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Abstract

The purpose of this study was to investigate the acid tolerance, bile acid tolerance, and
fermentation activity of lactic acid bacteria isolated from Aimchi in the presence of hydro-
lysates of whey protein concentrate. Kimchi isolates DK109, DK119, DK121, DK128, DK211,
DK212, and DK215, which were identified as Lactobacillus sp., and L. casei DK128 showed
the highest acid and bile acid tolerance. To produce whey hydrolysates, enzymes were
added to a 10% (w/v) whey protein concentrate (WPC) solution at 1:50 (w/v, protein). The
viabilities of the DK strains were determined in the presence of low pH and bile salts. Then,
yogurt was produced via fermentation with L. casei DK128, an isolate from Aimchi, in the
presence of the following additives: CPP, WPC, and WPC hydrolysates (WPCH) generated by
alcalase (A) or neutrase (N). The produced yogurts were subjected to various analyses,
including viable cell counts (CFU/mL), pH, titratable activity, and sensory testing. After 8
h of fermentation, the pH and titratable activity values of all test samples were 4.2 and 0.9,
respectively. The viable counts of LAB were 3.49%x10%, 5.72x108, 7.01x108, and 6.97x108, for
the Control, CPP, A, and N samples, respectively. These results suggest that whey proteins
have potential as dietary supplements in functional foods and that WPCH could be used in
yogurt as a low-cost alternative to CPP.
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Introduction

Milk whey proteins are well known for their high biological value and versatile func-
tional properties, characteristics that allow its wide use in the food and pharmaceutical
industries (Julianas et al., 2015). These compact and globular proteins are responsible
for 20% of the total protein contained in milk and, unlike casein, remain soluble at pH
4.6 (Asghar et al., 2011). The main proteins present in whey protein concentrates are
B-lactoglobulin (3.2 g/L, 18.3 kDa), e-lactalbumin (1.2 g/L, 14.2 -kDa), serum albumin
(0.4 g/L, 66.0 kDa), immunoglobulin (0.8 g/L, 146-1030 kDa), and lactoferrin (0.2 g/L,
80 kDa), among others (Foucquler et al., 2012).

The enzymatic hydrolysis of whey proteins was known to improve of their functional
properties and offers interested opportunities for food science. Enzymatic hydrolysis is
favored by food manufacturers due to the availability of various of enzymes that are
considered safe, natural and functionalities. Many enzymes are used in the dairy industry
as food-grade enzymes and others are being researched for the production of whey
proteins with various functionality and biological activity.

Lactic acid bacteria (LAB) from Kimchi is a wide range of such desired roles have been
suggested for diverse strains of LAB, including immune stimulation, pathogen exclusion,

production of bioactive substances, and general intestinal health (Lee et al.,
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2011). Therefore, LAB may be more suitable if they also
display desirable effects on the host (Cha et a/, 2008). This
suggests a potential for Lactobacilli isolated from Kimchi to
be used for yogurt production.

The aims of this research are to the effect of fortification
of yogurt with specific peptides isolated from WPC hydro-
lysates by different protease (Alcalase 2.4 L, Neutrase 0.8
L) was investigated. This study suggests that WPC hydroly-
sates with good nutritional and biological properties can be
effectively used in health-promoting foods as a biofunc-

tional ingredient like a yogurt product.

Materials and Methods

1. Whey protein concentrate(WPC) and commercial
enzyme

Whey protein concentrate(WPC) was used commercial whey
protein concentrate-80 (protein 65.45%, Kijeldahl) was
obtained from Marquez brothers (USA). And commercial
enzymes such as Alcalase 2.4 L (Protease from Bacillus
licheniformis, 5 U/g), Neutrase 0.8 L (Protease from Ba-
cillus amyloliquefaciens, 0.8 U/g) was purchased from

Novozymes (Denmark).

2. Preparation of WPC hydrolysates(WPCH)

WPC solution was made by the WPC dissolved in distilled
water at a concentration of 10% (w/v) at 40C. After adjust-
ment of pH to 7.0 with 2N NaOH solution, the WPC solu-
tion were pasteurization in water bath (Hansol Tech, Korea)
at 65C for 30 min. Then, the enzymes were added to the
WPC solution at a mass ratio of 1:50 (w/v, protein) in a
shaking water bath at 50T to 200 rpm for 120 minutes. And
then put in water bath at 95C for 10 minutes to inactivate
the enzymes and stored at 4C until required for analysis.

3. Selection of starter

The starter used for the experiment is isolated from Kim-
chi. After each samples were homogenized using homo-
genizer (Interscience, France), 100 uL of each dilution
samples were spread onto MRS agar and incubated at 37C
for 48 h. A singular colonies were identified by 16S rRNA
gene sequencing analyzed by the GeneBank database (Mac-
rogen, Korea).
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Acid and bile tolerance were performed according to the
method (Teh et a/, 2009 and Dayoung et a/, 2014). To
assay of acid tolerance, cultures were inoculated in the
MRS broth adjusted to pH 2.0 with 1N HCI, then incubated
at 37T for 2 h. For bile tolerance, cultures were inoculated
in the MRS broth with 1.0% oxgall, then incubated at 37T
for 24 h. The survival single colonies were observed at
plates incubated at 37C for 48 h in MRS agar.

4. Manufacture of yogurt

The yogurt was made from a 92% raw milk, 3% glucose and
5% WPCH adjusted at 200 mg/mL of protein concentrate used
distilled water. The raw milk and glucose mixture was pasteu-
rized at 95C for 5 minutes and then added each WPCH
after that cooled the mixture to 40C, and inoculated at
0.02% (w/v) of Lactobacillus casei DK128. The mixture was
incubated at 37C until the desired titratable acidity of 0.8
had developed. Samples were taken to measure the titrata-
ble acidity and viable cell counts. After end of fermentation
added milk flavor (K-141957, KPC, Korea) 0.015% (v/v) and
Yogurt flavor (971721, Symrise Pte. Ltd, Korea) 0.005% (v/v).

5. Sensory evaluation of yogurt

Sensory evaluatoin of yogurt was evaluated by A group of
30 consumer panelists was advertised at the Dankook
University (Cheonan, Korea). Samples were provided to pane-
lists in various digit random number coded paper cups.
Water was provided to panelists to rinse their mouth bet-
ween takes each samples. Panelists did not to talk during
the sensory test.

Scores were checked on seven-point hedonic scales
(1=dislike very much, 2=dislike, 3=dislike very little, 4=neither
like nor dislike, 5=like a little, 6=like, 7=like very much). A
seven-point hedonic was used to rate the following para-
meters: sweetness, bitterness, astringent, flavour, overall
taste. White paper cups with samples at 10+1C were pro-
vided (L. Trigueros et al, 2012).

Results

1. Selection of starter

After isolation of LAB from Kimchi, Identification of strains
were using 16s rDNA sequencing. DK109, DK119 and
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DK121 were confirmed as L. plantarum and L. paracasei on
16S rDNA gene sequencing (99% similarity to GeneBank
sequences). However, DK128, DK211, DK212 and DK215
were identified as L. casei (99% similarity to GeneBank
sequences) and Z. paracasei (99% similarity to GeneBank
sequences), respectively (Table 1).

DK strains isolated from Kimchi were measured their
viabilities to low pH and bile salts. This bile salts presence
creates more stressful conditions for probiotics. Therefore,
resistance to low pH and bile salts are important charac-
teristics for probiotics (Lee er a/ 2012). Tolerance of eight
DK strains against low pH was examined (Table 2). All DK
strains killed almost completely after exposed to pH 2.0 for
2 h at 37C. When exposed to pH 2.0 for 2 h, survival ratios
were depending on each strains. DK128 showed the highest
survival ratio.

DK strains were the most resistant strain against 1.0% bile
salts (Table 2). Other strains showed that significant reduc-
tions in the viable cell counts in the medium. The results
showed that bile salt resistance property of each strains.
Since 1.0% bile salts is considered to be a critical concen-
tration used for the selection of resistant strains (Gilliland

SE et al,1984).

2. Fermentation characteristics of yogurt

Another purpose of this study was an application of strains
isolated from Kimchi to fermented dairy products as a
starter culture. A starter culture should be quick and steady
in lactic acid production, produce product with fine and
clean lactic flavor and not produce any pigments, gas,
off-flavor and bitterness in the finished products (Ghandi,
2007). Control (C), yogurt containing CPP (CPP), yogurt
containing WPCH using Alcalase 2.4 L (A), and yogurt con-

Table 1. Identification of isolated strains using 16s rDNA gene
sequencing

Strains 16s-rDNA sequence % ID
DK109  Lactobacillus plantarum strain LP-1 99.0
DK119  Lactobacillus plantarum strain ChPR-Il-str62 99.0
DK121  Lactobacillus paracasei strain ChR-ll-str10 99.0

DK128  Lactobacillus casei strain 186 99.0
DK211 Lactobacillus casei strain ML7 99.0
DK212  Lactobacillus casei strain LC18 99.0
DK215  Lactobacillus paracasei strain 2SA3 99.0
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Table 2. Acid and bile acid tolerance of strains isolated from Kimchi

Counting (Log CFU/mL)

Strains

0h 2h 24h
DK109 7.27+0.3 6.11£0.2 7.00£0.2
DK119 8.78+0.2 8.48+0.3 8.41+0.2
DK121 8.61£0.2 8.07+0.2 7.61£0.3
DK128 9.12+0.1 8.96+0.1 8.96+0.2
DK211 9.20£0.2 8.83+0.2 7.21£0.4
DK212 8.61£0.2 7.53%0.2 8.00£0.2
DK215 9.11+0.3 8.03+0.2 7.9440.3

*At the acid tolerance, All samples were incubated at 37C for 2 h
in adjusted pH 2.0 MRS broth containing HCI, and at the bile acid
tolerance, All samples incubated at 37C for 24 h in broth containing
1.0% Oxgall broth.

*All sample were performed in triplicate and expressed as mean (+SD)
of duplicate determination.

taining WPCH using Neutrase 0.8 L (N) were shown to have
dramatically to decrease the pH or to increase the acidity
during 8 h fermentation. The titratable acidity and pH values
of all samples were 4.2 and 0.9 after 8 h fermentation (Fig.
1). C, CPP, A, and N showed growth until 8 h of fermen-
tation and the viable cell counts (CFU/mL) of LAB during
the fermentation, with values of 3.49x 108, 5.72x10% 7.01x
108, and 6.97x10%, respectively (Fig. 2).

3. Sensory evaluation of yogurt

The yogurts influenced consumers preferences to a low
extent, but it may have an important effect on the sensory
quality of the evaluated products. The sensory quality of

food is composed of texture, odor, appearance, and flavor
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Fig. 1. Changes of pH and titratable acidity of yogurts with hydro-
lyzed WPC each contents during the fermentation time.

*Con : Fermentation of yogurt added nonhydrolysis WPC.

*CPP : Fermentation of yogurt added CPP.

*A . Fermentation of yogurt added hydrolysates of WPC using Al-
calase 2.4 L for 2 hours.
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Fig. 2. Changes of viable cell counts of yogurts with hydrolyzed
WPC each contents during the fermentation time.

*Con : Fermentation of yogurt added nonhydrolysis WPC.

*CPP : Fermentation of yogurt added CPP.

*A : Fermentation of yogurt added hydrolysates of WPC using Al-
calase 2.4 L for 2 hours.

*N : Fermentation of yogurt added hydrolysates of WPC using Neu-
trase 0.8 L for 2 hours.

Bitterness
=¢=Con =li=CPP A ==N

Flavor Overall taste

Sourness Viscosi
- Viscosiy

Texture

Fig. 3. Spider web profile of yogurts added flavor.

*Con : WPC-80 5%(200 mg/mL, protein) in yogurt.

*CPP : casein phosphopeptide 5%(200 mg/mL, protein) in yogurt.
*A . WPC hydrolysates using Alcalase 2.4 L 5%(200 mg/mL, protein)
in yogurt.

*N : WPC hydrolysates using Neutrase 0.8L 5%(200 mg/mL, protein)
in yogurt.

*Added flavor 0.02%(v/v) in yogurts.

attributes.

The scores recorded for Flavour, Viscosity, Sweetness, Bitter-
ness, Astringent and Overall taste. (Fig. 3). Bitterness is
negative attribute relations with food protein hydrolysates.
Therefore, special attention of this experiment focused on

bitterness. Bitterness of hydrolysates is more complex, and
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it is considered to be mainly caused by small hydrophobic
peptides in the hydrolysates (R.]J RitzGerald, 2006). Hydro-
lysates manufacturing conditions may also effect bitterness
development. After hydrolysis, bitterness was increased in
every samples along with hydrolysis time. This result sug-
gest that added flavour will be decrease of bitterness of

yogurts.

Conclusion

This study focused on fermentation yogurt of specific pep-
tides derived from hydrolysis of whey protein concentrate
using commercial enzymes. The overall sensory score of
yogurts added each WPCH (5%, v/v) showed that WPCH had
bitterness derived from low molecular amino acids. In this
study, the results suggest that whey protein possibly has the
potential to dietary supplements for functional foods and
added WPCH could be alternative source for low cost

material instead of CPP in yogurts.
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