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Abstract: Moisture content, crude fat content, fatty acid composition, pH, water-holding capacity, Warner-Bratzler shear 

force (WBsf), and meat color were measured to evaluate the quality of meats from pigs fed a special diet of feed 

supplemented with defatted sesame dregs and barley leaf (DSBL). Slight differences in moisture content, water-holding 

capacity, color, and pH were seen in meats from the pigs fed the special diet. However, the DSBL (5% each of defatted 

sesame dregs and barley leaf in feed) supplemented diet considerably improved pork quality as evaluated using WBsf 

values, suggesting that these supplements contain antioxidants. Crude fat content in meats from the pigs decreased with 

increased percentages of DSBL in the diets. Generally, compositional decrease was observed in margaric, stearic and 

linoleic acids in the meats from the pigs fed the special diet. The results suggest that supplementing antioxidants in feeds 

improve pork quality. 

Keywords: Antioxidants, Barley Leaf, Defatted Sesame Dregs, Fatty Acids, Pork Quality 

 

1. Introduction 

Food quality depends on various factors, including taste, 

flavor, color, and texture as well as nutritional content. In 

the case of meats, consumer preference is influenced by the 

fat content in muscle and its water-holding capacity in 

addition to the factors mentioned above. Above all, the 

quality of meat products depends on the occurrence of lipid 

peroxidation, which plays an important role in meat quality 

[1]. Therefore, synthetic antioxidants, such as BHT, have 

been commonly used in meats and meat products to prevent 

lipid oxidation in order to preserve quality. However, 

synthetic chemicals used in food products have also been 

found to produce some adverse effects on human health [2]. 

Consumers have begun to demand that food 

manufacturers use safe and natural supplements to improve 

meat quality [3]. Consequently, food research has come to 

be aimed at developing ways to improve meat quality using 

natural antioxidants. For example, recent reports have 

demonstrated that the quality of broiler meat was improved  

 

 

 

 

by using feed containing natural antioxidants, α-lipoic acid 

and α-tocopherol [4]. Another study reported that a 

carnosine supplemented diet improved the antioxidant 

capacity and meat quality of pork [5].  

In the present study, the role of an antioxidant-containing 

feed supplement, a mixture of defatted sesame dregs and 

barley leaves, in enhancing the quality of pork was 

investigated. Defatted sesame dregs were used because they 

have been reported to contain the antioxidant sesaminol 

glucoside and had been used as feed for livestock to 

improve meat quality [6]. Young green barley leaves were 

used because they also contain the potent antioxidants 

saponarin and lutonarin, the antioxidant activity of which is 

comparable to that of the well-known natural antioxidant, 

α-tocopherol [7].  
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2. Materials and Methods 

2.1. Chemicals and Reagents 

Methyl esters of palmitic (C16:0), margaric (C17:0), 

stearic (C18:0), oleic (C18:1), linoleic (C18:2), and 

gondoic (C20:1) acids were purchased from Sigma Co. (St. 

Louis, MO, USA). All reagents were the highest available 

grade and were bought from reliable commercial sources. 

2.2. Defatted Sesame Dregs and Barley Leaves 

Defatted sesame dregs (Sesamum L.,) were prepared 

from raw sesame seeds (obtained from a local market in 

Masan, South Korea) by roasting for 15 min at 230°C, and 

then defatting by a previously reported method [8]. Barley 

leaves (Hordeum vulgare L.,) were cultivated in a green-

house until they reached a height of 25 cm. After pruning (5 

cm height), the barley leaves were dried using a dryer at 

45°C.  

2.3. Animal and Diets  

Thirty castrated male pigs (Landrace; 53 – 63 days old) 

were obtained from Jinwang Farm, Seungnam, Chungnam, 

South Korea. The experimental pigs were randomly divided 

into five groups (n = 6) and fed diets prepared from 

standard diet, Dodram concentrated feed, containing 

various levels of defatted sesame dregs and dried barley 

leaves (DSBL) during their general growth period. The 

details of the diets are shown in Table 1. The control group 

was fed the feed without DSBL. 

Table 1. Various types of pig feed supplemented diets fed to each group 

Group name Pig feed supplemented diets 

Control Standard diet-dodram feed 

DSBL 2.5 2.5%Defatted sesame dreg + 2.5% Barley leaves 

DSBL 5 5.0% Defatted sesame dreg + 5.0% Barley leaves 

DSBL 10 10.0% Defatted sesame dreg + 10.0% Barley leaves 

DSBL 20 20.0% Defatted sesame dreg + 20.0% Barley leaves 

After 3 months, the treated pigs were fasted overnight 

and slaughtered at SAJO Co., Jiksan, Cheonan, Korea. All 

meat samples were selected from the same area of the 

backbone (3th and 5th lumbar vertebrae). The meat samples 

prepared were vacuum-packed and stored at 4°C until used.  

2.4. Measurement of Meat Color  

After the samples prepared in the above section (2.3) 

were stored at 4°C for 24 h, meat color was measured 

using a colorimeter (CR-300, Minolta Co.,) according to a 

previously reported method [9]. Value L is a measurement 

of brightness. Values a and b indicate redness and 

yellowness, respectively. Tiles (Y = 92.40, X = 0.3136, and 

y = 0.3196) were used as a white standard board. 

Measurements were repeated three times. 

2.5. Measurement of Moisture, pH, and Water-holding 

Capacity 

Moisture content was determined according to the 

method described in the AOAC [10]. Briefly, a meat sample 

(see section 2.3) was homogenized, and then 2 g of the 

homogenized meat sample was placed in an oven at 100ºC 

until a constant weight was achieved, after which the dried 

meat was allowed to stand in a desiccator until it cooled to 

room temperature. The moisture content of the meats was 

determined using a previously published method [4]. 

pH was measured using a previously reported method 

[11]. Briefly, a portable needle-tipped combination 

electrode (NWKbinar pH-K21, Germany) was placed in the 

center of the muscle between the 3th and 4th lumber 

vertebrae and proximal end of the biceps femoris at 

approximately 30 min postmortem. 

Water-holding capacity was measured according to a 

previously reported method [12]. Meat samples were 

prepared for measurement of water-holding capacity as 

follows: After the stringy and fat parts were removed from 

the meat sample prepared as described in section 2.3, 0.5 g 

samples were heated for 20 min at 80°C. The samples were 

allowed to cool at room temperature, and then centrifuged 

at 2,000 rpm for 10 min.   

2.6. Analysis of Crude Fat  

The crude fat content was determined using a previously 

published method [4]. Briefly, dried meat samples (1 g) 

prepared by the method described above in section 2.5 were 

homogenized and then extracted with n-hexane (10 ml) 

using a soxlhet extractor. The solvent was removed from 

the extract under a purified nitrogen stream.  

2.7. Determination of Fatty Acids Composition  

Identification of fatty acids as methyl ester derivatives 

was conducted by comparison with the gas 

chromatographic retention and by the mass spectral 

fragmentation pattern of each component with those of 

authentic compounds.  

The sample preparations for fatty acids analysis in the 

meat samples were conducted by a previously reported 

method [13]. Briefly, after a meat sample (50 mg) prepared 

by the method described above in section 2.5 and 3 mg of 

heptadecanoic acid (internal standard) were placed in a tube 

with a teflon-lined cap, 17 mg of refined olive oil and a 2.1 

mL mixture of methanol/benzene/2,2-

dimethoxypropane/6N H2SO4 (37/20/5/2; v/v) were added. 

Volume of the sample solution was adjusted to 5 mL by the 

addition of heptane and then incubated in a water bath at 

80°C for 2 h. After the reaction mixture cooled to room 

temperature, the tube was shaken and allowed to stand until 

it separated into two layers.  

The upper layer of the reaction mixture was analyzed by 

an Agilent model 6890 gas chromatograph (GC) equipped 

with a 30 m x 0.25 mm i.d. (df = 0.5 µm) DB-5 bonded-

phase fused silica capillary column (Agilent, Folsom, CA) 
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and interfaced to an Agilent 9571A mass selective detector 

(GC/MS) operated at MS ionization voltage of 70 eV. The 

helium carrier gas flow rate was 1.0 mL/min at a splitless 

injection. The injector and detector temperatures were 

260°C and 280°C, respectively. The oven temperature was 

held at 50°C and then programmed to 290°C at 5°C/min 

and held for 20 min.  

2.8. Measurement of Warner-Bratzler Shear Force (WBsf) 

Meat samples (thickness; 2.5 cm, 500 g) were put in 

plastic bags, and cooked in a water bath (70ºC) until the 

temperature of the middle part of the sample reached 70ºC 

then cooled for 30 min in flowing water (20°C). Circular 

cores (1.27 cm) were used to determine the WBsf of the 

cooked meat (2.5 cm thick). Eight cores were made for 

each sample, and the peak force was determined using an 

Instron Model 4465 (Instron Corp., UK) with a 50 kg load 

cell and head speed at 200 mm/min. 

2.9. Statistical Analysis 

All results are expressed by mean ± standard deviation (n 

= 6). ASAS Program version 9.1 (SAS, 2004) was used to 

conduct Duncan’s multiple range test, at p < 0.05.  

3. Results and Discussion 

3.1. Meat Color 

Table 2 shows the color-brightness of meats from the 

control and treated groups. As mentioned above, color-

brightness is the most important factor for meat palatability 

and consumer preference. The DSBL 5 group exhibited the 

highest L-value (a measure of brightness), while the lowest 

L-value was observed in the DSBL 20 group. However, 

only slight differences in color were observed between 

meats obtained from the treated groups vs. the control 

group. While the value-a (redness) of meats from the 

treated groups were higher than that of the control group, 

the difference was not significant. Value-b (yellowness) 

was also higher in the treated groups (except the DSBL 20 

group) than in the control group. These results are 

consistent with a previous report that demonstrated 

increased redness of pork meat taken from pigs fed with 

onion peel [14]. Another study reported that values-a and -b 

in the meat of ducks fed ginseng increased during storage, 

whereas the color-brightness decreased [15]. These results 

were generally consistent with those found in the present 

study, suggesting that DSBL diets improve meat's 

appearance.   

3.2. Moisture Content, pH, and Water-holding Capacity 

There was no appreciable difference in moisture content, 

pH, and water-holding capacity among the meat samples 

from the five groups, suggesting that the DSBL supplement 

did not influence these factors significantly. The moisture 

content ranged from 73.95 ± 0.06% (DSBL 2.5) to 74.84 ± 

0.47% (DSBL 20). The pH ranged from 5.52 ± 0.10 (DSBL 

5) to 5.57 ± 0.04 (DSBL 20). The water-holding capacity 

ranged from 53.24 ± 1.00% (DSBL 20) to 55.60 ± 0.67% 

(DSBL 10). 

It is generally known that pH affects the freshness, 

water-holding capacity, and color of meat [16]. For 

example, high pH is known to play a role in the changes of 

sarcoplasmic protein and myofibrils in pork after pigs were 

slaughtered [17]. Water-holding capacity is influenced by 

factors such as color and pH [18]. A previous study showed 

that no significant changes in the water-holding capacity of 

meat from pigs fed ginseng was observed until the fifth day 

of storage, but after that was followed by great increases 

from the 10th day of storage on [15]. Another study 

reported that onion supplementation increased the water-

holding capacity of duck meat [19].  

However, the results of the present study indicate that 

these factors did not influence each other and did not 

significantly contribute to the meat quality. 

3.3. Crude Fat Content and Fatty Acid Composition 

Figure 1 shows the crude fat content in the five groups. 

Different superscripts within the same row are significantly 

different (p < 0.05). The results from each group were 

considerably different, ranging from 0.60 ± 0.04% (DSBL 

20) to 1.46 ± 0.56% (Control). The results did not show 

dose response activity but it is obvious that the 

supplementation of DSBL reduced the fat content of meat. 

In particular, nearly 60% reduction of fat content was 

observed in the meat from the DSBL 20 group. A previous 

report has also demonstrated that dietary supplementation 

with onion reduced the fat content in duck meat [19]. It is 

known that some, in particular cardiovascular, diseases may 

be caused by certain fats [20]. Therefore, consumers 

recently have tended to choose a low fat diet, and much 

researches have been conducted to find ways to reduce the 

fat content in meats [21]. It should also be noted, however, 

that reduction of fat content may sacrifice the formation of 

preferable flavor chemicals because fat is one of the 

important precursors of flavor chemicals [22]. Also, some 

fatty acids, such as ω-3 fatty acids have been known to 

possess beneficial effects on vascular function [23], 

suggesting that composition of the fatty acids in meat is 

important to understand to evaluate the role of fats in meat 

quality [24]. 

 

Figure 1. The crude fat contents found in the 5 test groups. 
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The fatty acid composition of the meat samples in this 

study is shown in Table 3. Of the 6 fatty acids (3 saturated 

and 3 unsaturated) found, oleic acid (C18:1) had the 

greatest quantities, ranging from 36.43 ± 5.42% (control) to 

46.26 ± 0.45% (DSBL 10), followed by palmitic acid 

(C16:0) ranging from 22.93 ± 1.05% (DSBL 2.5) to 25.30 

± 1.31% (DSBL 10), linoleic acid (CC18:2) ranging from 

13.39 ± 5.84% (DSBL 5) to 20.40 ± 2.52% (control), 

stearic acid (C18:0) ranging from 13.20 ± 0.99% (DSBL 10) 

to control (16.23 ± 1.02%), and margaric acid 

(C17:0)/gondoic acid (C20:0) ranging from 2.49 ± 0.05% 

(control)/0.04 ± 0.00% (control) to 2.61 ± 0.09% (DSBL 

2.5)/2.97 ±1.05% (DSBL 10). Generally, a compositional 

decrease was observed in unsaturated margaric and stearic 

acids in the meat samples from the treated groups. The 

addition of DSBL 10 decreased the amounts of margaric 

and stearic acids detected by 56.6% and 18.7%, 

respectively. The addition of DBSL 2.5 increased the 

amount of margaric acid found by 5% compared with the 

control (Table 3).  

Table 2. Color of meats from control and treated groups. 

Group name L a b 

Control 57.68 ± 4.33NS 7.89 ± 0.97NS 4.29 ± 0.97 NS 

DSBL 2.5 56.73 ± 3.37 8.38 ± 1.24 4.90 ± 1.11 

DSBL 5 59.36 ± 5.60 8.33 ± 0.96 4.69 ± 1.92 

DSBL 10 56.07 ± 2.11 8.81 ± 1.60 5.06 ± 1.11 

DSBL 20 52.92 ± 0.63 8.24 ± 0.79 3.96 ± 0.65 

NS: not significant 

Table 3. Fatty acid compositions of meat from control and treated groups. 

Composition of acids (%) 

Group name Palmitic (16:0) Margaric (17:0) Stearic (18:0) Oleic (18:1) Linoleic (18:2) Gondoic (20:1) 

Control 24.40 ± 3.21NS 2.49 ± 0.05c 16.23 ± 1.02NS 36.43 ± 5.42b 20.40 ± 2.52NS 0.04 ± 0.00d 

DSBL 2.5 22.93 ± 1.05 2.61 ± 0.09c 13.78 ± 1.58 39.76 ± 6.52b 19.14 ± 2.47 1.77 ± 0.57c 

DSBL 5.0 24.27 ± 2.39 1.93 ± 1.1b 14.30 ± 0.70 40.95 ± 5.94b 13.39 ± 5.84 2.55 ± 1.05b 

DSBL 10.0 25.30 ± 1.31 1.08  ± 0.13a 13.20 ± 0.99 46.29 ± 0.45a 15.47 ± 5.49 2.97 ± 1.05a 

DSBL 20.0 24.12 ± 1.43 1.78 ± 0.46b 14.53 ± 1.63 41.09 ± 3.04b 15.83 ± 4.29 2.65 ± 2.50a 

NS: not significant. 

Different superscripts within the same row are significantly different (p < 0.05).  

 

Figure 2. The total compositions of unsaturated fatty acids (oleic, linoleic, 

and gondoic) and saturated fatty acids (palmitic margaric, and stearic) in 

the meats from the control and the treated groups. 

Figure 2 shows the total compositions of unsaturated 

fatty acids (oleic, linoleic, and gondoic) and saturated fatty 

acids (palmitic, margaric, and stearic) in the meat samples. 

The total proportion of saturated fatty acids was less in the 

meat samples from the treated groups than the control 

group, whereas that of unsaturated fatty acids was greater 

in the meat samples from the treated groups. It is reported 

that unsaturated fatty acids can help lower harmful 

cholesterol while not changing the HDL-cholesterol content 

[25]. From the nutritional point of view, it is commonly 

recognized that the higher the composition of unsaturated 

fatty acids the better the quality of the meat [26]. Therefore, 

the DSBL10 supplement had the best effect on meat quality. 

The results from these previous reports and the present 

study were consistent and suggest that DSBL-supplemented 

diets improve the nutritional quality of pork.  

3.4. Warner-Bratzler Shear Force (WBsf) 

WBsf has commonly been used to evaluate the 

tenderness of meats [27]. The results of the WBsf test are 

shown in Figure 3. The values of WBsf of meats from 

treated groups ranged from 2.33 ± 0.70 kg/0.5 inch
2 
(DSBL 

2.5) to 3.19 ± 0.46 kg/0.5 inch
2
 (DSBL 5). The meats from 

the DSBL 2.5 and 20 groups exhibited the greatest 

tenderness. Conversely, the meat from DSBL 5 group 

showed slightly lower tenderness than the meat from the 

control group. These results indicate that a DBSL diet 

supplement influences the tenderness of meats. Generally, 
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the lower the WBsf value the more tender the meat [27]. 

Feeds containing antioxidants, such as vitamins C and E, 

have been known to improve meat quality. For example, a 

recent report demonstrated that daily administration of 

1,000 IU of vitamin E effectively decreased WBsf value 

and that the tenderness of the beef was improved [28]. It is 

proposed, therefore, that the WBsf value of meat is 

associated with the presence of antioxidants in feeds [15]. 

 

Figure 3. The results of the WB-shear force test. Small letters are indicate 

significance [?] levels completed by Duncan’s multiple range test at p = 

0.05 after the ANOVA analysis. 

Antioxidants, such as sesame oil, are well known to have 

health benefits [8, 29]. For example, one previous study 

reported that defatted sesame dregs exhibited potent 

beneficial effects on hypercholesterolemic rabbits [30]. 

Furthermore there have been many reports on the 

antioxidant activity of barley leaf essences [31]. Therefore, 

it is reasonable to conclude that the antioxidants in the 

DSBL diet could improve the quality of meat from pigs that 

were fed such a diet. 

4. Conclusion 

The direct addition of certain chemicals, such as 

antioxidants, to meat products has been used to improve 

their quality. However, improving meat quality by feeding 

livestock feed modified with some supplements has not 

been tried extensively yet. In the present study, it was found 

that feeds supplemented with defatted sesame dregs and 

barley leaves containing antioxidants enhanced pork quality 

with increasing the levels of unsaturated oleic and gondoic 

acids. Overall, factors affecting meat quality, including fat 

content, fatty acids composition, color, and WBsf, were 

improved by the diets prepared in the present study. The 

results obtained in the present study indicate that diet 

supplements can indirectly improve the quality of pork.  
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