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Effect of cryoprotectant agents on the growth of lactic acid bacteria
during storage of powdered Kimchi
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Abstract

This study was conducted to evaluate effect of adding cryoprotectant agents on the growth of lactic acid bacteria
during storage of powdered Kimchi. Powdered Kimchi was prepared by adding 1.5% cryoprotectant (glucose, maltose,
lactose, and sucrose) and freeze-dried. For the preparation of micro-sized particle of Kimchi powder, the freeze-dried
Kimchi was powered at 14,000 rpm for 2 min. The survival ratio of lactic acid bacteria in the powdered Kimchi
was monitored during storage period of 4 months at -20, 0, 4, and 25°C after the capsulation of the powedered
Kimchi. The number of lactic acid bacteria in the powdered Kimchi capsule was the greatest stored at -20°C,
and the addition of glucose in cryoprotectant showed higher survival rate of lactic acid bacteria than that of control.
More than 10" CFU/g of lactic acid bacteria were survived in the powdered Kimchi stored at 0 and 4C. However,
the lactic acid bacteria were not detected in the powdered Kimchi stored at 25C. As a results, the addition of
cryoprotectant agents in the manufacturing process improved the survival rate of lactic acid bacteria in powered
Kimchi products with accompanying with a cold-chain system for the distributon of powdered Kimchi products.
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B A of A18-3F X = Al #E = E7]17 X (Daesang,
Seoul, Korea)& T3} 1°] 2 W7kA § %2 10°C
oA 2537t AT T FAAZE AR AMRSIIT: 7E
Aol AHEE Al SFA S ARSIl AL, AR
A= @< glucose(Samyang Co., Seoul, Korea), ]
<1 maltose(Daejung Chemical & Metals Co., Gyeonggi-do,
Korea), lactose(Junsei Chemical Co., Tokyo, Japan) %
sucrose (Samyang Co., Seoul, Korea)E Al oA 43l
AH&-SFA T

EHdA=EESH Xzl

SN E71AAE 21 kg TAAZETA] 15 g4
7}&ke] Blender(HMF-31005, Hanil, Seoul, Korea) = %43}
3, FANEY BAAZESA HUlFoR FES
glucose, maltose, lactose 2 sucrose & 717} 1.5%(wjw) &%=
= H7hsiilvh

£35}13)2] A22@ A2E (2015)

UXAN B SEA=

A B S A HA 5 kg= AER Fote] x| H Y
(PE)°l| &ate] ¥ th2, -70°Ce] 5 3L(CLN-71UWN,
Nihon freezer, Tokyo, Japan)°l| 4] 24417t WEAIZ Tl WE
H A 82 BZ 7 Z7|(FD80 Freezer, CUDDON, Blenheim,
New Zealand) chamber®l] ¥ 1 A] & A9 £ (sample trap
temp.) -12~25°C, 5-%7] 2% (cold trap temp.) -40°C, &
2 10 mmTorre] Z713lellA] 24A17F F2F A3 o
FAZ7] chamber W F-0] =9} 213 F91 AlgC] A4
L= 25+1°Co| QT
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2slsl7] 98] powder mixer
(PLS-2K, Power Mixer, K.M Tec., Icheon, Korea)2| 3
270 w2l 8,000 2 14,000 pmol A 24zt 2, 684 A 2)s}
of BHUAE Azttt A 47 BRI &
Az FASAY vl A%, ASTA A% 2 H5H7}
£ 53 gl TAAREIAE AR AEeY B
WA= FHFo 2 AFE 271(14,000 rpm, 232 A%
stal Bsld A8 = 4 (KI-100S, Korea Medi Co., Ltd.,
Daegu, Korea)©ll 2 350 mg¥ 7 HE& FFiaoz
Az AxG A8 e F5 T4 225 i
st WE, WA, A2, A2 £k& Yol -20,4,0 %
25°Col| E#A e sl

AT

~
N

729 FE3EES blender(MR 5550 MCA, BRAUN,
Poland)Z 7t WH=(paste) JEIS] AlE 2F 1 g& F 3+ &, A<
A 8 =% 7](MB45, Ohaus, Leicester, UK)S ©] -85}
Z3etairh

pH 3 &t

A9 o]3}etA B4 BA F pHE blender® 7+ ¥
(paste)’JEl2] A]Fol| pH electrode(ORION 3 STAR,
Thermo, Waltham, USA)E 215 ¥o] 43ttt A3it=
+ blender= 7 WFAJE O] AR oF 1 g5 A S| Hol
Aes] 34100 mL) 5F¢] ] ZHAdvantec No. 1)3F o }f
20 mLe] 0.01 N NaOH €9 © & pH7} 8.30] 2 wj7}A]
23 8ko] 2H|E 001 N NaOH £9 AM]|3S 73+ & v
o] 2o we} lactic acid(%, wiw)E 2HAF3I3ATE.

(AfB)><0.0009><fxD><

HHAED) - -

pus

100

A: 2 Ago] A¥]"E 001 N NaOH £92] mL
B: vlgA el 4H]H 0.01 N NaOH £9<] mL
f: 0.01 N NaOH £-9j¢] 97}

D: 3] Auf
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S: A2 H g

o9z
71:] % 9] =& blender® 7F HF=(paste) el 2] Al & <F
1 g& A gs] Do} 100u] 5]A]ste] o] Z}gk(Advantec No.

1) o7& 10 mLE 3 3ked, 2% potassium chromate 1
mLE ¥o] 0.02 N AgNO; § 0.2 AA3lo] thg2o] 4&
o] g-sto] ALlstsTh

A (%) - (A—B)XO.(;E)H?XfxDXmO

A: 2 Aol A&H[E 0.02 N AgNO; &2 mL
B: vlEFA ol AH|E 0.02 N AgNO; £92] mL
f: 0.02 N AgNO; &-9¢] <7}

D: 3]Auj4

S: Al 8AHH )

Y =

E71x]e] AT Chroma meter(CR-400, Konica
Minolta, Tokyo, Japan)E ©]-8-3}o] 273} 11, Hunter 2
ZA19] (8%, Lightness), a(ZA %, redness), b(ZA %,
yellowness) 445 53] ¥hg S7d3te] 1 kS JYeRAA
o} olu] EFA RS AX|ste] gt B om, ARE
ALY celld ¥ol SH 3%

ASTA(American Spice Trade Association) value

A A7 0.1 g2 &3] 2o} 100 mL volumetric
flaskoll 231 acetone S 2 EA7FA] A}-$-31 157} shaking g
5 el 16713 WA G T 460 nmell A S35 54
SFATH10).

ASTA value =M

(]
16.4: ASTA value M4 #+& Wl S3AS
S: A5 H #Hg)

oo i ™
M oofr
FUE oY
o =
ﬁ,
o
o
ol
L
M
1
o
i)
1o,

[
ox,

[o
=
v
ol
i

e 22 off

W14 22 ye Jres o}aaﬂ, 1&:‘ = Aol

o geE Aegeel = s,

o

B A8 1 g AF 5] 0.85% EHA A= 100)
Aste] A slet & @A 3]A5te] MRS agar(Lactobacilli
MRS agar, BD, Franklin Lakes, New Jersey, USA)cl|
bromocresol purple(BCP, Fisher Scientific Co., Springfield,
New Jersey, USA) A|A] kS 25 ppm o2 H7}sle] A =3k
2] ol pouring culture method= 5 &3+ - 30°Cel|A] 484]
7+ 3 v Fate] yellow A ‘ﬂ?“a‘ HERH colony (714
A3 E Alstth

A= %_’—4—3— SPSS(18.0, SPSS Inc., Chicago, IL, USA)
= o] &3te] iy EFHAE Pl
7} W o] EH;H A A H)] ] F4HE-A (one-way ANOVA)Z 2
Atk A% © 2 Duncan’s multiple range testS 2
Ko, FAA 7oL p<0.055 7IFL = SH

My

L = Lt
Zx2l osists | 4EEN S4

TEHA e AaEddFE 10~10° CFUge=
5 ato] 7 ]E 10°Cel A 257 S A7) 7] €]
A=l guﬁ Table 1} ﬂu} 71x]‘~
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= AR Fo =4 XL% Il Z‘Q T D‘r(n 12). ¥
E‘éﬂﬂﬁ AR AKX Ao S]] o]gteA 54
= 3t A3} pHE 4.10£0.040]H, A=+ 124+002%,
LAt %645><108 CFU/mL, %832 86.5%, A+

Table 1. Quality characteristics of the fermented Kimchi

Quality characteristics Value
Moisture (%, w/w) 86.480.20"
Salinity (%, wfw) 1.872031
pH 4.10+0.04
Acidity (%, wfw) 1.24+0.02
Lactic acid bacteria (CFU”/mL) 6.45x10°

UEach value in meantSD (n=3).
CFU : colony forming unit.
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2zt 2, 684 A2 e Ay}, zhzte] PRFYEE 50, 65, 110
2 140 mesh® 4 £57) =11 B3 A 7lo] Z71ekEE

dzte] A717F A Ydebgeh S 2db 2 vwsh] 9

6-“ 1:'!_1:11-71 ‘“’o 3z z] E}H 0 /\]h: ASTA A |l

]/\ 1S} =
=271 w2 T X Io
B7Fe Eall ISk thTable 2, 3). Aj&=2] A3} =4
o] L, a, bgt BFo 9EFS nAe Ao IRl o,

i R UélE Lake 3 S=of 4 Alzte] 71
W7t S7Vehe e E‘%iv} A
agke °‘7<M 371 7t ﬂo}él?% FA7} A
H.931(14,000 rpm/2, 6 min), == 4&1‘:9} dh 2
YAFe] A77} HoldgE 7RVt Skt Ade At
(8,000 rpmy2, 6 min). T3E H 2|9 A& JApe] A7)
e} zke] 7t ehvs Ale & e, gzke] 2717t
225 Blol| Ui dnkAlge] S718le] 1 ghol S7keke
Aoz AZHATH®). AR F2ME FA 5] 17HF
7} 7V 3A A Q] MEe| JEge FoheE Ku 5(13)9

12 7|FoR B4 AX3 AR S n57kRe An
S YERJ= ASTA# S 543 27 5.20-19.18] H9=

AlJ7te] Aol FRIe 4 UQlt). ASTA A&
P=7F 7 A2 14,000 rpm, 6% A 2] el A Fejd oz
= JER 2 m (p<005), °l& TAUA ] n|hE 24 F
HEE 9 FH A wE Apo] 24 ASTAGE m|X|=
FJol Atta & F ATt ol2ld A= YAk 2717t
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Table 2. Hunter Lab color and ASTA value of the powdered
Kimchi

Grinding condition”

A B C D

L 612:082%Y 61.8:036°  639:051°  67.5+0.14°

%‘;ﬁ? 1342055° 147024 1268014  13.1:0.11°
b 2074038°  32310.62°  325:030°  352:0.12°

ASTA value  520£0.001° 5.14+0.001° 12.85+0.001° 19.1+0.001*

YA, 8,000 rpm-2 min; B, 8,000 rpm-6 min; C, 14,000 rpm-2 min; D, 14,000 rpm-6
min.

2 AZtEd mebA 245 = 4

FAAE B e aglo] 2  sivka dddh 49
AAE BEE 9 BHARES glate] Alzdk 283X
o] H& AE & gL A, 7 AAHR] 7|5k 5o
ol gt BeB s Ak e 1 A= Table 3

YeERIYE 1 A3, 8,000 rppm -2 F4] A] 14,000 rppmE-
o o F& 202 Q145 Alw Aitel fAlele] o,
WAe} gloll= 2] el M2 folake fle Aoz 2Ry
A, AA 71ZEE 14,000 rpm o2 65%-7F 223k A 7o)
A1 8000 pm O 2:3F A2l dk AR Bt foldos =4

SUH=ESHE oIt Hed EUHXe NMEREo
me N & M #Hs)

EOAANAE 5 gakt AEES =o|7] Y3 iilew
&3] AL s BRE AUkt R wE A7t
T Ao AEES FRIETE B A 5487
2] BAAZRSA 43S 1.5%2 HArletn S41%38}
o] B3 vty BEIA S Agjel el 28] g
AT Az Aed EUAAE 0FolH A 165
MR AZSHA A7 D A EHE RATFo
WslE #EsI T, BAUE A Axe A Hrt
£ At # g oA AR SA Y] A A

[e)

7t s E AAs] el 452 FEAXESAE 05, 1.0,

15 %2 20%4 78k @*W$E e An sEnx
HoAe A7EE o¥l 15%S }%@ Ry i’ii
TTE Uedo] ol & FHF 7‘47} =2 AAsislck 7
g EERol Hrhek SAH A 573 o 3= H]_’
s7] flaiAl -20°Ce] A% %E"ﬂ’ﬂ 459 TAUXES
A (maltose, sucrose, lactose 2! glucose)®] FFHZ B4kt
TE Sk 1 AW, AN RIA Tk A
973t AAA7IRE B 271l 1 log AAaski o,
A7 165N 7 log 2 713131t} MaltoseE 7 713F
7R 9] 7ol A% 3573k 12 log CFU/gel A 10

_l

PEach value in mean*SD (n=3). oz 7FA3sled o} A= 2} EE TR
Walues with different letiers in the same row differ significanly (p<0.05). log CFUJg 0.2 f&etl ot A7 5FATE 16570
9 log CFU/g T2 2 FH7brEY =4 fA= AT
Table 3. Sensory characteristics of the powdered Kimchi
cgg&}gglm Red color Ripe smell Sour smell Spicy taste Acidity taste  Sweetness taste  Savory taste  Melting point ac?e\;)?;%ill_ity
A 51407479 4.6+1.07° 454097 444070 444097 444107 4.6+0.84® 474095® 43+0.95®
B 5.8+0.63" 49+0.88" 4.840.63° 49+129° 4.640.84° 45+0.97° 484079 5.0+094® 5.1+0.88
C 442107 462117 474095 44£126° 442117 454097 46£1.35° 5.540.85° 474095
D 46%1.26° 494074 4.6%0.84° 474125 47095 4.8+0.79 5.1+0.88" 574095 5.5+1.08

DA, 8,000 rpm-2 min; B, 8,000 rpm-6 min; C, 14,000 rpm-2 min; D, 14,000 rpm-6 min.

PEach value in meantSD (n=3).
IWalues with different letters in the same row differ significantly (p<0.05).
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Sucrose ¥ lactoseS A7} U729 A AH =
A7 165 1 log 743 9 log CFU/g S0} o1,
glucose S 7Het EEIA| oA = 10 log CFUJg 5% 71
2 fA8He Aoz Yelyh oo A%E Jelsla
20°Co A A7 Ed HEAR A 1Y Tl ZAt
o] 7 log CFU/g ©]’d A= 2™, glucose®] EAAx
oAl A7 Aed ERdRdA e EH Z7HT} 3 log
CFU/g B 10 log CFU/g Z2kto] 2H1= I TH(Table 4).

Table 4. Changes in the numbers of lactic acid bacteria in the
powdered Kimchi during storage at - 20°C

(Unit : log CFUJg)

Siorage Control Maltose Sucrose Lactose Glucose
(week)

1076:002"%2  1208:001%  1058:006%  1093:0.00%  1092:0.06"

0 (100%) (100%) (100%) (100%) (100%)

) 1087:001%  11.80:003% 10774008 11612005  1077:0.2%
(101.02%) (97.68%) (10L79%)  (106.2%) (98.62%)

3 1086:001°  1092:003%  997:008% 1078005  1071:0.00
(10092%) (90.39%) (9423%) (9862%) (98.07%)

‘ 9861006  1005:001*  9.841003®  1070£0.13%  10.73+0.1°%
(91.63%) 83.19%) (93.00%) (97.89%) (98.26%)

5 1071£009%  993:006® 968017  10.69:008%  10.71£003%
(99.53%) (82.20%) (9149%) (97.80%) (98.07%)

6 1069:000® 9881001 960004  1067:000%  1057:0.06™
(99.34%) 8L.78%) 90.73%) 97.62%) (96.79%)

. 9611002%  962+004% 957009  1070:000%  105140.03%
(8931%) (19.63%) (9045%) (97.89%) (96.24%)

3 948:000%  952+004™  948:000%  1053+003%™  10.57:0.01™
(88.10%) (718.80%) (89.60%) (96.34%) (96.79%)

9 950£002%  948:000%  975:005™  977:003F  1051:0.03™
(88.28%) (1847%) 92.15%) (89.38%) (96.24%)

0 8131007 9481000  948:001%  9.6%:006®  1057+0.04™
(75.55%) (1847%) (89.60%) (88.65%) (96.79%)

6 751000%  942:034%  948:000%  962:003®  1050£001%

1%  TI8%  ®960%  @801%)  (9615%

UEach value in meantSD (n=3).
IMeans with different letters in a column
significantly differ at p<0.05.

(A-G) and a row (a-¢) above a bar

A¥tA o 2 Ayto] Hrlsles $AAREIA F GFE
A 5N ARE T FAEA FeEAdE Y=
o7 dEA Jti14). FAAZEIAE T =44
3} o] e A ¢S Fojslo] Al Eufe] A ES oy 3]
A AEY] £S5 difditia AR gt B2 1z

Aol M EZute] &3S 28 o9} e &4
A3 AZ Ao SEAAZRIANE HArlst] 43 &
AE 2A} dAste ARE &3 TH(1S). TlEo]
AAZESA = AEHe] FHoF wt T34
(DMSO, glycerol %), ¥FF2}3) (oligosaccharides, ©}v] =4t
2 AEA S 7 A S HIFRE (@A S

oft <y oft Mr 2 mot S

el ofe] %
i wogo) &

FE WA= 2 AFolA AR
ghrh(l6). B3 HoA=
= A] WAStE M ZEAS ] 5—}7]

]TJJF/H 242 922180] 9lo] AT A=

=Y F vt dEA Jdok17). 53] As

oA BT} w5 Fom, FAY HoA Er)r

™, v 73] BoAe] E3te Aot B

oke] Sol el whet Zepxivhy). & AT

Aol IAgle] 07k 27] A

o A maltose & #|&] e+ 47 A= 10 log CFUjg T2

BF B3 AeE g18k o m, maltoseE H7Fe 1A

o] ZA7E oF 12 log CFU/g= e o] 47F4] &

Z, maltose”} 7F4 =& BARS g5 YeRHRITE ol&

Sihn®| E.a10l| 93V Lactobacillus brevis®] /3 73S 98l A

£ glucose .U} mlatose S EtAY 0.2 o] 83l Aol g3

A o|w, 53] mlatoseE 2% H7I6IE Wl 7HY =& o

£ YEITH19). T3 sk "37‘0 & iAol HrtE=

B4 F THe 9 2(mannose), EE=(glucose), T

(fructose), - (lactose)= 7}t A -F, =27} 7

o2 gagdoz HuE9) T’J(ZO) tEo] ikt Az

HjA] o] EAste 229, I, 9, Y7t thEe

tEIiEg
m\m m oft X,
>1+L g nm r\r om
[

o
& 8

lo 2 4t S o Jdo 2 o yg
o T

oly e, rsL'
off

=,
e
—“l-ﬂ

Table 5. Changes in the numbers of lactic acid bacteria in the
powdered Kimchi during storage at 0°C

(Unit : log CFUJg)

%3;2%6 Control Maltose Sucrose Lactose Glucose

0 107650027 1208001  1058:0.06*  1093+0.00™  1093:006"
(100%) (100%) (100%) (100%) (100%)

) 1090001 1106£004*  972:023%  895:006%  1055:0.00%
(101.30%) (91.55%) (9187%) (81.88%) (96.52%)

3 1085:0.11°%  987:004®  976:001°  996:003%  990:007*
(10083%) (8L.70%) (92.24%) 91.12%) (90.57%)

s 1065:0.3%  984:000%  992:001* 1203008  992:002"
(9897%) (8145%) (93.76%) (110.06%) (90.75%)

5 1063:003%  080:004>  881:003* 953003  962+011>
(98.79%) 8L12%) 83.27%) (87.19%) (88.01%)

6 960:001® 9661000  7641002%  857:009% 961007
(89.21%) (19.96%) 12.21%) (1840%) (87.92%)

. 853005%  966£001™ 761007 854005  873:008
(19.27%) (1996%) (71.92%) (1834%) (19.87%)

g 85510078 0042001  759:010%  875:006%  889:001"
(7946%) (74.83%) (173%) (80.05%) (81.33%)

9 8600092 948:001 7524003  848:001%  854+002%
(19.92%) (1847%) (7L07%) (77.58%) (78.13%)

" 85440062 9301057 748001  848:000%  854004°
(719.36%) (7698%) (710.69%) (77.58%) (18.13%)

6 6801000F  899:000%  748:000%  83:004%  849:001®

(63.19%) (714.42%) (70.69%) (76.12%) (71.61%)

"Each value in meantSD (n=3).
DMeans with different letters in a column (A-G) and a row (a-c) above a bar
significantly differ at p<0.05.
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Table 6. Changes in the numbers of lactic acid bacteria in the
powdered Kimchi during storage at 4°C

(Unit : log CFUJg)

Storage

Control Maltose Sucrose Lactose Glucose
(week)

1076+0.02"2  1208:001%  1058:006™  1093+000® 1093006

0 o0%) (100%) (100%) (100%) (100%)
) 991000%  1088:004®  1059:006*  10.13:0.00%  11.88:0.11%
(92.10%) (90.06%) (100.09%) (92.63%) (108.69%)
3 9871001%  1079:015%  905:004%  0989:009°  1064:0.12°
91.72%) (89.32%) (85.53%) (90.48%) (97.34%)
' 972:000%  1059:054%  887+008F  976:0.0™  975:0.10™
(90.33%) (87.66%) (83.83%) (89.29%) (89.20%)
5 961:001™  1060:005®*  852:04>  879:006% 951003
(8931%) 87.74%) 80.52%) (8042%) (87.00%)
6 780£001%  863001®  765:009%  796:001F  951:001%
(12.49%) (71.44%) (1230%) (12.82%) (87.00%)
7 778:003%  858:000%  752:004%  780:003% 8830007
(12.30%) (7L02%) (7107%) (7136%) (80.78%)
g T804 855007 759:0.11%  754:006°  8.82:0.09%
(12.30%) (10.22%) I173%) (68.98%) (80.69%)
9 76610045 8541048°  753005°  766:000%  875t0.10%
(7118%) (70.69%) aL17%) (70.08%) (80.05%)
0 7544006%  8350:001® 7531005 748:000¢  873:0.13%
(10.07%) (1036%) (7117%) (6843%) (19.87%)
16 750:00®  831:001%  699:001% 733000 831:000%

(69.70%) (68.79%) (66.06%) (67.06%) (76.02%)

UEach value in meantSD (n=3).
IMeans with different letters in a column
significantly differ at p<0.05.

(A-G) and a row (a-¢) above a bar
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Table 7. Changes in the numbers of lactic acid bacteria in the
powdered Kimchi during storage at 25°C

(Unit : log CFUJg)

?&;é:%e Control Maltose Sucrose Lactose Glucose
0 107600272 1208£001* 10581006  1093:000®  1093:0.06"
(100%) (100%) (100%) (100%) (100%)
) 77940125 8661005  775:001%  851:001%  7.82:0.10%
(12.39%) (71.68%) (13.25%) (77.85%) (71.54%)
3 660004 8640055 755007 761:0.0% 773009
(61.33%) (7152%) (71.36%) (69.62%) (10.72%)
4 648001> 858104 655:006™ 6541006  665:003%
(60.2%) (71.02%) (6190%) (59.83%) (60.84%)
5 551003%  7572001®  561:012%  634:056® 6244001
(5120%) (62.66%) (53.00%) (58.00%) (57.09%)
6 4861001F 6530022 553:008F  590:000®  5.69:000%
45.16%) (5405%) (52.26%) (5397%) (52.05%)
. 452:003%  615t001%  5.12:000% 5521004 540:0.00%
@2.00%) (5091%) 4839%) (50.50%) (49.40%)
g 450:000%  575:004%  5481000%  549:001F  548+001F
(4182%) 47.59%) (51.79%) (50.22%) (50.13%)
9 488000 516:004™ 486001  518:003%  4.99:001%
(45.35%) 42.96%) 45.93%) 47.39%) 45.65%)
0 4512000% 515000 4841000 482:008%  497:004®
4191%) @2.63%) @5.74%) (@4.09%) @547%)
" ND ND ND ND ND
(0%) (0%) (0%) (0%) (0%)

Each value in meantSD (n=3).
DMeans with different letters in a column (A-C) and a row (a-c) above a bar
significantly differ at p<0.05.
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