Emirates Journal of Food and Agriculture. 2016. 28(4): 283-287
doi: 10.9755/ejfa.2015-09-719
http://www_.ejfa.me/

SHORT COMMUNICATION
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ABSTRACT

The breast meat quality of broilers fed four different types of red ginseng marc (DTRG) during storage at 4°C was investigated in this
study. The experiment had a completely randomized design with four groups and four replicates; 240 Arbor Acres broiler chicks (160 males
and 80 females) were used. The groups consisted of the control, 2% red ginseng marc, 1% fermented red ginseng marc with red-koji,
and 2% liquid red ginseng. No remarkable effects on pH values of breast meat were observed in groups fed DTRG during storage (but
not the group fed 1% fermented red ginseng combined with red-koji). Both groups and storage had a significant effect (p < 0.05) on
lightness (L*), redness (a*), and yellowness (b*) values (but not L* values at 7 days, a* values at 1 day, and b* values at 7 days or L*
values in T3 groups and a* values in T1 groups over storage). 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activity showed
significant differences (p < 0.05) between groups and storage days. In conclusion, diets supplemented with 1% fermented red ginseng
powder combined with red-koji is helpful in improving DPPH radical-scavenging activity (antioxidant effect) in broiler breast meat, possibly

because of the saponins, flavonoids and polyphenols present in red ginseng marc.
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INTRODUCTION

Ginseng (Panax ginseng Meyer) is a slow-growing perennial
plant (4 to 6 years), and it is distributed mainly in Korea,
Japan, China, and the Maritime Province of Siberia and
usually in subarctic and temperate regions (Choi et al.,
2007; Zhuravlev et al., 2008). Ginseng has been used as an
herbal medicine for thousands of years (Choi etal., 2011).
Recently, many ginseng products to which a functional
food or food flavor is added to enhance its effectiveness
(health and body vigor) have appeared in the local or global
market (Ryu etal., 2012). Ginseng roots can be divided into
three types on the basis of the method of processing: fresh
ginseng (less than 4 years of age), white ginseng (46 years
of age; roots are dried after peeling), and red ginseng (Yun,
2001). Red ginseng is harvested when it is 6 years of age,
and the roots are dried after steaming in water vapor at
98—-100°C. A previous study revealed that ginseng has
saponins, phenolics, polysaccharides, alkaloids, and lighans
(Palazon et al., 2003). In addition, a review on the various

properties of saponins, which are regarded as important
bioactive ingredients, had been published (Francis et al.,
2002). Interest in red ginseng has increased in the past
two decades as a result of its potential beneficial effects
(antioxidant activity and immunostimulatory, antistress,

and vasorelaxing effects), as confirmed by Yildirim et al.
(2013).

An alternate approach for improving animal diet and meat
quality is to use red ginseng marc or red koji prepared
by fermentation with species that belong to the genus
Monascus. Red ginseng marc is a fibrous and insoluble
byproduct obtained after the extraction process of
ginseng, It was believed to be a waste product, but studies
showed that red ginseng marc powder or fermented red
ginseng marc has pharmacological properties and strong
antioxidant effects (Jung et al.,, 2010; Lim et al., 2004).
In a study to apply poultry diets (3%), Kim et al. (2014)
reported the potential effects of red ginseng marc on
antioxidant activity.
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Red-koji (Monascus species) has been traditionally used
as a medicinal food and a fermentation source for other
herbs in East Asia (Kim et al., 2013). For example,
a product fermented using Monascus was gradually
considered to be a functional food because monacolin
K (anti-hypercholesterolemic agent), y-aminobutyric acid
(hypotensive agent), and dimerumic acid (antioxidant) were
present (Aniya et al., 2000; Su et al., 2003). However, to the
best of our knowledge, there are no studies on the effects
of fermented red ginseng marc powder combined with
red-koji on the meat quality (antioxidative properties) of
broilers. It is therefore essential to study the physiological
activities and antioxidative properties of fermented red
ginseng marc powder combined with red-koji. This study
was performed to investigate the breast meat quality of
broilers fed fermented red ginseng marc powder mixed
with red-koji during hypothermic storage.

MATERIALS AND METHODS

Birds and experimental design

Red ginseng marc, fermented red ginseng marc, red-koji, and
liquid red ginseng were purchased from Ginseng Organic
Co. (Seoul, Korea). Fermented red ginseng marc and red-
koji were mixed at a ratio of 9:1. All samples were quickly
prepared for the experiments. The animal care protocol used
in this study was according to the guidelines of the Dansan
Farm (Yeongju, South Korea). A total of 240 broiler chicks
(160 males and 80 females, Arbor acres, and 1 day of age)
were randomly allotted to one of the following four dietary
groups: control (basal diet), T1 (basal diet with 2% red
ginseng marc), T2 (basal diet with 1% fermented red ginseng
marc combined with red-koji), and T3 (basal diet with
2% liquid red ginseng). The experiment had a completely
randomized design with four replicate pens of 10 male
and 5 female birds per group. The trial was performed in
two phases: a starter phase (day 1 to 21, 12.97 MJ/kg ME,
22% crude protein, 6% crude fat, 7% crude fiber, 10%
crude ash, 0.9% Ca, and 1% P) and a finisher phase (day
22 to 28, 12.97 MJ /kg ME, 19% crude protein, 6% crude
fat, 7% crude fiber, 10% crude ash, 0.8% Ca, and 0.9% P).
The chicks were reared in an environmentally controlled
room in 1.1 X 1.2-m pens with a tube feeder and a hanging
bell drinker. They were maintained on a 24-h light schedule
(14-h/10-h light/dark cycle), and feed and water were
provided ad libitum throughout the 28-day experimental
period. Ambient temperature was maintained at 35°C for
the first week, after which the temperature was gradually
reduced to 24°C and maintained during the four-week trials;
ventilation was automatically regulated. In the 28-day trial,
the following litter materials were used: wood shavings and
rice hulls (an approximately 6-cm layer). At the end of the
feeding trials, the birds were fasted for 6 h. Three birds per

284

pen were randomly selected, moved to the slaughterhouse,
and electrically stunned. The birds were killed using a
full ventral neck cut and exsanguinated, according to
conventional slaughter procedures. Breast meat samples
were excised and immediately packed in sealable plastic
bags. Meat quality was analyzed during storage at 4°C on
the postmortem days 1, 3, and 7.

Measurement of meat quality

pH

The pH of ground meat was determined in triplicate by
using the method described by Kim et al. (2014). About
10 g of ground breast meat was homogenized in 90 mL
of distilled water by using a blender (HM-3000; Hyundai
Electronic Industry Co., Incheon, South Korea) for 1 min,
and pH of the homogenate was determined using a digital
pH meter (691 pH meter; Metrohm, Swiss) calibrated at
pH 4.0 and 7.0.

Meat color

Color values of the breast meat samples were measured
using a Minolta colorimeter (Minolta Co. CR 301, Japan)
calibrated against a standard white tile (reference number
12633117, Y= 93.5,x=0.3132, and y = 0.3198). Lightness
(L*¥), redness (a*), and yellowness (b*) values were obtained
using the average value of three repeated measurements
taken from different locations on the surface of the meat
samples.

1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical-
scavenging assay

Ability of the samples to scavenge 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radicals was estimated in triplicate
using the aqueous supernatant obtained from breast
meat, according to the method of Blois (1958) with slight
modifications. Ascorbic acid was used as the standard
solution. The extract (1 mL) was added to 4 mL of ethanolic
DPPH solution (100 uM) and vortexed. The mixture was
allowed to stand for 30 min at room temperature, and then
absorbance was measured at 517 nm by using a UV-Vis
spectrophotometer (Shimadzu, Japan). The percentage of
DPPH free radical-scavenging activity was calculated using
the following equation:

DPPH radical scavenging (%) = [1 — (absorbance of
sample solution/absorbance of control)] X 100

Statistical analysis

Data were evaluated using analysis of variance (SAS
software; SAS Institute, 2002). For all analyzed data, the pen
was used as the experimental unit. Duncan’s multiple range
test was used at an overall significance level of P = 0.05 to
make comparisons among mean values (Duncan, 1955).
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RESULTS AND DISCUSSION

pH and meat color

The pH and meat color of the broilers fed diets with DTRG
are listed in Table 1. Overall, pH values in all groups were
similar during storage. No remarkable effects of DTRG
on pH values of breast meat were observed in the groups
when compared with the control (p> 0.05). However, the
T2 group showed a minor significant (p< 0.05) effect on
pH as the number of storage days increased.

With respect to meat color, an increase and a decrease
(p< 0.05) in L* and a* values were observed in both groups
and storage. All groups had a significant effect (p< 0.05)
on b* values, which tended to increase with storage days.
However, no significant differences in L* values at 7 days,
a* values at 1 day, and b* values at 7 days were found in
all groups, including 1* values in T3 groups and a* values
in T1 groups over storage. The highest values of L* and
b* and the lowest values of a* were observed in the T2
group (Table 1). Even though our result indicated that
meat color was significantly different among groups fed
DTRG, it seems that the different types of red ginseng
did not have an antioxidant effect on meat color. In
particular, fermented or red ginseng marc has been shown
to be a biologically active compound with antioxidant
effectiveness (Jung et al.,, 2010). In addition, red-koji is
used as a food colorant, flavoring agent, and preservative
and widely used for its antioxidant or medicinal properties
(Arunachalam and Narmadhapriya, 2011). Nevertheless,
our findings did not support those of Fernandez-Lopez

et al. (2005), who claimed that using natural extracts
applied to beef meatballs during storage had significant
advantages. Previous studies have shown that the presence
of natural antioxidants could retard the formation of
metmyoglobin and have highly suppressive effects and
decrease L* or increase a* values (Fernandez-Lopez et
al., 2005; Velasco and Williams, 2011). In contrast, Kim
et al. (2014) suggested that the color of the thigh muscle
was not affected by supplementation of broiler diets with
increased levels of red ginseng marc.

In general, meat pH and color are considered as important
criteria that influence antioxidant effectiveness and
consumer preference. In the current study, pH values in
the groups with DTRG were not the determining factor
for breast meat color. According to Xiong et al. (1993),
improvement in meat quality may be partially due to the
fact that the effectiveness of an antioxidant agents such
as polyphenols or flavonoids is based on pH; however,
phenolic compounds do not always respond to a reduction
in pH. Currently, the mechanism underlying this difference
between pH and meat color for the different types of red
ginseng is still unclear.

DPPH radical-scavenging assay

DPPH radical-scavenging activity showed significant
differences (p< 0.05) between all groups and storage days
(Fig. 1). In the present study, DPPH radical-scavenging
activity was observed in the following order: T2 > T1 >
T3 > Control. This result implies that the combination
of fermented red ginseng marc and red-koji or red

Table 1: Effect of the addition of fermented red ginseng marc with red-koji to poultry diets on pH and meat color of breast muscle

of broiler during storage at 4°C

Item Treatments' Storage day
3 7
pH C 5.97+0.15%A 6.09+0.213A 6.07+0.172A
T 6.16+0.143A 6.10+0.15% 6.00+0.172A
T2 6.04+0.08%A 5.89+0.15% 6.01+0.1028
T3 6.04+0.1434 6.12+0.1234 6.09+0.0424
Meat color
L (lightness) C 50.96+2.78*8 48.65+5.558 51.49+3.37%*
T 48.34+4.398 50.79+4.28%8 51.76+4.10%*
T2 48.99+2.33¢ 54.58+2.95% 52.47+3.10%
T3 49.73+2.58207 50.05+3.87°A 51.71+2.80%
a* (redness) C 5.58+1.49% 6.33+1.08> 5.49+1.16%%8
T 6.40+1.67%A 6.74+1.5304 6.14+1.48%A
T2 5.80+1.213A 5.06+1.00%8 4.73+1.52°8
T3 5.98+1.17%8 7.17+0.96% 5.01+0.74°¢
b* (yellowness) © 6.61+1.91%8 7.34+1.02¢8 9.66+2.322A
T 6.41+1.49%8 7.23+1.15% 8.99+3.18
T2 7.51+1.19%8 10.77+3.17%* 10.74+3.14%4
T3 7.69+0.8828 8.84+2.14°48 10.00+2.2924

ACMeans in the same row with different superscripts are significantly different (P<0.05). #°Means in the same column with different superscripts are significantly
different (P<0.05). Mean values are expressed as means+SEM. 'C=Control (no treatment); T1=2% red ginseng marc; T2=1% fermented red ginseng marc with

red-koji; T3=2% liquid red ginseng
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Fig 1. Effect of the addition of fermented red ginseng marc with red
koji to poultry diets on DPPH radical scavenging of breast muscle of
broiler during storage at 4°C. A-B (row) and a-c (colomn) Bars with
same letters are not significantly different at P < 0.05. Treatments
means C = Control (no treatment); T1 =2% red ginseng marc; T2=1%
fermented red ginseng marc with red-koji; T3 = 2% liquid red ginseng

ginseng marc may be important for improving antioxidant
properties during storage. In other words, an increase in
DPPH radical-scavenging activity has a positive impact
on meat quality, possibly because of the saponins present
in red ginseng marc and the ability to serve as efficient
free-radical scavengers (Kim et al., 2014). Kim et al. (2014)
showed that DPPH radical-scavenging activity in thigh
meat increased significantly with increasing levels of red
ginseng marc.

CONCLUSION

Our findings revealed that the antioxidant potential of
DPPH radical-scavenging activity in broiler breast meat
can be improved by supplementation with different types
of red ginseng. DPPH radical-scavenging activity was
higher in the group fed 1% fermented red ginseng marc
combined with red- koji. However, no remarkable effects
on pH values and meat color of breast meat were observed
in the groups during storage. Furthermore, pH values in
the groups fed DTRG were not the determining factor for
breast meat quality.
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