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edible film with clove essential oil
and nisin for improving the quality and shelf life of
pork patties in cold storage

Karthikeyan Venkatachalam and Somwang Lekjing *

This study assessed chitosan (CS)-based edible films with clove essential oil (CO) and nisin (NI) singly or in

combination, for improving quality and shelf life of pork patties stored in cold conditions. The treatments

were control (without chitosan film coating), CS, CS-CO, CS-NI, and CS-CO-NI, and these were tested

for physicochemical, microbiological and sensory qualities for 15 days (3 days per interval) on samples in

cold storage (4 � 2 �C). Overall, the results showed that the lightness (L* value) (53.47 to 67.58),

yellowness (b* value) (1.32 to 2.88), pH (5.31 to 7.98), metmyoglobin (MetMb) content (54.10 to 63.36%),

free fatty acid (FFA) (0.67 to 3.17%), peroxide value (PV) (0.80 to 3.67 milliequivalent/100 g), thiobarbituric

acid reactive substances (TBARS) (0.69 to 3.27 mg MDA per kg), total viable count (TVC) (2.97 to 7.63 log

CFU g�1), psychotrophic bacteria count (psychrotrophs) (2.94 to 6.59 log CFU g�1), Enterobacteriaceae

(2.59 to 6.57 log CFU g�1), lactic acid bacteria (LAB) (2.53 to 6.81 log CFU g�1) and sensory scores (red

non-discolored part (1 to 4.70), discoloration (1 to 4.40) and off-odor (1 to 5.00)) were gradually

increased during storage and whereas redness (a* value) (16.43 to 8.62) and redness index (12.54 to 3.01)

were decreased. However, the quality changes were minimal in the pork patties treated with CS-CO-NI.

Based on sensory and microbiological evaluations, the shelf life of treated pork patties was 6 days for

control, 9 days for CS and CS-NI, and 12 days for CS-CO and CS-CO-NI.
Introduction

Fresh pork meat is a perishable food raw material high in
nutrients and moisture, and in lipid and protein. It has a short
shelf life of a few days in the refrigerator, mainly limited by
microorganism growth and lipid oxidation.1–3 The growth of
microorganisms can lead to off avors, off odors and slime
production.4 On the other hand, color, odor and avor changes
from lipid oxidation can limit the shelf life of a food product.5

Biodegradable and/or edible lms and coatings are receiving
increased attention because of environmental concerns, espe-
cially the need to reduce the amount of disposable packaging.
There is also potential for reducing food spoilage and lipid
oxidation, and to prolong the shelf lives of meat and meat
products.6 The bio-based edible lms and coatings are based on
various materials, including proteins, polysaccharides and
lipids. Among these, CS-based lms or coatings are well-known
and widely applied in meat and meat products, due to high
antioxidant activity, antimicrobial activity, and barrier proper-
ties.7–9 CS is a cationic polymer and derived from the deacety-
lation process of chitin. It is comprised of copolymers of
glucosamine and N-actyl-glucosamine. CS is biodegradable, low
Science and Industrial Technology, Prince
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toxic, and ability to biocompatible with variety of substances. CS
posses excellent water permeability and lm forming ability.
Due to its abundant oxygen functional groups, it tightly bonds
with the substances and avoid relative displacements and
deformations and consequently, provide a strong lm.10 Several
studies have reported that the CS incorporated with some
bioactive compounds, such as thyme oil,11,12 cinnamon oil,13,14

sunower oil,15 oregano oil,16 Zataria multiora essential oil,17

green tea extract18 and rosemary oil19 could enhance the anti-
oxidant and/or antimicrobial properties of the lm and thus,
extended the shelf life of meat or meat products.

CO (Syzygium aromaticum, Lin), has eugenol as its dominant
active compound, and is a natural essential oil that possesses
excellent antioxidant and antibacterial properties.20,21 As CO has
been listed as a “Generally Recognized as Safe (GRAS)”
substance by the United States Food and Drug Administration,
many studies have tested CO, in buffalo meat,22 fresh mutton,23

ground sheep meat,24 pork sausage25 and ground pork meat26 to
prolong the shelf life of these products, since it has strong
antioxidant and antimicrobial activities. NI, a bacteriocin
produced by Lactococcus lactis subsp. lactis, is the rst
commercial bacteriocin with GRAS status for use in food
products in many countries.27,28 It is very active in inhibiting
Gram-positive bacteria including Listeria monocytogenes, but
only rarely active against Gram-negative bacteria.29 Wang, Yang
et al.28 suggested that combinations of NI, potassium sorbate
RSC Adv., 2020, 10, 17777–17786 | 17777
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and Salmonella bacteriophage were effective in microbial inhi-
bition, and could extend the shelf life of fresh pork in chilled
storage more than NI alone. Theivendran et al.27 also revealed
that NI combined with grape seed extract or green tea extract
showed higher potential to inhibit L. monocytogenes in turkey
frankfurters than NI alone.

Previous studies have investigated the combination effect of
CS and CO in cooked pork sausage,25 combination of CS/NI/
gallic acid in pork loin,30 combination of NI/tea polyphenols/
CS in chilled pork,29 and combination of NI and CO in beef31

and their results found that the combination technique had
effectively preserved the qualities and extend shelf life.
However, the preservation and shelf life extension of pork
patties by a combination of CS, CO and NI would have yet to be
demonstrated. Therefore, the objective of this study was to
evaluate the effects of CS lm with CO and NI, singly or in
combination, on physical, chemical, microbiological, and
sensory quality of pork patties during refrigerated storage.
Fig. 1 Effect of various treatments on the appearance of pork patties du

17778 | RSC Adv., 2020, 10, 17777–17786
Results and discussion
Surface color

Fig. 1 represents the overview of the coated pork patties and its
appearance during storage. The storage period had gradually
inuenced the appearance of the pork parties in all conditions.
However, the treated patties were showed better performance on
retaining the appearance as compared to the control. Particularly,
CS-CO-NI treated patties retained better appearance compared to
the other treatments. Fig. 2 shows changes in the color coordi-
nates (lightness (L*), redness (a*) and yellowness (b*)) and redness
index of pork patties with alternative treatments during chilled
storage. It was found that L* and b* tended to increase, while
a* and redness index decreased with storage time for up to 15
days, in all cases (P < 0.05). This was probably due to lipid
oxidation and microbial spoilage, and is similar to the report by
Siripatrawan and Noipha18 regarding pork sausages in chilled
storage (4 �C) for up to 20 days. The surface color of control
ring refrigerated storage for up to 15 days.

This journal is © The Royal Society of Chemistry 2020
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Fig. 2 Effect of various treatments on the surface color coordinates L* (A), a* (B) and b* (C) and on redness index (D) of pork patties during
refrigerated storage for up to 15 days.
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treatments rapidly changed more than with CS, CS-NI, CS-CO and
CS-CO-NI treatments, and this persisted throughout the storage
time. This may be because CS, CO and NI act as preventive anti-
oxidants and antimicrobials. Regarding L* and b*, the L* with all
treatments rapidly increased until day-9 (P < 0.05) and then
slightly increased (P$ 0.05) during further storage; and similarly,
b* gradually increased with storage time, indicating that the meat
color became paler and brownish. The rates of increase of L* and
b* were the lowest with the CS-CO-NI treatment throughout the
storage time (Fig. 2A and C). So, the CS-CO-NI treatment slowed
down the lightness increase of pork samples. Other studies have
reported that CS with NI and gallic acid,30 CSmixed with green tea
extract,18 and CS loaded with cinnamon essential oil13 also could
slow the increase of L* during chilled storage of pork. Giatrakou
et al.11,12 also reported that CS and thyme oil could slow down the
increase in L* of a ready-to eat chicken product during chilled
storage. The a* and redness index during chilled storage are
shown in Fig. 2B and D across the various treatments. Decreasing
a* and redness index with storage time were found in all cases.
This was probably due to the oxidation of deoxymyoglobin or
oxymyoglobin into MetMb.32 In addition, Siripatrawan and
Noipha18 indicated that the decrease of redness in meat may be
caused by accumulation of hydrogen peroxide from the growth
of LAB, which can react with nitric oxide, myoglobin or
This journal is © The Royal Society of Chemistry 2020
hemochromogen and produce oxidized porphyrin. Comparing the
control with the four other treatments, it was found that the
changes in a* and redness index were more rapid in control
samples than in samples wrapped with combination of CS, CO or
NI throughout the storage time. Moreover, CS-CO and CS-CO-NI
samples had only slowly decreasing a*. This suggests that incor-
porating CO and/or NI in the CS coating can delay the redness
changes in pork during storage, probably via effective antioxidant
and antimicrobial activities. Based on previous studies, CS acts as
an antioxidant18,33 and effectively inhibits the growth of various
pathogenic bacteria, yeasts andmolds,25,34 as well as LAB.35 COhas
been reported to effectively inhibit the growth of pathogenic
bacteria and microbial spoilage, and could retard oxidation in
meat products.20,25 NI is a commercially available bacteriocin and
is characterized as a preservative in various products.30,36
pH and metmyoglobin (MetMb)

The pH and MetMb content of pork patties with alternative
treatments during chilled during are shown in Fig. 3. The initial
pH of fresh pork was 5.31 and it increased to 7.98, 6.13, 6.00,
6.12 and 6.03 for control, CS, CS-CO, CS-NI and CS-CO-NI
treatments, respectively, during 15 days of chilled storage
(Fig. 3A). Cao et al.30 also reported that the pH of pork loin
RSC Adv., 2020, 10, 17777–17786 | 17779
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Fig. 3 Effect of the various treatments on pH (A) and metmyoglobin
(B) in pork patties during refrigerated storage for up to 15 days.
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coated with CS including gallic acid or NI gradually increased
from 5.54 to 5.79 during 20 days of cold storage (2 � 1 �C).
Similar trend was reported by Wang, Xia et al.37 with the pH of
lean pork slices coated with CS lm containing cinnamon and
ginger increasing from 6.01 to 6.75 during refrigerated storage
(4 �C) for 9 days. These results agree with those reported by Cao
et al.7 for stewed pork, and by Wang, Yang et al.28 for fresh
chilled pork. The pH increase with storage time may due to
accumulation of the volatile bases ammonia and trimethyl-
amine, produced by either endogenous or microbial enzymes.8

During storage, the pH of pork patties covered with lms having
CO or NI had slower rate of increased than with control treat-
ment, throughout the storage time. This was probably due to
CS, CO, and NI having antimicrobial activity toward various
spoilage bacteria, including LAB and volatile basic nitrogen
producing microorganisms, thus inhibiting the normal
increase of acidity.26,30,38 The initial MetMb content in fresh pork
was about 54% and gradually increased during storage with all
the treatments (Fig. 3B), as the meat color changed from
reddish to brown. This suggests that oxymyoglobin and deoxy-
myoglobin were oxidized to MetMb, leading to brown discol-
oration of meat.32 There are several exogenous and endogenous
factors affecting this meat color stability, namely prooxidants,
antioxidants, lipid oxidation, muscle source, meat species, pH,
17780 | RSC Adv., 2020, 10, 17777–17786
mitochondrial activity, microbial population, packaging system
and storage temperature.32,39 Chan et al.40 mentioned that lipid
oxidation products signicantly increase the rate of myoglobin
oxidation. Hence, myoglobin discoloration might be controlled
by retarding the lipid oxidation rate with antioxidants, such as
CS and CO. In the present study, the MetMbs increased at
slower rate with combination of CS and CO (CS-CO and CS-CO-
NI) than with CS or CS-NI treatments. This indicates CO as the
most effective antioxidant in the currently studied system.
Aliakbarlu and Khalili Sadaghiani24 have also reported that CO
could inhibit MetMb formation in ground sheep meat during
refrigerated storage for 9 days. Similarly, Kumudavally et al.23 re-
ported that clove extract could reduce the rate of discoloration in
fresh mutton during storage at ambient temperature (25 � 2 �C)
for 5 days.
Free fatty acid (FFA), peroxide value (PV) and thiobarbituric
acid reactive substances value (TBARS)

The FFA, PV and TBARS of pork patties with different treat-
ments during chilled storage are presented in Fig. 4. The initial
FFA content in fresh pork was 0.67% and gradually increased
with storage time for up to 15 days in all cases (Fig. 4A), prob-
ably due to the lipolytic enzyme activities. Alasnier et al.41 re-
ported on FFA content in rabbit muscles during refrigerated
storage, suggesting that the formation of FFA was due to the
breakdown of triglycerides and phospholipids. In the present
study, the amount of FFA in control treatment changed at
a dramatically higher rate than when CS lm was used with NI
and/or CO, throughout the storage (P < 0.05). This may be
related to bacterial load increase. Psychrotrophs, mainly Pseu-
domonas species, are reported to produce lipases and phos-
pholipases increasing FFA.42,43 The results show that the
combination CO/NI/CS could delay FFA formation during
storage, by inhibiting the growth of Pseudomonas. On the other
hand, the samples treated with CO had major inhibition of
microbial growth in this experiment. In a similar report
Kumudavally et al.23 have studied freshmutton. Hydroperoxides
are the primary products of lipid oxidation by oxygen attacking
polyunsaturated fatty acids. Therefore, measuring peroxide
concentration in meat samples seems a reasonable way to
assess the extent of oxidation.44 In the present study, the initial
PV of the control sample was 0.80 milliequivalent/100 g and
gradually increased during 15 days of storage, signicantly
more than with the other actual treatments (P < 0.05) (Fig. 4B).
CO in the CS lm (CS-CO and CS-CO-NI) gave stronger resis-
tance to oxidation as indicated by PV than CS or CS-NI at longer
storage times. This was probably because CO has a high anti-
oxidant activity, while NI was not effective against lipid oxida-
tion in this study. Zhao et al.29 also reported that treatment with
NI could not inhibit lipid oxidation, whereas combination of NI,
tea polyphenols and CS could effectively inhibit the lipid
oxidation of fresh pork during refrigerated storage. Both CS and
CO as preservatives could delay the oxidative rancidity of meat.
CS acts as a chelator of transition metal ions from the hemo-
protein.33 Eugenol is the major ingredient in CO and could
prevent lipid peroxidation in meat samples by acting as a free
This journal is © The Royal Society of Chemistry 2020
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Fig. 4 Effect of the various treatments on FFA (A), PV (B), TBARS (C) of
pork patties during refrigerated storage for up to 15 days.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

7 
M

ay
 2

02
0.

 D
ow

nl
oa

de
d 

on
 7

/3
0/

20
25

 8
:1

9:
22

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
radical scavenger.45 However, combination of clove oil and CS
may have a synergistic effect in improving the oxidative stability
of meat samples, as suggested by the present study. Lekjing25

also suggested that the combination of CS and CO was more
effective in retarding lipid oxidation in pork sausages than the
antioxidant or CS individually. TBARS quanties secondary
lipid oxidation products, such as aldehydes and ketones, that
are responsible for undesirable rancid off-odors. The effects of
different treatments on TBARS of pork patties over 15 days of
chilled storage are shown in Fig. 4C. The initial TBARS of pork
patties was 0.69 mg MDA per kg and gradually increased with
storage time up to 15 days in all cases. This increase was the
most pronounced in the control samples at 15 days of storage,
as TBARS reached its higher value (3.27 MDA per kg) than the
This journal is © The Royal Society of Chemistry 2020
actual treatments (1.33–2.10 MDA per kg). Treatments with CO
(CS-CO and CS-CO-NI) signicantly (P < 0.05) lowered TBARS
relative to the other actual treatments (CS and CS-NI)
throughout the storage time, maybe because CO acted as
a very high efficacy antioxidant in these meat samples. Previous
studies have been reported that clove oil exhibited the highest
effective antioxidant activity in raw and cooked minced chicken
meat,46 raw pork,3 and sheep meat.24 In the present study, the
combination of CS and CO appeared to have synergy in
improving the oxidative stability of pork patties during storage
for 15 days. Lekjing25 also found a synergistic antioxidant effect
between clove oil and CS in pork sausages. On the other hand,
Naveena et al.22 indicated that clove extract and lactic acid were
similarly synergistic in buffalo meat. In contrast, there was no
difference (P $ 0.05) between the TBARS of CS and CS-NI, or
between CS-CO and CS-CO-NI (Fig. 4C), which suggests that NI
in the CS coating did not affect the TBARS of pork samples
under chilled storage. This is similar to the report by Cao et al.,30

on investigating the addition of NI into CS coating for preser-
vation of pork loin under high oxygen modied atmosphere
packaging in cold storage for 20 days.
Microbiological quality

Results of TVC, psychrotrophs, Enterobacteriaceae and LAB in
pork patties of various treatment groups during 15 day storage at
4 � 2 �C are presented in Fig. 5. The initial TVC of fresh pork
samples was 2.97 log CFU g�1, which is less than 3.82 and 4.76 log
CFU g�1 reported by Pogorzelska et al.47 and Zhao et al.,29

respectively, indicating comparatively low bacterial loads in the
pork samples of this current study. The TVC signicantly (P < 0.05)
increased to 7.63, 7.30, 7.03, 7.18 and 6.95 log CFU g�1 for control,
CS, CS-CO, CS-NI and CS-CO-NI, respectively, by day 15 (Fig. 5A).
The Department of Medical Sciences of Thailand48 proposed that
the TVC limit of 5 � 106 CFU g�1 or of 6.70 log CFU g�1 could be
considered the upper acceptable limit for fresh pork meat. In the
present study, this limit was exceeded on day 6 in the control
sample, on day 9 with CS and CS-NI treatments, and on day 12
with CS-CO and CS-CO-NI treatments. The actual treatments had
signicantly (P < 0.05) lower TVC than the control samples during
the storage period, suggesting that CS coating alone or in
combination with CO and/or NI effectively inhibited TVC growth
in pork samples. Thus, a 3 to 6 days extension of the microbio-
logical shelf life was achieved with the actual treatments (CS, CS-
NI, CS-CO and CS-CO-NI). The psychrotrophs, mainly Pseudo-
monas spp. as a common foodborne spoilage bacterium, were
found in the meat during low temperature storage. Fig. 5B shows
time proles of psychrotrophs in pork patties with different
treatments, during chilled storage for up to 15 days. The initial
2.94 log CFU g�1 of psychrotrophs in fresh pork samples gradually
increased (P < 0.05) to 6.59, 6.48, 6.13, 6.34 and 6.03 log CFU g�1

for control, CS, CS-CO, CS-NI and CS-CO-NI, respectively, at 15
days. The results indicate that CS-CO-NI combination treatment
gave excellent inhibitory effect on the growth of Pseudomonas spp.
in chilled pork patties during storage. The Enterobacteriaceae
growth counts were also inhibited by the addition of CS, CO and
NI, are shown in Fig. 5C. It was found that the initial amount of
RSC Adv., 2020, 10, 17777–17786 | 17781
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Fig. 5 Effect of the various treatments on total viable count (A), psychrotrophic bacteria (B), Enterobacteriaceae (C) and lactic acid bacteria (D) of
pork patties during refrigerated storage for up to 15 days.
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Enterobacteriaceae in pork patties was 2.59 log CFU g�1 and
gradually increased (P < 0.05) to 6.57, 6.40, 5.80, 6.14 and 5.57 log
CFU g�1 for control, CS, CS-CO, CS-NI and CS-CO-NI, respectively,
at 15 days. During the whole storage, the Enterobacteriaceae
counts with CS-CO-NI coating showed a lower value than the other
treatments (P < 0.05). Thus, the addition of CS, CO and NI reduced
Enterobacteriaceae growth in meat effectively. The amount of LAB
in pork patties with the various treatments during cold storage are
shown in Fig. 5D. In the present study, the initial population of
LAB in fresh pork was 2.53 log CFU g�1, and reached 6.81, 6.68,
6.08, 6.38 and 5.62 log CFU g�1 in control, CS, CS-CO, CS-NI and
CS-CO-NI samples, respectively, on day 15 of storage. Furthermore,
the CS-CO-NI treatment had the lowest LAB counts throughout the
storage time, maybe because of synergistic bactericidal effects in
the combination of CS, CO and NI. Of the treatments examined in
the present study, CS-CO-NI was the most effective in controlling
themicrobial growth throughout the tested storage time, probably
due to synergistic bactericidal effects of these 3 agents against the
microorganisms in porkmeat. Many studies have reported that CS
has effective antimicrobial activity in meat samples.49,50 It inhibits
spoilage microorganisms and pathogens by changing the perme-
ability of the cytoplasmatic membrane, leading to the leakage of
intracellular electrolytes and proteinaceous constituents, and
nally to cell death.49 Naveena et al.22 and Shan et al.3 have sug-
gested that clove oil acts as an antimicrobial agent, inhibiting the
production of amylase and proteases in the cell, inducing cell wall
deterioration and a high degree of cell lysis, and preventing
17782 | RSC Adv., 2020, 10, 17777–17786
enzyme action by binding to proteins. NI has been reported anti-
bacterial against Gram-positive bacteria, such as Listeria spp. and
LAB.28,29 The inhibition is achieved by pore formation in bacterial
lipid membranes and inhibiting cell wall synthesis through mis-
localisation or binding to lipid II that is an essential bacterial cell
wall precursor.51
Sensory assessment

The results of sensory evaluations of red color, discoloration, off-
odor and clove odor in pork patties with various treatments
during cold storage are shown in Table 1. All these attributes
showed similarly decreasing acceptance (P < 0.05) with storage
time, suggesting that microbial growth and lipid oxidation are the
major causes of off-odor, off-avor and discoloration, and can
reduce the shelf life of food products.4,5 In the present study, the
redness of pork patties in all the treatments faded during storage,
probably due to the formation of MetMb by oxidation of oxy-
myoglobin. The results show that control, CS and CS-NI treatment
had more color change by day 6 than the other treatments (day 9
for CS-CO, and day 12 for CS-CO-NI). Considering the score 3 as
the threshold for acceptability, the shelf life was 6 days for the
control sample, whereas CS, CS-CO, CS-NI and CS-CO-NI samples
remained acceptable for up to 12 days of storage. In case of
discoloration attribute, the pork patties in all the treatments
turned more discolored (became brownish) with storage time,
maybe caused by microbial growth and lipid oxidation which are
This journal is © The Royal Society of Chemistry 2020
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Table 1 Effect of the various treatments on the sensory quality attributes of pork patties during refrigerated storage up to 15 days

Storage time (days)a

0 3 6 9 12 15

Red color Control 1.00 � 0.00aA 1.30 � 0.48aA 2.40 � 0.52bB 3.20 � 0.42cC 4.10 � 0.88cD 4.70 � 0.48bE

CS 1.00 � 0.00aA 1.00 � 0.00aA 1.50 � 0.53aB 2.00 � 0.47bC 2.70 � 0.48bD 3.70 � 0.67aE

CS-CO 1.00 � 0.00aA 1.00 � 0.00aA 1.20 � 0.42aAB 1.50 � 0.53aB 2.00 � 0.47aC 3.30 � 0.48aD

CS-NI 1.00 � 0.00aA 1.00 � 0.00aA 1.40 � 0.52aB 2.10 � 0.57bC 2.60 � 0.52bD 3.80 � 0.42aE

CS-CO-NI 1.00 � 0.00aA 1.00 � 0.00aA 1.20 � 0.42aA 1.40 � 0.52aA 1.90 � 0.57aB 3.40 � 0.70aC

Discoloration Control 1.00 � 0.00aA 1.10 � 0.32aA 1.30 � 0.48bB 3.00 � 0.00dC 4.20 � 0.79cD 4.40 � 0.52bD

CS 1.00 � 0.00aA 1.00 � 0.00aA 1.30 � 0.48aA 1.80 � 0.42bcB 2.50 � 0.53bC 3.80 � 0.79aD

CS-CO 1.00 � 0.00aA 1.00 � 0.00aA 1.10 � 0.32aA 1.50 � 0.53abBC 1.80 � 0.63aC 3.50 � 0.71aD

CS-NI 1.00 � 0.00aA 1.00 � 0.00aA 1.40 � 0.52aA 1.90 � 0.32cB 2.60 � 0.52bC 3.70 � 0.67aD

CS-CO-NI 1.00 � 0.00aA 1.00 � 0.00aA 1.10 � 0.32aA 1.40 � 0.52aBC 1.60 � 0.52aC 3.40 � 0.70aD

Off odor Control 1.00 � 0.00aA 1.60 � 0.52bB 2.40 � 0.52bC 3.10 � 0.32cD 4.60 � 0.52cE 5.00 � 0.00dF

CS 1.00 � 0.00aA 1.00 � 0.00aA 1.30 � 0.48aA 1.80 � 0.42abB 2.70 � 0.48bC 3.80 � 0.63cD

CS-CO 1.00 � 0.00aA 1.00 � 0.00aA 1.10 � 0.32aA 1.50 � 0.53abB 2.00 � 0.47aC 3.30 � 0.48abD

CS-NI 1.00 � 0.00aA 1.00 � 0.00aA 1.30 � 0.48aA 1.90 � 0.32bB 2.60 � 0.52bC 3.70 � 0.67bcD

CS-CO-NI 1.00 � 0.00aA 1.00 � 0.00aA 1.10 � 0.32aAB 1.40 � 0.52aB 1.80 � 0.42aC 3.20 � 0.42aD

Clove odor Control 1.00 � 0.00aA 1.00 � 0.00aA 1.00 � 0.00aA 1.00 � 0.00aA 1.00 � 0.00aA 1.00 � 0.00aA

CS 1.00 � 0.00aA 1.00 � 0.00aA 1.00 � 0.00aA 1.00 � 0.00aA 1.00 � 0.00aA 1.00 � 0.00aA

CS-CO 1.60 � 0.52bA 1.50 � 0.53bA 1.50 � 0.53bA 1.30 � 0.48bA 1.30 � 0.48bA 1.20 � 0.42abA

CS-NI 1.00 � 0.00aA 1.00 � 0.00aA 1.00 � 0.00aA 1.00 � 0.00aA 1.00 � 0.00aA 1.00 � 0.00aA

CS-CO-NI 1.60 � 0.52bA 1.60 � 0.52bA 1.40 � 0.52bA 1.50 � 0.53bA 1.50 � 0.53bA 1.40 � 0.52bA

a The results are shown in mean � standard deviation. Different lowercase superscripts indicate signicant differences within the same column,
and different uppercase superscripts show signicant different within the rows.
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associated with microbial counts and oxidation indicators. It was
found that the discoloration score of control treatment changed
signicantly (P < 0.05) faster (day 6) than other treatments (day 9
for CS, CS-NI, CS-CO and CS-CO-NI). For consumer acceptance
(scores < 3), the discoloration scores of control sample were
accepted for up to 6 days of storage whereas CS, CS-CO, CS-NI
and CS-CO-NI samples were accepted for up to 12 days of
storage. Regarding the off-odor attribute, the pork patties in
all the treatments got stronger off-odor with storage time,
caused by the growth of microorganisms and lipid oxidation
(related to colony counts and oxidation indicators). It was
found that the off-odor scores of control treatment signi-
cantly changed (P < 0.05) faster (day 3) than other actual
treatments (day 9 for CS, CS-NI, CS-CO and CS-CO-NI). Based
on sensory evaluation, control sample, and those with actual
treatments (CS, CS-CO, CS-NI and CS-CO-NI) reached unac-
ceptable sensory scores (score < 3) by days 9 and 15, respec-
tively, suggesting that CS inhibited the growth of
microorganisms, and that its antimicrobial properties could
be enhanced by CO and/or NI incorporated into the lm.
Regarding the clove odor attribute, the control, CS and CS-NI
did not give detectable clove odor throughout the storage
time as they lacked CO. On the other hand, CS-CO and CS-CO-
NI treatments had slight clove odor according to the panel-
ists, with no signicant changes throughout the storage time
(P$ 0.05). It can be concluded that the clove odor scores were
acceptable throughout the storage in all cases. Naveena
et al.22 and Lekjing25 have reported that the addition of 0.1%
v/v or 1.5% v/v clove oil in meat samples had a remarkable
effect on the color and odor attributes of meat samples. In the
present study, clove odor did not strongly affect acceptability
This journal is © The Royal Society of Chemistry 2020
of pork patties because it was not directly added into meat,
and the concentration of CO added in the lm was very low
but had antioxidant and antimicrobial activities. Since the
meat was considered acceptable when all sensory scores
remained better than 3.0, the pork patties could be kept for 6
days with control treatment and for 12 days with the actual
treatments (CS, CS-CO, CS-NI and CS-CO-NI). The results
suggest that incorporating CO and/or NI into CS lm
enhanced the antioxidant and antimicrobial properties of the
lm, helping maintain the quality and prolong the shelf life
of pork patties. According to Muzolf-Panek et al.26 and Shan
et al.,3 adding clove oil to pork meat could delay lipid
oxidation and extend the shelf life. Clove oil was also applied
in ground sheep meat to prolong its shelf life at 4 �C.24

Kumudavally et al.23 have reported that adding clove extract
was effective in preserving fresh mutton at 25 � 2 �C for up to
4 days. A combination of lactic acid, clove oil and vitamin C
also extended buffalo meat's shelf life by 9 days at 4 � 1 �C.22

Shelf lives have been extended by a combination of NI, tea
polyphenols and CS to fresh chilled pork, for up to 11 days in
cold (4 �C) storage.29
Experimental
Chemicals and media

The food grade CS powder with 200 mesh particle size had
molecular weight of 8.97 � 105 DA and 80% degree of deacety-
lation. It was purchased from Sinudom Agriculture Products Co.,
Ltd. (Surat Thani, Thailand). NI was provided by Shandong Freda
Biotechnology Co., Ltd. (Shandong, China). CO (Syzygium aro-
maticum, Lin), with eugenol content in 70–80% range
RSC Adv., 2020, 10, 17777–17786 | 17783
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(manufacturer's data) was purchased from Thai China Flavors
and Fragrances Industry Co., Ltd. (Bangkok, Thailand). The
chemical agents used were analytical grade: chloroform, dipo-
tassium hydrogen phosphate, phenolphthalein, methanol,
potassium iodide, trichloroacetic acid, hydrochloric acid, 2-
propanal, sodium hydroxide, sodium thiosulfate, thiobarbituric
acid, potassium dihydrogen phosphate, anhydrous sodium
sulfate, (Merck, Darmstadt, Germany), acetic acid (Lab-Scan,
Bangkok, Thailand), glycerol (Vidhyasom, Thailand), Tween 80
(Labchem, Australia), palmitic acid, and 1,1,3,3-tetramethox-
ypropane (Sigma-Aldrich, St. Louis., MO, USA). The media for
microbiological analyses were analytical grade: plate count agar;
peptone; deMan, Rogosa, and Sharpe (MRS) agar; and violet red
bile glucose agar (VRBG) (Merck, Darmstadt, Germany).

Preparation of lm

CS-based edible lm was prepared according to the method
of Lekjing.25 A CS solution (2% w/v) was prepared by
dispersing 2 g of CS powder in 100 ml of glacial acetic acid
(1% w/v) and stirring overnight at room temperature. To
prepare CS solutions with CO and NI, 0.5 ml of glycerol per g
CS and 0.1% w/v of Tween 80 were added to the CS solution.
Following the addition of plasticizer, stirring was continued
for a further 30 min. Then, CO and/or NI were added to the CS
solution with stirring until fully dissolved. The concentra-
tions of CO and NI were 6400 mg ml�1 and 204 800 IU ml�1,
respectively, based on preliminary experiments including
sensory analysis, lm properties analysis and minimum
inhibitory concentration (MIC) determination. The MICs of
CO against Staphylococcus aureus, Salmonella typhimurium,
Escherichia coli and Listeria monocytogenes were 800, 3,200,
3200 and 1600 mg ml�1, respectively. The MICs of NI against
S. aureus, S. typhimurium, E. coli and L. monocytogenes were
25 600, 25 600, 102 400 and 51 200 IU ml�1, respectively. The
following 4 solutions were prepared: (i) CS, CS lm without
antibacterial agents; (ii) CS-CO, CS lm with CO; (iii) CS-NI,
CS lm with NI; (iv) CS-CO-NI, CS lm with CO and NI.
Then, een mL of a lm forming solution was cast on
a 10 cm diameter Petri dish and dried in an oven at 40 �C for
5 h. The dry lms were then peeled off and stored in low
density polyethylene (LDPE) Ziplock bags in desiccators at 25
� 2 �C and 50% relative humidity until further experiments.

Preparation of pork patties

Fresh pork meat (Longissimus thoracis and/or Longissimus lum-
borum as described by Kauffman et al.52) was purchased from
a local processor and aer that the meat was trimmed to remove
visible connective tissue as well as subcutaneous and intra-
muscular fat. Then, the meat was ground through 4 mm plates.
Aer mincing the samples were mixed with 2% sodium chlo-
ride. Fieen-gram pork patties were shaped by hand to
approximately 5 cm diameter and 1 cm thickness. The patties
were randomly assigned to ve alternative treatments: control
group, CS group, CS-CO group, CS-NI group and CS-CO-NI
group. All the samples were placed in plastic boxes and stored
at 4 � 2 �C for up to 15 days. Samples were taken for physical,
17784 | RSC Adv., 2020, 10, 17777–17786
chemical, microbiological and sensory quality analyses every 3
days. The above experiment was carried out in duplicate on the
same day of preparation.
Physical quality analysis

Surface color measurement. Pork patties from each treatment
group were measured for the L*, a* and b* CIElab color coor-
dinates, using a HunterLab colorimeter (MiniScan EZ, USA) that
had been calibrated with a standard black and white plate. The
illuminant used was *C (D65), the standard observer angle was
10�, and the aperture was 2.5 cm. The redness index was
calculated as the ratio a*/b*, as described by Chen et al.53
Chemical quality analyses

Determination of pH. The pH of pork patties was deter-
mined according to the method of Songsaeng et al.54 and
measured with a digital pH meter (Mettler-Toledo, Germany).

Determination of MetMb. The MetMb in pork meat patties
was extracted with cold phosphate buffer (pH 6.8, 40mM),55 and
absorbance of the extract was determined at 700 nm, 572 nm,
and 525 nm, with phosphate buffer (pH 6.8, 40 mM) as the
blank. The MetMb content in pork meat patties was estimated56

as follows:

MetMb (%) ¼ {1.395 � [(A572 � A700)/(A525 � A700)]} � 100

where A700 is the absorbance at 700 nm, A572 is the absorbance
at 572 nm, and A525 is the absorbance at 525 nm.

Determination of FFA and PV. Lipids were extracted
following the method of Bligh and Dyer,57 and the extracted
lipids were subjected to analysis of FFA and PV. For FFA, the
extracted lipids were analyzed by acidometric titration58 with
phenolphthalein indicator. The amount of FFA was calculated
to equivalent wt% oleic acid. For PV, the extracted lipids were
analyzed by titration according to Low and Ng.59 The PV is
expressed as milliequivalents of free iodine per 100 g of lipid.

Determination of TBARS. The TBARS assay was performed as
described by Buege and Aust.60 A standard curve was prepared
using 1,1,3,3-tetramethoxypropane. The TBARS is expressed in
equivalent mg malonaldehyde per kg sample.
Microbiological quality analyses

TVC and psychrotrophs were determined according to the
method of BAM.61 The TVC and psychrotrophs were performed
by the pour plate method, using plate count agar incubated at
35 �C for 48 h, or at 7 �C for 10 days. The counts are expressed in
log CFU g�1.

The food spoilage microorganisms Enterobacteriaceae and
LAB were determined according to the method of Radha
Krishnan et al.,62 performed by the spread on an agar plate. The
plate counting used VRBG agar incubated at 37 �C aer 24 h for
Enterobacteriaceae and MRS agar incubated at 30 �C aer 72 h
for LAB. The microbial colonies were counted, and results are
expressed in log CFU g�1.
This journal is © The Royal Society of Chemistry 2020
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Sensory evaluation

Sensory evaluation by a 10-member panel (5 males and 5
females with ages ranging from 20 to 40 years) was performed to
estimate the shelf life of pork patties using a 5-point descriptive
scale. The attributes were modied from Camo et al.55 The
attribute ‘red color’ was scored in the red non-discolored part of
the pork, using a 5-point scale for intensity, with 1 for extremely
brilliant fresh meat red and 5 for extremely faded red. Scores for
‘discoloration’ were based on area fraction of discolored
surface: 1¼ none, 2¼ 0–10%, 3¼ 11–20%, 4¼ 21–60%, and 5¼
61–100%. Scores for off-odor referred to the intensity of odors
associated with meat oxidation: 1 ¼ none; 2 ¼ slight; 3 ¼ small;
4 ¼ moderate; and 5 ¼ extreme. The clove odor attribute
referred to the intensity of clove odor perception aer pack
opening: 1¼ none; 2¼ slight; 3¼ small; 4 ¼moderate; and 5¼
extreme. A score of 3 or higher in any of the attributes was
chosen to make the sample unacceptable to consumers.
Statistical analysis

In this study, the data were analyzed statistically by the Statistical
Package for Social Science (SPSS) soware (v16.0 for windows)
using the factorial arrangements (5 treatments� 6 storage times)
and focusing on the interaction within the treatments and
storage time. Analyses such as color were tested of six replica-
tions, and the other parameters such as pH, MetMb, FFA, PV,
TBARS, TVC, psychrotrophs, Enterobacteriaceae and LAB were
tested of three replications. A completely randomized design was
applied for physicochemical and microbial qualities, and
whereas sensory analysis (test day and panelists) was analyzed (10
replications) using the randomized complete block design. The
data are shown in mean � standard deviation (SD). Analysis of
variance (ANOVA) and Duncan's multiple range test was used to
evaluate the signicances of differences between mean values
and the statistical signicance was set to 5% level (P < 0.05).
Conclusions

The present study observed that the application of CS and
combination of CS, CO, NI had efficiently prevented the quality
loss of pork patties. The CO was stronger in antioxidant and
antimicrobial activities than CS or NI, when tested in treat-
ments of pork patties. However, a CS-based lm containing
clove oil and NI (CS-CO-NI) had shown possible synergistic
effects on the antioxidative and antimicrobial activities in
preserving pork patties. It can be evidenced by the lower
changes in MetMb, FFA, PV, TBARS in CS-CO-NI treated patties.
Furthermore, based on the sensory and microbiological evalu-
ations, the combination of CS-CO-NI could prolong the shelf life
about twofold over the control treatment (6 days for control and
12 days for CS-CO-NI lm coating).
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