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Abstract

The effect of mugwort extract (ME) and vitamin C (VC), added individually or in combination, on color, lipid oxidation,
and sensory characteristics of chicken nuggets stored for 12 d was investigated. Eight treatments of chicken nuggets con-
tained the following: Control (no antioxidant added), VC (0.05% VC), ME 0.05 (0.05% ME), ME 0.1 (0.1% ME), ME 0.2
(0.2% ME), VC+ME 0.05 (0.05% VC + 0.05% ME) and VC+ME 0.1 (0.05% VC + 0.1% ME), VC+ME 0.2 (0.05% VC +
0.2% ME). Results showed that the mixture of 0.05% VC and 0.2% ME was most effective for delaying lipid oxidation (thio-
barbituric acid reactive substances, conjugated dienies, and peroxide formation) when compared to the control or ME alone
added. The color values of all treatments were significantly affected by adding ME. Additionally, the total color difference
(AE), chroma (C*), and hue angle (H®) values of all treatments, except for VC, were lower than those of the control as the
amount of ME increased. The sensory characteristics (flavor, odor, and overall acceptability) did not differ significantly in
any of the chicken nugget samples, whereas storage time had a significant effect. The results suggest that the possibility of
utilizing chicken nuggets with a mixture of mugwort extract and vitamin C for the increase of shelf-life and quality.
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Introduction

Worldwide consumption of chicken-based meat prod-
ucts has increased due to their nutritional quality. In fact,
chicken meat supplies high protein (around 20 g/100 g
raw meat without skin) and low fat (about 5 g/100 g raw
meat without skin) (Bonoli et al., 2007). The increasing
demand for processed chicken products such as sausage,
meatballs, hamburgers, and nuggets has become a market
trend. However, chicken meat is a highly perishable food;
thus, its shelf-life must be optimized to meet marketing
requirements (Sheu and Chen, 2002).

Lipid oxidation is the main cause of quality deteriora-
tion in meat and meat products. It is not only generates
unacceptable off flavors and off odors, but also limits
shelf-life and commercial stability. In contrast to raw
meat in which lipid oxidation occurs over days or weeks,
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these reactions proceed rapidly in cooked (i.e., fried)
meats such that oxidized flavors are detectable within
hours of cooking. In particular, thermal processes pro-
mote lipid oxidation by disrupting cell membranes and
releasing pro-oxidants (Sampaio et al., 2012).

Many researchers have focused on developing fried
food products with minimal quality deterioration due to
an increased awareness of nutrition by consumers, and
many approaches have been reported. Use of either syn-
thetic or natural antioxidants is one of the major strategies
for preventing lipid oxidation. Current recommendations
restrict synthetic food additives, which encourage replace-
ment by naturally occurring ingredients with similar func-
tions. Apart from traditional antioxidants, a variety of
compounds with oxidation inhibitory activity can be pro-
posed for use in food. The desire for new sources of safe
and inexpensive natural antioxidants has resulted in con-
siderable interest in herbs and spices as natural antioxi-
dant sources (Sampaio et al., 2012).

Mugwort (Artemisia princeps Pamp., family Cardu-
aceae) is a natural herb plant used in tea, food, and tradi-
tional medicine in the East Asian countries of Korea, Ja-
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pan and China. This plant contains bioactive compounds
such as phenolics, alkaloids, and vitamins A, B,, B,, and
C as well as various minerals (Hwang et al., 2011).

Vitamin C (ascorbic acid) is a reducing agent, which
increases shelf-life and stabilizes the color of meat and
meat products. It has also been used in combination with
other antioxidants by promoting their antioxidant effects
(Djenane et al., 2002).

Until now, previous researches have reported that the
beneficial effects of antioxidant combination to extend
shelf-life reducing lipid oxidation. However, few studies
have ever been done to examine the antioxidant combina-
tion effect of mugwort and other antioxidants in meat and
meat products. Also, the evaluation of their effect in a
range of food systems is still needed on successful appli-
cation in meat and meat products. Therefore, the aim of
this study was to investigate two different antioxidants, a
mugwort extract (ME), vitamin C (VC) and their combi-
nation on shelf-life in chicken nuggets during 12 d of
storage at 4°C.

Materials and Methods

Preparation of the mugwort extracts (ME)

Commercial samples of dried mugwort were purchased
from a local market. After separating the leaves from the
dried mugwort, they were ground using a blender (KA-
2610, Jworld Tech, Korea) for 1 min. Ten grams of finely
ground using a blender (KA-2610, Jworld Tech, Korea)
mugwort leaves were mixed with 200 mL of 50% etha-
nol; the leaves macerated solvent at room temperature
(approximately 20°C) for 24 h in a shaker (VS-8480,
Vision Scientific Co., Ltd, Korea) at 50 rpm. The extracts
were filtered through filter paper no. 1 (Whatman Interna-
tional, Maidstone, UK) and evaporated with a rotary eva-
porator (EYELA N-1000, Rikakikai, Japan) at <50°C.
The products represented the ME.

Preparation of the antioxidant treatments

An antioxidant combination of vitamin C (VC; Sewoo
Inc, Korea) and mugwort extract (ME; pH, 6.09+0.02;
L*-value, 29.41+0.05; a*-value, 1.49+0.26; b*-value, 0.76
+0.04) was prepared according to the formulations: Con-
trol (no antioxidant added), VC (0.05% vitamin C), ME
0.05 (0.05% mugwort extract), ME 0.1 (0.1% mugwort
extract), ME 0.2 (0.2% mugwort extract), VC + ME 0.05
(0.05% vitamin C + 0.05% mugwort extract), VC + ME
0.1 (0.05% vitamin C + 0.1% mugwort extract), and VC
+ ME 0.2 (0.05% vitamin C + 0.2% mugwort extract).

Chicken meat and skin

Fresh chicken breasts (Muscularis pectoralis) form fresh
broilers (Arbor Acre strain, 5 wk of age, approximately
1.5-2.0 kg live weight) and chicken skin were obtained
from a local meat market. The chicken breast and skin
were ground using a meat grinder (PM-70, Mainca, Spain)
equipped with an 8 mm plate. The ground tissue was then
placed in Nylon/PE film, vacuum packaged using a vac-
uum packaging system (FJ-500XL, Fujee Tech, Korea),
and stored at 0°C until required. Suitable amounts of the
muscle and chicken skin were tempered at 4°C for 24 h
prior to preparing the chicken nuggets.

Preparation of the emulsion

Chicken carcasses contain roughly 15% skin and 2-4%
fat. Chicken skin without adipose tissue contains approx-
imately 20-30% fat (Sheu and Chen, 2002). In this study,
chicken skin by-products were utilized as fat in the chi-
cken nuggets. Chicken breast meat (17%), chicken skin
(10%), ice (3%), sodium chloride (NaCl, 1.5%), and so-
dium tripolyphosphate (0.3%) were emulsified using sil-
ent cutter (Cutter Nr-963009, Hermann Scharfen GmbH
& Co, Germany).

Processing of chicken nuggets

After preparing the emulsion, each portion of ground
chicken breast (70%) meat was mixed with emulsion
(30%) and an antioxidant combination (see above section
preparation of the antioxidant treatments). The mixture
from each formulation was weighed to provide individual
nugget pieces (40+1 g per piece). The samples were deep
fried in soybean oil at 190+2°C for 5 min using a deep
fryer (DHF520, Donghwa, Korea). The chicken nuggets
were cooled by placing them on a rack at room tempera-
ture for 30 min. The chicken nuggets were packaged re-
frigerated at 4°C and used for further analysis after 0, 3,
7,and 12 d.

Instrumental color

Color changes in the deep fried chicken nuggets during
storage were monitored with a colorimeter (Chroma
meter CR-210, Minolta, Japan) using an 8-mm diameter
measuring area and a 50-mm diameter illumination area.
Color was expressed with L* (100 = white, 0 = black), a*
(positive = redness, negative = greenness), and b* (posi-
tive = yellowness, negative = blueness) values. The colo-
rimetric difference between a sample and a white stan-
dard reflectance plate, total color difference (AE), was cal-
culated using the equation: AE = [(L*-L)* + (a*-a)* + (b*-
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b)) (L*=97.83, a*=—0.43, b*=+1.98). Additionally, the
hue and chroma (saturation) values were determined using
the formula, Tan "!(b*/a*) and (a>+b?)"?, respectively. Co-
lor readings were measured on ten randomly chosen spots
on the chicken nuggets and were utilized as an estimate
of meat discoloration.

Lipid oxidation

Lipid extraction was conducted as previously described
(Folch et al., 1957) using a chloroform:methanol solvent
system (2:1). Lipid extracts were evaporated and concen-
trated with a rotary evaporator (EYELA N-1000, Rikaki-
kai. Co. Ltd., Japan), and the extracted lipids were used
for the POV (peroxide value) and CD (conjugated diene)
analyses. The POV of lipid extracted from the sample
was analyzed according to Association of Official Analyt-
ical Chemists (AOAC) Oficial Methods 965.33 (AOAC,
2009).

CD were determined using a modified method adapted
from Juntachote er al. (2006). Extracted sample lipids
(0.015 g) were massed into a 25 mL volumetric flask,
brought to volume with isooctane, and mixed. Absor-
bance was read at 234 nm with isooctane used as the
blank. The CD concentration was calculated using a
25,000 M/cm molar extinction coefficient. Results are
expressed as pmol/mg meat sample lipids.

Lipid oxidation was assessed in sample triplicates using
the 2-thiobarbituric acid (TBA) method of Tarladgis ef al.
(1960) with minor modifications and was expressed as
miligrams of malondialdehyde (MA) per kilogram of sau-
sage. A 10 g sample was blended with 50 mL distilled
water for 2 min and then transferred to a distillation tube.
The cup used for blending was washed with an additional
47.5 mL of distilled water, which was added to the same
distillation flask with 2.5 mL 4 N HCl and a few drops of
antifoam agent (KMK-73, Shin-Etsu Silicone Co., Ltd.,
Korea). The mixture was distilled, and 50 mL of the dis-
tillate was collected. Five mL of 0.02 M TBA in 90%
acetic acid (TBA reagent) was added to test tubes con-
taining 5 mL of the distillate and mixed well. The tubes
were capped and heated in a boiling water bath for 30
min to develop the chromogen and cooled to room tem-
perature. Absorbance was measured at 538 nm against a
blank prepared with 5 mL distilled water and 5 mL TBA
reagent using a UV/VIS spectrophotometer (Optizen 2120
UV plus, Mecasys Co. Ltd., Korea).

Sensory evaluation
Each chicken nugget was evaluated for flavor, odor, and

overall acceptability on each day of sampling. The sen-
sory evaluation was conducted by a 45 untrained mem-
bers (acceptability test). Panelists (22 females, 23 males)
were chosen among graduate students and faculty of the
Department of Food Sciences and Biotechnology of Ani-
mal Resources, University of Konkuk using the following
criteria: ages between 20 and 35, non-smokers, regular
consumers of chicken products. The attributes which have
been studied are the following: flavor, odor and overall
acceptability using a 9-point hedonic rating scale (Law-
less and Heymann, 1999). The panelists were instructed
to clean their plate by consuming a cracker and sipping
water between evaluations. The scale includes the follow-
ing ranking: 1=extremely unacceptable, 2=very much un-
acceptable, 3=moderately unacceptable, 4=slightly unac-
ceptable, S=between acceptable and unacceptable, 6=sli-
ghtly acceptable, 7=moderately acceptable, 8=very much
acceptable and 9=extremely acceptable. A mean score of
7 or above indicates an acceptable product. A mean score
below 5.0 marks the end of chicken nugget shelf-life
(Mexis et al., 2009).

Statistical analysis

All data were subjected to the analysis of variance
(ANOVA) using general linear model (GLM) procedure
of SPSS 18.0 software (SPSS Inc., USA), with three rep-
lications, which was used as the storage periods (0, 3, 7,
and 12 d) and antioxidant type (Control, VC, ME 0.05, ME
0.1, ME 0.2, VC+ME 0.05, VC+ME 0.1, and VC+ME
0.2). The Duncan’s multiple range was applied for com-
parisons of means, differences were considered significant
at p<0.05. The effects of antioxidant and storage on color,
lipid oxidation, and sensory evaluation during refriger-
ated storage of chicken nugget were analyzed by two-way
ANOVA with and storage as main factors. Correlations
between variables were determined by correlation analy-
ses using Pearson's linear correlation coefficient with the
above statistical software package.

Results and Discussion

Change in color values of chicken nuggets during

storage

The total color difference (AE), hue angle (H®) and ch-
roma (C*) values of the chicken samples showed some
significant differences in relation to the amount of ME
added (Table 1). The formulations with ME had higher
AE, H° and C* values compared to that of the control.
Higher AE value results showed a greater relative change
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Table 1. Effect of antioxidant combination on total color difference (AE), chroma (C*), and hue angles (H°) in chicken nugget

during refrigerated storage for 12 d

Trait Treatment' Storage period (d) SEM?
0 7 12
Control 41.00%® 39.59F° 38.255¢ 35.30% 0.398
VC 37.92P2 36.97% 35.66 32.97" 0.366
ME 0.05 41.19% 40.39% 39.31¢° 36.37¢ 0.358
AE ME 0.1 432882 42,5982 41.078° 38.988¢ 0.328
ME 0.2 45.497 44.05"° 43.16%¢ 40.33d 0.358
VC+ME 0.05 41.80%® 40.66% 39.56%° 37.15¢ 0.330
VC+ME 0.1 429582 42.015° 41.06% 38.2284 0.335
VC+ME 0.2 45.094° 44 4470 43.41%¢ 40.39M 0.354
SEM? 0.307 0.304 0313 0318
Control 33.70P 36.93D¢ 39.94<° 42.09%® 0.621
VC 31.62¢ 34.95E¢ 37.86"° 40.022 0.620
ME 0.05 34.58% 37.37% 40.74< 42.10% 0.582
o ME 0.1 38.1984 40.738¢ 43.918° 45,775 0.544
ME 0.2 40.23M 42 .404¢ 457540 472548 0.541
VC+ME 0.05 35.06% 37.26¢ 40.13< 42.12¢ 0.548
VC+ME 0.1 34.898¢ 35.78E¢ 38.30P° 40.55P2 0.473
VC+ME 0.2 37.474¢ 38.62¢ 40.85 42.54¢ 0.389
SEM? 0.391 0.317 0.340 0.335
Control 81.74P¢ 82.91P¢ 84.78%° 86.295° 0.327
VC 81.27P 82.58P¢ 84.70¢° 85.59¢ 0.320
ME 0.05 82.67¢ 83.48%¢ 85.795° 86.545¢ 0.302
1o ME 0.1 84.058¢ 84.43%¢ 85.628° 86.5952 0.209
ME 0.2 85.2540 85.224° 86.874 87.86" 0.226
VC+ME 0.05 82.82¢¢ 82.89P¢ 84.62%° 85.64% 0.237
VC+ME 0.1 83.938¢ 84.03% 85.898° 86.7352 0.240
VC+ME 0.2 85.174¢ 85.094¢ 86.894° 87.5142 0.220
SEM? 0.194 0.130 0.135 0.114

'Control: no antioxidant, VC: vitamin C 0.05%, ME 0.05: mugwort extract 0.05%, ME 0.1: mugwort extract 0.1%, ME 0.2: mugwort
extract 0.2%, VC+ME 0.05: vitamin C 0.05% and mugwort extract 0.05%, VC+ME 0.1: vitamin C 0.05% and mugwort extract 0.1%,

VC+ME 0.2: vitamin C 0.05% and mugwort extract 0.2%.
2SEM: Standard error of the mean (#=30).

Means with different superscripts are significantly different (p<0.05).

AEAntioxidant effects.
*dStorage day effects.

in color compared to the meat’s original color. Similar
results were observed in frankfurters when fat was repla-
ced with peach dietary fiber concentrate, which showed
increased AE values (Grigelmo et al., 1999). Also, Lopez-
Loépez et al. (2009) reported that the C* values of cooked
sausages were significantly affected by adding olive and
other vegetable oils. Choi ef al. (2011) found that pork
batter formulated with rice bran fiber had higher H® val-
ues with increasing rice bran fiber level than that in the
control (p<0.05). Additionally, the H® values explains the
hue in meat, redness at 0° and yellow when the angle was
increased to 90°, whereas simultaneously increasing H°
and C* values showed that the meat became more orange
and brighter in color (Luciano ef al., 2009). In agreement
with this trends, increase in C* and H® values, regardless

of the antioxidant treatment was found. However, the
antioxidant treatment affected this color parameter due to
brownish color of ME, which was likely transferred to the
sample, causing a modification of the chicken nugget
color. Liz et al. (2013) recommended that some natural
ingredients, which possessing the specific color, lead to
discoloration of finished meat products.

Change in lipid oxidation of chicken nuggets dur-

ing storage

Concentrations of initial oxidation products (POV and
CD) in the lipid fraction of the chicken nugget together
with those of MA (malondialdehyde) during the 12 d
storage period are presented in Table 2 and Fig. 1 and 2.
The POV and CD values in the control and VC treatment
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Table 2. Effect of antioxidant combination on CD (umol/mg lipid) in chicken nugget during refrigerated storage for 12 d

Storage period (d)

1 2
Treatment 0 3 7 2 SEM
Control 0.640" 0.768% 0.728%° 0.676% 0.009
vC 0.63144 0.74382 0.6945° 0.653% 0.008
ME 0.05 0.6108¢ 0.73482 0.673%® 0.645P¢ 0.009
ME 0.1 0.5988¢ 0.701¢ 0.753P° 0.70982 0.011
ME 0.2 0.575% 0.675® 0.7194 0.678%° 0.010
VC+ME 0.05 0.572¢¢ 0.6465 0.69188 0.654P° 0.008
VC+ME 0.1 0.566% 0.627 0.675¢° 0.7542 0.013
VC+ME 0.2 0.560% 0.5986¢ 0.654P° 0.71282 0.011
SEM? 0.004 0.007 0.004 0.005

"Treatments are the same as in Table 1.
2SEM: Standard error of the mean (#=8).

Means with different superscripts are significantly different (p<0.05).

A6 Antioxidant effects.
*dStorage day effects.
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Fig. 1. Effect of antioxidant combination on POV (meq of
active O,/kg lipid) in chicken nugget during refriger-
ated storage for 12 d. Error bar represents the standard
error of the mean for each treatment (»=8). (M ) Control:
no antioxidant, (<) VC: vitamin C 0.05%, ( o ) ME 0.05:
mugwort extract 0.05%, ( O ) ME 0.1: mugwort extract
0.1%, (& ) ME 0.2: mugwort extract 0.2%, ([0 ) VC+ME
0.05: vitamin C 0.05% and mugwort extract 0.05%, ( A )
VC+ME 0.1: vitamin C 0.05% and mugwort extract 0.1%,
(®) AC+ME 0.2: vitamin C 0.05% and mugwort extract
0.2%.

was more intense compared to the ME alone and/or com-
bination VC; maximum values for POV and CD contents
were reached on 3 d, after which a decline was observed.
The POV changes over time agree with the mechanism of
lipid oxidation, which is a dynamic three-stage process.
During the initial stage of oxidation, the increase was
probably due to the faster rate of formation of new hydro-
peroxides than degradation of hydroperoxides into sec-

0.7
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Malondialdehyde (mg/kg)

0.1 | s Control - VC

-+ ME 0.05

-0- ME 0.1

-+ MEO0.2
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Storage period (d)

0 VC+ME 0.05 - VC+ME 0.1 - VC+MEO0.2
I I

Fig. 2. Effect of antioxidant combination on TBARS values
(mg MA/kg) in chicken nugget during refrigerated
storage for 12 d. Error bar represents the standard error
of the mean for each treatment (#=8). Treatments are the
same as in Fig. 1.

ondary oxidation products. Decomposition of hydroper-
oxides into secondary products increases at a higher rate
as lipid oxidation proceeds, as compared to the formation
of new hydroperoxides, resulting in decreased POV (Qi
and Zhou, 2013). Also, Sampaio et al. (2012) observed in
increase of CD of chicken meat treated with antioxidant
combination (oregano, sage, and honey) during 48 h, fol-
lowed by a decrease thereafter due to conjugated hydrop-
eroxides breaking down into secondary lipid oxidation
products.

In contrast to POV and CD, TBARS values represent the
content of secondary products as measured by MA con-
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centration (Hassan and Fan, 2005). The samples treated
with Control, VC, and ME 0.05 an increasing trend in
TBARS values until 7 d followed by a decrease until 12
d of storage was observed. According to Melton (1983),
although MA is a secondary lipid oxidation product, it
does not necessarily mean that TBARS continues to inc-
rease throughout storage. These low TBARS numbers are
thought to be the result of MA reactions with proteins.
Chouliara et al. (2007) reported similar findings that the
TBARS values in chicken breast meat treated with oreg-
ano oil and modified atmosphere packaging increased du-
ring 12 d of storage and then later decreased. In this
study, the VC treatment did not exhibit antioxidant activ-
ity compared to that of other treated samples. Sanchez-
Escalante et al. (2003) reported that adding 500 ppm vita-
min C was ineffective for inhibiting lipid oxidation, and

even caused a pro-oxidant effect. However, the mixture
VC and the ME, except for VC+ME 0.05, exhibited the
lowest values for all oxidation products measured than
those containing individual ME, a finding that demon-
strates a synergistic effect to reduce lipid oxidation. Dje-
nane et al. (2002) suggested that vitamin C roles syner-
gistically in antioxidation when combined with other anti-
oxidants by enhancing their antioxidant ability. The anti-
oxidant ability of the ME could be due to presence of nat-
ural antioxidants. Kim (2011) reported that mugwort con-
tains many ingredients with antioxidant and antimicrobial
properties such as polyphenols, and a relationship between
phenolic content and antioxidant capacity has been obser-
ved (Velioglu et al., 1998). Previous study indicated that
phenolic compounds prevent degradation to more active
oxidizing forms, such as MA and have abilities to seques-

Table 3. Effect of antioxidant combination on sensory evaluation in chicken nugget during refrigerated storage for 12 d

Trait' Treatment? Storage period (d) SEM?
0 7 12
Control 8.36° 8.17% 7.89° 7.00° 0.105
vC 8.27° 8.06% 7.94 7.05° 0.100
ME 0.05 8.41° 8.00%° 7.72° 7.05¢ 0.113
Flavor ME 0.1 8.45° 8.33° 7.94° 7.00° 0.113
ME 0.2 8.23° 8.22° 7.89° 7.09° 0.101
VC+ME 0.05 8.55% 8.22% 7.96° 7.16° 0.114
VC+ME 0.1 8.32° 8.11° 7.56° 7.20° 0.092
VC+ME 0.2 8.36% 8.28% 8.00° 7.23¢ 0.093
SEM® 0.050 0.043 0.054 0.045
Control 8.64° 8.36° 7.61° 7.09° 0.128
VC 8.36% 8.45° 7.72° 7.05¢ 0.124
ME 0.05 8.55% 8.27° 7.44° 7.00¢ 0.131
Odor ME 0.1 8.32° 8.41° 7.83° 7.10°¢ 0.102
ME 0.2 8.48° 8.27° 7.78° 7.15¢ 0.101
VC+ME 0.05 8.18° 8.23° 7.78° 7.27° 0.085
VC+ME 0.1 8.59% 8.18% 7.61° 7.25¢ 0.105
VC+ME 0.2 8.27° 8.18? 7.67° 7.32¢ 0.089
SEM? 0.052 0.056 0.059 0.046
Control 8.50° 8117 7.67° 6.87° 0.123
vC 8.41° 8.22% 7.78° 6.91° 0.135
ME 0.05 8.45° 8.17% 7.83° 6.98° 0.120
Overall ME 0.1 8.55° 8.44° 7.89° 7.00° 0.124
acceptability ME 0.2 8.36% 8.28* 7.67° 7.04° 0.114
VC+ME 0.05 8.23° 8.33% 7.94° 7.36° 0.093
VC+ME 0.1 8.36 8.17% 7.89° 7.27° 0.097
VC+ME 0.2 8.32° 8.22° 7.91° 7.23¢ 0.088
SEM? 0.055 0.065 0.051 0.042

ISensory score: 1=extremely unacceptable, 2=very much unacceptable, 3=moderately unacceptable, 4=slightly unacceptable, 5=between
acceptable and unacceptable, 6=s lightly acceptable, 7=moderately acceptable, 8=very much acceptable and 9=extremely acceptable. A
mean score of 7 or above indicates an acceptable product. A mean score below 5.0 marks the end of chicken nugget shelf-life.

’Treatments are the same as in Table 1.
3SEM: Standard error of the mean (n=4).

Means with different superscripts are significantly different (p<0.05).

*dStorage day effects.
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trate radicals, and chelate metals (Baydar et al., 2004). In
summary, the results displayed that the best antioxidative
effect (p<0.05) was obtained with the combination of VC
+ME 0.2 (0.05% vitamin C + 0.2% mugwort extracts),
for which the values of lipid oxidation (POV, CD, and
TBARS) were lower at the end of storage period (12 d)
than those of the control. Results are in accordance with
those of Djenane et al. (2002), who recommended that
antioxidant combinations are regarded to be more effec-
tive than single antioxidant because when antioxidants are
combined they support each other synergistically to cre-
ate an expanded effect.

Change in sensory evaluation of chicken nuggets

during storage

Sensory scores for the flavor, odor, and overall accept-
ability of chicken nuggets containing the ME (either
alone or with VC) did not significantly affect the flavor,
odor, or overall acceptability scores, whereas a significant
effect from storage time was noted (Table 3). The chicken
samples stored for 12 d with the antioxidant combination
showed higher scores, although the average values for
overall acceptance were not different (p>0.05) among tre-
atments. These results agree with those of Carpenter et al.
(2007) for cooked pork patties supplemented with grape
seed and blackberry, where the sensory properties were
not diminished. Naveena ef al. (2008) indicated that add-
ing pomegranate juice and rind powder to chicken patties
did not impart a significant difference in the sensory eval-
uation (off-odor, sweet flavor, chicken flavor, and overall
palatability score). Furthermore, according to Nassu ef al.

(2003), the end of the shelf-life of a product is considered
when there is a lowering of 1.5 points on the hedonic
scale. As storage time increased, sensory evaluations had
lower scores than those of the initial storage period.

Correlation coefficients among different parame-

ters for all chicken nuggets during storage

Our present study showed that the negatively correla-
tion coefficients were found between TBARS values and
sensory evaluation, such as flavor, odor, and overall accep-
tability (R’=0.795, 0.807, and 0.798 respectively) (Table
4). These data agree with those of Donald (1998), who
proposed that the TBARS value had been widely used for
measuring secondary lipid oxidation products, mainly al-
dehydes, which contribute to off-flavors in oxidised meat
and meat matrix. Therefore, this method demonstrated
good correlation with the sensory quality of foods. San-
chez-Escalante et al. (2003) reported that deterioration
was related to oxidative processes and not spoilage due to
microorganism growth. According to Campo et al. (2006),
meat products can be considered well preserved in regards
to oxidative changes, when they had 2 mg MA/kg meat
as a threshold value for rancidity perception by consum-
ers. The TBARS values of all chicken nugget samples did
not exceed 0.6 mg MA/kg by the end of the storage
period (Fig. 2).

Conclusion

The antioxidant combination demonstrate the positive
effects on retarding lipid oxidation compared to that of

Table 4. p-values of both factors (Treatment: T and Storage: S) and interaction (T*S), and correlation coefficients of among dif-
ferent parameters for all chicken nuggets during refrigerated storage for 12 d

AE' He C* POV CD  TBARS  Flavor  Odor Overall
acceptability
Treatment kskok skokok kokok skoksk kskosk kskok % NS NS
Storage kskok skok okok skokok kskosk kskok kskok skskok skkok
Treatment*Storage oAk oAk NS oAk Hokk HAK NS NS NS
AE 1.000
He° 0.037 1.000
C* 0.041 0.880**  1.000
POV 0.245 0.226 0.248 1.000
CD 0.045* 0.209 0.383* 0.741**  1.000
TBARS 0.665**  0.561**  0.631**  0.573**  0.736**  1.000
Flavor 0.638**  0.714**  0.653**  0.304 0.388* 0.795**  1.000
Odor 0.597**  0.777**  0.683**  0.274 0.320 0.807**  0.929**  1.000
Overall acceptability  0.649**  0.734**  0.672**  0.270 0.361* 0.798**  0.965**  0.956** 1.000

p-values: ns=p>0.05, *p<0.05, **p<0.01, ***p<0.001.

Correlation coefficients: * indicates significance at p<0.05; **indicates significance at p<0.01.
'AE, total color difference; H°, hue angle; C*, chroma value; POV, peroxide value; CD, conjugated diene; TBARS, thiobarbituric acid
reactive substance; Flavor, Odor, Overall acceptability, sensory characteristic
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control and mugwort extract alone added in chicken nug-
get. Among the antioxidant combination, VC+ME 0.2
(0.05% vitamin C + 0.2 % mugwort extract) had signifi-
cantly lower POV, CD, and MA concentrations during
refrigerated storage for 12 d. Although, the investigation
of antioxidant combination in a range of food processing
systems is still needed for successful application in meat
and meat products. The development of prevention strat-
egies using antioxidant combination deserves more atten-
tion. The results demonstrated that combination with
mugwort extract and vitamin C showed the potential as
alternatives to commercial antioxidants, for increasing the
shelf-life of meat and meat products.
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