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Abstract In this study, effect of chitosan films combinedwith
orange (Citrus sinensis (L.) Osbeck) peel essential oil on the
shelf life of deepwater pink shrimp (Parapenaeus longirostris
Lucas 1846) was aimed. Chitosan (CH) and 2% orange peel
essential oil (OPEO) combinated chitosan (CH+OPEO) were
used for preparing film forming solution. Thickness and mi-
crostructure of the films, nutritional composition, sensory and
melanosis evaluation, chemical, physical, and microbiological
analyses were performed periodically and shelf-life was per-
formed during the storage period of 15 days. The combination
of chitosan film with OPEO was effective in prolonging the
shelf life of fresh shrimps to 15 days (CH+OPEO), whereas
the only chitosan-coated group had a shelf life of 10 days
(CH) and the samples packaged without chitosan film had a
shelf life of 7 days (control). The results of the study suggested
that edible chitosan coatings together with OPEO preserved
the shrimps and maintained the shelf life throughout the re-
frigerated storage period.

Keywords Chitosan . Film coating . Orange peel . Essential
oil . Deepwater pink shrimp . Shelf life

Introduction

Shrimp is one of the most important seafood products world-
wide (Oosterveer 2006). However, shrimp is highly perishable
seafood (Alparslan et al. 2016) and their deterioration is

mainly from biological reactions such as oxidation of lipids,
protein degradation, or decomposition mediated by endoge-
nous or microbial enzymes. These activities lead to a short
shelf life of seafood products (Hosseini et al. 2015). The most
important causes of shrimp spoilage are accumulation of un-
desirable compounds as a result of microbiological growth
and biochemical reactions, and melanosis (discoloration) orig-
inated by the polymerization of phenols into insoluble black
pigments, i.e., melanins (Nirmal and Benjakul 2011). Black
spots (melanosis) form on prawns and other shellfish within a
few hours after harvest, without refrigeration (Diouf et al.
2016). Generally, shrimps are processed with polyphenol ox-
idase (PPO) inhibitors such as metabisulfite and 4-hexylresor-
cinol, drained and then packed with ice in order to maintain
the quality (Mendes 2006). Nevertheless, the use of sulfiting
agents in fishery products are forbidden by regulations.
Therefore, studies on alternative methods to prolong the shelf
life are gaining importance.

For the past decades, research on edible films or coatings in
foods is driven by food engineers due to the high demand of
consumers for longer shelf life and better quality of fresh
foods as well as of environmentally friendly packaging
(Siracusa et al. 2008). Chitosan, the deacetylated derivative
of chitin, is a natural biopolymer similar to cellulose that can
be extracted from the shells of seafood (Rinaudo 2006, Koç
and Özkan 2011).

In order to increase the efficiency of application of edible
films on foods, natural plant extracts, especially essential oils
(EOs) possessing antimicrobial and antioxidant activities, are
recommended (Pranoto et al. 2005). To enhance the functional
properties of edible films, EO addition is extensively pre-
ferred. Essential oils can be applied to the formulation of ed-
ible films to extend shelf life and reduce or inhibit food borne
pathogens (Zivanovic et al. 2005). Essential oils (also called
volatile or ethereal oils) are aromatic oily liquids characterized
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by a strong odor and produced by different plant materials
(flowers, buds, seeds, leaves, twigs, bark, herbs, wood, fruits,
and roots) as secondary metabolites (Palazzolo et al. 2013).
Citrus oil is an essential oil obtained from citrus fruit. It is
extracted as a byproduct of juice extraction by centrifugation,
producing cold pressed oil and it is found in all citrus fruits
like lemon, orange, sweat lime, and so on (Sikdar et al. 2016).

The objective of this study was to indicate the potential of
chitosan and chitosan incorporated with orange peel essential
oil (OPEO) as an antioxidant and antimicrobial coating in
preservation of deepwater pink shrimps, besides determining
the effects of melanosis inhibition.

Material and Methods

Sampling

Deepwater pink shrimps (Parapenaeus longirostris L. 1846;
mean length 11.04 ± 0.78 cm and mean weight 9.03 ± 1.34 g)
caught around Sığacık Gulf of Aegean Sea (Izmir) of Turkey
were used as raw material. Thirty-kilogram shrimps were ob-
tained from a vessel harvesting shrimps by trawl and were
packed into an insulated polystyrene box with ice and imme-
diately transported to the Seafood Processing Laboratory in
the Fisheries Faculty at Muğla SıtkıKoçman University, with-
in 2 h of harvesting.

Extraction and Analysis of Essential Oil

Orange peels were obtained from a fruit juice company in
Köyceğiz, Mugla. About 50 kg of orange peel were used in
this study to obtain the required amount of essential oil. The
essential oil was obtained by hydro distillation, using a
Clevenger apparatus (Edutek Instrumentation, Haryana,
India) with 150 g of dry orange peel and 1500 mL of water.
The oil was obtained after 3 h of distillation at boiling temper-
ature (100 °C) in water and stored at (4 ± 1) °C in airtight glass
vials covered with aluminum foil. The gas chromatography-
mass spectrophotometer (GC-MS) analysis of the obtained
essential oil was conducted at the ARGEFAR-ÇEG
Laboratory of Aegean University (İzmir, Turkey), using an
Agilent gas chromatograph model 6890 equipped with an
Agilent mass selective detector (MSD) model 5973 (Agilent
Technologies, Santa Clara, CA, USA). Identification of com-
ponents present in the essential oil was carried out with the
Wiley 275 mass spectral library (NIST,Wiley, NewYork, NY,
USA).

Preparation of Film Forming Solution

Preparation of edible film coatings was slightly modified from
Garcia et al. (1998). Chitosan-based film coatings were

prepared by dissolving 1.5% w/v chitosan (Sigma Chemical
Co., St. Louis, MO., USA; 450 kDa, 75–85% deacetylated) in
1.5% v/v acetic acid (Merck, Germany) while stirring on a
magnetic stirrer/hot plate at 45 °C. 1.5 mL glycerol (Sigma
Chemical Co., St. Louis, MO., USA) was added per gram of
chitosan as a plasticizer. 0.2 mLTween 20 (Merck, Germany)
per 100-mL essential oil was added to film forming solutions
(FFS) as an emulsifier. After 1 h of stirring, OPEO concentra-
tion was added to chitosan solution to reach a final concentra-
tion of 2% (v/v). According to the preliminary analysis, it was
observed that the higher amounts of orange peel essential oil
repressed the specific odor and color of the shrimp which
directly affected the sensorial characteristics. Thus, antimicro-
bial and antioxidant analysis revealed that 2% OPEO concen-
tration was the most effective that did not alter the analysis
conditions. Film forming solutions were homogenized by
emulsifying equipment (IKA T18-Digital Ultra Turrax,
Germany) at 21000 rpm for 1 min. After cooling to room
temperature, the film forming solutions (200 mL) were casted
on 10 × 15-cm glass plates, and then dried for 3 days at am-
bient conditions (24 ± 1 °C). CH group was prepared in the
same without adding OPEO. Each plate represented one piece
of film.

Antimicrobial Activity of Chitosan Film Forming
Solutions Combined with OPEO

For determining the optimum OPEO concentration, the anti-
microbial activity of chitosan FFS combined with OPEO was
tested following a well diffusion assay over five food patho-
gen microorganisms. These are standard reference strains that
are routinely used for the evaluation of antimicrobial com-
pounds: Bacillus subtilis ATCC 25922, Stapylococcus aureus
ATCC 43300, Escherichia coli ATCC 35218, Pseodomonas
aeruginosa ATCC 15442, and Candida albicans ATCC
10231 obtained from Ankara Refik Saydam Hıfzısıhha
Institutes Culture Collection. Microorganisms were cultured
in Nutrient Broth (NB) at appropriate temperatures.
Inoculums were prepared by adjusting the turbidity of the
medium to match the 0.5 McFarland Standard Dilutions.
Twenty milliliters of Mueller Hinton Agar (MHA) is sterilized
in separated flasks and cooled to 45–50 °C. After injecting the
microorganism cultures to sterile plates (1000 μL), media was
distributed and mixed homogenously. Of the solutions, 20 μL
were injected to the wells of 6 mm in diameter (NCCLS
1993). Three different concentrations of chitosan + orange
peel essential oil combination were evaluated for antimicrobi-
al activity: 0.5, 1, and 2%. After the proper incubation period
for each microorganism, antimicrobial activity was evaluated
by measuring the zone of inhibition against the tested micro-
organisms. Measurements were performed in triplicate. The
most effective OPEO concentration on the microbial inhibi-
tion was used to prepare the FFS for coating shrimps.
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Radical Scavenging Activity of Chitosan Film Forming
Solutions Combined with OPEO

Antioxidative effects of the prepared concentrations of chito-
san films combined with OPEO were also determined by 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activi-
ty. Chitosan films containing 0.5, 1, and 2.0% (v/v) OPEO
were prepared on foam plates. After drying, 0.1 g of film of
each concentration was dissolved in distilled water
(2 mL) at 45 °C and after the addition of ethanol
(4 mL), were centrifuged (NUVE, NF 400R, Turkey)
at 4000×g for 10 min at 20 °C (Bao et al. 2009).
Pellets were discharged and the filtrate was analyzed
for DPPH scavenging activity. Chitosan film without
OPEO was also analyzed.

DPPH radical scavenging activity was determined accord-
ing to the method of Yen and Hsieh (1995) with minor mod-
ifications. A 500-μL aliquot of ethanol extract was mixed
vigorously with 5.5 mL of 0.036 mmol L−1 DPPH in ethanol
and allowed to stand at room temperature in the dark for
30 min. The absorbance of the mixture at 517 nm was mea-
sured using a spectrophotometer. The control was measured in
the same manner, except that ethanol was used instead of
sample. DPPH radical scavenging activity was calculated ac-
cording to the following equation:

Radical−scavenging activity %ð Þ ¼ 1− As−A0ð Þ=Ac½ � � 100 ð1Þ
where As is the absorbance of the sample, Ac is the absorbance
of the control and A0 is the absorbance of the mixture of
5.5 mL of ethanol and 500 μL of sample.

Film Thickness and Microstructure of Chitosan-OPEO
Films

Film thickness of CH and CH+OPEO was measured using a
digital micrometer screw gauge (model MDC-25M,
Mitutoyo, Kanagawa, Japan), averaging ten different loca-
tions.Microstructure analysis of the chitosan films was carried
out by using scanning electron microscopy (SEM) technique
in a JSM-7600F (Jeol, Japan) field emission scanning electron
microscope (FESEM). Pieces were cut from the prepared
films and mounted on copper stubs using double-side adhe-
sive tape, sputter coated with gold and observed at an accel-
erating voltage of 15 kV.

Application of Film Coatings and Storage

Three different groups were created for analysis: non-coated
control group (C), chitosan film coating without essential oil
(CH), and chitosan coating with 2% orange peel essential oil
(CH+OPEO). For non-coated control group, ten shrimps were
put onto sterile foam dishes and vacuum packaged (Culinary,

ATM Machinery 7483 BV, Haaksbergen, The Netherlands).
For CH and CH+OPEO, one film was placed on foam plates
and after ten shrimps were disposed, it was closed with the
second film. Then, shrimps coated with film by both sides,
were put into separate vacuum packages (Polyamide,
>160 cm3/m2/day O2 and >8.5 g/m2/day moisture permeabil-
ity, Polinas, Turkey) and vacuum packaged. Forty packages
were prepared for each group and stored at (4 ± 1) °C.

Nutritional Composition Analysis

The shrimp samples were analyzed in triplicate for nutritional
composition: lipid content of shrimp by the Bligh and Dyer
method (Bligh and Dyer 1959), ash content by AOAC (1990,
950.46) method, moisture content by AOAC ( 2006a, 934.01)
method, and total crude protein analysis by AOAC (2006b,
984.13) kjeldahl method. In the beginning and at the end of
storage period, total free amino acid analysis for shrimp was
determined according to in house method (Kazlıçeşme Ar-Ge
Test laboratuary, İstanbul) using modified Agilent Eclipse
AAA method by HPLC system (Agilent 1260 Infinity,
high-performance liquid chromatography) after pre-column
derivatization with OPA and FMOC.

Sensory Analysis and Melanosis Evaluation

Sensory evaluation of the samples was conducted by six
trained persons (24–36 years old) throughout the storage pe-
riod. Panelists gave scores for sensory characteristics, such as
appearance, color, odor, texture, and general acceptability
using a 5-point descriptive scale (5 = excellent, 4 = good,
3 = moderate, 2 = borderline-clearly not fresh, 1 = unfit
spoiled) (Zeng et al. 2005). One package of test group (includ-
ing ten shrimps) was presented to each panelist. Melanosis
was evaluated according to melanosis scale published by
Otwell and Marshall (1986). Shrimps from each treatment
were evaluated for degree of melanosis by an experienced
seven-member panel.

Color Measurement

The color of shrimp samples was measured by a lab color
meter (Pen Color Art 1L model, Artoksi MSM, Istanbul,
Turkey) in accordance with the recommendations of the
International Commission on Illumination (CIE 1976). The
measured L*, a*, and b* color parameters indicated light-
ness/brightness, redness/greenness, and yellowness/blueness,
respectively. The color meter was calibrated with a white
standard and the color measurement was repeated three times
on different parts of the surface.
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Chemical Analysis of Shrimp Samples

A residual amount of SO2 in fresh shrimp meat was determined
according to AOAC (2000) method. The pH values were record-
ed by a digital pH meter (InoLab, WTW, Weilheim, Germany)
after homogenization of each 10 g of sample in 100 mL of
distilled water (Manthey et al. 1988). Determination of total vol-
atile base nitrogen (TVB-N) was carried out as described by
Antonacopoulos (1973). Homogenized shrimp samples were
steam-distilled and the TVB-N value (in mg of nitrogen per
100 g of meat) was determined according to the consumption
of 0.1 M HCl. TMA-N value within homogenized shrimp meat
was determined according to Schormüller (1968) and the results
were expressed as TMA-N value in mg of per 100 g of shrimp
meat. Thiobarbituric acid (TBA) reactive substances were deter-
mined according to Tarladgis et al. (1960) to evaluate the oxida-
tion stability during chilled storage and the results were expressed
as TBA value in milligram of malonaldehyde per kilogram of
shrimp meat. Peroxide value (PV), expressed in meq active
oxygen/kilogram lipids, was determined according to AOCS
(1994).

Microbiological Analysis of Shrimp Samples

The following groups of microflora were monitored: total viable
count (TVC), psychotropic bacteria count (PBC), and total coli-
form bacteria (TCB). A sample of 10 g was removed aseptically
from the filet using a scalpel and forceps, transferred to a stom-
acher bag containing 90 mL of sterile peptone water (PW) solu-
tion (0.1%), and homogenized at room temperature. For each
sample, further serial decimal dilutions were prepared in PW
solution (0.1%). The appropriate dilutions were subsequently
used for enumeration and differentiation of microorganisms.
Total viable counts were determined using plate count agar
(PCA, Code: 1.05463, Merck, Darmstadt, Germany) after incu-
bation for 2 days at 37 °C, and psychotropic bacteria counts were
determined after incubation at 7 °C for 10 days with the same
medium (FDA/BAM2009). The sample was diluted in serial 10-
fold steps used as inoculum for the three-tube MPN procedure
for total coliforms as specified in FDA/BAM (2002).
Suspension, 1 mL from each diluted tube, was transferred into
lauryl sulfate tryptose (LST) broth and incubated at 35 °C for 24–
48 h. Inoculum, one loopful from tubes with gas formation with-
in 48 h at 35 °C, was transferred to brilliant green lactose (BGL)
broth in the Durham tube, incubated at 35 °C for 24–48 h. The
tubes with turbidity and gas formation indicated the presence of
coliforms. Their numbers per 1 g of sample were calculated from
the MPN table.

Statistical Analysis

Experiments were performed in triplicate (n = 3) for three
independent samples and a completely randomized design

(CRD) was used. Data were presented as mean
values ± standard deviations and a probability value of
P < 0.05 was considered significant. Analysis of variance
(ANOVA) was performed and the mean comparisons were
done by Duncan’s multiple range tests. Statistical analysis
was performed using the Statistical Package for Social
Sciences v.21 Software Package (SPSS for Windows, SPSS
Inc., Chicago, IL, USA).

Results and Discussion

Active Ingredients of Orange Peel Essential Oil

Active ingredient content of OPEO was identifed by GC-MS
and totally 16 components were detected (Table 1) and the
major component was found to be D-limonene with 82.24%.
The citrus essential oils are mixture of volatile compounds and
mainly consisted of monoterpene hydrocarbon. The volatile
components of citrus oil were mainly composed of limonene,
the most abundant compound in citrus oil (Sawamura 2011).
Djenane (2015) reported that the studied oils are made up
mainly of limonene (77.37%) for orange essential oil (EO).
In another report, a total of 18–22 compounds were identified
in theC. sinensis peel essential oils and limonene (80.9%) was
the main constituent in the oils from fresh (Kamal et al. 2011).
The findings of our study are similar to other studies
(Sawamura 2011; Kamal et al. 2011; Djenane 2015) despite
minor differences. Climate, geographic conditions, variety of
the plant, the drying period, the extraction method used, and

Table 1 Active ingredient content of orange peel essential (volatile) oil

Active ingredient component Percent RTa (min)

1 α-Pinene 0.64 5.705

2 Sabinen 0.70 6.751

3 β-Pinene 0.05 6.839

4 Octanol 0.97 7.298

5 β-Myrcene 1.79 7.398

6 α-Phellandiene 0.09 7.748

7 3-Carene 0.50 8.018

8 4-Carene 0.07 8.189

9 D-Limonene 82.24 8.76

10 1,3,6-Octatriene,3,7-Dimethyl(Z) 0.08 9.378

11 1-Octanol 0.15 10.055

12 1,6-Octadien-3-ol 3,7-Dimethyl 2.06 11.157

13 6-Octenal, 3,7-Dimethyl (-R) 0.15 13.042

14 Decanal 0.27 15.328

15 2,6-Octadienal, 3,7-Dimethyl 0.81 17.708

16 Caryophyllene 0.21 24.089

a Retention time
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so on should be considered among these differences that may
have a direct impact on the content of essential oils.

Antimicrobial Activity of Chitosan Film Forming
Solutions Containing OPEO

Antimicrobial activity of chitosan FFSs containing different
concentrations (0.5, 1, and 2%) of OPEO or not containing
OPEOwere studied on the five microorganisms (Table 2). CH
and CH + 0.5%OPEO found to have no antimicrobial activity
on B. subtilis. CH + 1% OPEO inhibited C. albicans growth
(P < 0.05) and the antimicrobial effect did not change depend-
ing on the concentration increase. Chitosan FFS containing
2% OPEO concentration presented the highest inhibitory ac-
tivity on selected microorganisms (P < 0.05). Hammer et al.
(1999) reported that orange essential oil inhibited C. albicans
at 1.0% (v/v), S. aureus at 2.0% (v/v), and E.coli and
P. aeruginosa at >2.0%. Djenane (2015) measured the inhibi-
tion zone of orange (Citrus sinensis L.) peel essential oil
against S. aureus CECT 4459 as 11.66 ± 1.50 mm. As a result
of antimicrobial analysis combined simultaneously with anti-
oxidant activity, 2% OPEO concentration was evaluated to be
the effective concentration for chitosan film coating of the
shrimps.

Radical Scavenging Activity of Chitosan Film Forming
Solutions Combined with OPEO

Antioxidant activity of chitosan films containing different
concentrations (0.5, 1, and 2%) of OPEO or not containing
OPEO was performed (Fig. 1). According to the free radical
scavenging activity, the results of our study showed that chi-
tosan film with 2% OPEO was determined to have higher
antioxidant activity than other concentration and statistically
was found to be significant (P < 0.05). Choi et al. (2000)
found that the radical scavenging activity of 34 kinds of citrus
essential oils on DPPH ranged from 17.7 to 64%.
Tongnuanchan et al. (2012) studied the antioxidant activities
of films from fish skin gelatin incorporated with bergamot,

kaffir lime, lemon, and lime essential oil and figured out that
film incorporated with bergamot essential oil showed the
highest free radical scavenging activity (P < 0.05), followed
by the film added with lemon essential oil.

Microstructure of Chitosan-OPEO Films

Thickness of the films was measured as 16.5 ± 1.41 and
17.25 ± 2.04 μm for CH and CH + 2% OPEO, respectively.
Similarly, Altiok et al. (2010) also concluded that essential oil
addition did not affect the film thickness. SEM images of the
surface and sectional profile of chitosan films with and with-
out OPEO provided remarkable data about the morphology
(Fig.2a, b). The surface of the chitosan film not containing
OPEO (control) was found to be compact but have aggregates
on it. López-Mata et al. (2013) also underlined the nonporous
surface and irregular shaped folds of chitosan films viewed by
SEM. There were not much grains and porous formations.
Chitosan film with 2% OPEO was flat, homogeneous with
uniformly distributed holes and porous morphology. When
compared with the chitosan film, OPEO combination
resulted in visible oil droplet formations. Similarly, Sugumar
et al. (2015) and Hafsa et al. (2016) also reported that essential
oil addition caused a heterogeneous structure in which oil
droplets were entrapped in the continuous polysaccharide net-
work. They emphasized that the size of the oil droplets in the

Table 2 Antimicrobial activity of
chitosan film forming solutions
containing OPEO (inhibition
zone: mm)

Microorganisms CH CH + 0.5% OPEO CH + 1% OPEO CH + 2% OPEO

C. albicans 9.5 ± 0.7b 10.0 ± 1.4b 12.0 ± 1.4a 11.5 ± 1.4a

B. subtilis ND ND 7.0 ± 0.7b 7.5 ± 0.7a

E. coli 9.5 ± 0.7d 10.5 ± 0.7c 11.0 ± 1.4bc 12.0 ± 1.4a

P. aeruginosa 10.5 ± 2.1b 10.0 ± 0.0d 10.5 ± 0.7cd 13.0 ± 1.4a

S. aureus 9.0 ± 0.0cd 8.5 ± 0.7d 11.5 ± 0.7bc 12.5 ± 0.7a

Data were presented as mean values ± standard deviations. Different small letters indicate significant difference
among means in the same line (P < 0.05)

ND not detected, CH chitosan, OPEO orange peel essential oil

CH

cd

H CH ++ 0.5 % OPEO

c

CH + 1 % OP

b

PEO CH + 2 

a

% OPEO
42
44
46
48
50
52
54
56
58
60

DP
PH

 S
ca

ve
ng

in
g 

Ac
�v

ity
 %

2
4
6
8
0
2
4
6
8
0

Fig. 1 DPPH free radical scavenging activity of films. Letters show
significant differences among the groups at P < 0.05. Vertical bars
represent means (n = 3) ± SE. CH chitosan, OPEO orange peel
essential oil)

846 Food Bioprocess Technol (2017) 10:842–853



polymer matrix were larger as the essential oil concentration
increased.

Nutritional Composition of Shrimp

Initial nutritional composition of the shrimps was found to be
18.51% protein, 2.15% lipid, 74.22% moisture, and 2.45%
ash. According to Rosa and Nunes (2004), similar results were
obtained for initial moisture, protein, lipid, and ash content of
Parapenaeus longirostris as 74.6, 20.8, 0.2, and 1.9,
respectively. Similarly, Dayal et al. (2013) reported that the
average protein, lipid, and moisture content of fresh shrimp
was 19.4, 1.15, and 76.3/100 g, respectively.

The amino acid content of the groups as initial (raw mate-
rial) and at the end of the 15-day storage (C, CH, and CH+
OPEO) are presented in Table 3. Ten essential and ten non-
essential amino acids were detected for all groups. Arginine
(an essential amino acid/EAA) and glutamine, alanine, pro-
line, glutamic acid (non-essential amino acids/NEAA) were
the most abundant amino acids in all groups including the
fresh shrimps (P < 0.05). The ratio of EAA to NEAA was
0.58 for fresh shrimps. At the end of the 15-day storage, this
ratio was found to be 0.52, 0.74, and 0.85 for C, CH, and CH+
OPEO groups, respectively. The ratio of EAA to NEAAwas
higher for the chitosan groups (CH and CH+OPEO) than for
the control group. Total amino acid content of the CH+OPEO
group was higher than the fresh shrimps. Yanar and Celik

(2006) reported the ratio of EAA to NEAA as 0.60 for
Penaeus semisulcatus and 0.59 for Metapenaeus monoceros
while Rosa and Nunes (2004) found this ratio as 0.93 for
P. longirostris.

Sensorial Analysis Results

The initial score of overall evaluation was found to be 4.93
points. On the 10th day of storage, group C was under the
borderline limit of acceptability (1 point) with 0.72 points.
Similarly, group CH was also under the limit with 0.88 points
on the 10th day. Group CH+OPEO did not reach the limit
value throughout the storage period. There were significant
differences between the group C and others (P < 0.05). The
difference between the groups CH and CH+OPEO was not
significant until the 10th day (P > 0.05) while the difference
became significant after 10-day storage (P < 0.05). In a study
ofWang et al. (2007), it was reported that shrimps coated with
chitosan could maintain better sensory characteristics than the
uncoated group and prolonged shelf life 2 or 3 days more.

Melanosis and Color Measurement

Melanosis changes together with the L* values of the shrimps
throughout the storage period are given in Fig. 3. The control
group reached a value of 9.93 on the 12th day of storage,
while CH and CH+OPEO reached the values of 8.30 and

Fig. 2 Scanning electron microscopy micrographs of surfaces of chitosan (×50, ×100, ×500). a Chitosan control film. b Chitosan film +2% orange peel
essential oil
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7.65 at the end of the storage period (15 days), respectively.
There was a significant increase for melanosis in all groups
throughout the storage (P < 0.05). When comparing with the
control group, chitosan coating was found to be effective on
melanosis until the 12th day of the storage. The shrimps got
dark and had highly melanosis. So it was concluded that
chitosan coating without essential oil does not affect the
melanosis formation of shrimps. On the other hand, chitosan
coatings incorporated with OPEO had an observable impact

on the melanosis. There are many studies about preventing the
melanosis of shrimps and it was concluded that natural plant
extracts and coating materials could retard melanosis
(Gokoglu and Yerlikaya 2008; Nirmal and Benjakul 2009;
Huang et al. 2012).

At the beginning of storage, lightness (L*), redness (a*),
and yellowness (b*) values of fresh shrimps were determined
as 53.56, 0.60, and 6.98, respectively. When comparing with
the other groups, the L* value of the control group decreased

Table 3 Total free amino acid
content of the shrimps (g/100 g
muscle tissue)

Total free amino acid (ΣFAA) groups

Raw material C CH CH+OPEO

Histidine 55.05 ± 6.29c 52.50 ± 2.12c 73.00 ± 5.66b 105.50 ± 0.71a

Arginine 775.35 ± 33.87a 103.00 ± 16.97c 440.00 ± 48.08b 453.50 ± 9.19b

Valine 42.95 ± 13.22c 86.00 ± 1.41b 78.00 ± 5.66b 127.50 ± 13.44a

Methionine 35.85 ± 12.52c 70.00 ± 2.83b 64.50 ± 6.36b 131.50 ± 30.41a

Tryptophane 30.05 ± 4.03b 33.00 ± 2.83b 25.00 ± 1.41c 57.50 ± 2.12a

Phenylalanine 17.35 ± 0.49c 58.00 ± 21.21a 43.00 ± 1.41b 54.50 ± 2.12a

Isoleucine 34.10 ± 0.71c 82.50 ± 20.51b 77.00 ± 1.41b 107.50 ± 0.71a

Leucine 59.55 ± 0.35c 151.00 ± 0.00b 141.00 ± 24.04b 257.00 ± 8.49a

Lysine 95.80 ± 0.28d 262.00 ± 0.00c 302.50 ± 9.19b 477.50 ± 16.26a

Thyronine 4.95 ± 1.77d 140.50 ± 6.36a 65.50 ± 0.71c 115.00 ± 1.41b

ΣEAA 1151.0 ± 233.32c 1038.5 ± 66.88d 1309.5 ± 134.07b 1887.0 ± 125.39a

Cystine 1.15 ± 0.07c 4.00 ± 0.00a 3.00 ± 1.41b 3.00 ± 0.00b

Aspartic acid 0.00 ± 0.00d 25.50 ± 0.071c 42.50 ± 2.12b 67.50 ± 0.71a

Glutamic acid 68.20 ± 2.97d 287.50 ± 0.071b 157.50 ± 0.71c 350.0 ± 7.07a

Asparagine 34.75 ± 0.064a 1.00 ± 0.00d 20.00 ± 0.00b 14.50 ± 2.12c

Serine 37.25 ± 1.20a 10.00 ± 0.00c 22.50 ± 7.78b 37.00 ± 2.83a

Glutamin 240.85 ± 29.49a 119.50 ± 3.54d 184.50 ± 2.12b 158.00 ± 1.41c

Glycine 481.55 ± 50.28a 438.50 ± 4.95ab 349.50 ± 0.71c 389.50 ± 10.61bc

Alanine 922.30 ± 19.23b 1015.00 ± 15.56a 852.00 ± 2.83c 1070.00 ± 24.04a

Tyrosine 16.75 ± 13.36c 48.50 ± 4.95b 46.50 ± 3.54b 61.50 ± 9.19a

Proline 188.05 ± 18.03a 49.00 ± 1.41c 87.00 ± 5.66b 58.00 ± 2.83c

ΣNEAA 1990.9 ± 295.73b 1998.5 ± 320.69b 1765.0 ± 259.88c 2209.0 ± 328.91a

EAA/NEAA 0.578 ± 0.08 0.520 ± 0.02 0.742 ± 0.05 0.854 ± 0.04

ΣSAA 3141.9 ± 262.81b 3037.0 ± 230.78c 3074.5 ± 202.61c 4096.0 ± 244.29a

Data were presented as mean values ± standard deviations. Different small letters indicate significant difference
among means in the same line (P < 0.05)

ΣEAA total essential amino acid content,ΣNEAA total non-essential amino acid content, ΣSAA total amino acid
content
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significantly throughout the storage (P < 0.05). It was detected
that chitosan coatings had a positive effect on the color of
shrimps according to control. Bingöl et al. (2015) reported
that lightness (L*) value directly associated with melanosis
decreased continuously on the storage period. The a* value
in the sample-coated chitosan containing essential oil was de-
termined to increase during storage (P < 0.05). The b* value
of the control group was statistically different than in the other
samples (both with and without essential oil coated)
(P < 0.05). Chitosan-coated shrimps were found to be more
red and blue during storage period and redness is good for
consumer acceptability. However, yellowness (b*) value,
which is associated with deterioratio, was increased in relation
to the microbial growth. Gokoglu and Yerlikaya (2008) inves-
tigated the effects of grape seed extracts on inhibition of
melanosis in shrimp and concluded that the results of L* value
were correlated with sensory melanosis scores in all treat-
ments. Sathivel (2005) has reported that chitosan coating have
no impact on L*, a*, and b* values.

Results of Chemical Analysis

Residual sulfur dioxide (SO2) of the fresh shrimps was detect-
ed as 0.25 mg/kg. This amount corresponds to 0.37 mg/kg as
sodium metabisulfite residue. For not cooked crustaceans, these
limits range from 150 to 300 mg kg−1 (Iammarino et al. 2014).
Measured residual SO2 level of our samples may be originated
from the contaminated equipments used during transportation
and they were found to be below the limit values.

The results of pH, TVB-N, and TMA-N measurements of
the C, CH, and CH+OPEO groups are shown in Fig. 4. It was
reported that for shrimp, a pH of 7.7 or less indicates prime
quality, 7.70–7.95 shows poor but acceptable quality, and 7.95

or greater represents unacceptable quality (Çolakoğlu et al.
2006). In this study, the pH value of fresh shrimp was 6.44.
Group C and CH exceeded the acceptable upper limit of 7.95
on days 7 and 12 of the storage, respectively. Group CH+
OPEO remained acceptable throughout the storage period.
The increase pH in the control group was statistically signifi-
cant than in the other coated groups (P < 0.05). In a study of
garlic oil incorporation to chitosan edible coatings, Aşik and
Candoğan (2014) concluded that chitosan edible coating ap-
plication onto the surface of the shrimp meat resulted in the
decrease of pH values of the samples, as compared with the C
group (P < 0.05), likely because of the low pH of the chitosan
coating solution, resulting from acetic acid incorporation into
the formulation.

The upper limit value of 30 mg/100 g TVB-N for spoilage
has been used for marine products (Harpaz et al. 2003). In this
study, the initial value of TVB-N content in fresh shrimps was
17.32 mg/100 g of shrimp. The TVB-N values of the control
and coated samples increased significantly throughout the
storage (P < 0.05). Control (37.73 mg/100 g), CH
(34.49mg/100 g), and CH+OPEO (35.64mg/100 g) exceeded
the acceptable limit value on days 7, 10, and 15 of the storage,
respectively. During the storage period, the total volatile base
content of all groups increased; however, this increase was
slightly moderate in the shrimp treated with OPEO. Aşik
and Candoğan (2014) who measured the initial TVB-N value
(day 0) of shrimp meat as 20.72 mg/100 g reported that chi-
tosan coating application significantly reduced TVB-N value
in shrimps as compared with the control, whereas no notice-
able effect of garlic oil incorporated into chitosan was
observed.

The initial value of TMA-N content in shrimps was
1.15 mg/100 g of meat. Varlik et al. (2000) reported the initial
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TMA-N value for fresh P. longirostris stored at 4 °C as
1.75 mg/100 g of meat. Varlik et al. (1993) reported that the
consumable limit of TMA-N value should remain between 1
and 8 mg/100 g and seafood that contains >8 mg/100 g TMA-
N value should be considered as spoiled. The TMA-N values
of the control and coated samples increased significantly
throughout the storage (P < 0.05). Control, CH, and CH+
OPEO exceeded the acceptable limit value of TMA-N on days
7, 10, and 15 days of the storage, respectively. There were
statistically significant differences between control and the
others groups in terms of TMA-N values (P < 0.05).

Thiobarbituric acid (TBA) and peroxide values (PV) of the
samples during 15-day storage are presented in Fig. 5.
Depending on the storage time, the increase of TBA values
for the control group was found to be statistically significant
different than the other groups (P < 0.05). CH and OPEO on
TBA has been more effective than the control group and TBA
value of this group remained at very low levels (P < 0.05).

A PV scale for freshness has been suggested at 0–2 mmol
of O2/kg for very good, 2–5 for good, 5–8 for acceptable, and
8–10 mmol of O2/kg for spoiled ( Ludorff and Meyer 1973).
Okpala et al. (2014) monitored the quality changes in PV of

Pacific white shrimp during iced storage and reported that the
initial PV value was 1.56 ± 0.27 meq active oxygen/kg lipids.
In this study, the initial PV value of the shrimps was 0.79 meq
active oxygen/kg lipids. The PV values of the control and
coated samples increased significantly (P < 0.05) with storage
time; however, significant differences (P < 0.05) were ob-
served in the PV for the control group. The results of the
present study indicate that orange peel is effective in retarding
the production of PV in shrimp stored by refrigeration
(4 ± 1 °C).

Results of Microbiological Analysis

Microbial flora changes of shrimps after the treatment with
chitosan coating containing OPEO are shown in Fig. 6. For
fresh water and marine species, the microbiological limit
recommended by the ICMSF (1986) for total viable count at
30 °C is 7 log/g or log/cm2. This value is also accepted as limit
for psychrotrophic bacteria count for researchers (Sallam
2007). The initial TVC of the shrimps was 3.7 log CFU/g
(Fig. 6). There was not a significant increase for control group
until 7 days of storage (P > 0.05); however, the upper limit of
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7 log CFU/g was exceeded after 7 days. The increases of TVC
count for CH and CH+OPEO groups were significant until
12 days of storage (P < 0.05). TVC load of the CH group
exceeded the upper limit after 12 days of storage. CH+
OPEO groups remained under the limit TVC count for 15-
day storage so it was concluded that chitosan combined with
OPEO is effective for TVC growth. There are many reports
about the control of microbial growth by chitosan coatings or
films most of which concluded that chitosan films are effec-
tive on TVB count (Fan et al. 2009; Ojagh et al. 2010; Alak
et al. 2010)

Psychrotrophic bacteria (PB) are the major group of micro-
organisms responsible for spoilage of aerobically stored sea-
food at chilled temperatures (Sallam 2007). The initial PB of
the shrimps was 2.5 log CFU/g (Fig. 6). There was a signifi-
cant increase for C, CH, and CH+OPEO groups (P < 0.05).
The upper limit of 7 log CFU/g was exceeded after 10 and
12 days for C and CH groups, respectively. PB value of the
CH+OPEO group remained under the limit, as there was non-
significant increase throughout the storage period (P > 0.05).
It was concluded that the orange peel essential oil combination
inhibited the total PB count when comparing with the non-
coated or only chitosan-coated groups. Huang et al. (2012)
investigated the effects of 1.0 and 1.5% O-carboxymethyl
chitosan (CMC) and 1.0 and 1.5% chitosan (CH) coatings
on the quality changes of whiteleg shrimp (Litopenaeus
vannamei) during refrigerated storage. They concluded that
CMC and CH application retarded the PB growth throughout
the storage period.

The consumable limit value of total coliform bacteria
(TCB) count for seafood is reported as 160–210 MNP/g (Jay
et al. 2005) while ICMSF (1986) and Ababouch et al. (2005)
stated the limit for fresh and frozen fish as <100 MNP/g. The
initial TCB count was detected as 1.5 MNP/g for fresh
shrimp. There was a rapid increase for control group
after 7 days of storage (P < 0.05) and reached
9 MNP/g after 12 days. Small increases were observed for
TCB count of CH group when comparing with the control
group (P < 0.05) while there was a steady increase for the
CH+OPEO group. TCB count of all groups was under the
limit value throughout the storage period. It can be concluded
that OPEO inhibited the TCB growth of shrimps under
refrigerated conditions.

Conclusions

The results of the present study pointed out that the combina-
tion of chitosan coating and orange peel essential oil was
effective in extending the shelf life of fresh shrimps to 15 days.
Chitosan combined with orange peel essential oil had a posi-
tive effect on the sensorial and microbiological parameters of
the shrimps. Microbiological and sensorial analysis revealed

out that control group samples had 7-day shelf life whereas
only chitosan-coated group had a shelf life of 10 days (CH).
Therefore, the addition of orange peel essential oil to chitosan
coating solution inhibited the lipid oxidation and microbial
growth, so extended the shelf-life of shrimps for nearly 8 days
more when compared to the non-coated group. Besides, the
composite chitosan coating was a transparent layer from a
sensorial point of view and prevented black spot development.
This coating could therefore be useful for preserving shrimp
quality during cold storage with a shelf life extension in
shrimps of about 8 days. In conclusion, chitosan film enriched
with orange peel essential oil provides an effective coating
that prolongs the shelf life and maintains the quality attributes
of the shrimps. Moreover, the use of different coating material
combined orange peel essential oils will also contribute on
preventing melanosis and prolonging the shelf life of shrimp.
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