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ABSTRACT

INTRODUCTION

In the high altitude mountain region of GilgitBaltistan, Pakistan, apricot kernel oil and seeds are
commonly used in excess as source of heavy food
to regulate the body temperature against cold
weather. The study aim to determine the fatty acid
composition and toxic substances in sweet and
bitter apricot kernel oil produced in Bagrot valley,
Gilgit-Baltistan, Pakistan. The oils were analyzed
for refractive index, specific gravity, free fatty acid,
unsaponified matter, acid value, ester values, iodine
value, peroxide value and saponification values by
standard procedures. In addition fatty acid and toxic
substances such as arsenic, cyanide, lead, antimony,
cadmium and copper concentration in oils were
determined by Gas Chromatography and ICP-AES
methods. Results revealed that sweet kernel had
greater oil content, free fatty acid, peroxide value
and unsaponified matter than bitter kernel. In
contrast, refractive index, specific gravity and, acid
value, ester values, iodine value and saponification
values were slightly higher in bitter kernel oil.
Analysis of oil for fatty acid composition showed
that the bitter kernel oil showed greater value of
unsaturated fatty acids. The oleic acid and Linoleic
acids are major fatty acids found in both oil. In
addition, some fatty acid such as lauric acid,
myristic acid and palmatic acid were found in sweet
seed oil, while capric acid was detected in bitter
kernel oil. The concentration of toxic substances
such as arsenic and cyanide were not detected in
both oil, whereas the metals lead, antimony,
cadmium and copper concentration were found
within the maximum admissible limit by the WHO.
It was concluded that both the kernel oil are safe for
consumption. Moreover, the higher content of
unsaturated fatty acids especially linoleic and
linolenic acids in seed oils may useful for curing
cardiovascular diseases and high blood cholesterol.

Apricot (Prunus armeniaca L.), belong to the
Rosaceae family; is consider as the most significant
stone fruit of South East Asia. Pakistan is the third
major producer of apricot with an annual production of 0.5 million metric ton [1, 2]. It is an important fruit of temperate climates. In Pakistan,
apricot-trees are distributed in moderate climaticregions of Balochistan, Pothwar and Murree Hills
in Punjab, Northern region of North Western Frontier Province (NWFP), and specially grown in Karakoram and Himalayan region of Kashmir and
Gilgit-Baltistan [3]. Apricot origins from GilgitBaltistan region are recognized as the best organic
fruit due-to unique qualities; for instance attributed
flavor, color, and affluent of the several vital food
components [2, 4]. The Baltistan is known as the
“Little Tibbet of Apricots” being the neighbor to
China; the center of apricot’s origination. There are
271.8 million fruit bearing trees in the area and
produces 0.11 Metric tonn per annum [5]. Historically, different parts of apricot plant (leaves, fruits,
wax, seeds, and oil) have been used in traditional
medication for the treatment of various diseases.
Decoction of apricot bark has effective uses as an
astringent to soothe irritated skin. In addition, significant folk therapeutic uses of apricots include
treatment of infertility, hemorrhages, eye inflammation, and spasm. Apricot seeds contain important
levels of dietary protein and also significant
amounts of oil and fiber [6].
The apricot seed contains sufficient amount
oil, which is rich unsaturated fatty acid [6-9]. The
essential fatty acids (EFAs) should be necessarily
supplied to the body for maintaining biological
functions. Human body requires EFAs to build and
repair cell membranes and thus make the cells able
to get optimum nutrition and drive out waste products [7]. They are also required by cardiovascular,
reproductive, immune and nervous system and in
the production of prostaglandins. Furthermore,
heart beat rate, blood pressure, blood clotting and
fertility is also regulated by EFAs by maintaining
inflammation [10-13]. In addition, kernel oil exten-

KEYWORDS:
cardiovascular diseases, Unsaturated fatty acid, Oleic
acid, Cyanide
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MATERIALS METHODS

sively used in cosmetic products, and pharmaceutical agents (laxative and expectorant).
Besides that apricot oil contained toxic substance cyanogenic glycosides or amygdalin. Under
normal conditions, many plants can synthesize the
compounds, depending on the specific cultivars.
Cyanogenic glycosides (amygdalin) contain cyanogroup, it converts to cyanide in the body by hydrolysis process. Historically, several plants have been
recognized for the capability of cyanogenesis; such
as apricort, almond, peach, and numerous other
significant food plants [14, 15]. However, human
body can only detoxified a small concentration of
cyanide but elevated dosage can be poisonous.
However, instead of abundant source of significant
proteins and carbohydrates apricot kernel prevented
to use it as food source due-to presence of highlevels amygdalin content [16]. Amygdalin has significant biological properties even with known
toxicity. Because this compound, and its derivative
(Laertrile) have been endorsed as anticancer drug
for the prevention of cancer diseases, but the effectiveness of compounds are still unproved [17].
Alternatively, sweet apricot kernels/fruit (flesh) can
uses as food source due to lower level of amygdalin
concentration, and no adverse health effect from
cyanide on hydrolysis of amygdalin in the body.
The edible quality of apricot oils based on
storability, freshness and toxicity parameters, that’s
are evaluated by the determination of concentration
levels of trace metals. Since, the presence of metals
such as Cu, Fe, Mn Ni and Zn, and responsible to
enhance the oils oxidation, whereas, other metals
including As, Cd and Pb are enormously significant
due-to their toxicity and metabolic role [18]. Accordingly, the sources of these metals present in
oils might be come from soil, environment, fertilizers, metal-containing pesticides, and genotype of
the plant [19, 20]. Generally heavy metals can be
categorized as potentially toxic metals: arsenic,
cadmium, lead etc., and probably essential metals:
copper, zinc, iron, manganese. Toxic elements can
be very harmful even at low concentration when
ingested over a long time period [21]. The essential
metals can also produce toxic effects when the
metal intake is excessively elevated [22]. Consequently, it is crucial to determine the concentration
of heavy metals in oils and to report possible contamination that would represent a health hazard.
In continuation recent research focused on nutritional profiles and toxicological analysis of apricot kernel oil from Bagrot Valley-Gilgit, Pakistan
and recommendation to use. Since the traditionally,
locals commonly used apricot kernel oil, and seeds
in excess as source of heavy food to regulate the
body temperature against could weather.

Sample collection. The study area (Bagrot
valley) is situated at a distance of 17-kilmeters
Northeast side of District Gilgit. The area is famous
for fruit production both in quality and quantity due
to suitable agri-ecological conditions. The area falls
under the cold arid to semi-arid climate [23]. The
apricot samples were collected from different
orchard of the study area in year 2016. Bitter
apricot belongs to the variety locally known as
“Chtti” and sweet variety is popular with name
“Tlla”.
Extraction of Oil. After removing stones, the
seed were dried and ground to powder and then
oven dried at 60˚C for 24 hours The oil was
extracted by solvent extraction method. After the
extraction over, solvent was evaporated on the
Buchi –Rotavapor until no odor of solvent remains
and finally oil was collected in a separate beaker for
further analysis [24].
Physico-chemical values of the oils. The
physico-chemical properties like specific gravity,
refractive index, iodine and, acid value were
determined according to AOAC method [25, 26].
Analysis of fatty acid. Methyl ester of fatty
acid was prepared by following the standard AOAC
method [27]. In this mehod, a supper cleaned dried
Teflon test tube has been loaded with weighed
amounts of oil (1.0 g), and methanolic potassium
hydroxide (0.5N 10 ml). The mixture was refluxed
for 90 minutes and then added H2SO4 (2N) to the
cooled mixture to liberate the fatty acids. For the
esterification fatty acids was done by using
methanol BF3 (10 ml) as active catalyst the reaction
mixture was boiled for about 20 minutes. The
etherified mixture of fatty acids methyl esters was
cooled-down, and separated by extraction with nhexane solvent. dried over anhydrous Na2SO4.
The composition of fatty acids present in oil
sample was determined by Gas Chromatography
(Perkin Elemyre 8410 Series) using a column of 1.5
m x 4 mm i.d. with 10 % DEGS. During analysisthe
column, injector and FID temperatureswere 200˚C
220˚C250˚C. The flow rate of mobile phase (N 2 gas
40 ml/min.
Determination of Toxic elements. The
concentration of heavy metals were analyzed on
ICP-AES methods as described by Leonardis et al.,
(2000). In this method oil was mixed with 10%
dilute nitric acid. The mixture was shaken for one
minute. Then was placed in a shaking water bath at
50oC for 2 h and centrifuged at 2800 rpm for 10
min. acid aqueous layer then loaded into the auto
sampler of the ICP-AES). A standard calibration
curve was prepared standard solutions of known
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concentrations. While assay for cyanide (CN)
content was estimated by the procedure purposed
by Haque et al., (2002) [28].

reported [39]. Similarly, saponification
number ranged from 187.3-199.0 was found [40]
and iodine value ranged from 90.0–104.8 [41].
Furthermore, specific gravity ranged from 0.876–
0.932 was reported [42] and refractive index
(1.464–1.480) [43]. Likewise, it is reported iodine
value of 99, free fatty acid 4.2 % and unsaponified
matter 0.9 % in different apricot cultivars [31]. A
ranged of peroxide values (0.834- 8.294 meq/Kg)
and acidity values (0.279-0.700%) was found [34].
In addition, ranges are 0.1–1.6 for unsaponifiable
matter (187.3–199.0 for saponification number,
90.0–104.8 for iodine value, 0.876–0.932 for
specific gravity 1.464–1.480 for the refractive index
by found [8].

Statistical Analysis. Values were taken in
triplicate for each analyses. The mean and standard
deviation was aslo calculated [29].

RESULTS AND DISCUSSION
Physiochemical Characteristic of oils. The
oil content in sweet kernel was (53%) greater than
bitter apricot (46%) (Table 1). Our results were
comparable with reported values; For example oil
content in bitter varieties was reported a range
between 37-49 % [30, 31] and 57% oil is reported
in wild bitter apricot. Similarly, a ranged from 42 to
58 % oil content was reported in sweet apricot
varieties [32, 33] and about 42.2% to 57.2% oil was
extracted in different Apricot cultivar of Malatya
province of Turkey [34]. Similarly, 40.23 to 53.19
% oil was reported [35-37]. Recently 28.0 to 50.20
% oil in apricot kernel is reported [38]. These
variation may be due different in genotype,
agriculture practices and climatic and edaphic
condition.
Physical and chemical analysis of oils showed
that the specific gravity and refractive index values
in the both varieties were almost similar. However,
a slightly greater saponification value (192.01) was
observed in bitter kernel oil than sweet kernel
(191.54) (Table 1). Saponification value is the
index of mean molecular weight of the triglycerides
comprising the fat. It indicates that bitter kernel oil
has long chain fatty acid than the sweet kernel oil.
The acid value of oil or fat is extent to which
hydrolysis has liberated the fatty acid from their
ester linkage with parent triglyceride molecules.
Our findings showed that bitter apricot kernel oil
has high acid value (8.0 mg/g) than sweet kernel oil
(7.78 mg/g). It revealed that bitter kernel oil has
more-free fatty acid than sweet kernel oil.
Similarly, bitter kernel oil had high peroxide value
(3.21 meq/kg) than sweet kernel oil (1.59 meq/kg)
(Table 1). Iodine value represents the of extent of
unsaturation or number of double bonds present in
oil or fat. The results for iodine value in the bitter
and sweet apricot oil were 103 and 100 respectively
(Table 1). Our results indicated that bitter kernel oil
was greater degree of unsaturation. The
unsaponificable matters mainly contains vitamin
(vitamin E, K), pigments (carotene and lycopene).
In sweet apricot kernel oil contained (0.75 %)
unsaponified matter while, (0.71%) in bitter kernel
oil (Table 1). It indicated that sweet kernel oil has
slightly more vitamin and pigment contents.
Overall, our results are comparable with previous
studies. For instance, 97.93 to 103.85 iodine values
and 189.57 to 191.71 saponification values are

Analysis of Fatty acid composition. Apricot
kernel oil is rich source of unsaturated fatty acid. In
the present study saturated and unsaturated acids
were found in the range of 7.9 % and 92%, in sweet
kernel, while 5.9 % and 94% were found in bitter
kernel oil (Table 2). The results agree with some
previous findings that kernel oil is dominated by the
presence of unsaturated fatty acids [39] and
reported 94% unsaturated fatty acids in apricot oil
[31]. Similarly, a range of 91.5–91.8% unsaturated
fatty acid and 7.2–8.3% saturated FA were reported
in apricot oil[8].
The most important factor in nutritional value
of oils is the ratio of unsaturated fatty acids present
in oil. The Gas Chromatographic analysis results
for the saturated fatty acid composition (Table 3)
revealed that lauric acid (0.1%), myristic acid
(0.1%) and palmatic acid (6.4%) were found in
sweet kernel oil while, these fatty acids were not
detected in bitter kernel oil. Similarly, capric acid
(5%) was detected in bitter kernel oil the same was
not found in sweet kernel oil. Furthermore,
Palmitoleic acid (1.0%), Stearic acid (2.6%), Oleic
acid (71.5%) and Linoleic Acid (21.4%) Linoleic
Acid (23.4%) was analyzed in bitter kernel oil
which are slightly higher than sweet kernel oil
(Table 3). Similarly, stearic acid (1.3%) was found
in sweet kernel oil which is slightly more then the
bitter kernel oil (0.99%). However, the linolenic
acid content (0.1%) was same in the both oil.
According to medical point of view, the unsaturated
fatty acids are beneficial to the health of human
body, especially linolic and linolenic acids that are
often used for curing disease relating to
cardiovascular system and to high blood cholesterol
[14]. Our results are good claimed due to having
high content of linolic and linolenic acids.
Toxic element analysis. The oil was also
analyzed for its quality. ICP analysis of toxic
substances showed (Table 4) that As and cyanide
were not detected in both bitter and sweet kernel
oil. Similarly, the Cd was not detected in sweet
kernel oil while trace amount (0.01 ppm) was
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detected in bitter kernel oil. The concentration of
Antimony (0.25 ppm) in sweet kernel oil while 0.2
ppm was found in bitter oil. Similarly, the amount
of Cu is 0.05 ppm in both oil. Copper deficiency
leads to hypochromic anemia, leucopenia and
osteoporosis in children [44]. The toxicity of Pb
was 0.07 and 0.08 ppm was observed in sweet and
bitter kernel oil respectively. Overall, our results
fall under the permissible limit of WHO. The
permisiable metals in oils are: 0.1 ppm (Cu, Pb and
Cd) and 0.05ppm (Cd) [46]. Similarly, the
FAO/WHO recomended a tolerable daily intake
(PTDI) of copper, zinc, iron and lead are 3 mg, 60
g, 48 mg and 214 ppm respectively average adult
(60 kg body weight[47]. Our results are comparable

with the values that reported 0.015ppm Cd,
0.018 ppm Pb, 0.014 ppm As and 0.001 ppm Hg in
apricot oil collected from Iran [48]. High
concentration of HCN (200 mg/100 g) in wild
apricot is reported, whereas domestic bitter apricot
cultivars contain relatively low levels of HCN (11.7
mg/100 g) [8]. It is also reported HCN in both bitter
and sweet apricot kernel oil. Under normal
environmental conditions, many plants synthesize
cyanogenic glycosides, which are able to release
hydrogen cyanide upon hydrolysis [15]. Excess
consumption of apricot kernels (to produce over 1
mg/L CN in blood) may cause poisoning. The fatal
dose of HCN has been reported as 0.5 mg/g [8].

TABLE 1
Physiochemical characteristic of Bitter and sweet Apricot kernel Oil
S.No
Parameters
1
Yield (g/100g)
2
Specific Gravity g/cm3
3
Refractive Index
4
Iodine value
5
Acid value
6
Peroxide value (meq/kg)
7
Saponification value
8
FFA (as oleic acid) (%)
9
Ester Value
10
Peroxide Value (meq/kg
11
Unsaponifiables (%)
Values are means ± SD (triplicate)

Sweet Apricot Oil (%)
53±0.01
0.87±0.001
1.4630 ± 0.02
100.21 ± 0.01
7.78±0.01
1.59 ± 0.04
191.54 ± 0.03
1.15 ± 0.04
177±0.03
5.1±0.02
0.75 ± 0.05

Bitter Apricot Oil (%)
46±0.21
0.87±0.002
1.4645 ± 0.04
103 ± 0.03
8.00±0.01
3.21 ± 0.02
192.01 ± 0.01
0.28 ± 0.1.0
179±0.04
4.8±0.03
0.71 ± 0.04

TABLE 2
Saturated and unsaturated FAs composition of sweet and bitter Apricot Kernel oil (g/100gm)
S.No
Type of Oil
1
Sweet Kernel Oil
2
Bitter kernel Oil
Values are means ± SD (triplicate)

Saturated fatty acids
7.9 %
5.99 %

Unsaturated fatty acids
92.0 %
94.0 %

TABLE 3
Fatty acid component of triglyceride (%) in sweet and bitter Kernel oil (g/100gm)
S. No
Fatty Acids
Chemical Formulae
1
Capric acid
C 10:0
2
Lauric acid
C 12:0
3
Myristic acid
C 14:0
4
Palmitic acid
C 16:0
5
Palmitoleic acid
C 16:1
6
Stearic acid
C 18:0
7
Oleic acid
C 18:1
8
Linoleic acid
C 18:2
9
Linolenic acid
C 18:3
Values are means ± SD (triplicate); *Not detected

Sweet Apricot Oil
*
0.1 ± 0.03
0.1 ± 0.02
6.4 ± 0.04
0.9 ± 0.02
1.3 ± 0.03
71.4 ± 0.03
19.6 ± 0.01
0.1 ± 0.03

Bitter Apricot Oil
5.0 ± 0.03
*
*
*
1.0 ± 0.04
0.99 ± 0.02
71.5 ± 0.03
21.4 ± 0.01
0.1 ± 0.04

TABLE 4
Toxic elements in sweet and bitter Kernel oil
S.No.
Name of Component
1
Arsenic (ppm)
2
Antimony (ppm)
3
Lead (ppm)
4
Cadmium (ppm)
5
Copper (ppm)
6
Cyanide (ppm)
Values are means ± SD (triplicate); *Not detected

Sweet Kernel oil
*
0.25 ± 0.03
0.07 ± 0.03
*
0.05 ± 0.03
*

5

Bitter Kernel Oil
*
0.2 ± 0.03
0.08 ± 0.03
0.01 ± 0.03
0.05 ± 0.03
*
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ABSTRACT

INTRODUCTION

The citrus leaf roller (CLR), Archips rosanus
(L.) (Lep.: Torticidae) is one of the most threatening pests of leaf buds and blossoms in fruit trees,
which in recent years has caused considerable damage to citrus trees in some parts of Mazandaran
province of Iran. The bionomics and life history of
the pest was studied in natural and laboratory conditions in 2017. Based on the results obtained in
vitro, five larval instars of the citrus leaf roller were
found on both hosts of Thomson-Novel orange and
Unshu mandarin trees. As the age of larvae increased, the width of the head capsule and the
length of the larval body was expanded. The length
of the body at the age of 4th instar larvae was between 9 and 11 mm in males and females. While
this size was observed between 14 and 15 mm at
the age of 5th instar. The longest period of larval
instars was observed at age 5th, which was nearly
between 6 and 7 days. The longevity of the adult
insect was observed in laboratory conditions between 16 and 18 days. The longevity of the adult on
the mandarin host was less than orange. The egg
hatching time on the orange host was 8 days, while
it lasted 10 days on the mandarin host. The results
of experiments in field conditions were such that
hatching all eggs on orange and mandarin hosts
lasted 16 and 22 days, respectively. The activity of
adult males captured by the pheromone traps containing the artificial pheromone capsule of the female was on January 15 to January 18 on ThomsonNovel orange and mandarin hosts in field conditions. The length of the flight period in the orange
orchard was 33 days and, in the mandarin was 28
days. The length of the oviposition period on citrus
cultivars lasted about 15 days. This moth has one
generation per year and overwinters as the egg. The
findings of this study can be useful in the Integrated
Management Plan for citrus pest control, implemented by experts and practitioners.

The citrus leaf roller (CLR), Archips rosanus
(L.), is one of the world's lepidopteran pest of Torticiadae family [1]. This pest is also known by other
scientific names, including Cacoecia rosana, C.
hewittana, A. rosana, Tortrix rosana, T. laevigana
and T. hewittana [2]. It is an important pest of fruit
trees in Europe and North America [3]. It attacks a
large number of plant species including apple [4-6],
pear [7], pomegranate [8], rose [9-10], stone fruits
including cherry [11-12], cranberry [13], citrus [1415] and hazelnut [16]. In British Columbia, (from
where it probably made the first entry to western
North America), it has been reported from 12 species of plants; apple, rose, privet and dogwood are
the primary hosts [17]. It is also a pest of blueberry
[18], cranberry and raspberry [19] in that province.
This insect is considered as an initial pest and
occasionally a secondary pest of cherry orchards, it
depends on time and space [20]. For example, its
damage to the fruit trees in Greece [21], Sicily [22]
and Italy [20] on citrus fruits are important as well
as in Europe and North America. The rate of damage of this pest in an organ in North America and
on the hazelnut is estimated to be 80-70% [23].
Citrus is one of the most important tropical
and semi-tropical fruits in the world. All fruits
called citrus are from the Rotaceae family and the
Aurantioideae subfamily. Citrus production is of
great importance in today's world and is one of the
most important sources of wealth generation, trade
and employment of residents of about 125 citrusgrowing countries around the world. Citrus is a
great source of vitamins, minerals and energy. Orange after apple is the second most commonly used
fruit in the world [15]. In recent years, citrus leaf
roller has caused a lot of damage to leaf buds and
blossoms of citrus trees in Mazandaran province of
Iran, which has led to the lack of flower buds and
fruit. Observations indicate that the pest attacked to
orange trees, mandarins, oranges, peaches, nectarines, green tomatoes, pomegranates, ornamental
plants, Bergen shrubs, spruce and bush bean in recent years, and resulted in wrapped leaves and bad
Formation of leaf buds [15]. According to personal
observations of citrus orchards in Qaym-Shahr re-

KEYWORDS:
citrus leaf roller, Archips rosanus, thomson novel orange,
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8

© by PSP

Volume 41 – No. 1/2019 – pages 8-15

Advances in Food Sciences

Pupal developmental period and their
body length. In order to determine the length of
pupal development and measurement of their body
length, the conversion time of the last instar larva to
the pre-pupa and pupa and the time of conversion
of pupae to adult insects and the size of the body
length of each stage were recorded.

gion, where control operations were not carried out,
most of the leaves were attacked by the pest and
were wrapped.

MATERIALS AND METHODS
This research was carried out in 2017 in the
laboratory and field conditions. Two plots of
Thomson Novel orange and Unshu mandarin orchard in Qaym-Shahr region, Mazandaran province,
which had been oviposited by the citrus leaf roller,
A. rosanus were selected for this study. Geographic
characteristics of orange orchard: Latitude 36°
35'41.24'' N and longitude 52° 46' 32.03'' E and
−10.02 m from the sea level. And the geographical
characteristics of mandarin orchard: Latitude 36°
35' 57.83'' N and longitude 52° 48' 6.94'' E, and 8.39 m from the sea level. The area of each two
gardens was 1 hectare. Operation of irrigation, fertilization, pruning and weed control in these two orchards was carried out. No spraying was done to
control the citrus leaf roller, A. rosanus.
In order to start the experiment to obtain A.
rosanus larvae, the overwintering egg masses of the
pest in the second half of March were collected
from the trunk and branches of orange and mandarin trees and place in the plastic petri dishes (0.5 ×
5 cm) with wet cotton, individually. At the door of
each petri dish, one-millimeter holes were created
for air conditioning. Petri dishes containing eggs
were transferred to a growth chamber (25±2°C,
75±5% RH, and 14L:10D h photoperiods).

Adult longevity. In order to find out the adult
longevity, after the pupae were converted to adult
insects, they were immediately confined in transparent plastic containers (10 × 10 × 10 cm) in 10
replicates. The door of the dishes was blocked with
white net. 10% water and honey was used to feed
the adults. Containers were examined on a daily
basis.
Percentage of daily eggs hatching in laboratory conditions. Fifteen egg masses were collected
from orange trees and 15 egg masses from the
mandarin trees and transferred to the laboratory and
their daily hatching percentage was recorded.
Percentage of daily eggs hatching in field
conditions. Fifteen egg masses on the orange trees
and 15 egg masses on mandarin trees were randomly selected from different parts of each orchard and
their daily hatching percentage was recorded.
Length of the flight period in orange and
mandarin orchards. For this purpose, in each orchard, three delta traps, with the sex pheromone of
A. rosanus from Russell UK Company with the PH104-1RB code, were installed in the orchards. The
distance from each trap was 30 meters. Adhesives
in each trap were replaced weekly. The number of
catches per trap was recorded daily.

Number of larval instars. To determine the
number of larval instars of A. rosanus, two methods
were used: 1- direct observation; 2- measurement of
head capsule width. For this purpose, the larvae
were collected by brush and transferred individually on the fresh citrus leaves to feed them into the
glass tubes (10 × 1 cm). Daily, after examining the
infested leaves, the width of the head capsule of 20
larvae samples for each age was determined using a
stereomicroscope with a visualized lens and the
number of different larval instars was determined
according to the Dyar rule [24]. According to the
law, the size of a sclerotized body, especially the
head capsule, is increasing in the ages, and the exponential increase is linear, and it is a constant proportion that varies from 1.3 to 1.7.

Length of oviposition period in orange and
mandarin orchards. A daily observation of the
orchards was made to obtain the length of the oviposition period. Ten trees were randomly selected
for each site and the total number of eggs laid on
the trunks and branches of all trees in each garden
was recorded daily. Information about the average
ambient temperature during hatching, the period of
flight and the oviposition period were recorded by
Data Logger.

RESULTS AND DISCUSSION
Larval developmental period and their
body length. Larvae were observed daily and their
appearance was recorded to determine the length of
larval period and size of the body length of the pest.
In this way, having the size of the head capsule
corresponding to each larval age that was obtained
according to the previous test, the length of the developmental period and the size of the body length
of each larval instar of the pest were determined.

The results of this study showed that the citrus
leaf roller, A. rosanus on both Thomson-Novel orange and Unshu mandarin host trees had five larval
instars, and with increasing larval age, the head
capsule width and the larval length were extended.
The size of the head capsule of the female larvae,
other than the larvae of the first instar, which was
equal to the male larvae, was slightly larger than
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roughly between 6 and 7 days.
The adult longevity was between 16 and 18
days in the laboratory condition. Also, the longevity
of the adult insect on the mandarin host was less
than orange. Among the developmental stages, the
lowest period was observed in the 3rd instar larvae
of the female, fed from orange leaves, with 3.58 ±
1.17 days, as well as the highest period in the 5th
instar larvae, fed from the mandarin leaf, with 7.12
± 1.50 days.
According to previous studies, the citrus leaf
roller, A. rosanus has five larval instars [16, 23],
which is similar to the results of this study.
Based on the theory of [25], each larval instar
has a steady amplitude of the head capsule width,
which by measuring the width of the head capsule
can determine the number of larval instars of the
lepidopterans. In the present study, the measurements performed for each larval instar, were well
characterized by different instars and, in addition,
the results of the measurements were adapted by
the Dayar [24] rule, and the validity of the results
have been proven. According to Dayar's law, which
is basically true for lepidopteran, the size of the
larval capsule at each larval stage varies with a constant ratio, with head growth at different stages increased ranging from 1.3 to 1.7 times, and this increase is for each species is constant. However, in
some cases, this rate is not constant in some cases
and may change with each molting.

male larvae in the field conditions.
In the both host trees, the 1st instar larvae
were very small, elegant with bright green color,
and the color of the head capsule was dark brown.
The second instar larvae, like the first instar, had a
bright green color and dark brown head capsule.
The width of the head capsule at this age was
slightly wider than the previous one. The third instar larvae, had also a larger dark brown head capsule, but unlike the body color of the previous ages,
which was bright green, it was dark green at this
age. Body color and head capsule at 4th and 5th
larval instars were similar to 3rd instar. The size of
body length at the 4th instar larvae in males and
females was between 9 and 11 mm, while this size
was approximately observed 14 to 15 mm at the 5th
instar.
In all stages of the larvae, and the pupal and
adult stages of insect, the size of the female was
larger than the male insect. The stages of pre-pupa
are green, but in a short period of time, the color
changes to dark brown and at the end of this stage
the color becomes dark brown. The size of the pupa
is smaller than that of the pre-pupa stage, and the
pre-pupa stage is less than 5th instar larvae. The
length of the pre-pupa is between 13 and 15 mm.
The length of the period of different stages of larvae, as well as pre-pupa and pupae on the mandarin
was longer than the orange. The longest period of
larval instars was observed at 5th instar, which was

TABLE 1
Mean ± Standard Error (SE) in body length, head capsule width and duration of different developmental
stages of the citrus leaf roller, Archips rosanus reared on Thomson-Novel orange in laboratory conditions.
Developmental
stage

1st instar larva
2nd instar larva
3rd instar larva
4th instar larva
5th instar larva
Pre-pupa
Pupa
Adult

Thomson-Novel Orange
Male
Body
length Head
Capsule
(mm)
Width (mm)

Duration
(day)

Female
Body length
(mm)

2.01±0.01
3.83±0.12
6.71±0.23
10.68±0.64
14.94±0.58
14.23±0.27
13.11±0.35
9.67±0.18

3.86±0.58
3.72±1.03
3.61±0.85
4.51±1.23
6.29±1.34
2.17±0.94
11.13±2.61
17.24±2.74

2.22±0.00
4.05±0.14
6.92±0.16
10.89±0.71
15.27±0.39
14.41±0.22
13.27±0.42
10.22±0.29

0.25±0.00
0.37±0.11
0.61±0.17
1.01±0.34
1.42±0.41
-

Head Capsule Width
(mm)
0.25±0.00
0.39±0.09
0.63±0.13
1.03±0.37
1.44±0.35
-

Duration
(day)
3.75±0.41
3.78±0.96
3.58±1.17
4.55±1.08
6.18±1.54
2.19±0.90
10.75±3.19
17.91±2.61

TABLE 2
Mean ± Standard Error (SE) in body length, head capsule width and duration of different developmental
stages of the citrus leaf roller, Archips rosanus reared on Unshu mandarin in laboratory conditions.
Developmental
stage

1st instar larva
2nd instar larva
3rd instar larva
4th instar larva
5th instar larva
Pre-pupa
Pupa
Adult

Unshu Mandarin
Male
Body
length
(mm)
1.95±0.03
3.85±0.15
6.51±0.27
9.83±0.59
13.95±0.43
13.05±0.29
12.62±0.38
9.16±0.21

Head Capsule
Width (mm)
0.23±0.00
0.35±0.08
0.59±0.12
0.99±0.27
1.35±0.39
-

Duration
(day)
3.99±0.62
4.02±0.97
3.86±0.84
5.02±1.42
7.12±1.50
2.71±1.19
12.28±2.66
16.59±1.87

10

Female
Body length
(mm)
2.17±0.02
3.92±0.21
6.70±0.22
10.07±0.78
14.13±0.47
13.81±0.20
13.01±0.35
10.07±0.19

Head Capsule
Width (mm)
0.22±0.01
0.37±0.13
0.61±0.15
1.01±0.31
1.38±0.38
-

Duration
(day)
3.86±0.58
4.12±1.17
3.79±0.71
5.14±1.29
6.84±1.36
2.69±1.14
11.19±2.49
16.93±2.25

© by PSP

Volume 41 – No. 1/2019 – pages 8-15

Advances in Food Sciences

In the present study, this ratio was calculated
for 1st to 5th female larval instars on the ThomsonNovel orange leaves from 1.56, 1.61, 1.63 and 1.39
and for male larvae from 1.48, 1.64, 1.65 and 1.40,
respectively. Similarly, the ratio for female larvae
fed from Unshu mandarin leaves for 1st to 5th larval instars was measured 1.68, 1.64, 1.65, 1.36 and
for male larvae 1.52, 1.68, 1.67 and 1.36, respectively.In the previous studies, the mean width of
head capsule of A. rosanus male larvae on hazelnut
in laboratory conditions for 1st to 5th instars larvae
were 0.26, 0.36, 0.59, 0.93 and 1.47 mm, respectively, and for female larvae, 0.26, 0.37, 0.61, 1.01
and 1.64 mm [16], indicating that the mean head
capsule width in female is much larger than male
larvae. In the present study, in both tree hosts, the
mean width of the head capsule of female larvae is
greater than that of the male larvae. A slight difference in the width of the head capsule in this study
with [16], could be due to the difference in host
type. AliNiazee [16] reported the larval development period at 26°C on hazelnut leaves of 36.15
days, and AL-Zabidi [23], this time on artificial diet
16.8 days, while this period in the present study for
the males and females fed on Thomson-Novel Orange, were 21.99 and 21.84, respectively, and were
24.00 and 23.75 days for males and females fed on
Unshu mandarin. It is likely that the difference in
experimental conditions, such as the difference in
the type and quality of foods, is the reason for disagreement.
As Figure. 1, shows it is estimated that the
first egg hatching on the Thomson Navel orange
host in field conditions took place on March 19th.
On this date, 6% of the eggs were hatched and the
temperature was 11oC, while hatching date of the
eggs on the Unshu mandarin host was the first one
day after orange, with 7%. By increasing the temperature of the environment, the percentage of egg
hatching was increased. The highest percentage of
egg hatching on the mandarin host was on March

28th, when the temperature reached the highest during the course of the day (19oC). The highest
percentage of egg hatching on the orange host was
8 days after the first hatch, which was more than
20%. The last eggs were hatched on the orange host
on April 4th, while the last egg hatching date on the
mandarin host was on April 10th. Overall, all eggs
were hatched on orange and mandarin hosts at 16
and 22 days, respectively.
Temperature and photoperiod are the two
prominent environmental factors that have a
marked influence on the biology of an insect species. Many studies have attempted to describe the
effect of temperature on insect development [2630]. In a research conducted by AliNiazee [16] in
orchard conditions, it showed that the egg hatch of
A. rosanus is spread over an extended period. Detailed studies in 1976 indicated that hatching from
31 egg masses was spread over a 16-day period,
with a sharp peak on the 12th day. In another study,
the researchers proved that from 1993 to 1996, caterpillars began to hatch in the last ten days of April.
In 1997, they hatched later, as of May [1]. In the
present study, the length of the egg hatching period
in the orange and mandarin orchards, was 16 and
23 days, respectively which was the oviposition
peak in these two gardens 9 days after the first
hatch. The results of this research were somewhat
similar to the AliNiazee [16] study, and the slight
difference could be due to differences in weather
conditions. In the current study, it has been shown
that the egg hatching decreases with decreasing
temperature and cooling the environment. In the
present study, egg hatching period on different
hosts in laboratory conditions, on the orange and
mandarin, was 8 and 10 days, respectively, which
halved in comparison with orchard conditions, and
this indicates that if temperature conditions are favourable for hatching, the length of the period is
also reduced.

FIGURE 1
Relationship between percentage of daily egg hatching and the different time (2017) and temperature of
the citrus leaf roller, Archips rosanus in field conditions.
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Based on the results presented in Figure 2,
which shows the percentage of egg hatching on two
orange and mandarin hosts in laboratory conditions,
the egg hatching time on the orange host was 8
days, while the value on the mandarin host lasted
10 days. The highest percentage of egg hatching
was on the orange host, three days after the first
hatching, which was 29%. The highest percentage
of egg hatching on the mandarin was five days after
the first hatch, which occurred on March 17th, and
was 22%.
The seasonal cycle of the filbert leaf roller, A.
rosanus has been described by Chapman and Lienk
[31], Chapman [32] and AliNiazee [16] from different geographic regions. All investigators indicated that this species overwinters in the egg stage,
eggs hatch in early spring depending on temperature and can be predicted by using a degree day’s
accumulation model. Using this approach, the beginning egg hatch was predicted to occur at about
40 days over the basic threshold of 8°C starting Jan
1st. The egg hatch continues for about 3 weeks
[16]. Field-collected, overwintered eggs started to
hatch 6 days after they were placed in rearing
chambers. They continued to hatch for one week,
with a peak on the 8th day and about 60% within a
3-day period (7-9th day). A detailed examination of
egg hatching pattern of the 15 selected egg masses
indicate that all eggs from a single egg mass do not
hatch at the same time. Approximately 30% of the
eggs from an egg mass hatch during the 1st day,
while other 40% hatch on days 2-4, and the remaining eggs may take one week.
Figure 3 shows the flight activity of the male
moths captured by the pheromone traps containing
the artificial pheromone capsule of the female from
15 May to 18 January on two hosts of Thomson
Novel orange and Unshu mandarin in field condi-

tions. It showed that the emergence of the
moths from the pupae in the orange orchard was
one day earlier than the mandarin, and it rises rapidly as the temperature increased, so that the flight
peak of the male insects in the orange orchard was
on the 29th of May when 23oC was recorded by
Data Logger. According to the chart, the length of
the flight period was 33 days in the orange orchard
and in the mandarin, was 28 days. The population
of citrus leaf roller, A. rosanus in both orchards in
the first and second decades were more than the
third decade.
In studies conducted by Pluciennik and
Tworkowska [1] from 1993 to 1997 on the filbert
leaf roller, A. rosanus they proved that the first
moths were captured in the pheromone traps in
June, and their flight lasted until the end of July.
Sporadic single moths were caught even in August.
The flight period ranged from 30 to 53 days. 8090% of the moths were caught in the first and second ten days of July. In 1996, a year with an early
and warm spring, most of the moths were caught in
the third ten days of June. In the remaining years,
the flight did not begin in earnest until July. Usually, the flight began when the sum of effective temperatures (above 10°C) reached 290°C. The results
are consistent with the results presented in this
study. In the present study, the first male moth was
captured in mid-July, and the distance between the
first capturing and the last catches by pheromone
traps was 33 and 28 days in the Thomson Novel
orange and Unshu mandarin, respectively. The first
moth captured in the mandarin orchard, as well as
its flight peak, occurred later than the ThomsonNovel orange orchard, which could be due to longer
larval stages and the development of larval and
pupa-fed of mandarin versus orange.

FIGURE 2
Relationship between the percentage of daily egg hatching in the different time (2017) of the citrus leaf
roller, Archips rosanus in laboratory conditions.
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FIGURE 3
Relationship between a number of moth catches of the citrus leaf roller, Archips rosanus by pheromone trap in the different time (2017) and temperature in field conditions.
occurred 7-9 days after observing the first eggs.
The oviposition of A. rosanus in the orchards was
partly dependent on the temperature of the environment and increased with temperature.
The thermal threshold for egg laying was estimated to be 12.2°C. The optimum oviposition
occurred at 20°C, while a slight reduction in fecundity was found at 16 and 24°C. Egg laying occurred
over a period of 7-12 days. Over 86.1% of females
oviposited at 20°C, while only 44.2% of females
oviposited at 28°C. At higher temperatures, premature adult mortality increased and the number of
females laying eggs drastically decreased. This indicates the major role of temperature in fecundity
of A. rosanus. Many females began oviposition on
the third day after emergence, and after a few days
of oviposition, the females completely stopped laying the egg. Some females had eggs in the ovaries
but did not oviposit during their entire life, while
others did not produce any eggs [23]. In the present
study, the oviposition of A. rosanus in the orchards
was partly dependent on the temperature of the environment and decreased with increasing temperature, for example, from May 28 to January 3, the
oviposition trend was ascending. However, on May
31, the gradient slope in the mandarin orchard declined, and even in the orange garden, the slope of
the chart dropped, due to an increase in the air temperature to 24oC.

Information on the length of oviposition period for female insects in orange or mandarin orchards is shown in Figure 4. According to this information, the length of oviposition period on citrus
varieties is about 15 days. This chart also shows the
number of egg masses laid by the female moth on
10 citrus branches. The first oviposition on the orange tree branches was seen on May 28 and on the
mandarin tree on May 29th. The oviposition peak
on the orange trees was observed eight days after
the first egg mass that was observed on January 4,
while the oviposition peak on the mandarin tree
branches was counted on January 4th. The eggs are
initially greenish, but over time, the color changes
to a dark brown. Most eggs are placed at low altitudes of the branch and on the thicker ones. The
laid eggs will go through the winter and will hatch
in the spring of next year with forming of tree buds.
The result of the AliNiazee [16] showed that oviposition was spread over a 10-day period. Eggs were
laid within a day after adult emergence by some
adults, but most eggs were laid during days 2-6 of
adult life. Females deposited 0-2 egg masses/night.
Some females did not lay any eggs until the 10th
day of their life, then deposited a few egg masses
and died. Other females deposited a few eggs during the 2nd and 3rd day of their life and none afterwards, although they lived for about 10-15 days.
The pre-oviposition period averaged 2.4 days, oviposition period 4.6 days, and post-oviposition period 3.4 days. In the present study, like the results of
AliNiazee [16], the length of the oviposition period
was 12 to 13 days. The first mass of eggs in citrus
orchards was observed 12 days after the first capturing of the male moth. The oviposition peak was
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FIGURE 4
Relationship between a number of laid egg masses of the citrus leaf roller, Archips rosanus in the
different time (2017) and temperature in field conditions.
CONCLUSION
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stone fruit from Idaho, Oregan and Washinton.
Wellington: Draft for public consultation,
MAF Biosecurity New Zealand; p. 203.
[3] Chapman, P.J. (1973). Bionomic of the applefeeding Tortricidae. Annual Review of Entomology. 18, 73-76.
[4] Ciglar, I. and Schmidt, L. (1983). Insect fauna
of the apple orchard (Borinci)-Vinkovci, Croatia, Yugoslavia. Acta Entomologica Jugoslavica. 19, 83-90.
[5] Blommer, L.H.M. and Trapman, M. (1985).
Use of insegar, A new control method for
leafrollers. Fruitteelt. 78(8), 170-172.
[6] de Reede, R.H., Alkema, P. and Blommers,
L.H.M. (1985). The use of the insect growth
regulators fenoxycarb and epofenonane against
leaf rollers in integrated pest management in
apple orchards. Entomologia Experimentalis
et Applicata. 39(3), 265-272.
[7] Gendrier, J.P. (1985). Rationalizing the control
of the pests of pear. Phytoma. 371, 33-35.
[8] Koshkarova, D.D. and Zhigarevich, G.P.
(1985). A system for protecting pomegranate.
Zashchita Rastenii. 7, 30-31.
[9] Grodskii, V.A. (1985). Insecticides against the
rose leaf roller. Zashchita Rastenii. 7, 31.
[10] Tsybulskii, A.I., Ya Seregina, L. and Ya Lvovich, N. (1984). New data on the biology of the
pteromalid Dibrachys caves (Hymenoptera:
Chalcidoidea). Vestnik Zoologii. 6, 68.
[11] Zoshita, E.F. (1984). Protection of stone fruits.
Zashchita Rastenii. 4, 54-55.

Based on the results of this study, citrus leaf
roller, A. rosanus in Iran has one generation per
year on the orange and mandarin tree hosts. The
larvae of the first instar are very small and after
hatching they quickly move towards the buds and
blooms and settle on them, and silk cords secrete
from their mouths, and through these silk cords, the
two edges of the leaf are transversely wedge-shaped
and create a larval shelter and it feeds on it. The
level of feeding in the 1st instar larvae is low, and
with increasing age of larvae, the tufts of silk cords
and the feeding rate of larvae are increased. The
findings of this study can be useful in the integrated
control program for the citrus leaf roller, A. rosanus
control, which is being implemented by experts and
practitioners.
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FATTY ACID COMPOSITION OF FISH CRACKERS
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with fish meat [6]. Fish crackers are popular snack
foods in Asian countries [8, 9]. They are known as
banh phong tom in Vietnam, kaew krab pla in Thailand, kerupuk in Indonesia and keropok in Malaysia
[10]. Different starch flours such as tapioca, sago,
corn, wheat, rice and even mung bean are used to
make fish crackers [11, 12]. Some researchers have
also used tapioca flour as an ingredient in their fish
cracker recipes [8, 13].
Fish reportedly used in fish crackers include
sardines [14] and jewfish [8]. Yu and Tan (1990)
used the powered of fish protein hydrolysate and
Huda et al. [16] used the powdered surimi in their
fish cracker mixtures. Nguyen et al. [17] obtained
shrimp crackers from shrimp. İzci and Bilgin [18]
investigated of fish crackers produced with
Carassius gibelio. When studies on fish crackers
were examined, it was found that researchers examined sensory properties, nutritional composition [6],
linear expansion, fat absorption, color and hardness
[19]. However, very little research has been done on
fatty acids.
The aim of this study was to increase the rate
of consumption of Luciobarbus esocinus, to process
the fish in a different way and also to detect the
fatty acid composition and the organoleptic acceptability of the crackers produced.

ABSTRACT
In this study, the aim was to study the manufacture of fish crackers enriched with Luciobarbus
esocinus and to examine the sensory quality and
fatty acid composition of these crackers. The dough
was produced using 1.10 % salt, 20 % fish meat, 13
% sunflower oil, 1.90 % sugar, 0.90 % vinegar,
1.63 % egg, 48.47 % flour, and 13 % butter. The
ingredients were mixed until a homogenous dough
was attained. The homogeneous dough was
squeezed in an extractor and It was cooked in the
oven. The PUFA/SFA ratio of crackers samples
was 1.58±0.05, the DHA/EPA ratio 1.73±0.01 and
the n6/n3ratio 1.36±0.04. The general acceptability
score attained for the sensory quality by a group of
panelists was high (4.50±0.47).

KEYWORDS:
Fish cracker, fatty acid, baking, Luciobarbus esocinus,
sensory quality.

INTRODUCTION
The potential beneficial aspects of consuming
fish result from contain of unsaturated essential
fatty acids, proteins, vitamins and minerals. Supplemental health benefits coming from the consumption of both fish lipids and fish may be concerned to PUFAs consumption, especially n-3
PUFAs consumption [1]. The n-3 group fatty acids
of interest for the prevention of cardiovascular
disease include eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), which are found
large amount in fish oils and fish [2].
Today's changing eating habits are rapidly increasing the consumption of ready-to-eat food, due
to rapid population growth, higher levels of education and the increasing importance of snack foods.
Various food products such as biscuits, chips,
treats, crackers and onion rings are considered as
having low nutritional value and being imbalanced
for they lack some nutritional elements, even
though their energy values are high [3, 4, 5, 6, 7].
Therefore, if snack foods are consumed often between meals this might result in an excessive intake
of energy. It has thus been thought worthwhile to
enrich these increasingly widely consumed products

MATERIALS AND METHODS
Preparation of fish materials. For this study,
Luciobarbus esocinus samples were procured from
fisheries in the Keban Dam Lake in the Pertek territory. Fishes were brought in insulated polyurethane
carriage boxes with ice in them to at Pertek Vocational College laboratory. Fishes were processed on
the same day. After the fillets had been prepared,
they were rinsed with fresh water. Then they were
boiled in water during 10 minutes before being
ground in a blender.
Preparation of crackers. First, the fish were
made into fillets, which was ground after being
boiled for 10 minutes and enough amount of the
sample was taken for analysis. The ingredients of
the dough were added together and stirred until it
was homogeneous mixture, after which fish meat
was added in stages, so that the final mixture consisted of % sunflower oil, 1.90 % sugar, 1.10 %
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salt, 0.90 % vinegar, 13 1.63 % egg, 48.47 % flour,
13 % butter, and 20 % fish meat. This cracker
dough was compressed with a 30 mm diameter
extractor on a tray covered with oven paper. The
tray fish crackers was baked to 160 ± 1 °C during
60 minutes in an oven previously heated.

obtained by other authors [23]. Among the
fatty acids with highest nutritional importance, the
n-3 series stands out. Oleic acid (18:1n9), was
found at levels of 32.31±0.08, 52.24±0.15,
33.96±0.74 and 31.13±0.89mg 100 g–1 in L. esocinus meat, boiled fish, the cracker dough and cracker
samples respectively. In this study, the high rate of
saturated fatty acids (SFA) decreased continually
during the stages of cracker production (in fish
meat, boiled fish, cracker dough and cracker samples) (p<0.05). On the other hand, linoleic (18:2n6)
was found to have the maximum ratio of the polyunsaturated fatty acids (PUFA) during the stages of
cracker production and showed no significant differences as a result of the baking process (p>0.05).
The ratios of the fatty acids DHA/EPA found during the stages of cracker production were
1.29±0.06, 1.59±0.02, 1.58±0.01 and 1.73±0.01
mg.100 g–1 respectively. The values of DHA/EPA
in the flour are in accordance with those obtained
by other authors [18, 23, 24]. The n-6/n-3 fatty acid
ratios during cracker production were found to be
1.03±0.02, 1.72±0.09, 1.48±0.03 and1.36±0.04
respectively, and showed no significant differences
due to the baking process (p>0.05). Özoğul et al.
[24], found the n6/n3 ratio to be 0.91 and the Cyprinus carpio to be 1.40. Neiva et al. [25], obtained
the fish crackers using similar amount of different
two fish species. The level of total n-6 fatty acids
value was higher in fried samples than in samples
baked in microwave, but the total n-3 fatty acid
value was higher in those cooked in the microwave.
İzci [26] founded the qualities of fish fingers made
out of C. gibelio and established that 16:0 was maximum abundant fatty acid in SFA, 18:2n-6 in PUFA
and 18:1n-9 in MUFA in the raw material.

Fatty acid methyl ester (FAME) analysis. In
order to conduct the chromatographic analysis of
fatty acids found in lipids, they need to be transformed to non-polar, volatile and stable methyl
ester derivatives. Methyl esters were obtained by
the method reported by TS EN ISO 12966-1 [20].
Lipid samples were rarefied with 2ml of n-heptane,
stoppered tube and 0.2 mL KOH (2 N potassium
hydroxide in methanol) was then added. After the
mixture was vortexed for 30 seconds at room temperature, centrifuged at 4000 rpm for 10 minutes.
Finally, the top layer was separated by a pipette for
FAME analysis.
Gas chromatography. Fatty acid composition
analysis was used by using a Shimatzu GC-2010
device. Detector and injector heat were maintained
at 270 °C and 250 °C respectively. The furnace
temperature was also kept at 90 to 240 °C. The
datas of GC analysis were pointed as ± % standard
error.
Sensory analysis. Five experienced panelists,
all of whom were academic staff trained in sensory
descriptors for the samples, were used to evaluate
the quality of the fish crackers. Each panelist examined the cracker samples with regard to their appearance, color, odor, general acceptability, and
flavor (from 5 = ‘Very good’ to 1 = ‘Very bad’)
[21].
Statistical analysis. For statistical analysis of
the scientific data acquired within the scope of the
present study, the IBM SPSS®22 (SPSS Inc., Chicago, USA) statistical package software was employed. The statistical significance of the difference
among groups was examined by means of variance
analysis (One-way ANOVA) (p<0.05) [22].

RESULTS AND DISCUSSION
FIGURE 1
Sensory change in cracker samples

A total of 31 fatty acids were identified in the
lipids of L. esocinus meat, the boiled fish, cracker
dough and cracker samples (Table 1.). The predominant fatty acids found were linoleic (18:2n-6),
palmitoleic (16:1), oleic (18:1n-9), and palmitic
(16:0). Arachidonic acid (20:4n-6), an important
compound for child development, was determined
in quantities of 4.48±0.06 mg 100 g–1 in L. esocinus
meat and 0.33±0.01 mg 100 g–1 in the cracker samples. The values of arachidonic acid (20:4n-6)
found in the fish meat are in accordance with those

Panelists evaluated color, flavor, odor, appearance, crispiness, fish odor and general acceptability
of the crackers. Color, flavor, odor, appearance,
crispiness, fish odor and general acceptability were
determined to be 4.83±0.37, 4.33±0.47, 4.50±0.76,
4.83±0.37, 4.66±0.50, 4.16±0.47 and 4.50±0.47
respectively (Figure 1.). According to sensory analysis results, it was determined that panelists liked
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TABLE 1
Fatty acid (mg 100 g–1) composition of fish crackers.
Symbol
Fish
Boiled fish
Lauric Acid
12:0
0.13±0.02a
0.99±0.02b
c
Myristic Acid
14:0
4.52±0.21
3.72±0.07b
Myristoleic Acid
14:1
0.69±0.01c
0.35±0.05a
Palmitic Acid
16:0
14.81±0.26d
13.12±0.03c
d
Palmitoleic Acid
16:1
16.22±0.13
1.78±0.02a
Stearic Acid
18:0
3.89±0.02a
6.45±0.35b
b
Oleic Acid
18:1n9
32.31±0.08
52.24±0.15d
Linoleic Acid
18:2n6
12.62±1.27a
22.08±0.57d
Linolenic Acid
18:3n3
7.60±0.26c
3.71±0.59a
Eicosadienoic Acid
20:2
5.58±0.05c
6.39±0.04d
Eicosatrienoic Acid
20:3n6
2.53±0.03a
2.61±0.01b
a
Arachidonic Acid
20:4n6
4.48±0.06
0.17±0.06b
Eicosapentanoic asit
20:5n3
5.57±0.13a
4.39±0.06b
Behenic Acid
22:0
1.71±0.08c
0.09±0.01a
Docosadienoic Acid
22:2
2.18±0.05c
3.17±0.06d
Erusic Acid
22:1n9
0.08±0.01a
0.53±0.45ab
c
Lignoseric Acid
24:0
2.88±0.10
0.74±0.04a
Nervonic Acid
24:1
0.41±0.01b
0.50±0.06c
a
Docosahexanoic Acid
22:6n3
7.21±0.19
7.01±0.00b
n6/n3
1.03±0.02a
1.72±0.09b
PUFA/SFA
1.24±0.06a
1.45±0.04b
a
DHA/EPA
1.29±0.06
1.59±0.02b
*Different letters in the same line show significant differences among values (P<0.05).

the fish crackers produced with L. esocinus. Cıvdır
[27] obtained samples from with different proportions of O. mykiss. The researcher reported that
stated that panelists have been more liked by fish
crackers produced with a ratio of 1:1 (minced fish:
wheat starch). Wang et al. [28] founded that added
banana flour produced a decrease in the texture,
crispiness and color of fish crackers in a study related to C. idealla. İzci and Bilgin [18] produced
crackers from C. gibelio. The researcher reported
that crispiness, odor, flavor, color, appearance and
general acceptability were 8.18 ± 0.30, 7.82 ± 0.23,
8.18 ± 0.26, 7.64 ± 0.20, 7.64 ± 0.24 and 8.09 ±
0.25 respectively. This finding also conforms to our
results.

Dough
0.13±0.02a
3.04±0.04a
0.53±0.04b
7.32±0.29a
14.41±0.32c
4.14±0.07a
33.96±0.74c
17.59±0.39b
5.72±0.33b
3.34±0.01a
2.68±0.01c
0.50±0.04c
3.27±0.06c
1.64±0.13c
1.28±0.06a
1.59±0.40c
2.86±0.12c
0.38±0.04b
5.19±0.09c
1.48±0.03c
1.56±0.03c
1.58±0.01b

Cracker
0.10±0.01a
3.87±0.11b
0.38±0.06a
10.05±0.94b
10.60±0.60b
3.86±0.13a
31.13±0.89a
19.75±0.11c
6.07±0.05b
4.44±0.01b
2.32±0.02d
0.33±0.01d
3.99±0.01d
1.02±0.01b
1.86±0.03b
0.99±0.01b
2.12±0.12b
0.30±0.01a
6.94±0.04b
1.36±0.04c
1.58±0.05c
1.73±0.01c
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DETERMINATION OF TOTAL PHENOLIC CONTENT OF
VARIOUS TEAS AND EFFECT OF HONEY AND LEMON ON
TOTAL PHENOLIC CONTENT
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ABSTRACT

the antioxidant properties of rosehip tea [7]. Serpen
et al. studied seven grades of black tea for their
proximate composition, dietary fiber, minerals, and
water-soluble vitamins as well as total phenolic
content, various antioxidant assays, phenolics,
chlorophylls, and carotenoids [8]. Fakheri et al.
showed that green tea and white tea extracts had the
highest total phenolic content and antioxidant
scavenging activity [9].
In this study, the total phenolic content of
black, green, sage, linden and rosehip teas and the
effects of honey and lemon added to the teas on the
total phenolic content were determined.

In this study, the effect of extraction
temperature and extraction time on the total
phenolic content of black, green, sage, linden and
rosehip bag teas prepared for cups/mugs were
determined. The steeping of teas was prepared by
the procedure that we prepared in our daily life. In
addition, the effects of honey and lemon added to
these teas on the total phenolic content were
determined.

KEYWORDS:
Black, green, sage, linden, rosehip, honey, lemon, total
phenolic content, extraction temperature, extraction time

MATERIALS AND METHOD
Material. Black, green, sage, lime and rosehip
tea bags prepared for cups/mugs were used in the
study.

INTRODUCTION
Phenolic compounds are now considered nonessential and non-nutritional compounds. However,
it is known that it has effects on human health [1,
2]. It was reported that the total phenolic content of
the phenolic substances in health is important [1, 3].
Recent studies suggest that some teas promote
weight loss and low cholesterol, help prevent some
types of cancer, diseases such as heart and diabetes,
and improve mental alertness [4].
For thousands of years, the Eastern world has
accepted happiness, health and wisdom as a very
important part of its culture. West, on the other
hand, started to discover the benefits of the tea
began to explore more in pursuit of consuming
more [4]. Tea is the second most consumed drink in
the world after water. There are many types of tea
depending on the oxidation levels: green, yellow,
oolong and black. In Turkey in 2016, per capita tea
consumption is about 6.96 pounds per year and
Turkey is the world's largest tea consuming country
with this amount [5].
Although there are many studies on the
phenolic structure of various teas, there is no study
of bag teas prepared for cups/mugs. In study by
Moraes-de-Souza et al., phenolic compounds and
antioxidant activities of teas such as mate,
chamomile, mint, lemon grass, green, black, anise
were evaluated [6]. İlyasoğlu and Arpa investigated

Preparation of tea bags for analysis. Each of
tea bags was extracted with 200 ml of distilled
water in a magnetic stirrer, while the extract was
filtered from Whatman No.1 filter. Extract was
ready for total phenolic content determination. In
the experiments of black tea and green tea,
extraction temperature (70, 85, 100°C) and
extraction time (2, 5, 10, 15, 20, 30, 40, 50 and
60min) were taken as variable. Experiments of
herbal teas (sage, linden, rosehip) were performed
at extraction temperature of 100°C for extraction
time of 2, 5, 10, 15, 20, 30, 40, 50 and 60min. In
addition, the effect of honey (1 g) and of lemon (20
drops) on the total phenolic amount was
investigated.
Determination of total phenolic content. The
total phenolic content of the extract was determined
by Folin–Ciocalteu method [10]. The absorbance
values of the extracts were measured at 760nm
using the PG Instruments T80 + Uv-Vis
spectrometer. Experiments were repeated three
times to ensure reproducibility. The total phenolic
content of the extracts was determined by using the
calibration curve of gallic acid and expressed as mg
gallic acid per gr of tea.
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RESULTS AND DISCUSSION

temperature increases and the extraction time
increases, the total phenolic content of green tea
increases.
Figure 3 shows the effect of extraction time on
total phenolic contents of herbal teas. Increasing the
time for all herbal teas shows an increase in total
phenolic content. The order of total phenol content
from the highest to the lowest value is sage>
linden> rosehip. The highest total phenol content is
53.13mg/g and belongs to the sage obtained in
extraction time of 60min. The lowest total phenolic
content was 13.39mg/g with rosehip, extraction
time of 2min.

The total phenolic contents of the extracts
obtained by extraction of black tea at various
extraction temperatures and extraction times are
given in Figure 1. The total phenolic contents of the
black tea ranged from 23,17 to 58,13mg/g for the
extraction temperature of 70°C. For 85 and 100°C,
respectively, 33,41-71,42 and 35,12-90,12mg/g.
The lowest total phenol content (23.17mg/g) was
obtained with black tea extracted at 70°C in 2min.
The highest total phenol content (90,12 mg/g) was
obtained by extraction at 100°C for 60min. As the
extraction temperature and extraction time for black
tea is increased, the total phenolic content increases.

FIGURE 3
Effect of extraction time on total phenolic
contents of herbal teas.

FIGURE 1
Effect of extraction temperature and extraction
time on total phenolic content of black tea

A comparison of the total phenolic contents of
all teas at extraction temperature of 100ºC is shown
in Figure 4. In the study, the highest total phenol in
all extraction times belongs to green tea. The total
order of total phenol contents from the highest to
the lowest is changed as green> black> sage>
linden> rosehip.

FIGURE 2
Effect of extraction temperature and extracton
time on total phenolic content of green tea
Effects of extraction temperatures and
extraction times on the total phenolic contents of
the green tea extracts are shown in Figure 2. The
total phenolic contents of green tea extracted at
70°C varies between 49.15 and 78.17mg/g. When
the temperature is brought to 85°C, the total
phenolic contents in the same times are between
65.44 and 126.19mg/g. The total phenolic contents
of the filtrates obtained at extraction temperature of
100°C and nine different extraction temperatures
were 88,25-177,75 mg/g. The highest and lowest
total phenol contents were 49,15 and 177.75mg/g in
the green tea obtained at 70 and 100°C for 2 and
60min, respectively. As both the extraction

FIGURE 4
Comparison of total phenol contents of all teas
Figure 5 shows the effect of honey on the total
phenolic content of black tea. With the increasing in
extraction temperature and extraction time, honey
has been shown to increase the total phenolic
content. For black tea, total phenolic content
increase rate is 22.05, 25.18, 22.15% for 70°C,
respectively, at extraction times of 2, 5 and 10min.
The change of these rates is 28.02, 30.88 and
31.00% for 85°C, whereas for 100°C it is 35.14,
38.00 and 39.47%.
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content was calculated as 21.01, 24.94,
10.50% at extraction times of 2, 5, 10min. For
linden, at the same times, increased by 22.20, 15.98,
5.55%, and for rosehip was 12.85, 9.84, 2.36%,
respectively. The effect of honey on total phenolic
content of sage was higher those that of linden and
rosehip.
Figure 8 shows the effect of lemon on the total
phenolic content of black tea at three different
extraction temperatures and extraction times.
Lemon also shows the effect of increasing the total
phenolic content. The rate of increasing the lemon
is 2.98, 2.50 and 0.13% at the extraction
temperature of 70°C, the extraction times of 2, 5
and 10min, respectively. When the extraction
temperature was 85°C, these rates were 4.49, 2.48
and 0.49%. When it is 100°C, it is 7.49, 5.67 and
2.18%. Lemon showed the highest effect in black
tea at 100°C of extraction temperature and 2min of
extraction time and increased the total phenolic
content of 7.49%.

FIGURE 5
The effect of honey on total phenolic content of
black tea
Figure 6 shows the effect of honey on the total
phenolic content of green tea. When honey is added
to green tea, the total phenolic content increases
with both the extraction temperature and the
extraction time. The increase rates were 12.82,
18.00, 16.41% for 70°C, and 21.00, 20.69, 16.61%
for 85°C and 27.65, 26.60, 26.65% for 100°C for
extraction times of 2, 5 and 10min, respectively.

FIGURE 8
The effect of lemon on total phenolic content of
black tea

FIGURE 6
The effect of honey on total phenolic content of
green tea

FIGURE 9
The effect of lemon on total phenolic content of
green tea

FIGURE 7
The effect of honey on the total phenolic contents
of sage, linden and rosehip teas

The effect of lemon on the total phenolic
content of green tea is shown in Figure 8. Lemon
has also increased the total phenolic content of
green tea. Total phenolic content increases with
extraction temperature, while it is lower with
extraction time. For 70°C, these rates are irregular.
At extraction times of 70°C, at extraction times of
2, 5 and 10min, these rates were 3.31, 1.01 and

In Figure7, the graphs showing the effect of
honey on the total phenolic content of sage, linden,
rosehip teas are given. Honey has an effect on the
increase of the total phenolic contents of herbal
teas. For sage, increase in rate of total phenolic
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FIGURE 10
The effect of lemon on the total phenolic
contents of sage, linden and rosehip teas

CONCLUSIONS
The ranking of total phenol contents from
highest to lowest is green> black> sage> linden>
rosehip. While honey has an effect of increasing the
total phenolic contents of all teas, the effect of
increasing rate the total phenolic content of black
tea is higher than those of other teas. The effect of
lemon on the total phenolic contents of all teas was
lower than honey. Lemon was more effective for
shorter extraction times for all teas.
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