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Abstract

The inhibition effect of persimmon peel extracts (PPE) (0.05(PPE-0.05), 0.1(PPE-0.1), and
0.2 g(PPE-0.2) per meat sample) on lipid and protein oxidation of pork patties during chilled
storage for 12 days were investigated and compared to ascorbic acid (As-0.05) and butylhy-
droxytoluene (BHT) (BHT-0.01). The meat samples treated with PPE had greater (p<0.05) a*
values comparing control in raw pork patties meat from day 4 of storage. The addition of PPE
at all concentrations on meat samples effectively inhibited the formation of oxidation prod-
ucts as shown by decreasing conjugated dienes (CD), peroxide values (POVs), thiobarbituric
acid reaction substances (TBARS), and carbonyl content during chilled storage for 12 d. The
PPE-0.2 and BHT-0.01 had the lowest in decrease rate of free thiol content (0.24 and 0.22
times) during chilled storage. Therefore, results of this study suggest that PPE can be consid-
ered a potential antioxidant against lipid and protein oxidation of raw meat products.

Keywords persimmon peel, plant basis antioxidant, lipid oxidation, protein oxidation, pork
patties

Introduction

Lipids are extremely susceptible to oxidation upon exposure to the atmosphere,
such as grinding, cooking, and storage in the processing of meat products. Lipid
oxidation results in undesired flavor (rancidity) and texture, brown color, and the
formation of toxic compounds such as malondialdehyde (MDA) and cholesterol
oxidation products in meat and meat products (Choe et al., 2014). Antioxidants are
therefore needed to prevent the deterioration of meat quality by acting as free rad-
ical scavengers. Currently, synthetic antioxidants such as t-butyl-4-hydroxyanisole
(BHA) and 2,6-di-t-butyl-p-hydroxytoluene (BHT) are mainly used as antioxi-
dants owing to their chemical stability, strong antioxidant activity, and lower cost
(Verhagen et al., 1994). However, there is a significant increase in consumer inter-
est in natural antioxidants, because synthetic antioxidants have potential carcino-
genic properties (Ahn et al., 2002). In the past few years, the natural antioxidant
effects of natural sources, which contain polyphenol compounds, on various types
of meat products have been actively studied (Ganhão et al., 2010; Packer et al.,
2015; Selani et al., 2016). Furthermore, the natural antioxidant effects of unuti-
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lized or valueless agricultural by-products such as pome-
granate rind powder, and almond skin have been studied
on muscle foods (Almeida et al., 2015; Naveena et al.,
2008; Prasetyo et al., 2008).

Protein oxidation occurs through hydroxyl free radical
chain reactions resulting in secondary lipid oxidation pro-
ducts and in the formation of disulfide bonds and dityro-
sine, fragmentation of the peptide backbone resulting in
the modification of amino acid side chains, an increase of
carbonyl compounds, and changes in amino acid compo-
sition (Stadtman and Levine 2003). Eventually, these chan-
ges affect the quality properties of meat and meat products.

Persimmon (Diospyros kaki Thumb), which contains
bioactive substances such as phenol compounds, carot-
enoids, vitamin A, and C, has been used in folk medical
treatment for diarrhea, cough, hemostasis, and high blood
pressure (Choe et al., 2014; Kim et al., 2003). In particu-
lar, it has been studied on antioxidant and antidiabetic
activities of persimmon peel in biological system (Gorin-
stein et al., 1998; Yokozawa et al., 2007). Previous author
has been observed that peel contained higher amounts of
polyphenol and carotenoids than pulp on persimmon
(Gorinstein et al., 1998). However, the persimmon peel is
not utilized and this usually disposed of improperly in the
environment in spite of potential ability as natural antiox-
idant. Thus, it is necessary to find the way to utilize the
peel as a food source to reduce environmental waste and
add value.

No study has investigated the inhibition of lipid and
protein oxidation in raw ground meat by persimmon peel,
an agricultural by-product and natural antioxidant. There-
fore, the aim of this study was to examine the inhibition
activity of persimmon peel extract (PPE) at different con-
centrations (0.05 g, 0.1 g, and 0.2 g per 100 g meat sam-
ples) on lipid and protein oxidation of raw ground pork
by measuring pH values, color, CD, POVs, TBARS, car-
bonyl content, and free thiol content during refrigerated
storage for 12 d.

Materials and Methods

Preparation of persimmon peel extract (PPE)

Persimmon peel was obtained after drying persimmon
from Gwangyang, Korea. The persimmon peel was cut
into small pieces, washed 3 times using tap water, dried
using a hot-air dryer (Enex-Co-600, Enex, Korea) at 50ºC
for 15 h, and powdered using a 35-mesh sieve. The dried

persimmon peel was pulverized using a blender (KA-
2610, Jworld Tech, Korea) for 30 s and screened through
a 35-mesh sieve, and stored at -20°C until use. The dried
persimmon peel powder (15 g) was extracted twice with
300 mL ethanol/DW (70/30, v/v) overnight in a shaker
(VS-8480, Vison Scientific, Korea) at room temperature.
The extract was filtered through Whatman No. 1 filter
paper and the solvent was removed using a vacuum evap-
orator (CCA-1110, Rikakikai, Japan) at 45°C to dryness.
After the evaporation of ethanol, the persimmon peel eth-
anol extracts (5 g) were dissolved in 100 mL of distilled
water (DW). The extracted persimmon peel by ethanol/
DW (70/30, v/v) had the following color characteristics
based on the International Commission for Illumination
(CIE) scheme: L*, 9.02; a*, 0.59; and b*, 4.96. Based on
the results of previous study (Choe et al., 2014), the ext-
raction solvent (70% ethanol) was selected including the
most effective antioxidant ability (total phenols: 12.39 mg
gallic acid/g of dried extract, IC

50
 of DPPH: 243.7 ppm).

Preparation of meat samples

M. biceps femoris, M. semitendinosus, and M. semimem-

branosus muscle (average pH: 5.72) from fresh pork and
back fat were purchased from local market (Hongju Meat
Co., Korea), at 48 h postmortem. All subcutaneous and
intramuscular fat and visible connective tissues were rem-
oved from the fresh ham muscles. For each batch, lean
pork meat (7,350 g) and fat (2,000 g) were ground through
3-mm ground plate and samples were assigned to 6 treat-
ments. Each meat sample (1,500 g) was added with cold
water (75 g) and salt (22.5 g). The ground meat samples
were then treated with no antioxidant (control), with 0.05
g, 0.1 g, or 0.2 g PPE (PPE-0.05, PPE-0.1, or PPE-0.2,
respectively), with 0.05 g ascorbic acid (As-0.05), or with
0.01 g buthylhydroxytoluene (BHT-0.01) per 100 g of meat
samples. These percentages were based on the formula
weight of the minced meat samples without the antioxi-
dant extract. Samples were then hand mixed for 5 min vig-
orously. Then, 300±5 g (small portion) of mixed meat per
treatment from each batch were taken and spread to a thick-
ness of 2.5 cm to obtain in a total of 5 small portion of
samples (5 storage time). The samples were packed under
vacuum (25%) in polyethylene bags film bags (thickness:
0.07 mm) using a vacuum packaging machine (FJ-500
XL, Fujee Tech, Korea) and stored at 3±1ºC in dark for 1,
4, 7, 10, and 12 d. All treatments were replicated with two
times at two different days.
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Physicochemical analysis

The instrumental color analyses of raw ground pork were
conducted as follows. Color measurements were made
using a colorimeter (Chromameter CR-210, Minolta, Japan;
Illuminate C), calibrated with a white standard plate (L*=
97.83, a*=-0.43, b*=+1.98), consisting of a measuring
area of diameter 8 mm, and an illumination area of diam-
eter 50 mm. The color values (L*, a*, and b*) were mea-
sured in three different locations and averaged for data
analysis.

The pH values of meat samples were determined using
a pH meter (Model 340, Mettler-Toledo GmbH, Switzer-
land). The pH of pork product was measured after blend-
ing 5 g of samples with 20 mL of distilled water for 60 s
in a homogenizer (Ultra-Turrax SK15, Janke & Kunkel,
Germany).

Analysis of conjugated diene (CD) and peroxide

value (POV)

Lipids were extracted by the methods Folch et al. (1957),
using a chloroform:methanol solvent system (2:1). The
lipid extracts were evaporated at 45±2°C and concentrated
with a rotary evaporator (Rotary evaporator N-1000, Eyela,
Japan), leaving the extracted lipids for CD and POVs
analyses immediately.

Fifteen milligrams of extracted sample lipids were pla-
ced in a 25 mL volumetric flask and brought to volume
with isooctane. The samples were mixed and the absor-
bance read at 234 nm against an isooctane blank using a
UV/VIS spectrophotometer (Libra S22, Biochrom Ltd.,
England). The CD concentration was calculated using a
molar extinction coefficient of 25,200 mol-1 cm-1 and exp-
ressed as µmol mg-1 meat lipid sample.

The POVs of all samples were determined according to
AOAC method 965.33 (AOAC, 1990). The lipid samples
(0.5 g) were treated with 50 mL of solution containing
acetic acid: chloroform =3:2 and then shaken vigorously.
The mixture was added with 1 mL of saturated potassium
iodide solution and then kept in the dark at 25°C for 10
min. The mixture was then added to 30 mL of distilled
water and mixed. One milligram of starch solution was
added to the mixture, as an indicator. The peroxide values
were then determined using titration amount of 0.01 mol
L-1 of sodium thiosulfate solutions from iodine and expre-
ssed as mEq/kg meat of sample.

TBARS values

Lipid oxidation was measured by the 2-thiobarbituric

acid extraction method of Witte, Krause, and Bailey (1970)
with modifications. Briefly, 10 g of meat sample was blen-
ded with 25 mL of a mixture 2:8 (v/v) of trichloroacetic
acid/2 mol L-1 of phosphoric acid. The resultant slurry
was filtered through Whatman NO.1 filter paper. Five mL
of filtrate was added to vial containing 5 mL of thiobarbi-
turic acid (0.005 mol L-1 in distilled water). The vials were
then capped and heated in a boiling water bath for 10 min
to develop chromogen and then cooled to room tempera-
ture. TBARS values were calculated using absorbance of
each sample at 532 nm and a standard curve (8-50 nmol)
of malondialdehyde (MDA) was constructed using freshly
prepared by acidification of 1,1,3,3-tetraethoxypropane.
TBARS values were expressed as MDA mg/kg meat.

Protein oxidation characteristics of pork patties

The measurement of protein carbonyls following their
reaction with 2,4-dinitrophenylhydrazine (DNPH) was per-
formed according to the method of Mercier et al. (1998)
with some modifications. Meat sample (4 g) was homog-
enized in 20 mL of KCl (0.15 mol L-1) using a homoge-
nizer (Ultra-Turrax SK15, Janke & Kunkel, Germany) for
30 s. Two equal aliquots of 100 µL were taken from mix-
ture and into 2 mL micro tubes. One mixture was treated
with 0.5 mL of HCl (2 mol L-1) (protein content measure-
ment) and the other with an equal volume of DNPH in
HCl (2 mol L-1) (carbonyl content measurement). Protein
content was calculated from absorption at 280 nm using
bovine serum albumin, as a standard. The total carbonyl
content, expressed as nmol/mg protein, was quantified by
a spectrophotometric assay at 370 nm.

Four gram of meat samples were blended with 20 mL
of KCl (0.15 mol L-1) and then were filtered through
Whatman NO. 1 filter paper. The filtrate was dissolved in
buffer (50 mmol L-1 Tris-HCl, 1.25 mmol L-1 EDTA, SDS)
and was centrifuged at 10,000 g for 15 min to remove insol-
uble protein. The total thiol (SH) content was determined
by the method of Ellman (1959) using the precipitate and
Ellman’s reagent (10 mmol L-1 5,5′-dithiobis-(2-nitroben-
zoic acid); DTNB). The absorbance was measured at 412
nm using UV/VIS spectrophotometer (Libra S22, Bioch-
rom Ltd., England). The SH concentration was calculated
using a molar extinction coefficient of 13,600 mol-l L cm-l.
The protein content of the soluble protein fraction was
determined using Biuret method (Gornall et al., 1949).

Statistical analysis

The entire data analyzed using two-way analysis of var-
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iance (ANOVA) including batch, treatment and storage
time as fixed effects in the model. The fixed effect of bat-
ches was not significant difference for all data. This was
performed on all the variables measured using the Gen-
eral Linear Model (GLM) procedure of the SAS statisti-
cal package (SAS version 9.3 for window, SAS Institute
Inc., USA). The Duncan’s multiple range test (p<0.05) was
used to determine differences between treatment means.
Interaction between treatment and storage time served as
fixed effect for physico-chemical properties, lipid oxida-
tion, and protein oxidation (pH, CD values, POVs, TBARS,
carbonyl and free thiol content).

Results and Discussion

Effect of PPE on physicochemical characteristics

of pork patties

The incorporation of plant sources in meat and meat
products is prone to change in quality properties such as
color and flavor (Šulniūtė et al., 2016). Also, meat color
is affected by various factors such as treatment, storage
temperature and time, enzyme activity within meat tissue,
and pH values. In present study, the addition of persimmon
peel significantly affected the instrumental color evalua-
tion (L*, a*, and b* values) of raw ground pork during
the refrigerated storage for 12 d (Table 1). The L* values
were greater on day 12 of chilled storage than on day 1 in

control and As-0.05 (p<0.05). However, there was no sig-
nificant difference in L* values of ground pork with PPE
between at day 1 and day 12 of storage. The meat sam-
ples with PPE had higher L* values (p<0.05) until day 7,
and then lower L* values (p<0.05) than that of control.

The a* values decreased with increasing storage time in
the control and BHT-0.01 samples (p<0.05). There were
no significant differences in a* values of meat samples
treated with PPE and As between at initial and end of sto-
rage day. On day 12 of chilled storage, As-0.05 and meat
samples treated with PPE samples maintained a* values
compared to control and BHT-0.01 samples (p<0.05).
These result indicates that addition of PPE, which cont-
ains phenolic compounds, can minimize the change in a*
values compared with control and BHT-0.01 samples
during chilled storage relatively. Sebranek et al. (2005)
found that the a* values of raw pork sausage treated with
BHT/BHA decreased until 84 d of storage, and then rem-
ained constant during frozen storage.

The b* values of control samples increased significantly
with storage, whereas b* values of samples treated with
PPE, As-0.05, and BHT-0.01 increased until day 4 and
decreased thereafter (data was not shown). The results of
this study presented incorporation of PPE into pork pat-
ties can minimize change of redness during 12 d of refrig-
erated storage.

The pH value can indicate amounts of microbial and

Table 1. The L* and a* values of raw pork patties containing various levels of persimmon peel extract (PPE) during chilled
storage for 12 days

Treatment1)
Storage (d)

1 4 7 10 12

L*

Control 57.9±1.072)Cc 62.1±0.92Da 59.8±1.31Cb 61.8±0.92Aa 61.8±1.27Aa

PPE-0.05 61.0±1.62Bc 66.2±0.66Ba 62.6±1.20Bb 59.4±1.35Bd 61.2±1.19ABbc

PPE-0.1 60.8±1.33Bb 64.4±1.25Ca 62.1±0.97Bb 58.0±1.60Cc 61.1±1.06Bb

PPE-0.2 60.1±0.63Bc 64.4±1.49Ca 62.0±1.41Bb 55.7±1.40Dd 60.2±1.45Bc

As-0.05 58.1±1.45Cc 62.9±1.31Da 60.7±1.30Cb 60.0±1.20Bc 61.4±1.29ABb

BHT-0.01 63.8±1.69Ac 68.9±1.42Aab 65.9±0.37Ab 60.5±0.64ABd 61.7±1.10Ad

a*

Control 6.4±0.75Ba 5.8±0.48Ba 5.5±0.53Bb 4.9±0.49Dc 3.8±0.65Dd

PPE-0.05 6.2±1.29Bb 8.6±0.77Aa 8.3±1.18Aa 6.1 ±0.75Bb 7.7±0.83Bab

PPE-0.1 6.3±0.65Bb 8.3±1.54Aa 8.3±0.59Aa 6.5±0.83Bb 7.7±0.45Aab

PPE-0.2 6.4±0.38Bb 8.6±0.44Ab 8.4±0.88Aa 6.7±0.39Bb 7.9±0.87Abc

As-0.05 8.5±01.22A 9.3±0.96A 9.2±0.49A 9. 8±0.46A 9.4±0.45A

BHT-0.01 7.1±1.23Ba 6.7±1.03Ba 6.3±0.81Bab 5.9±0.73Cb 5.6±0.31Cb

A-DMeans within columns with different superscript letters are significantly different (p<0.05).
a-dMeans within rows with different superscript letters are significantly different (p<0.05).
1)Control, ground pork without antioxidant; PPE-0.05, ground pork with 0.05% persimmon peel extract; PPE-0.1, ground pork with 0.1% per-
simmon peel extract; PPE-0.2, ground pork with 0.2% persimmon peel extract; As-0.05, pork with 0.05% ascorbic acid; BHT-0.01, pork with
0.01% butylhydroxytoluene (BHT). 2)All values are mean±standard deviation (n=4).
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chemical reaction influencing on food deterioration. In
present study, there was no significant interaction between
treatment and storage days on pH values. The pH values
increased with the duration of storage in all treatments
except As-0.05 (Table 2; p<0.05). The pH values of the
As-0.05 samples increased during the first 10 d, and sig-
nificantly decreased thereafter. Deymer and Vandekerck-
hove (1979) indicated that pH values may increase bec-
ause of reactions between protein and ions, resulting in
the production of ammonia as storage progresses. The pH
values of pork product samples treated with PPE (pH 5.56)
tended to be lower (p>0.05) than that of control values.
This observation is likely due to low pH (5.56) of persim-

mon peel.

Effect of PPE on lipid oxidation characteristics of

pork patties

Lipid oxidation produces primary lipid oxidation prod-
ucts, hydroperoxides, which cause oxidation deterioration
of lipids, during the initiation and propagation stages of
oxidation. The amounts of primary lipid oxidation prod-
ucts can be determined by measuring the amount of CDs
and POVs, which are most common parameters used to
measure the oxidation process (Damodaran et al., 2008).
Fig. 1 shows the effect of different concentrations of PPE
on the formation of CD, which ranged from 0.419 to 0.855

Table 2. The pH values of raw pork patties containing various levels of persimmon peel extract (PPE) during chilled storage
for 12 days

Treatment1)
Storage (d)

1 4 7 10 12

Control 5.81±0.052)Ab 5.79±0.01Ab 5.82±0.04Ab 5.91±0.09Aa 5.86±0.04Aa

PPE-0.05 5.66±0.05Bb 5.70±0.06Bb 5.80±0.06Aa 5.81±0.06Ba 5.81±0.06Aa

PPE-0.1 5.59±0.06Cb 5.65±0.08Bb 5.81±0.04Aa 5.83±0.04ABa 5.80±0.09Aa

PPE-0.2 5.62±0.04BCc 5.62±0.03Bc 5.79±0.02ABb 5.90±0.03Aa 5.83±0.06Aab

As-0.05 5.62±0.05BCd 5.69±0.03Bc 5.74±0.03Bb 5.87±0.02ABa 5.69±0.04Bc

BHT-0.01 5.61±0.04BCc 5.63±0.04Bc 5.74±0.04Bb 5.89±0.04ABa 5.87±0.03Aa

A-CMeans within columns with different superscript letters are significantly different (p<0.05).
a-dMeans within rows with different superscript letters are significantly different (p<0.05).
1)Control: ground pork without antioxidant, PPE-0.05: ground pork with 0.05% persimmon peel extract, PPE-0.1: ground pork with 0.1% per-
simmon peel extract, PPE-0.2: ground pork with 0.2% persimmon peel extract, As-0.05: pork with 0.05% ascorbic acid, BHT-0.01: pork with
0.01% butylhydroxytoluene (BHT). 2)All values are mean±standard deviation (n=4).

Fig. 1. Conjugated dienes (CD) (μM/mg meat) in raw pork patties containing various levels of persimmon peel extract (PPE)
during chilled storage for 12 d. Values are Mean±S.D. (n=4). Error bars indicate standard deviation. ( ◆ ) Control: ground pork
without antioxidant, ( ▲ ) PPE-0.05: ground pork with 0.05% persimmon peel extract, ( □ ) PPE-0.1: ground pork with 0.1% persimmon
peel extract, (○) PPE-0.2: ground pork with 0.2% persimmon peel extract, (■) As-0.05: ground pork with 0.05% ascorbic acid, (●) BHT-
0.01: ground pork with 0.01% butylhydroxytoluene (BHT).
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μM/mg meat in raw pork patties during chilled storage.
On day 1, the CD concentrations in meat samples fol-
lowed the order: control ≥ As-0.05 ≥ PPE-0.05 ≥ PPE-0.1
> BHT-0.01 > PPE-0.2. Meat samples treated with PPE
had significantly lower CD values than did control and
As-0.05 samples during entire of storage period (p<0.05).
The PPE-0.2 samples had the lowest peak (p<0.05) and
reduced CD formation (~23% of the control value) on
day 10. The CD concentration peaked on 10 d of chilled
storage and decreased thereafter for all treatment (p<0.05).
The reduction in CD values after day 10 indicated that the
rate of formation of primary lipid oxidation products is
slower than their rate of decomposition to secondary lipid
oxidation products in the latter stages of oxidation. The
PPE-0.2 samples had lower CD values than did the BHT-
0.01 samples on day 12 of chilled storage (p<0.05). This
result indicates that PPE-0.1 and 0.2 had most effective
inhibition of CD formation among the treatments during
chilled storage, possibly due to the amount of phenolic
compounds in PPE (Choe et al., 2014).

POVs of raw ground pork with PPE are ranged between
3.23 and 16.85 mEq/kg meat during chilled storage for 12
d (Table 3). On day 1, control samples had the highest
POVs and there were no differences (p>0.05) in the POVs
of the PPE-0.05, PPE-0.1, As-0.05, and BHT-0.01 sam-
ples. POVs significantly increased until day 10 and were
the highest values at day 10 of refrigerated storage in all
treatments. These results were similar to that of CD val-
ues. The control sample had the highest rate of increase

(29%; p<0.05) between days 4 and 7. In particular, POVs
dramatically increased in all treatments except control
between days 7 and 10. Increasing concentrations of PPE
resulted in inhibition of the POV increase, with PPE-0.05,
PPE-0.1, and PPE-0.2 exhibiting 23.3%, 33.8%, and 44.6%
reduction compared to the control on storage day 10. More-
over, PPE-0.1 and PPE-0.2 showed inhibition of 11.1%
and 25.5% in the POV increase at day 10 when compared
with As-0.05. These results exhibited that addition of PPE
can inhibit lipid oxidation effectively as polyphenols che-
late or scavenge free radical compared with control and
As-0.05. After day 10, POV decreased (p<0.05) due to the
degradation of hydroperoxides for control, PPE-0.2, As-
0.05, and BHT-0.01. The inhibitory effects of PPE on lipid
oxidation were in the following declining order: PPE-0.2
> BHT-0.01 > PPE-0.1 > As-0.05 > PPE-0.05 > control.
Thus, incorporation of PPE, BHT, and As retard the pro-
duction of hydroperoxides in raw pork samples during the
initiation and propagation stage of oxidation relatively.

TBARS include secondary lipid oxidation products such
as MDA, which forms a red color on reacting with thio-
barbituric acid, resulting in a strong red color at high MDA
concentrations. Fig. 2 shows the changes in TBARS val-
ues (0.10-0.84 mg of MDA/kg meat) in raw ground pork
treated with PPE during 12 d of chilled storage. There was
no significant difference in TBARS values among the all
treatments on day 1 of storage. However, with increasing
time of storage, TBARS values continually increased in
all treatments. The TBARS values of meat product sam-

Table 3. Peroxide values (POVs) (mEq of peroxides/kg meat) and free thiol content (nmol/g) in raw pork patties containing
various levels of persimmon peel extract (PPE) during chilled storage for 12 d

Treatment1)
Storage (d)

1 4 7 10 12

POVs

Control 5.7±0.202)Ae 9.3±0.57Ad 13.1±0.71Ac 16.9±0.07Aa 15.0±0.35Ab

PPE-0.05 4.1±0.28Bd 6.5±0.71Bc 8.4±0.28Bb 12.9±1.44Ba 12.1±0.25Ba

PPE-0.1 3.8±1.12BCd 5.3±0.41Cc 6.7±0.42Cb 11.2±0.53Ca 10.4±0.53Da

PPE-0.2 3.2±0.71Ce 4.2±0.28Dd 5.9±0.70Dc 9.3±0.23Da 8.6±0.23Eb

As-0.05 3.8±0.28BCe 6.1±0.14Bd 8.7±0.41Bc 12.6±0.42Ba 11.6±0.42Cb

BHT-0.01 3.4±0.59BCe 5.2±0.42Cd 7.1±0.29Cc 10.7±0.41Ca 9.9±0.41Db

Free thiol

content

Control 33.0±2.00a 29.0±1.54Bb 25.6±1.68Dc 21.3±2.02Dd 18.7±0.28Dd

PPE-0.05 32.0±1.61a 31.7±0.87ABa 29.4±1.55BCb 25.9±1.12Bc 24.5±1.10Bc

PPE-0.1 31.9±1.71a 32.4±2.96ABa 30.7±1.10ABab 27.8±0.74ABbc 26.0±1.67ABc

PPE-0.2 33.9±1.94a 33.7±0.46Aa 32.1±0.45Aa 28.7±0.39Ab 26.9±0.78Ab

As-0.05 30.6±0.61a 30.1±1.85ABa 28.0±0.48Cb 24.0±0.79Cc 21.0±1.11Cd

BHT-0.01 33.8±2.09a 33.2±0.76ABab 31.0±0.83ABb 28.4±0.88Ac 25.9±0.31ABd

A-EMeans within columns with different superscript letters are significantly different (p<0.05).
a-eMeans within rows with different superscript letters are significantly different (p<0.05).
1)Control, ground pork without antioxidant; PPE-0.05, ground pork with 0.05% persimmon peel extract; PPE-0.1, ground pork with 0.1% per-
simmon peel extract; PPE-0.2, ground pork with 0.2% persimmon peel extract; As-0.05, pork with 0.05% ascorbic acid; BHT-0.01, pork with
0.01% butylhydroxytoluene (BHT). 2)All values are mean±standard deviation (n=4).
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ples treated with PPE and BHT were significantly lower
than the that of control on each day of chilled storage.
The PPE-0.05 had similar inhibition ability of lipid oxida-
tion as As-0.05 during the entire storage period. At the
end of storage time, PPE-0.2 had similar TBARS value to
BHT-0.01 (p>0.05). Furthermore, PPE-0.2 and BHT-0.01
were able to inhibit lipid oxidation to the extent of 42.9%
and 39.3% in meat product samples, respectively. Accord-
ing to Han and Rhee (2005), the addition of various natu-
ral ingredients resulted in notable reduction (p<0.05) in
the TBARS value, an indicator of lipid oxidation, in meat
products during chilled storage. Also, Ibrahim et al. (2010)
reported that the amounts of various phenolic substances
contained in food additives strongly correlated with the
suppression of lipid oxidation as inhibiting free radical
formation and chelating transition metal ions in meat and
meat products. In current study, inhibition activity of lipid
oxidation increased in meat product samples with increas-
ing of PPE concentrations. This result might be caused
that the polyphenol derived from PPE chelated or scav-
enged the free radical and, as a result, delayed or inhib-
ited the lipid oxidation of meat samples.

Effect of PPE on protein oxidation characteristics

of pork patties

Amino acids such as lysine, histidine, proline, and argi-
nine in meat result in a decrease protein functionality and
solubility, and in deterioration of the quality of meat and

meat products because they react with radicals, hydroper-
oxides, and secondary compounds that are products of
lipid oxidation (Gardner, 1979). The extent of protein oxi-
dation can be estimated by measuring carbonyl content
using the method of derivatization with DNPH (Levine et

al., 1994). In general, non-oxidized muscle tissue has a
carbonyl content of 1 nmol/mg protein, whereas the car-
bonyl content in oxidized muscle tissue ranges from 2-14
nmol/mg protein, depending on the extent of oxidation,
muscle type, and the actual initiator of oxidation (Mercier
et al., 1998; Reznick and Packer, 1994). In this study, the
protein carbonyl content ranged from 0.80 to 3.60 nmol/
mg protein in raw meat product samples (Fig. 3). With
increasing storage time, the amount of protein oxidation
increased, as evidenced by the increase of carbonyl con-
tent in raw meat samples after day 4. At initial storage
day, no significant differences were observed in carbonyl
content between control and As-0.05 and treatment added
with PPE and BHT. The meat samples with PPE, As-0.05,
and BHT-0.01 showed a significantly greater (p<0.05) red-
uction in carbonyl formation than seen in control raw pork
product samples after day 1. The carbonyl content sharply
increased between days 7 and 10 in raw meat samples in
all treatment. The control had the highest carbonyl con-
tent (3.60 nmol/mg protein) indicating the highest level of
protein oxidation among the treatments. The PPE-0.05,
PPE-0.1, PPE-0.2, As-0.05, and BHT-0.01 samples had
percent inhibition values of 40.6%, 45.6%, 53.6%, 27.2%,

Fig. 2. Thiobarbituric acid reaction substances (TBARS) values (mg of MDA/kg meat) in raw pork patties containing various
levels of persimmon peel extract (PPE) during chilled storage for 12 d. Values are Mean±S.D. (n=4). Error bars indicate standard
deviation. (◆ ) Control: ground pork without antioxidant, (▲ ) PPE-0.05: ground pork with 0.05% persimmon peel extract, (□ ) PPE-0.1:
ground pork with 0.1% persimmon peel extract, ( ○ ) PPE-0.2: ground pork with 0.2% persimmon peel extract, ( ■ ) As-0.05: ground
pork with 0.05% ascorbic acid, ( ● ) BHT-0.01: ground pork with 0.01% butylhydroxytoluene (BHT).
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and 47.5%, respectively, for protein oxidation at the end
of the storage period, compared to control raw meat prod-
uct samples. Ibrahim et al. (2010) found addition of avo-
cado peel could retard protein oxidation (around 50%)
compared to control in raw patties at the end of chilled
storage (day 15). As expected, increasing concentrations
of PPE resulted in increased of antioxidant activity during
lipid oxidation of raw meat samples. The PPE-0.2 sam-
ples had the lowest carbonyl content (p<0.05) and this ob-
servation might be because the phenolic compounds in
PPE, retard protein oxidation by either binding to the pro-
teins, forming complexes with them, or inhibiting lipid oxi-
dation (Choe et al., 2014; Siebert et al., 1996). To confirm
the mechanism as antioxidant against protein oxidation,
activity of phenolic compounds from persimmon peel such
as radical scavenging and metal chelating activity in myo-
fibrilar proteins would be studied.

The free thiol content ranged from 18.69 to 33.90 nmol/
mg protein, and no significant differences were observed
in the free thiol content among all treatments in raw meat
product samples at day 1 (Table 3). The free thiol content
significantly declined after day 7 in all treatments except
for PPE-0.1. Eymard et al. (2009) have reported similar
results, studying protein oxidation in minced fish during
refrigerated storage. The loss of thiol content was signifi-
cantly different (p<0.05) in control, PPE-0.05, PPE-0.1,
PPE-0.2, As-0.05, and BHT-0.01 raw meat patties, with
decreasing percent values (43.4%, 23.7%, 18.5%, 20.6%,

31.4%, and 23.5%, respectively) during chilled storage for
12 d. In other words, PPE treatment significantly reduced
the formation of disulfide bonds and it might be due to
chelating or scavenging activity of PPE against free radi-
cals compared to control and As-0.05 raw meat samples.

Conclusion

This study investigated the inhibition effect of PPE with
various concentrations (0.05, 0.1, and 0.2 g per 100g meat
samples) on lipid and protein oxidation in raw pork pat-
ties during chilled storage for 12 d compare to ascorbic
acid (As-0.05) and BHT (BHT-0.01). The addition of PPE,
which contains phenolic compounds, led to more stable a*
values than those of control and BHT-0.01 samples during
chilled storage. The PPE-0.2 had lower CDs and TBARS
than other treatments during 12 d of chilled storage. Inc-
reasing concentrations of PPE resulted in inhibition of the
POVs increase, with PPE-0.05, PPE-0.1, and PPE-0.2 ex-
hibiting 23.3% and 16.5%, 33.8% of control POVs in each
of raw pork patties on storage day 10 having a peak in pri-
mary lipid oxidation. The addition of PPE retarded pro-
tein oxidation as shown by inhibiting the formation of car-
bonyl and disulfide bond in pork meat during chilled stor-
age for 12 d. Given the results of this study, PPE has pot-
ential inhibition effects on lipid and protein oxidation and
improvement on color stability as economic natural anti-
oxidant in meat products during chilled storage. Further

Fig. 3. Carbonyl content (nmol/mg protein) in raw pork patties containing various levels of persimmon peel extract (PPE)
during chilled storage for 12 d. Values are Mean±S.D. (n=4). Error bars indicate standard deviation. ( ◆ ) Control: ground pork with-
out antioxidant, ( ▲ ) PPE-0.05: ground pork with 0.05% persimmon peel extract, ( □ ) PPE-0.1: ground pork with 0.1% persimmon peel
extract, (○) PPE-0.2: ground pork with 0.2% persimmon peel extract, (■) As-0.05: ground pork with 0.05% ascorbic acid, (●) BHT-0.01:
ground pork with 0.01% butylhydroxytoluene (BHT).
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study in inhibition mechanism and effect of PPE on lipid
and protein oxidation in purified muscle protein system
should be required.
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