaloric commercial feeds and that store energy as
fat [3]. Ginger has been used as a spice and as
natural additives for more than 2000 years [4]. The
rhizome of ginger has been reported to possess a
broad-spectrum of prophylactic and therapeutic
activities [5]. In addition,Ginger rhizomes contain a
number of active ingredients as ginger oil,
gingerols, which can be converted to shogaols,
zingerone and paradol [6]. Recently, strict demands
of hygiene and safety of aquacultured fish without
concomitant pollutants and antibiotics has increased
steeply in Iran. Different aspects of beneficial
effects of fish lipid on human health have been
widely established [7]. because of its long chain
polyunsaturated fatty acids of n-3. Various
environmental and biological factors and
different processing method can effect on the
content of lipid and composition of fatty acids of
fish species [8]. It is evident that long-chain poly
unsaturated fatty acids (LC-PUFAs) such as
arachidonic acid (ARA), eicosapentaenoic acid

ABSTRACT
The present study was aimed at determining
the effects of dietary ginger (Zingiber officinale)
extract on body composition, fatty acid profile and
nutritional quality indices of rainbow trout
(Oncorhynchus mykiss). Fish were divided into 3
groups before fed diet for 8 weeks with 0.5% and
1% ginger extract and with unsupplemented
commercial diet as the control. Results showed that
there were no significant differences in crude
protein, lipid and ash content in the fillets of fish
from the treatments, but in group treated with
0.5% ginger extract showed higher protein and
lipid carcass than the other group. Among the
analysed group of fatty acids (saturated -SFA,
monoenoic- MUFA, polyenoic-PUFA) contained in
the fillets significant difference was noted with
regard to MUFA. There were no significant
differences in nutritional quality indices (NQI)
between juveniles fed control and ginger extract
supplementation, although, FLQ was higher and IA
and IT value were lower in ginger extract treatment.
Therefore, the results suggest that by using 0.5%
this extract there will be an improvement in body
composition, fatty acid profile and nutritional
quality indices of juvenile rainbow trout.

KEYWORDS:
Fatty acids, Body composition, Nutritional quality
indices, Ginger extract, Rainbow trout

INTRODUCTION
Aquaculture is the main source to increase fish
supply. Fast development of aquaculture and
increasing fish demand lead to intensification o f
fish culture, magnifying stressors for fish and thus
heightening the risk of disease. Until now,
chemotherapy has been widely used to prevent and
treat disease outbreaks, although use of chemical
drugs has multiple negative impacts on
7
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(EPA) and docosahexaenoic acid (DHA) have
markedly different physiological properties and
biological functions compared to the shorter chain
PUFAs such as linoleic acid and a-linolenic acid
[9]. Due to different effects of fatty acids on health,
it is necessary to define the nutritional quality index
(NQI) with regard to the fatty acid profile and their
biological functions. The nutritional quality index is
estimated by several indices of fatty acid
composition; the indices of atherogenicity (IA) and
thrombogenicity (IT), according to Turan et al.
(2007) [10] EPA + DHA, PUFA/SFA-stearic acid
according to Unusan (2007) [11], PUFA/SFA ratio
and n-3/n-6 PUFA ratios according to Marques et
al. (2010) [12] and ultimately ARA/EPA and
UFA/SFA ratios according to Larsen et al. (2011)
[9]. Therefore, we studied the possibility of using
ginger xetract in rainbow trout culture, measured in
terms of carcass proximate, fatty acid profile and
nutritional quality indices.

Analysis
of
the
proximate
composition of the fish bodies. Water content was
determined by drying the samples at a temperature of
105 ºC to a constant weight. Total protein was
determined using the Kjeldahl method with a factor of
6.25. Fat was determined with the Soxhlet method
using petroleum ether as the solvent. Ash was
determined by mineralizing the sample at a
temperature of 550-600 ºC [14].
Determining the fatty acids profile. At the end
of trial,fish cleaned and filleted and same weight
of fillets (about 100 g) were used for fatty acid
profile. Soxhlet apparatus with diethyl ether as
solvent was used to measuring the total lipid content
(AOAC, 2000) and lipid extraction was performed
based on Bakar et al. (2008) [15]. Lipid samples
were converted to their constituent fatty acid methyl
esters according to Metcalf et al. (1966) [16].
Analysis of fatty acid methyl esters was performed
by a Unicam 4600 with a bpx 70 capillary
column (30.0 m X 0.25 mm i.d.) and quantified
by FID detector. The split ratio was 10:1. The GC
condition was as follows: injection port temperature
was 300ºC and FID temperature was 350ºC. Oven
temperature program was set at an initial
temperature of 160ºC for 6 min, then raised to 180ºC
at 20ºC min-1 and held for 9 min and again was raised
to 190ºC at 20ºC min-1 and held for 14 min . The
carrier gas was helium. The column flow rate was 1.9
mL min-1. In the detector, helium gas flow rate was 30
mL min-17KHVDPSOHVL]HZDVȝ/

MATERIALS AND METHODS
Fish. Healthy rainbow trout juveniles were
obtained from a private center in Golestan province,
Iran. Fish were kept under the same environmental
conditions for 2 weeks as an acclimation period to the
laboratory condition and they fed a commercial diet .
The fish before starting the experiment were fed with
a commercial feed GFT1 from Faradaneh Co
(Sharekord, Iran) .

Nutritional quality indices (NQI). Lipid
quality parameters were calculated from the fatty
acid composition data using the following
equations:
Index of atherogenicity (IA) indicates the
relationship between the sum of the main saturated
and the main unsaturated FA, the former being
considered proatherogenic (favouring the adhesion
of lipids to cells of the immunological and
circulatory systems), and the latteranti-atherogenic
(inhibiting the aggregation of plaque and
diminishing the levels of esterified fatty acid,
cholesterol, and phospholipids, thereby preventing
the appearance of micro- and macrocoronary
diseases) [17, 18]: IA = (12:0 + (4 × 14:0) +
16:0)/(MUFA + n-6 PUFA + n-3 PUFA)
Index of thrombogenicity (IT) shows the
tendency to form clots in the blood vessels. This is
defined as the relationship between the prothrombogenic
(saturated)
and
the
antithrombogenic FA (MUFA, n-6 PUFA, and n-3
PUFA) [17, 18]:
IT = (14:0 + 16:0 + 18:0)/((0.5 ×
MUFA)+(0.5 × n-6 PUFA) + (3 × n-3 PUFA) + (n3PUFA/n-6 PUFA))

Plant material and feed formulation. Ginger
hydroalcoholic extract (Zingiber officinale Roscoe)
rhizomes were purchased from Essence Giah Co
(Gorgan, Iran). For each experiment, the extract of
ginger were incorporated into a control diet
(containing 11% humidity, 40% protein, 16% lipid
and 3.5% fiber) at a rate of 0.5% and 1% and (w/w)
as experimental diets. The control diet was
prepared by adding only water and received no
giner extract.
Experimental design. After 3 weeks of
acclimatization period, 90 fish with mean weight of
13.81 ± 0.39 g were randomly put in 9 tanks, with
10 fish in each tank, with three replicates per diet.
Continous aeration was provided to each tanks
through air stone connected to a central air
compressor. The fish were fed with the
experimental diet for 8 weeks at the rate of 2 - 3%
of the body weight daily [13]. During the
experimental period, water temperature, dissolved
oxygen and pH were 16.2 ± 1.45 oC, 7.7 ± 0.87
mg/l and 8.1 ± 0.3, respectively.
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TABLE 1
Proximate chemical analysis ( % dry matter) o f whole body of rainbow trout juveniles fed with ginger
extract (% feed) added diet at different levels for 8 weeks.
Ginger extract
Dry Matter
Protein
Lipid
(percent of feed)
0
26.16 ± 0.37 a
65.37 ± 0.85 a
20.13 ± 0.38 a
a
a
0.5
26.64 ± 1.16
66.8 ± 0.98
20.45 ± 1.05 a
a
a
1
26.47 ± 1.59
65.41 ± 0.92
20.4 ± 1.42 a
Data expressed as mean ± SD. Means are not significantly different (P>0.05).

Ash
7.91 ± 0.36 a
8.22 ± 1.32 a
7.74 ± 0.82 a

TABLE 2
Content of fatty acid s (% of total fatty acids) in the muscles (fillet) of rainbow trout juveniles on the final
day of the experiment
Fatty acid
Control
0.5%
1%
C14:0
1.733 ± 0.0723 a
1.63 ± 0.065 a
1.72±0.096 a
C15:0
0.39 ± 0.005 a
0.41 ± 0.62 a
0.37 ± 0.023 a
a
a
C16:0
17.73 ± 0.28
17.31 ± 0.60
18.04 ± 0.68 a
a
a
C17:0
0.62 ± 0.0057
0.61 ± 0.035
0.59 ± 0.043 a
a
a
C18:0
6.13 ± 0.052
6.10 ± 0.017
6.02 ± 0.35 a
C20:0
0.30 ± 0.015 a
0.29 ± 0.015 a
0.28 ± 0.040 a
C21:0
0.053 ± 0.092 a
0.11 ± 0.009 a
0.090 ± 0.043 a
a
a
C22:0
0.17 ± 0.010
0.16 ± 0.015
0.15 ± 0.032 a
a
a
C23:0
0.01 ± 0.02
0.016 ± 0.028
0.010 ± 0.017 a
a
a
C24:0
0.36 ± 0.02
0.34 ± 0.015
0.22 ± 0.19 a
a
a
Ȉ6)$
27.52 ± 0.36
27.01 ± 0.56
27.50 ± 0.76 a
a
a
C14:1
0.09 ± 0.005
0.09 ± 0.01
0.08 ± 0.01 a
a
a
C15:1
0.06 ± 0.00
0.06 ± 0.015
0.05 ± 0.005 a
C16:1
3.76 ± 0.14 a
3.52 ± 0.16 a
2.81 ± 2.43 a
C17:1
0.22 ± 0.01a
0.20 ± 0.01 a
0.21 ± 0.005a
C18:1cis 9
24.60 ± 0.72 a
24.26 ± 0.59 a
24.52 ± 0.62 a
a
a
C18:1cis 7
2.91 ± 0.10
2.88 ± 0.05
2.88 ± 0.11 a
a
a
C20:1 n9
0.83 ± 0.72
1.21 ± 0.91
1.19 ± 0.19 a
a
b
C22:1 n9
0.13 ± 0.005
0.11 ± 0.005
0.12 ± 0.005 ab
a
C24:1 n9
0.47 ± 0.023
0.45 ± 0.051 a
0.45 ± 0.050 a
a
a
Ȉ08)$
33.21 ± 0.89
32.98 ± 0.43
32.43 ± 2.68 a
C18:2 cis 6
11.30 ± 0.14 a
11.65 ± 1.06 a
10.81 ± 0.69 a
C18:3 n-6
0.12 ± 0.02 a
0.16 ± 0.045 a
0.09 ± 0.08 a
a
a
C18:3 n-3
1.19 ± 0.043
1.22 ± 0.13
1.11 ± 0.07 a
a
a
C20:2 n-6
0.85 ± 0.04
0.85 ± 0.02
0.81 ± 0.16 a
a
a
C20:3 n-6
0.40 ± 0.02
0.44 ± 0.02
0.42 ± 0.03 a
a
a
C20:3 n-3
1.15 ± 0.062
1.19 ± 0.02
1.19 ± 0.04 a
a
a
C20:4 n-6
0.13 ± 0.015
0.12 ± 0.015
0.13 ± 0.017 a
a
a
C20:5 n-3
2.32 ± 0.12
2.58 ± 0.02
2.51 ± 0.16 a
C22:2 n-6
0.088 ± 0.006 a
0.09 ± 0.009 a
0.09 ± 0.01 a
C22:5 n-3
1.10 ± 0.040 a
1.07 ± 0.03 a
1.12 ± 0.11 a
a
a
C22:6 n-3
20.20 ± 0.97
20.52 ± 1.28
21.43 ± 1.50 a
a
a
Ȉ38)$
39.14 ± 1.22
39.79 ± 0.86
39.74 ± 2.63 a
a
a
ȈQ-3 PUFA
26.16 ± 1.19
26.38 ± 1.23
27.36 ± 1.87 a
a
a
ȈQ-6 PUFA
12.98 ± 0.17
13.40 ± 1.12
12.37 ± 0.80 a
Data expressed as mean ± SD. Values in the same column sharing the same superscript letter are not
significantly different (p>0.05).
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The analysis of fatty acids of fish fillets
from the groups compared did not reveal significant
treatment differences in the content of fatty acids
from the SFA and PUFA groups (P>0.05; Table 2).
In the carcass fatty acid composition, total saturated
fatty acid increased in the control, but ginger diet
groups showed lower levels. Conversely, total
polyene fatty acid increased in the ginger diet
JURXSVEHFDXVHRIWKHLUKLJKHUȈQ-3 PUFA (20:5n3 + 22:6n-3) contents than the control group (Table
2).

Flesh-lipid quality (FLQ) indicates the
percentage correlation between the main n-3 PUFA
(EPA + DHA) and the total lipids. The higher value
of this index is an indicator of the higher quality of
the dietary lipid source [19,18]: FLQ = 100 × (% of
EPA + % of DHA)/(% of total fatty acids)
Statistical analysis. Values were expressed as
Mean±standard
deviation
(DE).
proximate
composition of the fish bodies, acids profile and
nutritional quality indices were tested using one-way
$129$ DQG 'XQFDQ¶V PXOWLSOH UDQJH WHVW ZDV XVHG
for comparison of the mean values at the 5% level of
significance using software SPSS (Version 16.0).

Nutritional quality indices (NQI). Results
showed that there were no significant differences
(P>0.05) in Nutritional quality indices between
juveniles fed control and ginger extract
supplementation, although the greatest increase in
PUFA/SFA, PUFA/(SFA-stearic acid), n-3/n-6
ratio and UFA/SFA ratios was observed in rainbow
trout juveniles fed with 0.5% ginger extract (Table
3). Oral administration of ginger extract had no
significant effect on AI, IT but ginger extract at the
level of 0.5% decreased it although FLQ presented
higher values in this group. There was no
significant difference between treatment in
ARA/EPA.

RESULTS
Proximate body composition. The proximate
chemical compositions of the fillet of rainow trout
fed diets containing different levels of ginger
extract have been shown in Table 1.
Results indicated that there was no
significantly difference between treatments
(p>0.05). Therefore, body compositions were not
affected by different levels of ginger extract.
Although, the level of crude protein and crude lipid
were higher in fish fed diet supplemented with
0.5% ginger extract than the other treatments.

DISCUSSION

Fatty acids profile. Of the fatty acids (SFA,
MUFA, PUFA) analysed in the fillets, significant
differences was only noted with regard to MUFA
(Table 2). Among the monoenoic acids, signifycant difference was only detected with regard to
acid C22:1-n9. In the fish fed ginger extract
supplemented diets, the percentage content of
monoenoic acids (% of all fatty acids) was lower
than in control group.

The use of immunostimulants is highly
recommended in aquaculture and has become one
of routine procedures in fish farming. There are
numerous plants that have been used in traditional
medicine. Feeding fish diets with herbal adjuvants
can improve the lipid metabolism [20] as fat is
more effectively utilized as a source of

TABLE 3
Nutritional quality indices (NQI) of rainbow trout juveniles fed with ginger extract (% feed) added diet at
different levels for 8 weeks.
Nutritional index
Control
0.5%
1%
a
a
PUFA/SFA
6/38 ± 0/18
6/63 ± 0/12
6/6 ± 0/25 a
a
a
PUFA/(SFA-stearic acid)
2/63 ± 0/05
2/69 ± 0/07
2/62 ±0/16 a
n-3/n-6
2.01 ± 0.09 a
1.97 ± 0.23 a
2.21 ± 0.06 a
EPA+DHA
22/72 ± 1/07 a
23/90 ± 1/30 a
22/94 ±1/66 a
a
a
UFA/SFA
2/63 ± 0/05
2/69 ± 0/07
2/62 ±0/16 a
a
a
ARA/EPA
0.053 ± 0.006
0.053 ± 0.006
0.053 ± 0.006 a
a
a
DHA/EPA
8/01 ± 0/23
8/62 ± 0/47
8/53 ± 0/15 a
a
a
AI
0/34 ± 0/006
0/33 ± 0/011
0/35 ± 0/015 a
a
a
IT
0/247 ± 0/011
0/233 ± 0/011
0/24 ± 0/017 a
a
a
FLQ
22/75 ± 1/07
22/94 ± 1/28
24/02±1/72 a
Data expressed as mean ± SD. Values in the same row sharing the same superscript letter are not significantly
different (p>0.05).
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flounder diets with a mixed herb adjuvant
resulted in significant increases of PUFA content,
especially of PUFA n-3, including the highly
unsaturated eicosapentaenoic (20:5 n-3) and
docosahexaenoic fatty acids. These authors suggest
that this fact might be related to the antioxidant
properties of some of the components of the herbs.
Highly unsaturated fatty acids are particularly
susceptible to oxidation [28], and the application of
diets with herbal adjuvants might provide protection
against this process, and, in effect, increase their
content. Some researchers suggested that the
ARA/EPA ratio is a better nutritional quality index
than the n-3/ n-6 ratio. The increase of ARA/EPA
ratio reduces the nutritional value of fish oil [9]. In
this study ginger extract at different level had no
significant effect on this index. Ulbricht and
Southgate 919910 [17] proposed two indices
including AI (atherogenic index) and TI
(thrombogenic index) which might better characterise
the atherogenic thrombogenic potential of fatty acids
than other indices. AI ranged from 0.33 to 2.37 and TI
ranged from 0.01 to 1.18 in different sea foods [29].
The lower values of both indices show the better
nutritional quality of fatty acids; therefore, diets with
low AI and TI values could reduce the potential risk
of coronary heart disease (CHD). In this study, ginger
extract in diet had no significant effect on AI and TI,
but these indices decreased in 0.5% ginger extract.

energy, which means that protein ingested with the
diets can be used more effectively for somatic growth
[3]. This study showed that the ginger extract did not
have a significant impact on the protein, fat and ash
content in the fillet fish body. The highest level of fat
and protein in the fillet, was found in group treated
with 0.5% ginger extract. Ji et al. (2007) [20] and
Zakes et al. (2008) [21] demostrated the effects of
medicinal herbs on the fatty acid profiles of Japanese
flounder (Paralichthys olivaceus) and pikeperch
(Sander lucioperca), respectively, reflecting the
changes in the fat metabolism pathway. On the other
hand, proximate body composition including the
levels of moisture, crude protein, crude lipid and ash
as % of wet weight were not affected by inclusion of
the plant extract in the diets of Nile tilapia,
(Oreochromis niloticus) [22], red sea bream (Pagrus
major) [20] and common carp (Cyprinus carpio) [23]
[24], in agreement with our results. Fallahpour et al.
(2014)[25] found that Common carp fed diet
containing marshmallow extract (Althaea officinalis)
showed slight changes in body composition compared
with controls. Several such factors as species specific
characteristics, medicinal plant composition as well as
the duration of the experiments can affect the
response. The impact of a given adjuvant on fat
metabolism can be confirmed by the analysis of the
fatty acids profile in the fish body, among other
factors. Among the fatty acid groups analysed
(saturated - SFA, monoenoic - MUFA, polyenoic PUFA), differences in the the whole body referred
only to MUFA. It must be emphasized that it is indeed
mainly MUFA that is stored as energy reserves. On
the other hand, MUFA has a beneficial effect on
health by raising high-density lipoprotein cholesterol
(HDLC) [26]. In the current study no significant
impact of dietary adjuvants was noted with regard to
the total content of PUFA (both PUFA n-3 and PUFA
n-6) in the rainbow trout. The level of PUFA n-3 in
the experimental groups was higher than in the
control group. It can be assumed that feeding rainbow
trout with herbal adjuvants had a certain impact on the
metabolism of polyenoic acids, especially of PUFA n3. The high carcass unsaturated fatty acid content of
the ginger extract diet groups may indirectly support
their preferable antioxidant properties. zakes et al.
(2008) [21] reported that pikeperch fed diets
containing 0.1% supplement of Astragalus radix ,
Lonicera japonica or amixture of these herbs for 8
weeks had no significant in fatty acids from the SFA,
MUFA and PUFA. The greatest differences were
noted in the content of fatty acids from the PUFA n-3
group [C20:4 n-3 and docosapentenoic acid (DPA,
C22:5 n-3). Plants produce various antioxidant
compounds that include carotinoids, flavonoids,
cinnamic acids, benzoic acids, folic acid, ascorbic
acid, tocopherols, and tocotorienols [27]. This
phenomenon was also confirmed by, for example, Ji
et al. (2007) [20], who noted that feeding Japanese

CONCLUSIONS
In summation, The n-3/n-6 ratio, EPA + DHA,
AI and TI are the best nutritional quality indices in
fish. the current study suggested that supplementing
diets with the ginger extract showed that, low
concentrations of this herbal plant was improved body
proximate composition, fatty acids profile and
nutritional quality index in the bodies of rainbow
trout.
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mechanisms against free oxygen radicals resulting
in stress conditions. Nitric oxide (NO) is a
important free radical as biologically. In case of
threat caused by environmental stress created by
abiotic and biotic factors nitric oxide can be
produced in different plant species and organs.
Nitric oxide (NO) is a very active molecule
involved in many and diverse biological pathways
where it has proved to be protective against
damages provoked by oxidative stress conditions
[3]. In studies conducted in abiotic stress
conditions, nitric oxide was determined to increase
the plant's stress tolerance levels in different plant
groups (peas, beans, corn) [4]. In recent years,
many studies have mentioned the effects of nitric
oxide and salt stress on plants [5]; [6]; [7]; [8]; [9];
[10]; [11];[12]. But there are few articles in which
anatomical variations have been quantified [13];
[14]; [15].
The aim of this research is to statistically
evaluate the variations that are observed in plant
tissues growing in NaCl and NO concentrations that
affect of this crop.

ABSTRACT
Salinity is known to affect many aspects of the
metabolism of plants and to cause changes in their
anatomy and morphology. Bread wheat genotypes,
which is a strategic product for human nutrition,
cultivated and produced in our country with the
highest rate among other crops, respresent a very
high economic value, suffer a significant loss of
yield when they are exposed to salinity conditions.
Prevention of these losses, the potential therapeutic
effects of nitric oxide can be used against the stress
applied to plants exposed to salinity stress
conditions. In this study, the changes caused by
nitric oxide were determined on anatomy of two
bread wheat (Triticum aestivum L.) genotypes
which are exposed to salinity stress. The results
were evaluated as statistically.

KEYWORDS:
anatomy, nitric oxide, salinity stress, statistical, wheat

INTRODUCTION
MATERIALS AND METHODS
It is very important that ensure the
sustainability of increasing the efficiency of crop
production in limited agricultural areas to solve the
problem of feeding of rapidly growing world
population. Salinity is one of the major factor
limiting crop growth and productivity [1] 20% of
abiotic stress factors affecting plant creates mineral
stress. Most of the mineral stress generates
salinity and exposed to salinity area in the world
are more than 9 million hectares [2]. Cultivated
plants that have the resistant genotypes against
abiotic stress conditions such as drought and
salinity. Plants have developed some defense

In study, two bread wheat (Triticum aestivum
L.) genotypes with different salinity responses, G
5907 (Australian origin) and Bayraktar 2000
(Turkish origin) were used. Plants were grown in a
growth room with conditions of 45-55 % humidity,
16 h light and 8 h dark photoperiod, 21 ± °C
temperature and 10,000 lux/day light intensity.
Seeds were exposed to NaCl (0, 50, 100 mM) and
NO. In this study, treatment groups consisting of
seven different applications. Applications were
made as follows: harvested at 0.day, control
(Hoagland),
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FIGURE 1
Cross section of root of bread wheat under salinity stress (Scale bars 50 ȝP
A: 0. Day B: Control group C: C+ NO D: 50 mM
E: 50 mM + NO F: 100 mM G: 100 mM + NO
1LWULF R[LGH FRQWURO +RDJODQG   ȝ0
Nitric oxide), NaCl (50 mM), Nitric oxide + NaCl
(50 mM + NO), NaCl (100mM), Nitric oxide +
NaCl ( 100mM + NO).
For anatomical studies, plant specimens were
fixed in 70 % alcohol. The paraffin method and
hand cut was used for preparing a cross-section of
root, stem and leaves [16]; [17]. Transverse
sections were made using a sliding microtome and
stained with safranin-Fast Green. Anatomical
measurements were made with the help of
micrometric ocular using sections from the different
parts of the plant. Results were presented by

photographs and tables. Photographs were taken
with Leica DM 3000 microscopy. In addition, the
results were evaluated statistically by ANOVA test.

RESULTS
The measurement of cross section of root,
stem and leaf samples revealed that measured
values varies in different applications. These
differences are as follows.
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TABLE 1
Measurement of root of bread wheat under salinity stress
(μm)

G 5907
Min±Max.

Bayraktar 2000
Mean± SD

Min±Max.

Mean± SD

0.day
Epidermis
Cortex
Xylem
Metaxylem
Control
Epidermis
Cortex
Xylem
Metaxylem
C+NO
Epidermis
Cortex
Xylem
Metaxylem
50 mM
Epidermis
Cortex
Xylem
Metaxylem

Width
Length
Width
Length
Diam.
Diam.

11.76
9.700
17.35
16.76
16.47
60.88

-

30.58
20.01
57.94
42.94
20.58
77.05

17.64
15.05
31.19
27.93
18.48
66.71

±
±
±
±
±
±

5.38
2.99
10.7
7.96
1.28
4.13

12.94
11.47
30.14
24.92
13.82
47.48

-

27.35
23.52
51.01
48.40
22.64
64.35

19.79
17.51
40.90
35.49
16.41
54.43

±
±
±
±
±
±

4.53
3.37
6.70
7.83
2.52
3.38

Width
Length
Width
Length
Diam.
Diam.

17.34
12.71
27.94
23.82
16.76
59.11

-

30.63
26.58
67.35
59.70
24.70
69.11

23.05
20.23
42.47
40.42
19.53
63.70

±
±
±
±
±
±

3.53
3.82
10.4
10.1
2.41
2.42

13.52
11.17
21.44
24.05
17.35
59.95

-

27.64
29.41
57.10
46.66
25.00
74.30

19.86
19.40
36.53
33.09
22.05
66.12

±
±
±
±
±
±

3.48
4.42
10.7
6.98
2.69
3.23

Width
Length
Width
Length
Diam.
Diam.

13.23
9.41
23.82
15.29
14.41
62.94

-

27.05
29.41
51.76
41.47
25.98
77.64

21.36
18.38
35.36
30.48
21.41
72.08

±
±
±
±
±
±

4.35
5.08
8.75
7.58
3.33
4.06

10.88
10.29
25.50
22.31
15.29
58.23

-

24.41
20.88
54.49
51.30
23.23
69.11

19.56
16.09
39.55
36.16
19.57
63.26

±
±
±
±
±
±

3.28
2.75
9.37
8.80
2.82
2.40

Width
Length
Width
Length
Diam.
Diam.

16.86
13.95
27.74
21.96
15.11
68.02

-

29.65
24.41
59.53
53.75
23.25
76.16

21.71
18.76
43.31
38.57
19.43
71.48

±
±
±
±
±
±

3.02
2.97
8.51
7.40
1.93
2.10

14.45
11.56
29.56
16.81
14.45
49.13

-

28.32
25.43
51.59
41.44
23.12
75.72

20.05
17.80
36.90
28.16
19.69
65.10

±
±
±
±
±
±

3.51
4.39
6.58
8.43
3.06
5.85

Width
Length
Width
Length
Diam.
Diam.

13.52
16.76
27.35
24.11
15.29
67.64

-

27.35
25.88
54.70
55.88
19.11
74.41

20.76
21.46
38.01
35.62
16.66
72.04

±
±
±
±
±
±

4.17
3.04
7.58
8.14
1.02
2.21

13.23
11.17
21.73
20.00
14.56
59.7

-

24.11
27.94
59.42
54.49
23.47
72.35

18.09
18.92
41.71
36.18
17.53
66.13

±
±
±
±
±
±

3.90
4.15
11.8
11.4
2.55
2.90

Width
Length
Width
Length
Diam.
Diam.

16.47
13.35
23.10
16.81
10.00
56.67

-

28.52
28.52
53.62
48.98
18.33
77.09

21.03
19.53
40.58
32.57
15.95
68.08

±
±
±
±
±
±

3.54
3.82
8.63
9.99
2.37
6.82

14.49
11.88
26.37
15.94
15.89
48.49

-

28.11
26.08
59.71
57.39
22.60
61.23

21.54
17.87
43.08
32.63
18.20
53.28

±
±
±
±
±
±

4.00
4.36
8.65
10.1
2.83
2.80

Width
Length
Width
Length
Diam.
Diam.

17.34
14.45
23.12
20.80
15.60
38.72

-

31.79
31.21
64.16
57.80
24.27
72.25

23.75
22.96
42.99
39.44
19.25
58.19

±
±
±
±
±
±

4.21
5.26
11.4
9.60
2.41
6.44

14.45
12.71
28.69
17.23
10.40
27.74

-

38.72
29.47
56.23
52.46
23.12
50.28

22.24
18.44
37.77
34.23
16.29
41.34

±
±
±
±
±
±

5.60
4.50
8.22
8.09
2.79
5.11

50 mM+NO
Epidermis
Cortex
Xylem
Metaxylem
100 mM
Epidermis
Cortex
Xylem
Metaxylem
100 mM+NO
Epidermis
Cortex
Xylem
Metaxylem

SD. Standart Deviation
control group, 72,4 μm in 50 mM+ NO, 58,19 μm
in 100 Mm+ NO application. It was found to
increase number of metaxylem except of 0.day and
100Mm in Bayraktar 2000. Spaces are located in
cortex layer observed in the control group, C+NO,
50mM+NO and 100mM+NO NO, while not
observed in 0.day 0, 50 mM and 100mM.
When the analyzed of roots of the G 5907 and
Bayraktar 2000, remarkable that in both species,
100mM+NO having lowest diameter of metaxylem
(Figure 1, Table 1).

Root. The most affected tissues from salinity
stress are vascular tissue in root of G 5907. There
are also differences in structure of metaxylem.
Increase in the number of metaxylem is remarkable
in C+NO and 50mM+NO applications.
In
particularly, the number of metaxylem is pretty
much in C + NO. Observed spaces in cortex
parenchyma varies in applications. It is remarkable
that, these spaces are more significantly in C+NO,
50mM, 50mM+NO and 100mM than other
applications. But, there is no space in 100mM+NO.
Although the metaxylem is measured 63,7 μm in
16
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FIGURE 2
&URVVVHFWLRQRIVWHPRIEUHDGZKHDWXQGHUVDOLQLW\VWUHVV 6FDOHEDUVȝP
A: Control group B: C+ NO C: 50 mM D: 50 mM + NO E: 100 mM F: 100 mM + NO
TABLE 2
Measurement of stem of bread wheat under salinity stress
(μm)

G 5907
Min±Max.

Mean± SD

Min±Max.

Bayraktar 2000
Mean± SD

Control
Epidermis
Cortex
Trachea
C+NO
Epidermis
Cortex
Trachea
50 mM
Epidermis
Cortex
Trachea
50 mM +NO
Epidermis
Cortex
Trachea
100 mM
Epidermis
Cortex
Trachea
100mM+NO
Epidermis
Cortex
Trachea

Width
Length
Width
Length
Diam.

14.11
13.23
16.76
16.17
11.47

-

21.17
20.29
36.76
32.35
21.49

18.17
16.53
23.13
26.23
16.81

±
±
±
±
±

1.79
1.99
5.35
4.48
3.09

15.88
16.47
15.29
14.11
16.76

-

29.70
30.58
40.29
43.82
34.11

23.81
23.14
29.50
28.85
26.15

±
±
±
±
±

3.54
4.69
7.80
8.25
5.15

Width
Length
Width
Length
Diam.

13.82
12.35
15.00
13.82
22.05

-

33.23
24.82
49.41
38.72
37.94

24.45
18.50
29.13
26.62
27.38

±
±
±
±
±

5.59
4.25
9.81
7.28
4.07

15.58
16.45
13.52
15.83
12.64

-

25.29
22.94
52.94
46.47
32.65

20.58
18.98
31.21
30.14
23.67

±
±
±
±
±

2.83
1.97
13.0
9.70
4.91

Width
Length
Width
Length
Diam.

19.11
22.05
18.82
17.94
15.58

-

44.70
43.76
52.35
41.47
34.70

30.24
28.45
31.23
27.97
26.37

±
±
±
±
±

7.29
6.16
10.8
7.96
5.54

15.58
16.80
14.11
12.35
10.29

-

31.17
27.94
74.13
66.17
30.18

25.81
22.34
34.01
34.13
24.54

±
±
±
±
±

4.48
4.06
17.9
14.6
5.15

Width
Length
Width
Length
Diam.

15.29
14.70
13.23
13.82
13.52

-

33.82
26.17
46.17
37.94
24.70

22.56
18.54
24.85
25.11
20.47

±
±
±
±
±

5.06
3.15
8.26
6.31
4.13

17.35
15.00
14.41
11.17
19.21

-

37.94
26.76
37.94
32.94
35.78

26.20
21.97
24.59
24.47
25.38

±
±
±
±
±

5.99
3.42
8.36
7.52
4.61

Width
Length
Width
Length
Diam.

11.47
10.29
11.76
10.24
17.05

-

35.58
35.00
47.35
40.88
35.58

24.64
22.70
27.89
25.99
22.78

±
±
±
±
±

6.46
7.47
11.3
9.04
5.06

17.35
15.29
17.45
13.82
14.11

-

33.82
24.10
65.58
56.76
35.88

24.16
19.85
40.15
36.48
22.36

±
±
±
±
±

5.34
3.02
15.3
12.1
6.05

Width
Length
Width
Length
Diam.

14.11
12.35
20.88
22.94
19.41

-

40.88
28.23
53.23
50.00
27.05

23.95
19.96
33.70
33.46
23.60

±
±
±
±
±

7.33
5.04
9.92
9.41
2.07

16.17
14.41
12.64
11.76
19.11

-

42.05
35.88
72.05
64.70
34.18

30.09
24.64
30.93
30.80
26.30

±
±
±
±
±

7.86
5.37
16.5
15.6
4.23
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epidermis occured in the 50 mM application
. Standard deviation of control group is minimum
value (Figure 2, Table 2).

Stem. Spaces located in cortex are narrow in
the control group while observed quite large at
C+NO and 100mM+NO. The spaces in 50mM+NO
are less than other applications. Spaces in 100mM
are almost the same of control groups whereas
spaces of 50mM very small. Size of sclerenchyma
groups observed in cortex parenchyma differs in
applications.
These sclerenchyma varies in
applications. Measurements of the epidermis,
cortex and trachea cells of control group are less
than the other application in G 5907are small in
50mM ve 100mM+NO. It was observed that spaces
of cortex in 2.variety much narrower than
YDULHW\ 6SDFHV ZDVQ¶W REVHUYHd in 100mM and
100mM+NO. Stomata was observed a great number
of G 5907 whereas a few in Bayraktar 2000.
Syclerenchyma groups located in cortex
parenchyma. It is remarkable that the largest

Statistical Analysis. The root and stem
anatomical measurements of the investigated plants
were shown in Table 1, 2. Significance of the
differences between two bread wheat (Triticum
aestivum L.) genotypes was evaluated by Pearson
correlation. And the statistical analysis of the
results were given in Table 3-6. According to Table
3 and Table 4, there are important correlations for
all different applications between root anatomical
characters of genotypes G 5907and Bayraktar
2000. On the other hand, according to Table 5, 6
there are important differences only on 50 mM and
100mM applications between stem of two the
genotypes.

TABLE 3
Pearson correlation (Correlation) based on anatomical characters of the root of genotypes genotypes G
5907
0.day
Control
C+NO
50mM
0,953
Control
0,003**
0,954
0,950
C+NO
0,002**
0,004**
0,978
0,955
0,976
50mM
0,001**
0,002**
0,001**
0,976
0,979
0,985
0,990
50mM +NO
0,002**
0,006**
0,001**
0,001**
0,979
0,983
0,980
0,974
100mM
0,001**
0,002**
0,001**
0,002**
0,928
0,995
0,925
0,985
100mM+NO
0,008**
0,001**
0,008**
0,001**
*Significant at the level of 0.05.
**Significant at the level of 0.01.

50mM+NO

100mM

0,994
0,001**
0,967
0,002**

0,976
0,001**

TABLE 4
Pearson correlation (Correlation) based on anatomical characters of the root of genotypes Bayraktar
2000
0.day

Control

C+NO

50mM

0,948
0,004**
0,984
0,987
C+NO
0,002**
0,001**
0,942
0,994
0,978
50mM
0,005*
0,001**
0,001**
0,987
0,985
0,995
0,979
50mM +NO
0,002**
0,002**
0,001**
0,001**
0,992
0,939
0,974
0,945
100mM
0,001**
0,005*
0,001**
0,004**
0,972
0,851
0,921
0,844
100mM+NO
0,001**
0,032**
0,009**
0,035*
*Significant at the level of 0.05.
**Significant at the level of 0.01.

50mM+NO

100mM

Control
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TABLE 5
Pearson correlation (Correlation) based on anatomical characters of the stem of genotypes G 5907
Control
C+NO
50mM
50mM+NO
100mM
0,548
C+NO
0,339
0,902
0,9138
50mM
0,036*
0,013*
0,265
0,753
0,913
50mM+NO
0,636
0,142
0,825
0,947
0,851
0,906
0,913
100mM
0,014*
0,005**
0,003**
0,030*
0,819
0,752
0,358
0,647
0,462
100mM+NO
0,090
0,143
0,554
0,060
0,084
*Significant at the level of 0.05.
**Significant at the level of 0.01.
TABLE 6
Pearson correlation (Correlation) based on anatomical characters of the stem of genotypes Bayraktar
2000
Control
C+NO
50mM
50mM+NO 100mM
0,995
C+NO
0,012**
0,925
0,958
50mM
0,024*
0,010**
0,211
0,198
0,225
50mM+NO
0,733
0,749
0,716
0,926
0,958
0,987
0,172
100mM
0,024*
0,010**
0,002**
0,783
0,669
0,720
0,854
0,582
0,824
100mM+NO
0,217
0,170
0,065
0,304
0,086
*Significant at the level of 0.05.
**Significant at the level of 0.01.
100mM+NO). When we look at stem of Bayraktar
2000, according to the example of the first kind of
spaces located in the cortex parenchyma was
observed in a very narrow area G 5907. When we
look at body of the second kind, according to the
example of the first kind of space located in the
cortex parenchyma was observed in a very narrow
area. Even that nitric oxide in the roots of some
plants, promotes tissue ingrowth at low
concentrations, it was determined that inhibited at
high concentrations as in the leaves of some plants
[23]; [24]. Similarly, we observed that both types
of metaxylem cells are expanding in 50 mM+NO
application but it has been considerably narrowed
in 100mM+NO. [25] reported that effect of nitric
oxide on plant peroxidases and lignification the
xylem elements. Diameter of metaxylem were
observed increasing to depending on salt stress but
narrowing to after NO application. Particularly,
narrowing seems to be maximum in 100mM+NO
application. NO inhibits expansion of tissue in
vascular bundle of root of Bayraktar 2000 (Table
1). This effect is reduced in stem. Shalhevet et
al.[26] based on the osmotic adjustment first occurs
in the root, declining as the plant tissues become
more distant from the location of stress [27]. found
that in various species the root thickness increased

DISCUSSION
In this study was aimed to determining the
potential impact of nitric oxide in two bread wheat
varieties grown under salinity stress.
Environmental stressors lead to the production
of free radicals in plants. Nitric oxide was proven to
producing in plant [18] and the studies showing NO
as a signaling molecule in plants [19]; [20]; [21]
and as a consequence resulted in the intensification
of research on the role of NO in plants. NO was
classified as a phytohormone that might function as
a gaseous endogenous plant growth regulator [22].
Evidence suggests that free oxygen radicalls
released under stress leads to damage at the cellular
level. Free oxygen radicals in the cell membranes
cause lipid peroxidation, which leads to destruction
of the cell membrane. In this study, large spaces
which were observed in the cortex of the roots of
the G 5907 (C+NO, 50mM, 50mM+NO and
100mM) may have occurred due to this damage.
However, in the other type, the spaces were
observed only in application with nitric oxide.
Moreover, big spaces in cross-section of the stem
may have also caused this damage. The spaces of
stem of the G 5907 was seen in most application
with nitric oxide (C+NO, 50mM + NO and
19
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as the plants were subjected to salt stress. The only
increase we found, however, was in the thickness of
the pith, while the cortex decreased with increasing
salt concentrations.
Application with NO was found to increase
the number of metaxylene in root. The number of
metaxylene has reduced under salt stress. The lower
development of the xylem was probably caused by
a repression in the development of metaxylem
vessels. Similar results were reported by Reinhardt
and Rost, who also examined different
concentrations of salt on the growth of cotton [28].
These authors hypothesized that the reduction in the
production of metaxylematic vessels was due to a
reduction in the cellular expansion produced by
salt, which resulted in fewer vessels of smaller
diameter. The results of the statistical analysis were
presented in Tables 3 and 4. According to the
statistical results derived, WKHUH DUHQ¶W  LPSRUWDQW
differences between the all treatment groups for
stem anatomical characters of two the genotypes.
On the other hand there is a considerable relation
between root anatomical features of the two
genotypes for all applications at the level of P<.01
and P<.05. These statistical results support the
findings belong to root anatomical characters of
both genotypes in the study. So it can be said that
the results from statistical analysis of root anatomy
characters of investigated genotypes can provide
distinct evidences as numerical.
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peroxidases and catalases. Plant peroxidases (POD,
EC 2.5.1.18) represent a class of enzymes with
multiple functions in plant metabolism. POD
catalyzes the oxidation of various electron donor
substrates (e.g. phenolols, aromatic amines) during
lignin synthesis and cell wall formation as
following:
POD+H2O2
Compound I+H2O
[1]
Compound I+RH
Compound II+R [2]

ABSTRACT
The peroxidase (POD) activities of Eruca
sativa Miller and Anethum graveolens L. were
measured experimentally as a function of buffer
concentration, pH and temperature using 2,2c-azinobis(3-ethylbenzthiazoline-6-sulfonic
acid),
odianisidine, o-phenylenediamine, and catechol as
substrates. Optimum conditions for POD activity
were determined. From the experimental results, we
found that (i) POD activity varied with the buffer
concentration, (ii) optimum pH values were 4.0,
6.0, 4.0 and 5.0 for Eruca sativa Miller POD; and
4.0, 5.5, 5.5 and 3.0 for Anethum graveolens L.
PODs
using
ABTS,
o-dianisidine,
ophenylenediamine and catechol as substrates,
respectively, (iii) optimum temperatures were 60,
70, 60 and 70 0C for Eruca sativa Miller and those
for Anethum graveolens L. were 20, 80, 60 and 40
0
C using ABTS, o-phenylenediamine, o-dianisidine
and catechol as substrates, respectively, and (iv) the
substrate specificity of Eruca sativa Miller and
Anethum graveolens L. was different from specie to
specie. The best substrate for Eruca sativa Miller
POD was catechol, and that for Anethum
graveolens L. POD was ABTS.

Compound II+RH

POD+R +H2O

[3]

where Compound I and Compound II are the
oxidized intermediates of POD, RH and Rx are the
electron donor substrate and the radical product of
its one-electron oxidation, respectively [1,2]. POD
is crucial during growth processes, fruit
development, ethylene formation as well as
detoxification and general stress response [3].
Furthermore, this enzyme is ideal for many
industries such as environmental, industrial
biotechnologies and biomedicine including removal
of phenols from polluted water, organic synthesis,
and analytical diagnosis because of cheap
production and wider variety of substrates than
other oxide-reductive enzymes [4]. Extensive
researches were previously carried out on the use
and characterization of horseradish peroxidase
(HRPOD) and only HRPODs were completely
characterized. Because of the prohibitive cost of
commercial HRPOD, new information on alternate
cheaper sources of other plant PODs creates a basis
for their detailed investigation and further
application [5,6]. Therefore, it is obvious that
information on the behavior of PODs in other plants
needs to be researched independently. Sakharov et
al. (2001) extracted the POD from leaves of royal
palm tree [7], Lopez-Molina et al. (2003) from
fresh flowers of Cynara scolymus L., [8]
Hushpulian et al. (2003) from E. coli inclusion
bodies [9], Gray et al. (2003) from corn steep water
[10], and Onsa et al. (2004) from Metroxylon sagu
[11].
Although peroxidases are widely distributed in
the plant kingdom, at present the major source of
commercially available peroxidases is roots of
horseradish. However, availability of peroxidases

KEYWORDS:
Eruca sativa Miller, Anethum graveolens L., peroxidase,
substrate specificity.

INTRODUCTION
Peroxidases are ubiquitous, iron-containing
enzymes, which oxidise phenolic compounds and
related substances, using activated oxygen released
from H2O2 or organic peroxides, and have
conquered a prominent position in biotechnology
and associated research areas (enzymology,
biochemistry, medicine, genetics, physiology, histoand cytochemistry). The importance of peroxidases
is emphasised by their wide distribution among
living organisms and by their multiple
physiological roles. They have been divided into
three superfamilies according to their source and
mode of action: plant peroxidases, animal
22
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FIGURE 1
Chemical structure of substrates

with higher stability and different specificity may
allow the improvement of analytical kits, catalysts
for phenolic resin synthesis and indicators for
reactive oxygen species. Therefore, numerous
investigations of PODs from different origins are
being carried out [12]. Taking into consideration a
huge variety of plant, the study of PODs obtained
from Eruca Sativa Miller and Anethum graveolens
L. may be good potential. Eruca Sativa Miller
(rocket) has its origin in the Mediterranean region
but is widely distributed all over the world. It is
mostly harvested from the wild or cultivated as an
edible vegetable for the distinct spicy flavor of
young leaves. Rocket seeds are also used for the
production of oil and for appreciated pungent taste
sprouts. Like other cruciferous vegetables, rocket
contains
a
range
of
health-promoting
phytochemicals including carotenoids, vitamin C,
fibers, flavonoids, and glucosinolates [5]. Anethum
graveolens L. (dill) is one of the most popular
culinary herbs in the world. The leaves can be used
in salads and soups; and the seeds can be used in
bread and soups. Various pharmacological actions
of Anethum graveolens L. such as antimicrobial,
antispasmodic,
antidiabetic,
antihypercholesterolaemic, and anti-inflammatory have
been reported [13]. However, we have not
encountered any article about PODs of Eruca
Sativa Miller and Anethum graveolens L.
Therefore, in this study, the effects of buffer
concentration, pH, temperature and substrate
specificity on the peroxidase activity from Eruca
Sativa Miller and Anethum graveolens L. were
investigated.

structures of substrates used in this study have been
given in Figure 1.
Methods. Preparation of Extracts. Eruca
Sativa Miller and Anethum graveolens L. leaves
were used for peroxidase extracts. The extraction
and assay procedures for POD were adapted from
the methods described by Sakharov et al. (2002)
[14]. For the extraction of POD, 10 g plant leaves
were homogenized in a blender with 100 mL, 0.1 M
phosphate buffer (28 mM ascorbic acid; 5 mM
EDTA; 5% NaCl; pH 7.0) at ambient temperature
with a constant agitation. The homogenate was
centrifuged at 29,000×g for 15 min at 20 0C. The
pellet was discarded. Twelve grams of (NH4)2SO4
were added in 20 mL of the supernatant, and held at
40C for 1h. The precipitate was collected by
centrifugation (37,000×g; 20 min; 40C), dissolved
in 2 mL of 10 mM phosphate buffer (pH 6.0) and
dialysed against 10 mM phosphate buffer (pH 7.0)
for 1 day with three time changes of buffer. The
dialysed sample was used as the POD enzyme
solution in the following experiments.
Enzyme Assay. The POD activity in the
extracts was measured using various substrates such
as ABTS, o-dianisidine, o-phenylenediamine, and
catechol. When stXG\LQJ VXEVWUDWH VSHFL¿FLW\ RI
POD, the activity was measured under optimal
conditions determined for each substrate.
Temperature was controlled using a circulating
water bath with a heater/cooler. Initial rates of free
radical formation for substrates were monitored at
maximum wavelength of each substrate. The
changes in absorbance were read for 3 min using a
double
beam
UV-Vis
spectrophotometer
(PerkinElmer Lamda 25). The following
wavelengths were used in the assays: at 414 nm for
ABTS, 420 nm for o-dianisidine, 445 nm for ophenylenediamine, and 295 nm for catechol. One
XQLW RI WKH DFWLYLW\ ZDV GH¿QHG DV WKH DPRXQW RI
enzyme that caused an absorbance change of 0.001
miní under standard conditions [15].

MATERIAL AND METHODS
Materials. Eruca Sativa Miller and Anethum
graveolens L. were collected from Balikesir in
Turkey and stored at 4 0C until extraction. H2O2,
catechol and (NH4)2SO4 were obtained from Merck
and 2,2c-azino-bis(3-ethylbenzthiazoline-6-sulfonic
acid)
(ABTS),
o-dianisidine,
and
ophenylenediamine from Sigma Chemical Co. The
23
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spectrophotometrically at constant temperature at
given time intervals [16].

Effect of pH and Temperature. The
optimum pH for POD was determined using
sodium acetate and phosphate buffers between pH
2.0±8.0. All assays were made with hydrogen
peroxide and various
reducing substrate
concentrations. For determining the optimum
temperature values of the enzyme, POD activity
was measured at different temperatures in the range
from 10 to 90 0C under optimal pH and buffer
concentration for each substrate. Desired
temperatures were provided by using a Beckman
Peltier temperature controller attached to the cellholder of the spectrophotometer. The effect of
temperature on the activity of POD was tested by
heating the standard reaction solutions (buffer and
substrates) to the appropriate temperatures (10±90
0
C) before introduction of the enzyme. Once
temperature equilibrium was reached, enzyme was
added
and
the
reaction
was
followed

Kinetic Studies. The substrate specificity of
POD, partly purified with (NH4)2SO4 precipitation
and dialysis, was investigated at different substrate
concentrations at optimal conditions using ABTS,
o-dianisidine, o-phenylenediamine and catechol as
substrates. Assays were made at the absorption
maximum of the corresponding quinone products.

RESULTS AND DISCUSSION
The major biocatalytic properties, which
influence the activity of PODs were buffer
concentration, pH and temperature of the reaction
mixture. Firstly, the effect of buffer concentration is
discussed followed by pH and temperature.
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FIGURE 2.
Optimum buffer concentrations for Eruca Sativa Miller (a) and Anethum graveolens L. (b) PODs.
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the activity of PODs was determined in the pH
ranges of 2-8, and was shown in Figure 3. Optimum
pH values were 4.0, 6.0, 4.0 and 5.0 for Eruca
sativa Miller POD; and 4.0, 5.5, 5.5 and 3.0 for
Anethum graveolens L. POD using ABTS, odianisidine, o-phenylenediamine and catechol as
substrates, respectively. Figure 3 indicates that
PODs were active over a wide range of pH with a
maximum POD activity between pH 3 and 6
depending on subtsrates. On ABTS, there is a sharp
pH optimum (pH 4.0) for both PODs. The more
acidic pH optimum is found for the activity of
PODs on catechol (3.0) for Anethum graveolens L.
These results indicate that PODs retain significant
activity over a wide range of pH and thus
demonstrates its ability to oxidise different
substrates having broader range of pH. The
optimum pH in the plant cell for POD activity
differs among plant sources. For example, Cai et al.
(2012) found that the optimum pH values for
Jatropha curcas leaves were 5.0 for ophenylenediamine and 3.5 for ABTS substrates
[18].

Buffer Concentration. It is of utmost
importance the buffer concentration to determine
the enzyme activity. Therefore, it was firstly
determined the optimum buffer concentration to
calculate the kinetics data. Figure 2a and b has
shown the change of enzyme activity with buffer
concentration for Eruca sativa Miller and Anethum
graveolens L. PODs using ABTS, o-dianisidine, ophenylenediamine and catechol as substrates. POD
activities varied with the buffer concentration. The
optimum buffer concentrations were 80, 60, 20 and
40 mM for Eruca sativa Miller POD, and 80, 40, 80
and 60 for Anethum graveolens L. POD using
ABTS, o-dianisidine, o-phenylenediamine and
catechol as substrates, respectively. PODs have the
highest activity for ABTS substrate. Therefore,
POD activity was measured at optimum buffer
concentrations in following experiments.
Optimum pH. pH is a determining factor in
the expression of enzymatic activity as it alters the
ionization states of amino acid side chains or the
ionization of the substrate [17]. The effect of pH on
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FIGURE 3
Optimum pHs for Eruca Sativa Miller (a) and Anethum graveolens L. (b) PODs.
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Optimum temperatures for Eruca Sativa Miller (a) and Anethum graveolens L. (b) PODs.
Optimum Temperature. Enzyme activity
increases generally with increasing temperature. At
higher temperatures the enzyme starts to denature,
thereby effectively decreasing the amount or
concentration of the active enzyme configuration.
Eventually, the enzyme loses its activity entirely
[19]. Optimum temperature assays were performed
at optimum buffer concentrations and optimum pH
values for all substrates. As seen from Figure 4,
optimum temperatures were 60, 60, 70, and 70 0C
for Eruca sativa Miller; and 20, 60, 80, and 40 0C
for Anethum graveolens L. using ABTS, odianisidine, o-phenylenediamine and catechol as
substrates, respectively. From the results, this
enzyme seems to be more active at very high
WHPSHUDWXUHV (YHQ LW GRHVQ¶t lose its activity near
the boiling point of water. This means that PODs
from Eruca sativa Miller and Anethum graveolens
L. are highly resistant to the heat. Similar results
were obtained in the literature: Rusdi et al. (2014)
found optimum temperature for water spinach at
600C for pH 5.0-6.0 [20] and also Oil palm leaf
peroxidase exhibited very high resistance to heat
even at temperature as high as 800C [21].

Enzyme Kinetics. The substrate specificity of
POD,
partially purified
with
(NH4)2SO4
precipitation and dialysis from Eruca Sativa Miller
and Anethum graveolens L. leaves was investigated.
Km and Vmax values of POD for each substrate were
calculated from a plot of ͳΤܸ vs. 1/[S] by the
method of Lineweaver and Burk, which is given
below.
୫ ͳ
ͳ
ͳ
[4]
ൌ

 ୫ୟ୶ ሾሿ ୫ୟ୶
where [S] is the substrate concentration available at
the start of the reaction (M), ܸ is the initial reaction
rate (EU mLí1 miní1), Vmax is the maximum rate
(EU mLí1 miní1) and Km is the Michaelis±Menten
constant (mM).
All the kinetic data were obtained at optimum
conditions for all substrates. Figure 5 shows the
Lineweaver-Burk plots for Eruca Sativa Miller and
Anethum graveolens L. POD. Calculated Km and
Vmax values from these plots were given at Table 1.
We found that Km values for Eruca sativa Miller
POD were 0.0043, 0.0048, 0.0142, and 0.00033
mM; those for Anethum graveolens L. POD 0.0069,
0.0053, 0.0532 and 0.0336 mM using ABTS, odianisidine, o-phenylenediamine and catechol as
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FIGURE 5
Lineweaver-Burk plots for Eruca Sativa Miller (a) and Anethum graveolens L. (b) PODs.
TABLE 1
Kinetic parameters of Eruca Sativa Miller and Anethum graveolens L. POD.
Plant species

Substrates

O
(nm)

ABTS

Eruca sativa Miller

o-phenylenediamine
o-dianisidine
Catechol
ABTS

Anethum graveolens
L.

o-phenylenediamine
o-dianisidine
Catechol

414
445
420
295
414
445
420
295

[H2O2]
(mM)

pH

Buffer
(mM)

t
(oC)

Km
(mM)

64
64
64
64
64
64
64
8

4.0
4.0
6.0
5.0
4.0
5.5
5.5
3.0

80
20
60
40
80
80
40
60

60
70
60
70
20
80
60
40

0.0043
0.0142
0.0048
0.00033
0.0069
0.0532
0.0053
0.0336

Vmax
(EU mL-1
min-1)
30467
24623
855
10444
30793
13720
3776
1268

Vmax/Km

0.00014
0.00058
0.00562
0.00003
0.00022
0.00388
0.00141
0.02649

enzyme with a high Km has a low affinity for its
substrate, and requires a greater concentration of
substrate to achieve Vmax. Vmax/Km ratio is called
µFDWDO\WLF SRZHU¶ DQG LV D JRRG SDUDPHWHU IRU
finding the most effective substrate [22]. As seen
from Km and Vmax/Km values in Table 1, the best
substrate for Eruca sativa Miller POD is catechol,
and that for

substrates, respectively. Vmax values for Eruca
sativa Miller POD were 30467, 855, 24623 and
10444 EU mL-1 min-1; those for Anethum
graveolens L. POD 30793, 3776, 13720 and 1268
EU mL-1 min-1 using ABTS, o-dianisidine, ophenylenediamine and catechol as substrates,
respectively. Km is the concentration of substrate
which permits the enzyme to achieve half V max. An
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TABLE 2
Derived kinetic data and optimum conditions for some POD enzymes using ABTS substrate.
Plants
pH
Temp. (0C)
Km
References
(mM)
Red alga (Mastocarpus stellatus)
5.0
25
13
(23)
Jatropha curcas
3.5
25
0.19
(18)
Mushroom Pleurotus eryngii
3.0
50
0.20
(24)
S. viridis L.
3.5
50
0.189
(12)
Eruca Sativa Miller
4.0
60
0.0043
In this study
Anethum graveolens L.
4.0
20
0.0069
In this study
Et
N

Et
N

POD

N N
SO3-

S

for o-diansidine
OH3C

S

SO3

-

OCH3
NH2

NH2

Et
N

H2O2

N N
SO3

H3CO
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OH
OH

-

S

S

SO3- [5]

OCH3

POD
HN

NH
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NH2
NH2
POD
2
2H2O2

Et
N

+ H2O
[6]

NH2
N

NH2
+ 4H2O

N

[7]

O
POD

O

H2O2

[8]
in reactions between POD and H2O2. The first step
in the catalytic cycle is the reaction between H 2O2
and the Fe(III) native state of the enzyme to
generate compound I, a high oxidation state
intermediate comprising an Fe(IV) oxoferryl centre
and a porphyrin-based cation radical. Compound I
is then capable of oxidising a wide range of
reducing substrate molecules (RH) by a mechanism
involving a single-electron transfer, in which the Scation radical is first discharged, leading to the
formation of the second enzyme intermediate called
Compound II. Compound I is two oxidising
equivalents above the native state. The first oneelectron reduction step requires the participation of
a reducing substrate and leads to the generation of
compound II, an Fe(IV) oxoferryl species that is
one oxidising equivalent above the native state.
Compound II, which also contains an oxoferryl
group, is then reduced by a second substrate
molecule (RH) to the native ferric enzyme (FeIII).
During this one-electron reduction, the ferryl iron
returns to its ferric state, whereas the oxygen
accepts two protons to form a water molecule and is
released from the heme [25,26].

Anethum graveolens L. POD is ABTS because of
the highest Vmax/Km values. Table 2 shows some
kinetic data and optimum conditions for POD
enzyme from different sources using ABTS
substrate. In this case, the reactions between POD
and substrate in the presence of H2O2 at optimal
conditions for all substrates can be given as
following:
for ABTS
Catalytic Mechanism. The mechanism of
catalysis of PODs has generally been shown for
catechol as a reducing substrate in Figure 6. The
reaction is a three-step cyclic process, in which the
enzyme is first oxidised by H2O2 and then reduced
back to the native form in two sequential steps
involving the formation of two enzyme
intermediates, Compounds I and II (Figure 6). The
generation of radical species in the two oneelectron reduction steps can result in a complex
profile of reaction products, including dimers,
trimers and higher oligomers that may themselves
act as reducing substrates in subsequent turnovers.
A transient intermediate, described as an Fe(III)hydroperoxy complex, forms prior to compound I
28
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The catalytic cycle of PODs with catechol as reducing substrate. The rate constants k 1, k2 and k3 represent
the rate of compound I formation, rate of compound I reduction and rate of compound II reduction,
respectively.
Conclusions. In this study, we found that
peroxidase
activity
varied
with
buffer
concentration, and POD was quite resistant to heat.
Optimum pH and temperature depended on enzyme
source and substratHXVHG7KHVXEVWUDWHVSHFL¿city
RI32'LVGLVWLQFWIURPWKHVSHFL¿FLW\RIRWKHUSODQW
peroxidases. The best substrates for Eruca Sativa
Miller and Anethum graveolens L. PODs were
ABTS and catechol, respectively.
As a result, from above data, Eruca Sativa
Miller and Anethum graveolens L. PODs can be
used for the catalytic oxidation of phenolic and
other aromatic contaminants in industrial
wastewater as an alternative method instead of
biological treatment, activated carbon and advanced
oxidation. Because at present the major source of
commercially available POD is roots of
horseradish. Furthermore, these PODs with higher
stability and different specificity can be also used
the improvement of analytical kits and the
development of new electrochemical biosensors for
bioanalytical applications.
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