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Abstract

This study was to investigate the effect of adding Chinese traditional herbal medicine
complex in diets on the carcass quality of the pigs. 100 crossbred growing pigs (LYD) (44.5 =
1.63 kg) were randomly divided into 5 groups including supplementation 0.0, 0.3, 0.5 and
0.7% Chinese herbal medicine complex (CHM), and antibiotics groups (chlortetracycline 100
ppm and oxytetracycline 100 ppm) with four replicates. Experimental results indicated that
meat polyphenol and flavonoids content in the group with 0.7% CHM addition, and the Hunter
a value in the 0.5% and 0.7% CHM groups was better than those of the control and antibiotics
groups (P<0.05). The panel evaluation revealed that the 0.7% CHM supplemented group had
better values for juiciness and overall-acceptance than the control and antibiotics groups
(P<0.05). In conclusion, supplementation of Chinese herbal medicine complex in pig’s diet
had beneficial effects on meat quality, and 0.7% CHM addition had the best results for meat
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1. Introduction

Oxidative processes in meat are the most important factors that are responsible for quality
deterioration including losses in flavour, colour and nutritional value (Fellenberg and Speisky,
2006; Kanner, 1994; Nissen et al., 2004). Products of lipid oxidation damage cell structure
and functions, and may produce toxic metabolites of peroxides (Esterbauer, 1993) which
have been implicated in deterioration of physiological functions (Fellenberg, and Speisky
2006; Miller and Brzezinska-Slebodzinska, 1993). It has also been found that lipid oxidation
products can cause pathological changes, inhibit activity of enzymes and increase the content
of cholesterol and peroxides in blood, thus activating the process of atherosclerosis.
Numerous researchers have also found that they have carcinogenic effects (Frankel, 1991).
Thus, prevention of lipid oxidation during feeding, processing and storing of meat is essential
for the maintenance of quality and safety (Rey et al., 2005).

A number of measures have been taken in order to prevent oxidative rancidity and off-flavours
in processed meats (Nissen et al., 2004). Adding antioxidants to the feed can protect fat from
oxidative deterioration and improve the antioxidant status of animal tissue, thus preventing or
reducing oxidation both in vivo and post-mortem. The role of vitamin E and selenium in
retarding lipid oxidation and improving colour stability is well recognized (Morrissey et al.,
1998; Zhan et al., 2007). In industrial processing, mainly synthetic antioxidants are used.
However, toxicologists and nutritionists have long noted the noxiousness of certain synthetic
antioxidants. Moreover, chemical-free animal products are increasing popular nowadays.
Thus, in the last few years, the interest in using natural antioxidants to prevent meat lipid
oxidation and avoid the possible harmful effects of adding synthetic substances has increased.

The effects of other natural dietary compounds with antioxidant properties, such as flavonoids
and polyphenols on the oxidative status of meat is less well known, but is being increasingly
investigated with researchers exploring plant-based materials as sources of natural polyphenol
or flavonoid antioxidants (Nissen et al., 2004), e.g. Green tea catechins (Mason et al., 2005).
Plant extracts (Carpenter et al., 2007; Lee and Ahm, 2005; Gladine et al., 2007; Papageorgiou
et al., 2003) have displayed decreased lipid oxidation. However, most research has looked at
the natural antioxidant effect on stored meats. Few studies have investigated the effects of
natural antioxidants on fresh meat quality.

Another important consumer driven demand pertinent to the meat industry has been the
increased desire for healthy meat products. Some Chinese herbal medicine contains the
polyphenols, flavonoids and polysaccharides (Haijto et al., 1989) reportedly have antioxidant
abilities (Karpinska et al., 2001). In addition, our study has also shown that supplemental
Chinese herbal medicine complex in pigs’ diets had a positive effect on immunity, and
appears to offer a potential substitute for antibiotics (Yeh et al., 2011). We hypothesize that
supplementing animal diets with bio-substances exhibiting antioxidant property, may produce
meat products that contain antioxidant substances and thus enhance meat quality. Thus, the
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effect of Chinese herbal medicines on the carcass characteristics and meat quality was
investigated in this study.

2. Materials and Methods
2.1 Animal Treatment

One hundred LYD crossbred growing pigs, averaging 44.5 +1.63 kg were blocked according
to weight, sex and litter origin, then randomly divided into 5 groups and four replicates each
given different levels 0.0 (control group, basal diet, Table 1), 0.3, 0.5, and 0.7% of CHM, and
antibiotics groups (chlortetracycline 100 ppm and oxytetracline 100 ppm, stop to
supplementation at 1 month before marketing). CHM included: 25% Salvia officinalis, 25%
Ocimum bacilicum, 25% Lavandula angustifolia, 15% Rosmarinus officinalis, 10%
Glycyrrhiza glabra (CHM was supplied by Bioking Tech. Co., Taichung, Taiwan). The CHM
used the full plants extracted by boiling water, and this CHM underwent an acute toxic test with
rats (1-40-fold of the recommended level) and was proved to be safe. Diets and water were
supplied ad libitum until the end of the trial when the pigs reached about 120 kg. At the final of
experiment all pigs were sacrificed and the carcass characteristics were measured. Loin muscle
samples were used for meat traits analysis.

The experimental animals were reared in accordance to the Guide for the Care and Use of
Agricultural Animals in Agricultural Research and Teaching, and this study was approved by
our institution’s Animal Care and Use Committee.

Table 1. Composition of basal diet as feed basis

Ingredient (g kg™) 40~50kg 50~80kg 80~120kg
Yellow corn meal 662.3 690.2 727.2
Soybean meal 218.8 166.5 127.9
Fish meal (60%) 40 20 | -
Wheat bran 50 85
Calcium phosphate, dibasic 11.9 14.9 13.0
Limestone, pulverized 2 2 2
Soybean oil 50 41.4 29.7
lodized salt 5 5 5
Vitamin premix ? 5 5 5
Mineral premix 5 5 5
Lysine ---- - 0.2
Total 1000 1000 1000
Calculated value:
ME (MJkg? 13.39 13.18 12.97
Crude protein (%) 18 15.5 13.2
Lysine (%) 0.95 0.75 0.6
Met + Cys (%) 0.54 0.44 0.35
Calcium (%) 0.6 0.5 0.45
Total phosphorus (%) 0.5 0.45 0.4

% Vitamin premix supplied the following per kilogram of diet: vitamin A, 50001U ; vitamin D3, 5001U ; vitamin E,
5myg ; vitamin K, 1.7mg ; vitamin By, 0.6mg ; vitamin B1,, 20mg ; niacin, 25mg ; pantothenic acid, 13.3mg.

> Mineral premix supplied the following per kilogram of diet: Fe (FeSO,.7H,O, 20.09%Fe), 117mg; Cu
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(CuSQ4.5H,0, 25.45%Cu), 17mg; Mn (MnSQO,4.H,0, 32.49%Mn), 3.3mg; Zn (ZnS0O,, 80.35%Zn), 75mg; Se
(NaSeO3, 45.56%Se), 0.17mg; Co (CoSO,4.H,0, 32%Co), 0.7mg.

2.2 Analyzed Traits and Methods

CHM and pork flavonoids content were determined following the method described by Jia et
al. (1999). A 500 puL sample was taken, mixed with 1.5 mL ethanol, 100 uL aluminum nitrate

nonahydrate ( AI(NO3)3 ), 100 pL of 1 M potassium acetate (CH;COOK) and 2.8 mL distilled

water. Forty minutes was allotted for the reaction to take place, and then flavonoids content
was measured by a spectrophotometer (Hitachi, U-2000, Tokyo, Japan) at 415 nm.

CHM and pork polyphenol content was examined according to the modified Folin-Ciocalteu
method described by Roura et al. (2006). A 100 uL sample, 0.1 N Folin-Ciocalteu reagent
250 pL, 7.5% sodium carbonate (Na,COs3) 200 pL and deionized water 2.5 mL were mixed,
allowed to stand at room temperature for 30 mins, and then the polyphenol content measured
by a spectrophotometer (Hitachi, U-2000, Tokyo, Japan) at 260 nm. Gallic acid was used as
the standard.

2.3 Carcass Characteristics

Backfat thickness (skinless) was measured at three points (shoulder, last costal and lumbar
rib), and then the values were averaged. The area of longissimus muscle transaction at the
10" rib was drawn using a tracing paper. The area was then calculated with graph paper.
Different parts of the carcass including shoulder, loin-belly and ham were measured.

2.4 Meat Quality Analysis

Water content was examined using the method of AOAC (2000). Crude fat content of the
pork was determined based on the method of Folch (1957). Sample (10 g) was added to 50
mL solvent (chloroform: methyl alcohol, 2: 1) and crude fat was extracted for 4 hrs. After
filtering, 10 mL 0.9% sodium chloride solution was added and the mixture was shaken to
separate the oil and water layers. The substratum was then collected and dried.

The pH;and pHy4 value of meat were measured by a pH meter at 1(pH;) and 24 (pHa4) hrs
postmortem. Sample of meat (10 g) was added to 100 mL distilled water, homogenized at
12235 rpm for 3 mins, then examined by a pH meter (SP-2200, Sontex, Taiwan) (Ockerman,
1974).

To investigate the colour difference, the method of Lyon et al. (1980) was used. A colour
difference meter (Model TC-1, Tokyo Denshoku Co., LTD) was used to determine the values
of Hunt L for lightness, a for redness and b for yellowness of the samples.

Water holding capacity (WHC) was determined using the method of Lesiak et al. (1997). A
10 mL 1% sodium chloride solution was added to 5 g samples, placed in a 70-75 °C water

bath for 30 mins, cooled, and centrifuged at 12235 > (Himac SCR 20B, Hitach, Japan). The
supernatant was then collected and weighed. Water holding capacity was then calculated.
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Samples of muscle samples were cooked at 80 <C for 15 min, and a piece of 1 cm was cut off.
The panel evaluation of the meat was performed by adequate qualified 20 persons who
judged such characteristics as flavour, tenderness, juiciness and overall-acceptance. Each
item was ranked on 1 to 7 scale, in which 7 was the highest grade.

2.5 Statistical Analysis

Data variances between groups in trial 1 and trial 11 were analyzed using SAS software
(version 9.1.3, SAS, 1998). The significant differences between treatments were then
determined by Duncan’s multiple range test (SAS, 1998) according to the following model:
Y=p+Ti+Pjt+eij.

Y is the dependent variable, p represents the mean, T is the treatment effect, p is the pen
(replicate, experiment unit) effect and e is the random residual error term.
3. Results

The polyphenol and flavonoids in traditional Chinese herbal medicine complex were examined,
and were revealed to be rich in polyphenol (89.78 mg/g) and flavonoids (23.10 mg/g).

3.1 Effect of Supplemental CHM on Carcass Characteristics of Pigs

Table 2 shows the effect of various levels of CHM supplementation on carcass characteristics.
There were no significant differences in backfat thickness, loin-eye area, dressing percentage,
shoulder, loin-belly and ham parts percentages of the carcass between CHM supplementation
groups and control group (P>0.05). The backfat thickness in antibiotics group was lower than
in control group (P<0.05).

Table 2. Effect of various levels of supplemental CHM on carcass characteristics of
growing-finishing pigs

CHM SEM
Items Control 0.3% |05% |0.7% | Antibiotics
Live weight at slaughter (kg) | 121.72 120.67 | 113.89 | 117.05 | 116.17 2.62
Carcass weight (kg) 87.15 86.46 |82.12 |84.53 |8251 2.18
Dressing percentage
(skinless) (%) 71.54 71.64 | 7206 |72.20 |70.95 0.60
Average backfat thickness
(cm) 2.40° 2.09% | 2.21% [233* |1.99 0.11
Loin-eye area (cm?) 47.80 50.72 | 45.84 | 47.67 |48.89 1.64
Shoulder part (%) 35.80 35.07 [34.28 |34.60 |34.75 0.78
Loin-belly part (%) 31.10 30.29 |29.77 |30.17 |30.42 0.69
Ham part (%) 33.10 3464 |35.95 |35.23 |34.83 1.39

22 Means in the same row with no common superscript differ significantly (P<0.05). n=5x4
3.2 Effect of Supplemental CHM on Meat Quality of Meat

Shown in Table 3 is the effect of CHM at various levels of supplementation on the meat
quality of the pork of trial I1l. The water holding capacity of the 0.5 % CHM group was better
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than that of the control and antibiotics groups (P<0.05). The moisture percentage of the 0.3%
CHM group was higher than both of the 0.5 and 0.7% CHM groups (P<0.05). The control
and 0.5 % CHM groups had high level of crude fat compared with other groups (P<0.05).
The Hunter a value from various levels of CHM supplementation was higher than control and
antibiotics groups, especially the 0.5 and 0.7% CHM groups (P<0.05). The 0.7% CHM group
had higher Hunter b value than the antibiotics group (P<0.05). The pH; value of the 0.5%
CHM group showed the highest value among all the groups (P<0.05). pH,4 of the 0.5 and
0.7% CHM groups displayed higher values than of the control group (P<0.05). There was no
significant difference in Hunter L value among the groups (P<0.05). The results revealed that
the pork polyphenol and flavonoids contents of the CHM supplemented groups were higher
than control and antibiotics groups (P<0.05). The levels of polyphenols and flavonoids in the
CHM groups increased with the level of supplementation, with values being higher than both
the control and antibiotics groups (P<0.05).

Table 3. Effect of various levels of supplemental CHM on meat quality of pork

CHM Antibiotics | SEM
Items Control | 0.3% |[05% |0.7%
Water holding capacity (%) | 69.65° | 72.82™ | 74.30% | 75.17% | 72.59™ 0.73
Moisture (%) 72.92 72.32 | 7252 | 7211 |72.94 0.26
Crude fat (%) 2.19° 1.71° [2.07" [1.66° |1.36° 0.14
L value 43.84 42.32 | 4217 |42.90 | 42.62 0.97
a value 9.02° 9.24® 110.11° |10.11° | 8.96° 0.32
b value 8.83° 8.32°° 858" |8.77° |8.05° 0.22
pH; 6.01™° |[5.92° 6.27° 6.25° |6.16% 0.06
pH24 5.94° 579° [6.20° 5.90° |5.78° 0.06
Polyphenol (mg g™) 34.57° |38.74° |40.16° | 47.15% | 34.56° 0.36
Flavonoids (mg g™) 2.67° [3.16° [4.10° [5.86° |2.34° 0.20

2P Means in the same row with no common superscript differ significantly (P<0.05). n=5x4.
3.3 Supplemental CHM on Panel Evaluation of Meat

Listed in Table 4 are the results of the panel test for the various levels of CHM
supplementation of trial 11. Results showed that meat from the 0.7% CHM supplemented pig
diet was juicier and had better overall-acceptance than that of the control and antibiotics
groups (P<0.05). There were no significant differences in tenderness, colour and flavour
among the groups (P<0.05).

Table 4. Effect of various levels of supplemental CHM on panel evaluation of meat

CHM SEM
Items Control | 0.3% 0.5% 0.7% | Antibiotics
Tenderness 4.56 4.64 4,73 4,79 4.64 0.17
Flavor 4.56 4.44 4.68 4.79 4.63 0.16
Juiciness 4.26° 4.36° 4.30° 4.82° 3.88° 0.17
Overall-acceptance | 4.56™ | 4.89™° [4.96™ |[5.04%° |454° 0.14

2P Means in the same row with no common superscript differ significantly (P<0.05). n=5x4.
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4. Discussion
4.1 Effect of Supplemental CHM on Carcass Quality of Pigs

The high colour difference of the Hunter a value implies that the Chinese herbal medicine
group carcass has a good red colour. The high Hunter b value implies that the pork had high
yellowness colour as well. This may result from the fact that the meat in the CHM groups
contains antioxidants polyphenols and flavonoids. Zhan et al. (2007) found that meat colour
of Hunter a value was increased in diets supplemented with selenium. Carpenter et al. (2007)
indicated that grape seed and bearberry extracts marginally increased raw and cooked pork a
redness value. Lee and Ahn (2005) also reported that plum extract increased Hunter a
(redness) and b (yellowness) values of turkey breast.

Lin (2001) pointed out that the water holding capacity of the lean muscle was related to pH
value because protein has an electric charge which enables it to hold water. When the pH
value is lower or higher than the iso-electric point the water holding capacity is increased. In
this study, the meat from the CHM group had better water holding capacity which may be
related to the higher pH,4 of the CHM group compared to the control and antibiotics groups.

Body fats were deposited in the order of intra-organ-kidney, stomach and intestines,
inter-muscle, and intra-muscle and connective tissue. Deposition of fats in meat is related to the
flavor, tenderness and juiciness of the meat, especially in muscle marbling (Lin, 2001).

There is not many data available concerning the effect of plant polyphenol and flavonoids
extracts on the quality of pork. Meat colour and lipid stability are the major factors that limit
the quality and acceptability of meat and meat products to consumers (Yang et al., 2002).
Prevention of lipid oxidation during feeding, processing and storage of meat is essential for the
maintenance of quality and safety (Fellenberg and Speisky, 2006; Rey et al., 2005).
Researchers have developed measures to prevent oxidative rancidity and off-flavours in fresh
and processed meats, such as the use of nitrites and synthetic antioxidants (BHA, BHT; Nissen
etal., 2004). In the last few years, the interest in using natural antioxidants to prevent meat lipid
oxidation is increasing, in order to avoid the possible harmful effects of adding synthetic
substances. In this study the meat from the CHM group had a higher Hunter a value than the
control, which may be the result of the antioxidants in the CHM supplementation, which
contain the polyphenol and flavonoids have the antioxidant activities. Carpenter et al. (2007)
reported that grape seed and bearberry extracts decreased lipid oxidation in raw pork on 9-12
days of storage.

4.2 Effect of Supplemental CHM on Panel Evaluation of Meat

Some sensory evaluation experts thought that the pork of the CHM groups had less odors
than that of the control and antibiotics groups. Oxidative process in meat is the most
important factors responsible for quality deterioration including flavour, colour and nutrition
value (Kanner, 1994; Nissen et al., 2004). The antioxidant properties of polyphenols and
flavonoids can inhibit the lipid oxidation. Lipid oxidation results in the free radical
production which may lead to the oxidation of meat pigments and generation of rancid
flavour. Nissen et al. (2004) and Lee and Ahn (2005) found that a plant extracted retarded
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lipid oxidation during irradiation or processing of meat, and lipid oxidation was involved in a
decrease in positive perception of meat flavour/odor and a concomitant increase in the
off-flavour/odors of fat rancid. Thus, the herbal extract displayed potential for maintaining
the sensory eating quality of pork.

4.3 Compared with Antibiotics

The Chinese herbal medicine complex is natural origin and may be more acceptable to
consumers. In addition, pork polyphenol and flavonoids content, Hunter a value, Hunter b
value, pH;, juiciness and total acceptance of CHM group were better than those of the
antibiotics group. Thus, CHM supplements may also improve the pork quality and be
competitive with ordinary pork production.

5. Conclusions

This study indicated that supplementation of Chinese herbal medicine complex in the diet of
pigs had beneficial effects on meat quality. The polyphenol and flavonoids in traditional
Chinese herbal medicine complex may be integral to the Chinese herbal medicine complex
function, that supplementation at the 0.3% level can trigger the effect, and 0.7% additive of
CHM gives the best results for meat quality.
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