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Cabbage kimchi is a traditional Korean food, 
which has a sour, hot, salty and characteristically 
carbonic taste from the lactic acid fermentation 
that results from being brined [1]. However, after 
it reaches a well-aged stage, these microbiologi-
cal (Lactobacillus plantarum and Lactobacillus 
brevis) and enzymatic activities continue and result 
in a sour and bitter taste, off-odour and soften-
ing, due to deterioration of kimchi [2]. Therefore, 
control of the fermentation process is needed to 
preserve the quality of kimchi and to extend its 
shelf-life [3]. Chilled storage (2–8 °C) is generally 
used to maintain the quality of kimchi [4]. Several 
studies have been conducted on extending the 
shelf-life of kimchi using heat treatment [5], anti-
septics [6], antimicrobial agents [7], herbal medi-
cine [8] and a pH adjuster [9]. Even though these 
methods can be used to retard the aging process, 
it is difficult for these processes to control the de-
terioration of sensory quality and maintain a good 
product [10]. Many naturally-occurring com-
pounds or phytochemicals are found in edible and 
medicinal plants, herbs and spices, that have been 

shown to possess antimicrobial activities against 
food spoilage and fermentation bacteria [2, 8]. 
However, a key drawback of medicinal herbs is the 
deterioration of colour and sensory properties in 
foods [7, 11].

The prickly pear cactus (Opuntia ficus-indica 
var. saboten) has a global distribution and is an 
important nutrient and food source [12]. The fruits 
are an important source of vitamins for people 
who live near the natural growth sites of the plant. 
Both nopal leaves and fruits are consumed as fresh 
vegetables, added to casseroles, cooked, or used in 
salads, syrups, and juices [13]. This cactus contains 
pigments and flavour compounds, particularly 
betalains and polyphenols, along with nutri tionally 
important components in the fruit (amino acids, 
saccharides, organic acids, vitamins, mi nerals, 
fibre) and seeds (oil contents), having potential 
use in functional foods [14, 15]. Prickly pear cac-
tus (PPC) is economical and ex hibits antibiotic 
activity that is anticipated to suppress over-ripen-
ing. In this study, PPC was added to kimchi and 
the effects of different concentrations of PPC ex-
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bonate (7.5%; Emir Chemical, Ankara, Turkey). 
The tubes were then vortexed and incubated at 
40 °C for 30 min. After wards, the optical absorp-
tion was measured at 760 nm. Distilled water was 
used as a blank [17]. The total phenolic content of 
the extract was expressed as gallic acid equivalents 
(GAE; in grams per kilogram of extract; gallic acid 
was purchased from Fluka Chemical, Taufkirchen, 
Germany).

Preparation of kimchi
The recipe for preparation of kimchi was that 

of triplicate manufacture [18]. The raw mate-
rials used were Chinese cabbage (76.7%), radish 
(6.6%), white sugar (0.2%), minced garlic (3.8%), 
minced ginger (0.5%), pieces of green onion 
(2.5%), red pepper powder (4.1%), waxy rice 
paste (0.8%), anchovy sauce (2.5%) and salted 
shrimps (2.3%). The cleaned and trimmed Chi-
nese cabbage was cut into pieces (3 × 3 cm) and 
immersed twice in a 20% NaCl solution (w/v) for 
3 h. After removing some residual salt with tap 
water, the Chinese cabbage was drained at room 
temperature for 1 h. The sliced Chinese cab-
bage, radish, minced garlic and minced ginger 
were placed together in a metal bowl. After mix-
ing gently, red pepper powder, waxy rice paste 
and pieces of green onion, anchovy sauce, salted 
shrimps and white sugar were added and gently 
blended. Meanwhile, 0, 0.4, 0.8 and 1.2% (w/w) of 
PE against the weight of the salted Chinese cab-
bage were added as a condiment, and spread onto 
the Chinese cabbage for preparation of kimchi. 
The prepared kimchi was packed in 1 000 ml plas-
tic vessels with headspace, and stored in an incu-
bator KB/B1-699M (JO-TECH, Seoul, South Ko-
rea) at 10 °C for 36 days. The prepared kimchi is 
shown in Fig. 1.

tract on the physicochemical, microbiological and 
sensory characteristics were examined. As such, 
the possibility of its use as a natural additive that 
could prolong the shelf-life of kimchi was assessed, 
and the value of the use of PPC for the commer-
cial production of kimchi was investigated.

MATERIALS AND METHODS

Materials
Chinese cabbage, radish, minced garlic, minced 

ginger, pieces of green onion, red pepper powder, 
waxy rice paste, white sugar, anchovy sauce and 
salted shrimps were supplied from a local market 
in Jinan, Jeonbuk, South Korea.

Preparation of prickly pear cactus extract (PE)
Freshly harvested PPC fruits were obtained 

from a local market on Jeju Island, South Korea. 
The fruits were brushed under distilled water, air-
dried and pulverized to prepare for extraction. 
The crushed fruits (2 kg) were extracted in a heat-
ing mantle (80 °C) with distilled water (10 l) for 
3 h. The extract was filtered through Whatman 
No. 2 filter paper (Whatman International, Maid-
stone, Kent, United Kingdom), and the filtered 
samples were then evaporated in order to remove 
water, using a rotary evaporator at 40 °C. The con-
tent of the final extract was controlled to be of 
40 °Bx.

Total phenol content
The phenolic content of the PE was assayed 

according to the method of Folin-Denis [16]. In 
brief, the extract (150 μl) prepared in different 
concentrations, was mixed with 750 μl of Folin-
Ciocalteu reagent (Sigma, St. Louis, Missouri, 
USA) in test tubes and 600 μl of sodium car-

Fig. 1. Appearance of kimchi prepared with different prickly pear cactus hot water extract ratios.
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Measurement of pH and acidity
Using the method of KANG et al. [19], pH and 

acidity of the samples were determined. Ten grams 
of a sample were homogenized in 100 ml of dis-
tilled water and filtered through Whatman No. 2 
paper, and the filtrate was used to determine pH 
and acidity. The pH value was measured with 
a pH meter Orion 520A (Thermo Fisher Scien-
tific, Waltham, Massachusetts, USA) and the 
acidity was expressed as the content of lactic 
acid (weight percent) by measuring the titration 
volume of 0.1 mol·l-1 NaOH to adjust the pH 
at 8.4.

Measurement of salinity
Salinity was measured with a salinometer SP-80 

(Takemura Electric Works, Tokyo, Japan).

Measurement of texture
Texture of the samples was analysed by cutting 

and compression using a texture analyser TA-XT2I 
system (Stable Micro Systems, Godalming, United 
Kingdom). Square-shaped samples (3 × 3 cm) 
were prepared by cutting the stump of the cab-
bage at 5 cm distances from the bottom [20]. The 
operation conditions of the texture analyser were 
as follows: pre-test speed 5.0 mm·s-1, test speed 
1.0 mm·s-1, post-test speed 10.0 mm·s-1, strain 
60%, trigger type auto-5 g, and probe type (cut-
ting force: blade set with knife, compression force: 
36 mm dia aluminium).

Microbiological analysis
The method of OH et al. [21] was used to de-

termine the growth of microflora during the 
treatments. Briefly, 10 g of a sample was asepti-
cally prepared, put in a sterilized bag (10 × 15 cm; 
Sunkyung, Seoul, South Korea) with 100 ml of 
peptone water (0.1%), and stomached in a Sto-
macher Model 400 (Tekmar, Cincinnati, Ohio, 
USA) for 2 min. The stomached suspension of 
the sample was used to test the growth of total 
bacte rial populations (TP) and lactic acid bacteria 
(LAB) on plate count agar (Difco, St. Louis, Mis-
souri, USA) and MRS agar (Difco), respectively. 
The plates were prepared in triplicate and incu-
bated at 37 °C for 48 h, and viable cell numbers on 
a plate were determined as colony forming units 
per gram of product (log CFU·g-1).

Sensory evaluation
Sensory evaluation of the samples was con-

ducted on day 15 by 14 panelists who were trained 
according to the method described by PARK et al. 
[22]. Briefly, training sessions were conducted to 
inform panelists on the products and attributes 

to be evaluated, and were followed by an open 
discussion. Panelists were trained in three 1 h 
sessions, in which samples were served to the 
panelists from a wide variety of treatments to fa-
miliarize them with a wide range of colour, sour-
ness, salty fermented odours, crispness and overall 
acceptance of samples. Sensory scores of samples 
were referred to using a nine-point descriptive 
scale where 1 = extreme dislike or extremely 
weak, and 7 = extreme like or extremely strong. 
Steamed rice was given as a delivery medium.

Statistical analysis
Samples were analysed in triplicate and the 

results were presented as mean ± standard de-
viation. One-way analyses of variance (ANOVA) 
were used to determine the effects of the com-
bined treatments of kimchi on the growth of 
micro organisms and the quality properties of the 
4 groups, using the Statistical Package for Social 
Sciences v. 12.0 (SPSS, Chicago, Illinois, USA). 
Duncan‘s multiple range test was used to compare 
the differences among the means at P 0.05.

RESULTS AND DISCUSSION

The yield, pH, brix, moisture and total phenol 
contents of PE are presented in Tab. 1.

pH and acidity of kimchi prepared with PE
The changes in pH and acidity of the samples 

during storage are shown in Fig. 2. The values of 
pH and acidity of kimchi with PE were reduced 
and increased on day 0, respectively, and changed 
slowly compared to the untreated kimchi during 
the storage period. MOON et al. [23] also reported 
that the addition of omija extract to kimchi re-
duced pH and increased acidity due to a variety of 
organic acids in the extract, including fumaric acid, 
malic acid and succinic acid. In general, kimchi 
has the best taste when pH is about 4.2. However, 
when pH of kimchi drops below 4.0, homo-fer-
mentative Lb. plantarum strains, which generally 

Tab. 1. Yield, pH, brix, moisture and total phenol 
content of hot water extract of prickly pear cactus.

Yield [%] 13.3

pH 3.6

Brix [°Bx] 40.6

Moisture [%] 49.8

Total polyphenol content [mg·kg-1] 1 759.0 ± 45.1
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proliferate during the late stage of kimchi fermen-
tation, play an important role in its over-fermenta-
tion [24]. According to the present results, the rea-
son for slow changes in pH and acidity in kimchi 
manufactured with PE is the control of fermenta-
tion bacteria (Lb. plantarum strains).

Measurement of salinity in kimchi 
prepared with PE

The changes in the salinity of the samples 
during storage are shown in Fig. 3. Generally, the 
salinity of kimchi is 3%, and it decreases through 
the leaking of cell liquid from the kimchi tissue 
during storage [25]. The salinity of kimchi pre-
pared with PE was lower that of the untreated 
kimchi during the storage period. HA & PARK [26] 
and HA [27] reported that additions of soft per-
simmon and apple juice induced leakage of cell 
liquid, and treated samples had low salinity com-
pared to untreated samples. KIM & HAN [28] also 
indicated that the salty taste of kimchi decreases 
its sensory quality, and a suitable salinity increases 
the taste acceptance of kimchi. Thus, PE is able to 
improve the sensory properties of kimchi because 
of decreased salinity.

Cutting and compression force of kimchi
Fig. 4 and Fig. 5 show the changes in the cut-

ting force and compression force of the kimchi 
samples during storage. The cutting and compres-
sion forces of kimchi were decreased during the 
fermentation time, and the changes in cutting and 
compression forces were similar. The PE-treated 
samples were harder than the untreated samples 
during the storage period. LEE et al. [29] report-
ed that the osmotic pressure of external cells in 
samples became higher with increased salt con-
centrations, and cutting and compression forces 
decreased due to a leakage of cell contents from 

Fig. 2. Changes in pH and titratable acidity of kimchi prepared with different prickly pear cactus 
hot water extract additions during fermentation for 36 days at 10 °C.

Values are means of triplicate analyses with standard deviation. Lines with different superscript letters are significantly different 
(p < 0.05).

Fig. 3. Changes in salinity of kimchi prepared with dif-
ferent prickly pear cactus hot water extract additions 
during fermentation for 36 days at 10 °C.

Values are means of triplicate analyses with standard devia-
tion. Lines with different superscript letters are significantly 
different (p < 0.05).
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the tissue. The tenderization of kimchi by over-fer-
mentation is relative to the growth of lactobacilli 
along with the increase in the activity of polygalac-
turonase (PG) [30]. PG acts to separate methoxyl 
groups from pectin, generate free carboxyl groups, 
dissolve pectin with free carboxyl groups, and di-

rectly tenderize the structure of plants [31, 32]. 
Therefore, it is necessary at the application of any 
method to inhibit or retard tenderization of kim-
chi. The present results indicate that the addition 
of PE to kimchi can improve its texture during fer-
mentation.

Fig. 4. Changes in the cutting force of kimchi pre-
pared with different prickly pear cactus hot water 
extract additions during fermentation for 36 days at 
10 °C.

Values are means of triplicate analyses with standard devia-
tion. Bars with different superscript letters are significantly 
different (p < 0.05).

Fig. 5. Changes in the compression force of kimchi 
prepared with different prickly pear cactus hot water 
extract additions during fermentation for 36 days at 
10 °C.

Values are means of triplicate analyses with standard devia-
tion. Bars with different superscript letters are significantly 
different (p < 0.05).

Fig. 6. Changes in total bacterial populations of 
kimchi prepared with different prickly pear cactus 
hot water extract additions during fermentation for 
36 days at 10 °C.

Values are means of triplicate analyses with standard devia-
tion. Lines with different superscript letters are significantly 
different (p < 0.05).

Fig. 7. Changes in lactic acid bacteria of kimchi 
prepared with different prickly pear cactus hot water 
extract additions during fermentation for 36 days at 
10 °C.

Values are means of triplicate analyses with standard devia-
tion. Lines with different superscript letters are significantly 
different (p < 0.05).
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Total bacterial populations 
and lactic acid bacteria in the kimchi

The changes in total bacterial populations (TP) 
and lactic acid bacteria (LAB) are shown in Fig. 6 
and 7, respectively. The numbers of TP and LAB 
increased rapidly until they peaked and then be-
gan to decrease or maintain their quantity during 
fermentation. Until the 6th day of fermentation, 
the numbers of TP and LAB were highest in the 
control, while the groups treated with PE showed 
lower numbers of TP and LAB compared to the 
control sample. However, no great differences 
were observed among the treatments. Some im-
portant species believed to be responsible for 
kimchi fermentation include Leuconostoc me-
senteroides, Leuc. pseudomesenteroides, Lactococ-
cus lactis and Lb. plantarum [33, 34]. Our results 
regarding the numbers of TP and LAB showed 
a trend similar to that observed by MOON & JANG 
[35] and PARK et al. [36]. Addition of PE to kimchi 
facilitated prolongation of the shelf-life of kimchi.

Sensory characteristics of kimchi
The effects of PE addition on sensory proper-

ties of kimchi were investigated after storage for 
up to 15 days (Tab. 2). The sample treated with 
0.8% PE had high scores for properties such as 
colour, crispness and overall acceptance. The red 
pigment of PE is known to be betaine, and this 
pigment is very stable under pH 4–5, in which its 
bright red colour can be maintained under acidic 
conditions [37]. The colour acceptance of samples 
after day 15 increased rapidly with the treatment 
with PE. However, 1.2% PE decreased colour ac-
ceptance because the colour of kimchi became 
darker. Sourness and salted-fermented odours 
also decreased because of PE addition. This re-
sult demonstrates that adding PE to kimchi could 
mask off-odours due to the salted-fermented 
odour. The deterioration of sensory quality, a sour 
and bitter taste, off-odour and softening of kimchi 
occur through over-fermentation [38]. According 

to our results, the addition of PE effectively im-
proved the sensory quality of kimchi during the 
fermentation period, the optimal addition rate be-
ing 0.8% PE.

CONCLUSIONS 

The effects of different concentrations of 
prickly pear cactus (Opuntiaficus-indica var. sa-
boten) extract (0%, 0.4%, 0.8% and 1.2%) on the 
shelf-life, and on physico-chemical and sensory 
properties of kimchi were studied during fermen-
tation at 10 °C for 36 days. The addition of 0.8% 
prickly pear cactus extract to kimchi caused a de-
crease in salinity and salted-fermented odours, 
and improved taste, colour, texture and overall ac-
ceptance during fermentation. Therefore, prickly 
pear cactus seems to be an economical and natural 
additive, which has effects on extending the shelf-
life and improving the sensory quality of kimchi 
during fermentation.
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