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Introduction
1)

Kimchi is a globally popular side dish because of its taste

and functional characteristics (1). In Korea, kimchi is

traditionally prepared and consumed at home. However, given

the increasing number of people who consume meals at work
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or in schools or restaurants, kimchi is now produced by

large-scale commercial manufacturers (2). Kimchi is

produced by mixing and fermenting shredded or bisected,

salted Brassica rapa L. ssp. Pekinensis (Korean cabbage)

with other ingredients. These other ingredients include radish,

garlic, ginger, rice paste, and dried red pepper powder. Salted

Korean cabbage is processed by trimming, salting, washing,

and draining (3); the salting process is a particularly critical

determinant of quality of final product.

A major challenge in the preparation of salted Korean

cabbage is that it cannot be heated during processing to

eliminate pre-existing microorganisms (4,5). Although the
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Abstract

The aim of this study was to develop a new salting condition that included added maltodextrin (MD) and grape 
seed extract (GSE) to ensure the microbiological safety and quality of salted shredded Korean cabbage. Response 
surface methodology (RSM) was used to analyze the effects of four independent variables (NaCl concentration, 
salting duration, MD concentration, and GSE concentration). The following response variables were evaluated: reduction 
in total aerobic bacteria, yeast, and mold counts; weight loss and salt content; and taste, texture, and overall acceptability 
of salted shredded Korean cabbage. The optimal salting conditions include a combination of 10.09~10.32% NaCl, 
9.45~10.00% MD, and 234~300 ppm GSE in a ternary salting solution and a salting duration of 5.68~5.94 hr. 
This optimal combination reduced total aerobic bacterial and yeast/molds counts by 3.33 and 1.45 log CFU/g, 
respectively, while maintaining high sensory scores for taste, texture, and overall acceptability of the salted shredded 
Korean cabbage. In addition, the optimal conditions yielded more acceptable weight loss and salt content characteristics. 
The results suggest that use of the optimized combination of salting conditions can improve the microbiological 
safety and quality of salted shredded Korean cabbage used for commercial kimchi production.
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cabbage is normally cleaned in chilled water or chemical

sanitizer prior to blending with kimchi seasoning, microbial

contamination is inevitable (5); even industrial processing of

kimchi does not guarantee the elimination of foodborne

pathogens (3). In Korea in 2012, 1,642 people were infected

by pathogenic Escherichia coli after consuming kimchi (6).

Outbreaks of food poisoning caused by kimchi contaminated

with norovirus were reported at three schools (7).

A good manufacturing practice for decreasing the microbial

load in salted Korean cabbage and improving safety after

the salting step is the use of surface decontamination

techniques to eliminate external pathogens. To this end,

various washing treatments, including with electrolyzed water

(8), chlorine (9), ozone (10), and organic acid (5), have been

used. However, these processes can change the textural and

nutritional properties of cabbage (5); moreover, residual

chemical elements of sanitizers (e.g., chlorine) on the food

surface can cause health problems (11,12). Therefore, a

sanitation method that is effective, non-toxic, and easily

applicable during the salting process is desired.

Grape seed extract (GSE) has many advantages over

existing sterilization methods (13) because it does not require

chemicals or heat. The extract from grape seeds is dried and

purified, yielding polyphenolic compounds that have

antioxidant, antimicrobial, and anti-inflammatory properties

(14,15). Moreover, GSE as a food-grade preservative for

control of surface microorganisms has received a Generally

Recognized as Safe designation by the Food and Drug

Administration (16). Inactivation studies have demonstrated

the effectiveness of GSE in reducing the amount of pathogenic

bacteria and spores in vegetables and fruits (17).

The appropriate salt content and weight loss (water loss

and solid gain) for salted Korean cabbage used to prepare

kimchi are approximately 1.5~2.0% and 15~25%,

respectively (18). Some manufacturers have used tepid water

(30~40℃) to reduce the time required to achieve target salt

characteristics (5). However, warm temperatures can provide

a favorable environment for the proliferation of mesophilic

bacteria, including spoilage, fecal, or pathogenic bacterial

species (3,4). In contrast, salting at cold temperature prolongs

the time required to achieve optimal salt content and weight

loss, and is impractical in a commercial processing plant (3).

There is therefore a need in the kimchi manufacturing industry

to establish efficient salting conditions that inhibit bacterial

growth while reducing processing time at low temperatures.

Maltodextrin (MD) is a food additive used to increase the

specific gravity of food products. Molecular-press dehydration

using MD, which is mainly based on cytorrhysis, has been

extensively studied (19,20); this process is similar to osmotic

dehydration, except that the size of the dehydrating agent

differs (19). Plant cells can be dehydrated because they

contract as a result of the osmotic pressure applied by MD

molecules to the cell wall in solution; however, the polymers

cannot pass through the cell wall owing to their large size

(21). Therefore, MD may be an effective dehydrating agent

for the salting of Korean cabbage.

Response surface methodology (RSM) is a statistical

method based on the multivariate nonlinear model that has

been widely used in the food processing industry (22).

Because it is less labor-intensive than other approaches, RSM

is one of the most popular optimization techniques currently

in use (23). Some studies have attempted to reduce microbial

counts in salted Korean cabbage using classical single-factor

optimization techniques (12), which is time-consuming and

provides little information on interactions among the various

factors that can influence the sensory qualities of the product

and make it palatable to consumers (24).

The objective of this study was to establish the optimum

combination of NaCl, MD, and GSE in the salting solution

and the ideal salting time. Such optimization would enable

inactivation of pre-existing microorganisms and improvement

of salted-shredded Korean cabbage quality using RSM.

Materials and Methods

Sample preparation

Korean cabbage (B. rapa L. ssp. Pekinensis cv. Hwiparam)

was cultivated in the field and harvested in early November,

2015 in Haenam-gun, Korea. The outer leaves and foreign

substances were removed, and the remaining leaves were

evenly shredded into pieces of approximately 4×4 cm using

a knife sterilized before use by dipping into 70% alcohol

and flaming.

Experimental design

RSM was used to analyze the effects of four independent

variables (NaCl concentration, salting time, MD concentration,

and GSE concentration) on the following response variables:

reduction in total aerobic bacteria, yeast, and mold counts;

weight loss and salt content; and taste, texture, and overall

acceptability of the salted shredded Korean cabbage. The

range and levels of each variable are summarized in Table

1. The ranges of the experimental parameters were selected
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based on preliminary experiments.

Table 1. Levels of variables for an experimental design

Independent variables
Levels

-1 0 1

NaCl (%) 5 10 15

Salting time (hr) 2 5 8

Maltodextrin (%) 0 5 10

Grape seed extract (ppm) 0 150 300

The experiments were performed according to a previously

described central composite design (25), with some

modifications. In this study, the experimental combinations

were at the midpoints of edges and at the center of the process

space. In total, 20 combinations of four independent variables

were used (Table 2). Each experiment was performed in

triplicate.

Table 2. Central composite experiment design for the combination of NaCl, MD1), and GSE2) concentrations in the salting solution and
salting time

Run

Independent variables3) Response variables

X1 X2 X3 X4
Total aerobic bacteria

(log CFU/g)
Yeast/molds
(log CFU/g) Taste Texture

Overall
acceptability

Weight loss
(%) Salinity (%)

1 -1 (5) 1 (8) 1 (10) 1 (300) 3.18 2.72 6.51 6.32 7.10 11.77 0.89

2 1 (15) 1 (8) 1 (10) -1 (0) 4.30 2.95 5.10 4.94 4.88 20.95 3.48

3 0 (10) 0 (5) 0 (5) 0 (150) 3.31 2.51 7.11 6.25 7.20 12.12 1.81

4 -1 (5) -1 (2) -1 (0) 1 (300) 3.28 2.54 4.63 5.13 4.75 5.35 0.77

5 1 (15) -1 (2) -1 (0) -1 (0) 3.70 3.18 6.25 5.38 6.38 9.30 2.49

6 -1 (5) -1 (2) 1 (10) -1 (0) 4.75 3.32 4.52 5.22 3.75 5.73 0.69

7 -1 (5) 1 (8) -1 (0) -1 (0) 4.92 3.21 6.13 5.88 6.38 10.82 1.13

8 0 (10) 0 (5) 0 (5) 0 (150) 3.48 2.81 7.11 5.98 7.30 11.82 1.8

9 1 (15) -1 (2) 1 (10) 1 (300) 3.22 2.63 4.75 5.25 4.97 13.23 2.33

10 1 (15) 1 (8) -1 (0) 1 (300) 3.48 2.82 4.61 4.88 3.92 18.03 4.16

11 1 (15) 1 (8) -1 (0) -1 (0) 4.14 3.45 4.40 5.14 4.15 14.81 4.25

12 -1 (5) -1 (2) 1 (10) 1 (300) 3.75 2.79 4.75 5.22 4.88 6.00 0.69

13 1 (15) -1 (2) -1 (0) 1 (300) 2.82 2.64 6.24 5.38 6.08 8.11 2.77

14 -1 (5) -1 (2) -1 (0) -1 (0) 4.88 3.26 4.51 5.04 4.88 4.88 0.89

15 1 (15) -1 (2) 1 (10) -1 (0) 3.53 3.36 5.43 5.38 5.52 12.44 2.18

16 -1 (5) 1 (8) 1 (10) -1 (0) 4.74 3.53 7.50 6.63 7.38 12.92 0.98

17 1 (15) 1 (8) 1 (10) 1 (300) 3.14 2.65 4.88 4.88 4.63 23.43 3.67

18 -1 (5) 1 (8) -1 (0) 1 (300) 3.22 2.44 6.56 6.38 6.70 12.04 1.24

19 0 (10) 0 (5) 0 (5) 0 (150) 3.55 2.65 7.12 6.11 7.42 13.42 1.93

20 0 (10) 0 (5) 0 (5) 0 (150) 3.27 2.54 7.33 6.20 7.50 12.66 1.89

1)MD, maltodextrin.
2)GSE, grape seed extract.
3)Independent variables: X1 (NaCl concentration, %), X2 (Salting time, hr), X3 (MD concentration, %), X4 (GSE concentration, ppm).

Preparation of salting solution supplemented

with MD or GSE and salting process

Brine as a salting solution (5~15% NaCl, w/v) was prepared

by dissolving commercially refined salt (purity: >99.5%;

Hanju Co., Ulsan, Korea) in tap water. MD (dextrose

equivalent: 15~20; Daesang Co., Gunsan, Korea) solution at

concentrations of 5 and 10% was prepared by diluting with

5, 10, and 15% brine. The salting solution was agitated for

30 min, and GSE (DF-100; Food Additive Bank Co.,

Anseong, Korea) was dissolved in the solution with or without

MD to final concentrations of 150 and 300 ppm. All solutions

were freshly prepared on the day of the experiment. Shredded

Korean cabbage samples were treated by immersion into the

20 solutions comprising different combinations of 5~15%

NaCl, 0~10% MD, and 0~300 ppm GSE at a ratio of 1:5

(w/v) for a salting time of 2~8 hr. After salting, each cabbage

sample was washed twice with distilled water for subsequent

experiments.
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Microbiological analysis

For microbiological analysis, samples (25 g) were first

mixed with 225 mL peptone water (0.1% sterile peptone,

w/v) in a sterile Stomacher bag with a polyethylene filter

layer. They were then homogenized using a Stomacher MIX

2 instrument (AES Laboratoire, Combourg, France) for 3 min,

and diluted with peptone water for microbial counts. Serial

dilutions were prepared in triplicate. For total aerobic bacterial

counts, samples were spread on 3M Petrifilm Aerobic Count

Plates (3M Co., St. Paul, MN, USA) and incubated at 37℃

for 48 hr, whereas yeast/molds were spread on 3M Petrifilm

Yeast and Molds Count Plates (3M Co.) and incubated at

25℃ for 72 hr. Three replicates were prepared for each plate,

and counts are expressed as log CFU/g.

Sensory evaluation

Salted shredded Korean cabbage was analyzed for taste,

texture, and overall acceptability by 30 trained panelists (15

men and 15 women; age range, 25~45 years) at room

temperature (22℃±1℃). Samples (100 g) were presented on

a plastic dish under normal light conditions. The sensory

qualities of the samples were evaluated according to a 9-point

scale as follows: 8 or 9, very good; 6 or 7, good; 4 or 5,

fair; 2 or 3, poor; and 1, very poor. All experiments were

performed in triplicate with three observations per trial.

Weight loss

Weight loss results from water loss and solid gain during

osmotic dehydration. After the salting process, the weight

loss of shredded Korean cabbage was calculated as follows:

Weight loss (%)=[fresh Korean cabbage weight (g)-salted

and dehydrated Korean cabbage weight (g)]/fresh Korean

cabbage weight (g)×100.

Salt content

The salt content of each sample was measured using Mohr’s

titration method (4). Samples (1 g) were homogenized in

99 mL distilled water and then passed through Whatman No.

2 filter paper (Whatman, Springfield, UK). A 1-mL volume

of 2% potassium chromate indicator was added to 10 mL

of the filtered sample solution, and this mixture was titrated

against 0.02 N AgNO3 (Daejung Chemicals & Metals Co.,

Siheung, Korea) until a red-brown color (i.e., the end point)

was observed.

Statistical analysis

Statistical analysis was performed using Design-Expert

v.10 software (Stat-Ease, Minneapolis, MN, USA); results

represent the average of four independent measurements. The

response was expressed as a function of the independent

variables defined by the following quadratic polynomial

model:

Y = b0 + b1X1 + b2X2 + b3X3 + b4X4 + b12X1X2 + b13X1X3

+ b14X1X4 + b23X2X3 + b24X2X4 + b34X3X4 + b11X12 + b22X22

+ b33X32 + b44X42

where Y is a dependent variable and b0 is a constant. The

coefficients (b1, b2, b3, and b4), (b12, b13, b14, b23, b24, and

b34), and (b11, b22, b33, and b44) represent the linear, interaction,

and quadratic coefficients, respectively, of the model, and

X1, X2, X3, and X4 represent the independent variables. The

goodness of fit of the model was evaluated based on the

coefficient of determination (R2) and adjusted R2 (R2
adj). The

significance of all terms in the polynomial equation was

assessed by computing F values and was analyzed at

probability levels of p<0.05, 0.01, or 0.001.

Optimization

Numerical optimization was performed to improve the

microbiological safety and quality of salted shredded Korean

cabbage through analysis of superimposed contour plots of

the response variables using Design-Expert v.10 software.

Results and Discussion

Microbiological safety of salted shredded

Korean cabbage

The initial counts of total aerobic bacteria and yeast/molds

on salted shredded Korean cabbage were 6.38 and 3.87 log

CFU/g, respectively. These results are similar to those from

a previous study that found high levels of total aerobic bacteria

(5.2~7.6 log CFU/g) and yeast/molds (2.5~4.3 log CFU/g)

in Korean cabbage (5,10). Such cabbage can be contaminated

by various microorganisms, including pathogenic bacteria,

during the salting process (9). High microbial counts on salted

Korean cabbage can reduce the shelf life of kimchi products

and increase consumer concerns regarding kimchi-related

illness. Therefore, sterilizing salted Korean cabbages is

necessary to ensure long shelf life and consumer safety.

We evaluated the goodness of fit of the quadratic model

applied to microbial reduction in Korean cabbage salted under

different conditions by calculating R2 (Table 3). In general,

R2 or R2
adj values close to 1 indicate goodness of fit of the

quadratic model to the experimental results (25,26).
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Table 3. Coefficients of second-order polynomial equations and significance of each model and dependent response variables for salted
shredded Korean cabbage treated with various combinations of NaCl, MD1), and GSE2) concentrations in the salting solution and salting
time

Microbiological analysis Sensory evaluation Salting characteristics

Total aerobic
bacteria

Yeast/molds Taste Texture Overall acceptability Weight loss Salt content

R2 0.955 0.809 0.960 0.975 0.984 0.981 0.992

R2
adj 0.903 0.770 0.934 0.955 0.970 0.958 0.989

Intercept b0 3.44 2.70 7.14 6.07 7.35 11.99 2.00

Linear b1 -0.25***3) -6.606E-003 -0.26** -0.30*** -0.34*** 3.17*** 1.13***

b2 0.10* - 0.32** 0.18*** 0.25** 3.73*** 0.44***

b3 0.10* - -8.125E-003 0.04 -1.250E-003 1.45*** -0.17***

b4 -0.49*** -0.27*** - -3.750E-003 -0.02 - -

Interaction b12 -4) - -0.71*** -0.39*** -0.91*** - 0.29***

b13 - - -0.19* -0.08* - 1.03* -0.08*

b14 0.11* - - - -0.15* - -

b23 - - 0.29** - 0.36*** - -

b24 -0.08 - - - - - -

b34 - - - -0.06 - - -

Quadratic b11 0.23* 0.22* -1.77*** -0.65*** -1.96*** - -

b22 - - - - - - -

b33 - - - - - - -

b44 - - - - - - -
1)MD, maltodextrin.
2)GSE, grape seed extract.
2)*, p<0.05; **, p<0.01; ***, p<0.001.
4)Non-significant factors were removed.

The high R2 value obtained here indicates that all of the

predicted values had a good fit (26).

The analysis of variance (ANOVA) showed that the

quadratic polynomial model adequately represented the

experimental data, with R2 values of 0.955 and 0.809 for

the reductions in total aerobic bacteria and yeast/mold counts,

respectively. R2
adj corrects R2 according to sample size and

number of terms in the model; in cases where there are many

terms in the model and the sample size is small, R2
adj is

less than R2, indicating that the model is inadequate (26).

The R2
adj of total aerobic bacteria and yeast/molds was 0.903

and 0.770, respectively, for the model; this was similar to

the R2 values, indicating good agreement between the

experimental and predicted reductions in total aerobic bacteria

and yeast/molds in shredded Korean cabbage during the

salting process.

The p value was used to assess the significance of each

term representing the interactions among variables (25);

smaller p values indicate greater significance of the

corresponding coefficient (25-27). The regression coefficients

in Table 3 show that the linear terms of the GSE concentration

had significant effects on microbial inactivation in salted

shredded Korean cabbage (p<0.001).

NaCl and GSE concentrations had significant positive

effects on reducing the counts of total aerobic bacteria

(p<0.05). The quadratic term of the NaCl concentration

indicated a significant positive effect on the reduction of total

aerobic bacteria and yeast/mold counts (p<0.05). However,

the quadratic terms of salting time, MD concentration, and

GSE concentration did not significantly influence reductions

in total aerobic bacteria or yeast/mold counts.

Response surface plots were generated to better visualize

the combined effects of the four independent variables on

the reduction in the amount of total aerobic bacteria (Fig.

1a) and yeast/molds (Fig. 1b) on shredded Korean cabbage

treated with different NaCl and GSE concentrations at a fixed

salting time of 5 hr and MD concentration of 5%. The

magnitude of the reduction in total aerobic bacteria count

increased as the GSE and NaCl concentrations increased,

whereas the change in the reduction in yeast/mold count was
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less obvious, implying that the effect of GSE and NaCl on

reducing the counts of preexisting microorganisms depends

on the type of microbe present. It was previously shown that

GSE treatment suppressed growth in gram-negative and

-positive bacteria but was less effective against yeast and

molds (14). Yeast showed greater resistance to NaCl (water

activity) than bacteria (27). Additionally, the minimum

inhibitory concentration of GSE was previously reported to

be 850~1,000 and 1,250~1,500 ppm for gram-positive and

-negative bacteria, respectively (28). However, we found that

a GSE concentration of 300 ppm effectively inactivated native

microbial flora in salted shredded Korean cabbages. This

discrepancy can be explained by differences in treatment time,

salt concentration, and surface topography in our study as

compared to the previous reports. The use of chemical
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Fig. 1. Response surface plots for reduction of microbial counts in
salted shredded Korean cabbage at various NaCl and GSE
concentrations and fixed MD concentration (5%) and salting time
(5 hr).

GSE, grape seed extract; MD, maltodextrin.
(a), Total aerobic bacteria; (b), yeast/molds.

sanitizers is linked to the generation of carcinogenic

compounds (29); as such, alternative methods to reduce

microorganism contamination of processed salted Korean

cabbage by non-thermal means are desired. GSE is favored

as a preservative for various foods owing to its low toxicity

(LD50=2,900 mg/kg) to humans (30). Indeed, in the present

study GSE supplementation of brine reduced the total aerobic

bacteria and yeast/mold counts on shredded Korean cabbage

during salting.

Changes in sensory qualities of salted shredded

Korean cabbage

We calculated R2 values to evaluate the goodness of fit

of the quadratic model for sensory qualities of salted shredded

Korean cabbage processed under different salting conditions

to the experimental results (Table 3). The ANOVA showed

that the resultant polynomial model adequately fit the

experimental data, with R2 coefficients of 0.960, 0.975, and

0.984 for taste, texture, and overall acceptability, respectively.

These results indicate that the quadratic model accounts for

>95% of the variation in the experimental data. In addition,

the R2
adj values for taste, texture, and overall acceptability

were 0.934, 0.955, and 0.970, respectively, indicating a good

fit for the model.

The coefficients of the regression equation describing

changes in the sensory quality of salted shredded Korean

cabbage under different salting conditions are shown in Table

3. Sensory qualities including taste, texture, and overall

acceptability of the cabbage were primarily affected by the

linear terms of NaCl concentration and salting time (p<0.01

or p<0.001); moreover, the interaction between these two

parameters was significant (p<0.001). The quadratic terms

of NaCl concentration also had a significant negative effect

on sensory quality (p<0.001), whereas salting time and MD

and GSE concentrations did not affect these responses. It

has been reported that hyper-salting negatively affects the

sensory quality of salted Korean cabbage, although it was

more effective in reducing salting time (4). Similar

observations were made in the present investigation. MD and

GSE supplementation had no significant effects on the taste,

texture, or overall acceptability of the cabbage (p>0.05).

Response surface plots for the improvement of sensory

quality of salted shredded Korean cabbage processed under

various salting conditions revealed that sensory scores for

taste, texture, and overall acceptability decreased when the

NaCl concentration was >10% (Fig. 2a-c). In contrast, MD

and GSE concentrations did not affect the sensory quality
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Fig. 2. Response surface plots for changes in sensory qualities of
salted shredded Korean cabbage at various NaCl and MD
concentrations and fixed salting time (5 hr) and GSE concentration
(150 ppm).

MD, maltodextrin; GSE, grape seed extract.
(a), Taste; (b), texture; (c), overall acceptability.

(p>0.05). It should thus be noted that binary or ternary salting

solutions are capable of reducing the amount of preexisting

microorganisms without undermining product quality.

Being an osmotic agent, salt suppresses oxidative or

non-enzymatic browning and surface shrinkage, providing the

driving force for mass transfer as well as a salty taste (31).

In a preliminary study, >500 ppm GSE in the salting solution

caused discoloration of the cabbage surface because of

chlorophyll degradation. We therefore used GSE concentrations

<300 ppm based on another report in which GSE did not

affect the color of lettuce leaves and jalapeno peppers during

storage (32). We expect the combination of MD and GSE

in this study to have dual effects on microbial inactivation

and salting time with minimal negative effects on the sensory

quality of the product.

Changes in salt characteristics of salted shredded

Korean cabbage

Weight loss is the most critical attribute for directly

evaluating the degree of dehydration of Korean cabbage

during the salting process. Additionally, salt content is an

important determinant of gustatory appeal.

The ANOVA showed that the quadratic polynomial model

adequately fit the experimental data, with R2=0.981 and 0.992

and R2
adj=0.958 and 0.989 for changes in weight loss and

salt content, respectively, indicating good agreement between

the experimental and predicted values.

The regression coefficients in Table 3 show that the linear

terms of NaCl concentration, salting time, and MD

concentration had significant positive effects on reductions

in weight loss in salted shredded Korean cabbage (p<0.001).

NaCl concentration and salting time had significant positive

effects (p<0.001), whereas MD concentration had a significant

negative effect (p<0.001) on salt content. In contrast, GSE

concentration did not affect changes in weight loss and salt

content. The interaction of NaCl and MD concentrations

significantly influenced the reduction in weight loss (p<0.05).

Notably, the effect of NaCl concentration and salting time

on weight loss during the salting process increased as the

MD concentration increased. The quadratic term of the four

independent variables did not significantly affect the changes

in weight loss and salt content (p>0.05).

Response surface plots were generated to visualize the

combined effects of the four independent variables on changes

in weight loss (Fig. 3a) and salt content (Fig. 3b). The samples

were shredded Korean cabbage treated with different

concentrations of NaCl and MD at a fixed salting time of
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5 hr and GSE concentration of 150 ppm. Weight loss increased

as a function of NaCl and MD concentrations. Salt penetrates

into the cabbage via a dialysis mechanism, whereas water

diffuses out by osmotic pressure. The rates of salt uptake

and water release depend on the difference between NaCl

and MD concentrations in the salting solution as well as

salting time. The salt content of the cabbage increased with

the concentration of NaCl used during salting; for instance,

it was higher in cabbage salted with 15% brine as compared

to 5 or 10% brine in the first 2~5 hr of the process. This

effect can be explained by the difference in salt concentration

inside and outside the cabbage, which leads to a higher

penetration rate of salt into the cabbage during hyper-salting

with 15% brine. Additionally, use of 10% MD as a

supplementary salting medium reduced the rate of salt uptake.
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Fig. 3. Response surface plots for changes in salting characteristics
of salted shredded Korean cabbage at various NaCl and MD
concentrations and fixed salting time (5 hr) and GSE concentration
(150 ppm).

MD, maltodextrin; GSE, grape seed extract.
(a), Weight loss; (b), salt content.

Thus, the salt content of shredded Korean cabbage can be

controlled by MD supplementation of the salting solution.

In addition, 10% MD supplementation during salting

increased weight loss as compared to cabbage salted with

brine but without MD for up to 5 hr.

The osmotic pressure gradient that drives mass transfer

depends on the concentration of the salting solution (31).

Low-molecular-weight osmotic agents such as salt can readily

penetrate into cabbage. The moisture loss in onion and tomato

samples subjected to osmotic dehydration in salt solution was

reported to be higher than that in sucrose solution. This is

because of the passage of the smaller salt molecules through

cell membranes and the resultant pressure gradient in the

cytoplasm and vacuoles, which increases water loss from the

cells (33). In addition, maximum dehydration of cherry

tomatoes was achieved using a mixed solution of salt and

sucrose that increased the concentration gradient (34).

Similarly, MD has a higher molecular weight than other

frequently used osmotic agents (e.g., salt, glucose, sucrose,

and maltose) (31) and thus does not penetrate the cell

membrane, which likely led to its enhancement of dehydration

in the present study.

Optimization of salting conditions

We optimized the salting conditions by analyzing numerical

simulations of the best combination of NaCl, MD, and GSE

concentration and salting time. The optimal conditions were

those that minimized total aerobic bacteria and yeast/mold

counts, with weight loss in the range of 15~23%, salt content

in the range of 1.5~2.0%, and sensory quality scores >6.

Based on this analysis, the optimum values were: an NaCl

concentration of 10.09~10.32%, MD concentration of

9.45~10.00%, GSE concentration of 234~300 ppm, and

salting time of 5.68~5.94 hr.

In summary, this study established the ideal salting

conditions with NaCl, MD, and GSE for improving the

microbiological safety and quality of salted shredded Korean

cabbage used for kimchi production. This new formulation

involves no additional expense or specialized facilities, as

MD and GSE are simply added during the salting process.

In addition, the use of MD shortens the salting time and

consequently decreases weight loss. Large-scale experiments

are needed to verify that the optimal conditions determined

here can be applied to commercial kimchi manufacturing.
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요 약

본 연구는 단 임배추의 미생물학 안 성과 품질

확보를 해 maltodextrin(MD)과 grape seed extract(GSE)를

첨가한 새로운 임 조건을 개발하고자 수행되었다. 반응

표면분석법을 이용하여 분석한 결과, 10.09~10.32% NaCl,

9.45~10.00% MD와 234~300 ppm GSE를 병합한 임염수

와 5.68~5.94 hr의 임시간이 단배추의최 임조건

으로나타났다. 이 임 조건하에서 단배추의총호기성

세균과 효모 곰팡이 수는 3.33과 1.45 log CFU/g까지

각각감소한반면 능 품질인맛, 조직감과종합 기호

도는 6 이상의 높은 수를 유지하 다. 한 이 임

조건은 임 한 배추의 량감소율인 15~23%와

임배추의최 염도인 1.5~2.0%를만족하는것으로나타

났다. 따라서본 연구결과, MD와 GSE가 첨가된 임염수

는배추의 해미생물감소뿐만아니라품질유지에효과를

보여 으로써김치제조를 한배추의 임공정에활용할

수 있는 가능성을 제시하 다.
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