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Exploration of optimal Lactobacillus plantarum strains for curdling milk for
yogurt and evaluation of physicochemical and sensory properties
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Abstract Since some strains of kimchi lactobacilli can curdle milk, they can be used for making yogurt. However, the
best Lactobacillus plantarum strains for curdling milk for yogurt are still unknown. In this study, we determined the best
L. plantarum strains for curdling milk, and the physicochemical properties of yogurts made using different L. plantarum
strains were examined. Three strains of L. plantarum useful for curdling milk were identified (YD2, YD9, YDI12). The
number of lactobacilli was lower in yogurts made with L. plantarum than in those made with control, and among the L.
plantarum strains tested, YD12 had the highest bacterial counts. However, the microbial count reached 6.3x10® CFU/mL
after 24-h fermentation in all yogurts. The pH of the yogurts decreased after 12-h fermentation, while the acidity increased.
The low pH and high acidity decreased the viscosity in all the three types of yogurts, because the acids disturbed gel
formation due to protein denaturation. Sensory evaluation revealed that the YDI2 group showed a high percentage of
completion similar to the control group. YD2 and YD9 showed a high sourness value and low sweetness value, whereas
YDI12 yielded optimal values for all the organoleptic characteristics. Therefore, YD12 would be a high quality bacterial

strain for use as a yogurt starter culture.
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Table 1. Biochemical identification of the strains isolated by carbon source utilization pattern

Carbohydrates YD2 YD9 YD12 Carbohydrates YD2 YD9 YD12
Control D - - Esculine Ferric citrate + + +
Glycerol - - - Salicine + + +
Erythritol - - - D-cellobiose + + +
D-arabinose - - - D-maltose + + +
L-arabinose + + + D-lactose + + +
D-ribose + + + D-melibiose + + +
D-xylose - + - D-saccharose + + +
L-xylose - - - D-trehalose + + +
D-adonitol - - - Inuline - + -
Methyl-p-D-xylopyranside - - - D-melezitose + - +
D-galactose + + + D-raffinose - + -
D-glucose + + + Amidon (Starch) - + -
D-fructose + + + Glycogene - - -
D-mannose + + + Xylitol - - -
L-sorbose - - - Gentiobiose + + +
L-rhamnose - - - D-turanose + - +
Dulcitol - - - D-lyxose - - -
Inositol - - - D-tagatose - - -
D-mannitol + + + D-frucose - - -
D-sorbitol + - + L-frucose - - -
Methyl-a-D-Mannopyranside + - + D-arabitol - - -
Methyl-o-D-Glucoside - - - L-arabitol - - -
N-Acethyl-Glucosamine + + + Potassium gluconate + + +
Amygdalin + + + Potassium 2-keto- gluconate - -
Arbutin + + + Potassium5-keto-gluconate - -

YData obtained by API 50 CHL kit; +: positive, -: negative

Table 2. Enzyme Patterns of Lactic acid bacteria

Stains
YD2 YD9 YDI12

Enzyme

Control (Temoin sans substrat) b - -
Alkaline phosphatase - - -
Esterase (C4) - - -
Esterase Lipase (C8) - - -
Lipase (C14) - - -
Leucine arylamidase + + +
Valine arylamidase - - -
Crystine arylamidase - - -
Trypsin - - -
a~chymotrypsin - - -
Acid phospatase + +
Naphtol-AS-BI-phosphohydrolase - -
a~galactosidase (melibiase)
[B-galactosidase (lactase)
B-glucuronidase (hyaluronidase)

+ o+
+ o+

a~glucosidase (maltase)
B-glucosidase (cellulase)

+ o+ o+
+ o+ o+

N-acetyl-B-glucosaminidase (chitinase)
a-mannosidase - - -
a-fucosidase - - -

"Data obtained by API 20 ZYM kit; +: positive, -: negative
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Ath Roh and Kim(20y2 AX| 2 HAMAFS o] &3 @hau}
dESE Ax e MEe drstdet gzl s pH #kel
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Table 3. Number of Lactobacillus plantarum in the yogurt according to the fermentation periods

Strains (CFU/mL)
YD2 YD9 YDI12 Control
0 4.0(£2.88%)x10° 3.3(£0.63%)x10° 9.8(£6.91%x10? 2.0(£18.3%x10°
Fermentation time 6 2.3(£3.28")x10* 1.8(£6.27°)x10* 4.5(x0.11)x10° 7.1(£4.50%)x10*
(h) 12 1.4(£0.15%)x10° 6.7(0.58%)x10° 5.0(£0.199x10° 7.6(£95.1%)x10’
24 6.3(£0.51°)x108 6.3(£12.3%x10° 7.6(£11.8%)x108 1.3(£29.9%x10°

Values are mean£SE (#=3).

*bDifferent alphabetes represent significant differences by Duncan’s test at p<0.05.

pH
»

1 —+—YD2 --m.- YD9 =-a=YD12 =-o Control

Time (h)

Fig. 1. Changes of pH during making curd yogurt with different
strains of L. plantarum. Dots are mean+SE (#=3). *Significantly
different among the groups at p<0.05. ***Different alphabets
represent significant differences by Duncan’s test at p<0.05.
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AREEE ti2e 9 A o] 12417 pHE Hit 6372 UE
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w2 X9 FMFoR QTZES AXE Yo u, 7=
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n2 dvt 8 FE2E9] FA pHY FARISITE £ dFelxe A
A2HE B2 2 FS o] 4ste] QFEE ARG,
IE 247 & A FAFE o835t ARSE QFFES]
pH7l 4302 BAEGoH, ozjdt AXE HEoR X 2k
Adog QFZES AZ AL W Aol 9ol $2 8+
ZEV AZEHE AR AIRHY. TS AMEEle] 9=
EE AZIAS W, 2407 HE F QFEE pl/t AlHEE
QTEES §A1E 44 pHE AXHEE 23S AFsgs
o, Kim2)# Lee 5(18)2] pH A7 A9}t FA8 ZAow B
o} AA| A FOE QFBES AZXE 3N u x4
T BT fARSE 3hS Hol Q2 E9 Az o] A7 §
Aoz AFE ES Lee 5(19)2] I8 s HES o
B Ao QFEE pHIES 4308 QFEE A Qo] &F
ZEZL & APET Al A 21E TS ol A
#50] Faol FE PAA de AoZ ALFEHT Kim(21)<]
=79 98hH pH 3.0-4.0 HEY AAAFES AR Lk o
g o] At #FER o]Folx] glom, AXE AW 2
Al AFHel WAde] A= ZoZ Bsolr), uaha £
o] pHpkel 4391 ZoR Hol @FEEE 43 S o
Skl gk Aol Sl AR FakAletel] oJa) ZakAlete] ot

e«

fe

—+—YD2 --m.. YD9 —a-YD12 -o -Control

Time (h)

Fig. 2. Changes of acidity during making curd yogurt with
different strains of L. plantarum. Dots are mean+SE (n=3).
*Significantly different among the groups at p<0.05. ***Different
alphabets represent significant differences by Duncan’s test at
p<0.05.
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) (Fig. 3A), 158045 thxToe] 739.8, CP YDI2ZlA 246.6,
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Fig. 3. Viscosity of curd yogurt made with different strains of L.
plantarum. (A) At 8-9°C for 3 min (B) At 19-20°C for 3 min. Dots
are meantSE (n=3). *Significantly different among the groups at
p<0.05. **“Different alphabets represent significant differences by
Duncan’s test at p<0.05.
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strains of L. plantarum. Dots are mean+SE (n=19).

[==]
Ad ZAA S o83t Az aF2ES] HeA

Fig 49} 2t} tiz Hlsie the #F5d met zlole
ou AAAQ H7IE RIS HHE thRgo] AukF) &uke A
3k gF dub 27 9 7|Se s =8 32 YERIA
3 o E YDI2FO] Z]EEeA EE e UEMI YD2
9 YD9& Alutah 22ube] gho] #A JEhtal wutst &)t
YA Uebsth xS A9l A2 el yDI2Zo] 7%
ZoA 7P =2 HFE wgkou tixdte) Hlgte Fto] W&
Zoz Hol YDI2& ©]43t QT2E A|Zo| ojA 3} &
< BYfof & 2102 ALRHETE Lee (259 AAIA &gt
L. plantarum LHB559] &++d3 QF2E Az tigh AtelA
T2 Axe dER 54 549 AR, gz
Hjste] &), Z2A7ko] Wkont MAAAQ 71EEeA foH ]
A Fgoy ¥ =2 AFE Ak o] 52 QTEE Az
Al L. plantarum LHBS55 &% 48 ARESHA] XUl ol
Zo] 7= V¢ AFAQ 5o dEdT AL R Qs
B A)7] witoleta RS 2 dAfoi e d5dTE JE
sle] QFEEE A7 "ol 7|ExolA Aol tix
ool H]Ete] W2 HpE wke 7o AlRETh

0

o ok
=L |

2 AN E At & A He AR S g 2

4L 53 L plantarum YD2, YD9, YDI12& EZjsllon, &

3t A FE o] &3 QFEEZ Azl o]FeHol EA

S olu it} pH} Ahwe] WslE WEA|Z) wet =4 get

Hom, 1247F o]F pHE Z4she v Alee Zrlslglch A

el 7% Aadwel phst Abeol we) grel W) AT,
pIE S Aot e A9, A7 Al mek 44 grol 7



554 G2

Fr714ko] Aol WAL
JoA QFEE 141 Ao HARS Walste] AL Wojmal= A
E9] o|5}eta] A3 Al oM Ax|el
L. plantarum X AEE FAsl= 4F=
ié}"i‘a o, A=) o] & o]=olx

RAX L. plantarum B 0] A
7“} A%, iz Ad APF F

& e dden da

ot

Y

o

it

>

|

riL‘

_u

ek
lr =

] 1'6}04

28

g Axg ) v”m} A,
ZES §ARH B ¥& JEEE 9 F 92 A0 ]
gt A RS ol g8 LTZE Az A, AR 2
o] gat] Tl WAL T gome skde] A

Age] g 7 oz} /Y@t

References

1. Ahn YT. Development of probiotic dairy products using lactic
acid bacteria isolated from human intestine. Food Sci. Ind. 47:
45-54 (2014)

2. Leroy F, De Vuyst L. Lactic acid bacteria as functional starter
cultures for the food fermentation industry. Trends Food Sci.
Technol. 15: 67-78 (2004)

3.Ko, KH, Liu W, Lee HH, Yin J, Kim IC. Biological and func-
tional characteristics of lactic acid bacteria in different kimchi. J.
Korean Soc. Food Sci. Nutr. 42: 89-95 (2013)

4. Chang JH, Shim YY, Cha SK, Chee KM. Probiotic characteristics
of lactic acid bacteria isolated from kimchi. J. Appl. Microbiol.
109: 220-230 (2010)

5.Choi YH, Lee JS, Bae SY, Yang KJ, Yeom KW, Jo DH, Kang
OH, Baik HS. Isolation of bacteria with protease activity from
cheonggukjang and purification of fibrinolytic enzyme. J. Life
Sci. 23: 259-266 (2013)

6. Cheigh HS. Biogenic components and physiological functionality
of kimchi. Ms thesis, Pusan National University, Pusan, Korea
(2003)

7.Lee SH, No MIJ. Viability in artificial gastric and bile juice and
antimicrobial activity of some lactic acid bacteria isolated from
kimchi. Korean J. Appl. Microbiol. Biotechnol. 25: 617-622
(1997)

8. Atrih A, Rekhif N, Milliere JB, Lefebvre G. Detection and char-
acterization of a bacteriocin produced by Lactobacillus plantarum
C19. Can. J. Microbiol. 39: 1173-1179 (1993)

9. Klaver FA, van der Meer MR. The assumed assimilation of cho-
lesterol Lactobacilli and Biofidobacterium bifidium is due to their

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

EZ33k5]A) 2| 48 WA 6 T (2016)

bile salt conjugation activity. Appl. Environ. Microbiol. 59: 1120-
1124 (1993)

Lee MK, Rhee KK, Kim JK, Kim SM, Jeong JW, Jang DJ. A
survey of research papers on Korean kimchi and R&D trends. J.
Korean Soc. Food Cult. 22: 104-114 (2007)

Lee SG, Han KS, Jeong SG, Oh MH, Jang AR, Kim DH, BaelH,
Ham JS. A study on the sensory characteristic of yogurt and anti-
microbial activity of Lactobacillus plantarum LHC52 isolated
from kimchi. Korean J. Food Sci. An. 30: 328-335 (2010)

Tsai Ty, Chu LH, Lee CL, Pan TM. Atherosclerosis-preventing
activity of lactic acid bacteria-fermented milk-soymilk supple-
mented with Momordica charantia. J. Agr. Food Chem. 57: 2065-
2071 (2009)

Kwon JY, Cheigh HS, Song YO. Weight reduction and lipid low-
ering effects of kimchi lactic acid powder in rats fed high fat
diets. Korean J. Food Sci. Technol. 36: 1014-1019 (2004)

Lee H, Lee JJ, Chang HC, Lee MY. Acute toxicity of Lactobacil-
lus plantarum AF1 isolated from kimchi in mice. Korean J. Food
Preserv. 19: 315-321 (2012)

Lee JJ, Lee YM, Chang HC, Lee MY. Acute toxicity of Leu-
conostoc kimchi GJ2, an exopolysaccharide-producing lactic acid
bacteria isolated from kimchi, in mice. J. Life Sci. 17: 561-567
(2007)

Lee ST, Kim MB, Kim DK, Ryu JS, Lee HG, Heo JS. Produc-
tion of curd yogurt from platycodon grandiflorum (Jacq.). Korean
J. Med. Crop Sci. 6: 265-270 (1998)

Kim DW, Yang TY, Lim JW, Lee KH, Cho SJ, Lee GH. Study
of lactic acid bacteria in yogurt on the market. J. Sci. Edu. Gil-
fted. 7: 17-22 (2015)

Lee HJ, Suh DS, Shin YK, Goh JS, Kwak HS. Changes of qual-
ity in stirred yogurt during storage at various conditions of tem-
perature and shaking. Korean J. Food Sci. Technol. 24: 353-360
(1992)

Lee BJ, Jinghao C, Park OS, Goh JS, Ahn TS, Park SY. Stability
and gastric acid resistance of Lactobacilli and Bifidobacteria in
commercial yogurts. Korean J. Microbiol. 35: 89-93 (1999)

Roh HJ, Kim GE. Fermentation of Cucurbita maxima extracts
with microganisms from Kimchi. Korean Soc. Biotechnol.
Bioeng. 24: 149-155 (2009)

Kim SJ. Physicochemical characteristics of yogurt prepared with
lactic acid bacteria isolated from kimchi. J. Korean Soc. Food
Cult. 20: 337-340 (2005)

Kim KH, Hwang HR, Jo JE, Lee SY, Kim NY, Yook HS. Qual-
ity characteristics of yogurt prepared with flowering cherry (Pru-
nus serrulata L. var. spontanea max wils.) fruit powder during
storage. J. Korean Soc. Food Sci. Nutr. 38: 1229-1236 (2009)

Sung YM, Cho JR, Oh NS, Kim CK, In MJ. Preparation and
quality characteristics of curd yogurt added with chlorella. J.
Appl. Biol. Chem. 48: 60-64 (2005)

Jung HA, Kim AN, Ahn EM, Kim YJ, Park SH, Lee JE, Lee
SM. Quality characteristics of curd yogurt with sweet pumpkin.
Korean J. Food Preserv. 18: 714-720 (2011)

Lee SG, Lee YJ, Kim MK, Han KS, Jeong SG, Oh MH, Jang
AR, Kim DH, Bae IH, Ham JS. A study on the yogurt manufac-
ture suitability and antimicrobial activity of Lactobacillus plan-
tarum LHBS55 isolated from kimchi. J. Ani. Sci. Technol. 52:
141-148 (2010)



