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Abstract  The purpose of this study was to evaluate the functional properties of herbal medicine aqueous extracts 
as natural preservatives to improve the quality characteristics and oxidative stability of emulsion-type pork sausage. 
The pH value was significantly higher in sausages of control than in groups containing herbal medicine extracts 
(p<0.05). The shear force values increased with the addition of herbal medicine extracts (p<0.05). The addition of 
herbal medicine extracts also reduced the lightness and redness, and increased the yellowness, chroma, and hue 
observed during storage (p<0.05). In addition, the anti-oxidative activity including 2-thiobarbituric acid reactive 
substances (TBARS), peroxide value (POV), and 2,2-diphenyl-1-picryhydrazla hydrate (DPPH) was higher in the 
Akebiaquinata (T3), Lonicera japonica (T4), and Chelidoniummajus (T5) groups than in the other groups (p<0.05). 
In a sensory evaluation, the Liriopeplatyphylla (T1) and Saposhnikoviaedivaricata (T2) groups scored lower than the 
control, whereas the T3, T4, and T5 groups showed similar attributes compared with the control. In conclusion, the 
addition of herbal medicine extracts did not have negative effects on the quality of emulsion-type pork sausage, and 
they could be used as a natural antioxidant material to prevent lipid oxidation in meat products. 
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1. Introduction 
Shelf life extension technology in the meat product 

industry has been developed to include not only synthetic 
preservatives such as butylated hydroxytoluene (BHT), 
butylated hydroxyanisole (BHA), tertiary butyl 
hydroquinone (TBHQ), potassium sorbate, and nitrite, but 
also refrigeration technology [1,2]. The use of additives 
has been found to be as economically or qualitatively 
beneficial as the installation of refrigeration equipment. 
Recently, there has been a great interest in foods that 
contain natural functional components that have health 
benefits, because synthetic preservatives are known to 
demonstrate toxicity and cause disease [3,4]. A lot of 
research has focused on meat products containing natural 
additives rather than synthetic additives. For example, 
vitamins, herb leaf extracts, seed extracts, vegetable oils, 
essential oils, and other derivatives have been examined 
[5,6,7]. For some natural additives, there is little 
possibility of industrial application because they are less 
economic and more inefficient compared with synthetic 
additives [8,9]. However, herbal medicines have long been 
regarded as widely available and are potential sources of 

natural additives [10,11,12]. Traditionally, herbal 
medicines have been used in the treatment and prevention 
of diseases, and as raw food material in East Asia [10,13]. 
Consumer preference for herbal medicines as functional 
raw materials in medicines, food, and food additives has 
recently increased [14,15,16]. Liriope platyphylla is a 
widespread perennial herb occurring throughout boreal 
and temperate regions. It is known to affect blood glucose 
regulation, anticarcinogenic action, antibacterial function, 
anti-oxidative activity, anti-inflammatory activity, 
immune modulation, and liver protection [17,18,19]. 
Saposhnikovia divaricata, belonging to Apiaceae, is a 
perennial forage crop. Traditionally, the root and rhizome 
of S. divaricata have been used to treat inflammation, pain, 
sweating, and fevers, and for its antibacterial and antivirus 
activity in East Asia, including Korea [20,21]. Akebia 
quinata is a dried wild Clematis shrub that grows in 
mountains. It has been reported to have anti-oxidative 
activity, antibacterial effects, diuretic effects, and anti-
inflammatory activity [14,22]. Lonicera japonica, a 
twining shrub that grows in East Asia, including Korea, 
has been used as a superb anti-inflammatory medicinal 
plant from ancient times. It is also known to have 
antibacterial, antivirus, antiangiogenesis, painkiller, and 
liver protection effects [23,24,25]. Chelidonium majus is 
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known worldwide for its medicinal properties, and has 
lately attracted interest for its anti-inflammatory, 
antibacterial, immune function, antitumor, liver protection, 
painkiller, and anticancer effects [26]. However, the 
effects of herbal medicine extracts on the physico-
chemical properties of emulsion-type sausage have not 
been extensively studied. Therefore, the purpose of this 
study was to evaluate the functional properties of the 
abovementioned herbal medicine extracts as natural 
preservatives to improve the physico-chemical and storage 
characteristics of emulsion-type pork sausage.  

2. Materials and Methods 

2.1. Preparation of Herbal Medicine Extracts 
Five herbal medicines (Liriope platyphylla, 

Saposhnikovia divaricata, Akebia quinata, Lonicera 
japonica, Chelidonium majus), which were cultivated in 
Korea, were purchased from Kumho herbal medicine 
market (Seoul, Korea). The plant material was air dried at 
room temperature (26 °C) in darkness for 30 days, and 
was then powdered with a mill (IKA M 20, IKA, Staufen, 
Germany). The dried sample was extracted with distilled 
water (1:10) at 80 °C, and was then refluxed for 6 h 
resulting in the initial extract (fraction I). The residues 
were extracted with distilled water (1:5) at 80°C for 2 h 
yielding fraction II. After cooling to room temperature and 
filtering (Whatman No. 2), the 2 fractions were combined 
and dried under a vacuum below 40 °C. Five extract types 
were completely dried in a freeze-drier and stored at -
20 °C until further use.  

2.2. Preparation of Emulsion-Type Pork 
Sausages 

Fresh lean pork and backfat was purchased from a local 
slaughterhouse. Subcutaneous and excessive connective 
tissues were removed from pork meat and ground twice 
through a 9-mm plate. Seven batches (10 kg) were 
prepared for 3 replications and the basic recipe consisted 
of 66.5% meat, 15.2% back fat, and 16.4% iced water. 
Minced meat was ground for 1 min using a bowl cutter 
(Talsa K30, DSL Food Machinery Ltd., Spain). Salt 
(1.3%), polyphosphate (0.2%), and half of ice were 
subsequently added and mixed for 2 min. Various herbal 
medicine treatments (C, no added; T1 0.2% Liriope 
platyphylla; T2 0.2% Saposhnikoviae divaricata; T3 0.2% 
Akebia quinata; T4 0.2% Lonicera japonica; T5 0.2% 
Chelidonium majus) were then added. After 1 min, the fat 
and spices were added and emulsified for 1 min and the 
remaining ice was added to the batter. The final emulsified 
batter was obtained by mixing for an additional 3 min at a 
high speed (bowl speed: 24 rpm, knife shaft speed: 2840 
rpm). The temperature of the batter was maintained below 
11.5 °C. The batter was then stuffed into fibrous casings 
(Nalo Top, Kalle GmbH, Wiesbaden, Germany; 70-mm 
diameter) using a stuffer (IS-8, Sirman, Italy). The stuffed 
samples were cooked in a heating chamber (Thematec 
Food Industry Co., Seongnam, Korea) to an internal 
temperature of 75 °C. The emulsified sausages were then 
cooled and stored at 4 °C for 5 weeks. The formulation for 
emulsified pork sausages is presented in Table 1. 

Table 1. Experimental design 

Items* 
(%) 

C T1 T2 T3 T4 T5 
Liriopeplatyphylla - 0.2 - - - - 
Saposhnikoviaedivaricata - - 0.2 - - - 
Akebiaquinata - - - 0.2 - - 
Lonicera japonica - - - - 0.2 - 
Chelidoniummajus - - - - - 0.2 

2.3. Physico-chemical Analysis 

2.3.1. pH 
pH was measured using a digital pH meter (8603, 

Metrohm, Herisau, Switzerland). Approximately 10 g of 
each sample was cut into small pieces and 90 mL of 
distilled water was added. A slurry was then made using a 
homogenizer (T25B, IKA, Staufen, Germany) and the pH 
was recorded using a pH meter. The pH meter was 
calibrated daily with standard buffers of pH 4.0 and 7.0 at 
25 °C. 

2.3.2. Shear Force (N/cm2) 
Sausage samples cut into pieces 20 mm in length and 

20 mm in diameter were measured using the Instron 3343 
(US/MX50, A&D Co., Norwood, Mass, U.S.A.) with a 
total speed of 200 mm/min, sample speed of 80 m/s, load 
cell of 10 kg, and adapter area of 30 mm2. 

2.3.3. Color 
Color (International Commission on Illumination [CIE] 

lightness [L*], redness [a*], and yellowness [b*]) was 
measured using a Minolta colorimeter (CR-400, Tokyo, 
Japan) using a 8 mm aperture size, illuminant D65, a 2 ° 
Closely matches CIE 1931 Standard Observer and 
measurement / illumination area Φ8mm/ Φ11mm. The 
instrument was standardized using a white plate (Y=93.5, 
X= 0.3132, y=0.3198) and D65 illuminant source before 
the measurements. The chroma (C*) and hue angle were 
calculated as (a*2+b*2)1/2 and Tan-1 (b*/a*), respectively 
[27]. Five readings were made for each sample, each in a 
different position. 

2.3.4. Peroxide Value (POV) 
The peroxide value (POV) was determined as described 

in the AOAC [28]. Typically, 5 g of sample was weighed 
in a 50 ml glass tube, and to this 30 ml of acetic acid-
chloroform mixture (3:2 v/v) was added. After incubation 
at 60°C for 5 min in a water bath, the mixture was filtered 
using No. 1 Whatman filter paper. Subsequently, 0.5 ml of 
potassium iodide solution was added to the filtrate, which 
was further analyzed using an automatic titrator equipped 
with pH meter and stirrer. The titration was allowed to run 
against standard solution of 0.1 N sodium thiosulfate. 
POV was expressed as milliequivalent (meq) of active 
oxygen per kg of sausage. 

2.3.5. 2-thiobarbituric Acid-reactive Substance 
Measurement 

The 2-thiobarbituric acid reactive substances (TBARS) 
level, a measure of lipid oxidation, was determined as 
described previously, with some modifications [29]. 
Briefly, 5 g of each sample was placed in a 50-mL test 
tube and homogenized with 15 mL of deionized distilled 



 Journal of Food and Nutrition Research 292 

 

water for 10 s at the highest speed. Next, 1 mL of sample 
homogenate was transferred to a disposable test tube (100 
mm), after which butylated hydroxyanisole (50 μL, 10%) 
and thiobarbituric acid/ trichloroacetic acid (TBA/TCA; 2 
mL) were added. The mixture was then vortexed and 
incubated in a boiling water bath for 15 min to develop the 
pink color. The sample was vortexed again and 
centrifuged for 15 min at 2,000 × g. The absorbance of the 
resulting supernatant solution was determined at 531 nm 
against a blank containing 1 mL of deionized distilled 
water and 2 mL of TBA/TCA solution. TBARS values 
were calculated from a standard curve of malondialdehyde 
(MDA), freshly prepared by acidification of TEP (1,1,3,3-
tetraethoxypropane) in the range of 0.02 to 0.3 μg/mL (y = 
0.8729x + 0.0382, r = 0.9961) and were expressed as mg 
of malondialdehyde per kg of sample. 

2.3.6. Total volatile Basic Nitrogen Measurement 
Total volatile basic nitrogen (TVB-N), a measure of 

protein degradation, was measured using previously 
described methods with some modifications [30]. Briefly, 
10 mL of each sample and a few drops of phenolphthalein 
indicator (0.5 wt% solution in 50 wt% ethanol) were 
placed in a distillation flask, and then 3.5 mL of 20% 
sodium hydroxide solution was added. The apparatus was 
immediately sealed, and the end of the steam distillate was 
collected in a flask containing 20 mL of 4% boric acid and 
a few drops of Tashiro indicator (methyl red/ methylene 
blue = 2:1). The steam distillation procedure was 
continued until 250 mL of distillate was collected. Next, 
the obtained basic solution was titrated against 0.01-M 
hydrochloric acid to the end point, which was indicated by 
a green to gray color change. The VBN content was 
determined after blank correction that was determined by 
the steam distillation of 6% perchloric acid. 

2.3.7. 2,2-diphenyl-1-picryhydrazla Hydrate (DPPH) 
Radical Scavenging Activity  

The 2,2-diphenyl-1-picryhydrazla hydrate (DPPH) 
radical scavenging activity was measured according to the 
method of Pearson [31] with some modifications. Each 
peptide fraction (500 µL) was mixed with 500 µL of 
ethanol and 250 µL of a DPPH solution (0.5 mM 1,1-
diphenyl-2-picrylhydrazyl/ethanol). The mixtures were 
incubated for 30 min in the dark at room temperature and 
the reduction of DPPH radicals was measured at 517 nm. 
DPPH radical scavenging activity was calculated as: 
DPPH radical scavenging activity (%) = ([absorption of 
control-absorption of sample]/absorption of control) × 100. 
The control was analyzed in the same manner, but distilled 
water was used instead of samples.  

2.4. Sensory Evaluation 
A sensory evaluation was performed by a panel of 15 

trained tasters. Panel development followed the 
prescreening, screening, training, and performance 
evaluation phases as described previously [32]. The panel 
evaluated each treatment for each replication in triplicate, 
and the evaluation was performed with the samples at 
room temperature. Triplicate responses were taken to 
monitor the inherent texture variability associated with the 
samples. One slice, 1 cm in thickness and 1.8 cm in 
diameter, was cut into 6 pie-shaped wedges and presented 

to each panelist. The panelists chose 3 of the most 
characteristic wedges to avoid samples containing large 
pieces of connective tissue. The sausage color and flavor 
(1 = extremely undesirable, 9 = extremely desirable), 
juiciness (1 = extremely dry, 9 = extremely juicy), and 
overall acceptability (1 = extremely undesirable, 9 = 
extremely desirable) were evaluated using a 9-point scale. 

2.5. Statistical Analysis  
The entire experiment was replicated three times at 

different times in the same place, and a completely 
randomized design was used. The data of physico-
chemical properties of sausages during storage were 
analyzed by an analysis of variance (one-way ANOVA) 
using the GLM procedure of SAS program [33], which 
considered addition of extracts as a fixed effect, and 
replicate as a random term. Duncan’s multiple range test 
was used to determine the statistical significance of 
differences among the means at a 95% significance level. 
Mean values and standard deviations were reported. All 
data analysis was performed using SAS for Windows, 
version 9.3 (SAS Institute Inc., Cary, N.C., U.S.A.).  

3. Results and Discussion 

3.1. Quality Characteristics 
The effects of the herbal medicine extracts on the pH 

and shear force of emulsion-type pork sausage are 
presented in Table 2. The pH of sausages in the control 
group was significantly higher than that of the treatment 
groups when stored at 4°C for 5 weeks (p<0.05). 
Significant differences were observed among the 
treatment groups, but the pH values ranged from 5.88 to 
5.99. In addition, all of the pH values increased as the 
storage time increased. The shear force values of the 
emulsion-type pork sausage were significantly increased 
by the addition of herbal medicine extracts after 3 weeks 
of storage, but those of T1 and T2 were decreased after 5 
weeks (p<0.05). The VBN values were significantly 
higher in the herbal medicine extracts groups than in the 
control during storage (p<0.05). However, all treatment 
groups showed VBN levels within the edible range during 
the 5-week period. 

Herbal medicine extracts contain a lot of phenolic acids 
such as benzoic acids and cinnamic acids [34,35]. It was 
determined that these acids caused the decrease in the pH 
of the sausages containing herbal medicine extracts. In 
general, the pH of meat products decreases with increased 
storage owing to the growth of lactic bacteria [36]. 
Increased pH is also related to a decrease in electrolyte 
dissociation and/or increase in the concentration of 
buffering proteins, as well as to the formation of ammonia 
[37]. According to Lim et al. [38], 1.0–2.0% water extract 
of Akebia quinata activated the growth of Bifidobacterium. 
Although the lactic bacteria counts are not shown in the 
present study, the addition of 0.2% herbal medicine 
extracts had a slight effect on the growth of lactic bacteria 
in the emulsion-type pork sausage during storage. In 
addition, according to the report of Han and Rhee [39], the 
pH values of herb extracts (white peony, red peony, 
rehmannia, moutan peony, angelica, rosemary) ranged 
from 3.05 to 3.88. Generally, the pH of meat products has 
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a significant influence on the binding capacity of major 
meat components such as water, protein, and fat [40,41]. 
Moreover, the shear force value is influenced by binding 
capacity. Thus, it was thought that the shear force values 
in emulsion-type pork sausages with herbal medicine 
extracts were higher than those of control samples during 
cold storage periods. 

Table 2. Effect of herbal medicine extracts on quality properties of 
emulsion-type pork sausages during 5 weeks at 10°C 

Items Treatments1) 
Storage (weeks) 

0 3 5 

pH 

C 5.98±0.01Ab 6.06±0.01Aa 6.05±0.01Aa 

T1 5.88±0.02Bc 5.95±0.01Bb 5.99±0.01Ba 

T2 5.89±0.00Bc 5.94±0.01BCb 5.96±0.01Da 

T3 5.88±0.01Bb 5.95±0.03Ba 5.96±0.01Da 

T4 5.89±0.01Bc 5.94±0.02BCb 5.98±0.00BCa 

T5 5.89±0.01Bc 5.92±0.00Cb 5.97±0.00CDa 

Shear 
force 

(N/cm2) 

C 4.01±1.17Cc 11.95±0.49Bb 16.56±0.88Aa 
T1 4.31±0.29BCc 12.25±0.58ABa 11.27±0.39Cb 
T2 4.41±0.68BCb 12.25±0.49ABa 12.05±0.39Ca 
T3 5.68±0.09Ac 12.93±0.29Ab 15.68±0.39ABa 
T4 5.29±0.19ABc 12.44±0.09ABb 14.79±0.68Ba 
T5 4.60±0.19BCc 12.15±0.39ABb 15.48±0.58ABa 

VBN 
(mg%) 

C 6.07±0.16Dc 6.44±0.00Db 6.74±0.16Ca 

T1 7.65±0.16BCb 7.70±0.14BCb 8.10±0.08Aa 

T2 8.17±0.08A 8.21±0.16A 8.00±0.08AB 

T3 7.47±0.16Cb 7.51±0.08Cb 8.00±0.08ABa 

T4 7.89±0.21AB 7.89±0.16B 8.00±0.08AB 

T5 7.51±0.29C 7.51±0.08C 7.82±0.08B 
a-b Means±SD with different superscription within the same row differ 
(p<0.05). 
A-E Means±SD with different superscription within the same column 
differ (p<0.05). 

3.2. Sausage Color 
The effect of herbal medicine extracts on the CIE* color 

of the emulsion-type pork sausage is presented in Table 3. 
The L* value was significantly lower in the T4 and T5 
groups than in the other groups during all storage periods 
(p<0.05). Redness (a*) values were higher in the control 
than in the groups with added herbal medicine extracts at 
0 and 3 weeks (p<0.05), and the redness values of the T3, 
T4, and T5 groups were significantly lower than those of 
the other groups after 3 weeks (p<0.05). The b* values 
were significantly higher in the T3, T4, and T5 groups 
than in the other groups during all cold storage periods 
(p<0.05). Chroma (C) and hue (h) values of the emulsion-
type pork sausage were significantly higher in all 
treatment groups containing herbal medicine extracts than 
in the control (p<0.05). A comparison between the 
treatment groups revealed that those of the T4 and T5 
groups were significantly higher than those of the T1, T2, 
and T3 groups during cold storage (p<0.05). Yang et al. 
[42] reported that the lightness of pork sausage containing 
green tea extract was lower than that of the control, and 
the lightness decreased as of the amount of green tea 
extract added increased. Green tea extract has been found 
to contain many polyphenolic flavonoids [43], and this 
was further confirmed by Bozkurt [44]. Herbal medicine 
extracts also contain many flavonoids, including catechin 
hydrate, gallocatechin, epicatechin, and epigallocatechin, 

which contribute to the yellow coloration of the plants 
[35,36,45,46]. Therefore, this was considered to contribute 
to the increase in yellowness as well as chroma and hue 
values in the emulsion-type pork sausage, while the 
redness was decreased. 

Table 3. Effect of herbal medicine extracts on CIE* color of 
emulsion-type pork sausages during 5 weeks at 10°C 

Items Treatments1) 
Storage (weeks) 

0 3 5 

L* 

C 75.62±0.58A 75.88±0.21A 76.19±0.21A 

T1 75.78±0.36A 75.75±0.48A 75.87±0.43AB 

T2 75.84±0.46A 75.49±0.84A 75.39±0.23B 

T3 75.52±0.67A 75.53±0.81A 76.11±0.30A 

T4 72.91±0.79B 73.14±0.46B 73.51±0.35C 

T5 74.00±0.71B 73.83±0.33B 73.88±0.38C 

a* 

C 2.53±0.11A 2.34±0.25A 2.47±0.28A 
T1 2.40±0.12Aa 1.74±0.27Bb 2.03±0.25Bab 
T2 1.66±0.32B 1.76±0.50B 2.15±0.22AB 
T3 1.32±0.34B 0.88±0.31C 0.74±0.17C 
T4 1.36±0.30B 1.07±0.11C 0.99±0.13C 
T5 1.56±0.23Ba 1.02±0.13Cb 0.72±0.04Cb 

b* 

C 8.66±0.03E 9.07±0.46D 9.16±0.19E 
T1 9.25±0.12Db 10.17±0.39Ca 10.05±0.19Da 
T2 10.20±0.17C 10.53±0.43BC 10.37±0.34D 
T3 10.64±0.30B 11.02±0.22B 11.27±0.27C 
T4 12.08±0.10A 12.04±0.30A 12.17±0.29B 
T5 12.03±0.30Ac 12.50±0.07Ab 13.03±0.05Aa 

C 

C 9.97±0.04E 10.35±0.47D 10.47±0.16E 
T1 10.58±0.15Db 11.49±0.36Ca 11.44±0.19Da 
T2 11.55±0.19C 11.96±0.37BC 11.86±0.35D 
T3 12.05±0.27B 12.46±0.19B 12.71±0.31C 
T4 14.02±0.04A 13.92±0.32A 14.04±0.33B 
T5 13.89±0.30Ac 14.42±0.11Ab 15.16±0.18Aa 

h 

C 73.70±2.08B 76.33±2.09D 75.82±1.78C 

T1 76.37±0.71Bb 80.81±1.57Ca 79.31±1.40Ba 

T2 81.36±1.75Aab 83.13±1.21BCa 79.08±1.44Bb 
T3 83.38±1.89A 85.77±1.56A 86.51±0.89A 

T4 84.11±1.34A 85.36±0.58AB 85.74±0.64A 
T5 83.22±1.16Ac 85.74±0.51Ab 87.30±0.41Aa 

a-b Means±SD with different superscript letters within the same row 
differ (p<0.05). 
A-E Means±SD with different superscript letters within the same column 
differ (p<0.05). 
*L: lightness, a: redness, b: yellowness 
C: chroma, h: hue value. 

3.3. Antioxidant Activity 
The antioxidant effects of herbal medicine extracts 

added to the emulsion-type pork sausage are presented in 
Table 4. TBARS values were significantly lower in the T3, 
T4, and T5 groups during 5 weeks of storage (p<0.05), 
and the T2 group had the highest value. In a comparison 
of the POV values, significant differences among groups 
were observed during all storage periods. Groups with 
added herbal medicine extracts showed lower POV values 
than the control (p<0.05). In particular, those of the T3, 
T4, and T5 groups were significantly lower than the other 
groups after 5 weeks of storage. The DPPH free radical 
scavenging activity was also significantly higher in the T3, 
T4, and T5 groups than in the other groups during storage 
(p<0.05), while T1 and T2 did not differ significantly in 
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DPPH free radical scavenging activity compared with the 
control. Numerous studies have reported that plant-
derived ingredients possess anti-oxidative ability to 
prevent lipid oxidation in meat products [2,6,47,48,49]. 
According to the report of Park et al. [35,36], the total 
contents of phenolic and flavonoid materials in the 5 
herbal medicine extracts examined were 25.78 mg and 
459.86 in Liriopepla typhylla, 2,453 and 5,105 in A. 
quinata, 1,369 and 1,708 in S. divaricata, 5,041 and 
71,023 in Lonicera japonica, and 2,135 and 3,884 in C. 
majus, (mg/100 g), respectively. It was indicated that the 
extracts from these herbal medicines have the capacity to 
scavenge free radicals. The decrease in TBA and POV as 
well as the increase in DPPH, lipid oxidation indicators, 
were probably due to the presence of herbal medicine 
extracts, which have been reported to have antioxidative 
ability and to retard fat oxidation. Numerous studies have 
reported that phytochemicals such as phenolic compounds 
have a major contribution to antioxidant activity. In 
general, free radical scavenging and antioxidant activity of 
phenols (for example, flavonoids and phenolic acids) 
mainly depends on the number and position of hydrogen-
donating hydroxyl groups on the aromatic ring of the 
phenolic molecules, and is also affected by other factors 
such as glycosylation of aglycones and additional H-
donating groups (-NH, -SH) [50]. Phenolic compounds 
serve as antioxidants by donating hydrogen atoms to 
radical species, and are oxidized to phenoxyl radicals 
themselves [51]. Therefore, the prevention of lipid 
oxidation by breaking radical reaction chains is considered 
the most important antioxidant effect of herbal medicine 
extracts in sausage samples because they contain 
flavonoid or phenolic components, which might be 
responsible for the apparent antioxidative activity. In 
summary, the addition of the phenol-rich herbal medicine 
extracts could inhibit the formation of secondary lipid 
oxidation products and improve the shelf life of sausage. 

Table 4. Effect of herbal medicine extracts on anti-oxidative activity 
of emulsion-type pork sausages during 5 weeks at 10°C 

Items Treatments1) 
Storage (weeks) 

0 3 5 

TBARS 
(mg 

MDA/kg) 

C 0.42±0.02BCc 0.65±0.00Ba 0.56±0.03Bb 
T1 0.48±0.05ABb 0.61±0.03Ba 0.58±0.01Ba 
T2 0.51±0.04Ab 0.74±0.02Aa 0.78±0.01Aa 
T3 0.45±0.02BCb 0.55±0.05Ca 0.48±0.01Cb 
T4 0.39±0.03Cb 0.50±0.02Ca 0.35±0.01Db 
T5 0.39±0.02Ca 0.41±0.04Da 0.33±0.02Db 

POV 
(meq/kg) 

C 1.39±0.07Ac 1.88±0.11Ab 2.10±0.10Aa 
T1 1.37±0.04Ac 1.63±0.05Bb 2.09±0.04Aa 
T2 1.31±0.16ABc 1.64±0.01Bb 2.06±0.05Aa 
T3 1.24±0.05Bb 1.63±0.02Ba 1.72±0.11Ba 
T4 1.21±0.03B 1.27±0.10C 1.35±0.09C 
T5 1.00±0.00Cc 1.59±0.01Bb 1.61±0.01Ba 

DPPH 
(%) 

C 16.40±0.79Ca 16.32±0.90Da 9.82±0.75Db 

T1 15.34±0.55Ca 13.79±0.66Eab 12.66±1.16Cb 
T2 16.23±0.71Ca 10.74±0.51Fb 9.69±0.87Db 
T3 29.17±1.00Bb 31.66±0.90Aa 27.59±0.60Bb 

T4 35.53±0.78Aa 28.33±1.04Bb 27.05±1.10Bb 
T5 30.06±1.45Ba 22.93±0.81Cb 30.53±1.19Aa 

a-b Means±SD with different superscript letters within the same row 
differ (p<0.05). 
A-F Means±SD with different superscript letters within the same column 
differ (p<0.05). 

3.4. Sensory Evaluation 
Table 5 shows the effects of herbal medicine extracts 

on the sensory evaluation of emulsion-type pork sausage 
during cold storage. At week 0, the T4 and T5 groups 
scored significantly lower in subjective color than the 
other groups (p<0.05). After 3 weeks, the control retained 
higher color scores than the groups with added herbal 
medicine extracts. In addition, the flavor scores for the T1 
and T2 groups were lower than for the other groups during 
cold storage. With respect to the juiciness and overall 
acceptability, there were significant differences among the 
treatments. T1 and T2 scored lower in juiciness and 
overall acceptability than the other groups during cold 
storage (p<0.05). In general, antioxidants could prevent 
changes in lipids. However, the antioxidants from plant-
derivatives should be used in a range that does not change 
the taste of foods. Muthukumar et al.[52] reported that the 
addition of 600 ppm of phenolics from Moringa oleifera 
leaves to raw and cooked pork patties did not affect the 
sensory attributes. In addition, sensory attributes including 
tenderness, juiciness, overall texture, and flavor were not 
affected by the addition of plant extracts [53], while the 
anti-oxidative activity of plant extracts confers stability to 
fat oxidation in meat products during storage [16]. 
Therefore, rancid flavors or off-odors could be reduced by 
the addition of herbal medicine extracts to meat products 
relative to meat products without the addition during 
storage. However, according to a report by Kim [54], a 
sensory evaluation using a water extract from Liriope 
platyphylla showed a pale-yellow, non-bitter, and 
astringent taste with low overall acceptability. 

Table 5. Effect of herbal medicine extracts on sensory evaluation of 
emulsion-type pork sausages during 5 weeks at 10°C 

Items Treatments1) 
Storage (weeks) 

0 3 5 

Color 

C 8.00±0.35A 7.67±0.41A 7.50±0.50A 
T1 7.30±0.45BC 6.70±0.45B 6.70±0.45B 
T2 7.40±0.55AB 6.83±0.26B 6.80±0.57AB 
T3 7.40±0.42ABa 6.67±0.41Bb 6.70±0.45Bb 
T4 6.70±0.57CD 6.42±0.38B 6.80±0.57AB 
T5 6.30±0.45D 6.50±0.32B 6.90±0.42AB 

Flavor 

C 7.60±0.42A 7.25±0.69A 7.10±0.65BC 
T1 7.00±0.35ABa 6.40±0.22Bb 6.80±0.27CDa 
T2 6.50±0.61B 6.42±0.38B 6.20±0.27D 
T3 7.20±0.27AB 7.58±0.58A 7.90±0.65A 
T4 7.10±0.55AB 7.17±0.52A 7.10±0.65BC 
T5 7.20±0.76AB 7.33±0.52A 7.80±0.57AB 

Juiciness 

C 7.90±0.42A 7.50±0.55A 7.40±0.42A 
T1 7.00±0.35B 6.70±0.27BC 7.10±0.74AB 
T2 6.90±0.65B 6.67±0.68C 6.40±0.42B 
T3 7.10±0.22B 7.33±0.52AB 7.60±0.65A 
T4 7.00±0.35B 7.33±0.41AB 7.20±0.57A 
T5 7.20±0.27B 7.42±0.20AB 7.30±0.45A 

Overall 
acceptability 

C 7.60±0.22A 7.33±0.41AB 7.30±0.45AB 
T1 7.00±0.35B 6.60±0.22C 7.00±0.50ABC 
T2 6.80±0.57B 6.83±0.61BC 6.40±0.42C 
T3 7.10±0.42AB 7.33±0.75AB 7.50±0.61AB 
T4 6.90±0.42B 6.83±0.61BC 6.90±0.42BC 
T5 6.90±0.42Bb 7.50±0.00Aa 7.60±0.22Aa 

a-b Means±SD with different superscript letters within the same row 
differ (p<0.05). 
A-D Means±SD with different superscript letters within the same column 
differ (p<0.05). 
1: very bad or poor, 9: very good or superb  
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4. Conclusions 
This study was conducted to evaluate the effects of the 

extracts of 5 herbal medicines on the physico-chemical 
properties of emulsion-type pork sausage during cold 
storage. The pH was significantly higher in the control 
than in groups containing the herbal medicine extracts 
(p<0.05). An increase in shear force owing to the addition 
of herbal medicine extracts was observed (p<0.05). The 
addition of the herbal medicine extracts also reduced the 
lightness and redness, while increasing the yellowness, 
chroma, and hue during storage (p<0.05). In addition, the 
antioxidant activity, as measured by TBARS, POV, and 
DPPH, was higher in the T3, T4, and T5 groups than in 
the other groups (p<0.05). In a sensory evaluation, the T1 
and T2 groups were given lower scores, and the T3, T4, 
and T5 groups showed similar attributes relative to the 
control. In conclusion, the addition of herbal medicine 
extracts did not have negative effects on the physico-
chemical properties of emulsion-type pork sausage, and 
they could be used as natural antioxidant materials to 
prevent lipid oxidation in meat products.   
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