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Quality Characteristics of Kimchi with Mulberry Leaves Enzyme Liquid and
its Acceptability by Middle School Students
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Abstract

We investigated the effects of Mulberry leaves fermented enzyme liquid(MLE) addition on the quality of Kimchi
which were fermented at 5C during 30 days. MLE was added to salted cabbage at concentrations of 0%(C), 0.4%(MLE1),
0.8%(MLE2), and 1.2%(MLE3) (w/w). pH in Kimchi added upon 1.2% of MLE, was higher than that of Kimchi
without MLE after 12 days of fermentation. The titratable acidity was increased by the addition of MLE, and particularly
Kimchi added 1.2% of MLE showed the slowest changed level. The degree of salinity were decreased in Kimchi
with MLE as well as control group. However, MLE1 showed significantly lower salinity than MLE2, MLE3 and control
group (p<0.001). L, a, b values of control group indicated significantly higher than the Kimchi with enzyme liquid
concentrations(MLE1 ~MLE3). As compared with the control group, the cutting force in treated groups were increased
during the fermentation period, and especially MLE3 showed the highest value of hardness. Moreover, that growth
of lactic acid bacteria and total bacteria were inhibited by the addition of MLE. In the sensory assessment, the color,
taste, and overall preferences were higher in MLE2 than control group and MLE1, MLE3. The acceptability of MLE
as an additive in Kimchi among middle school students was higher than in the control sample, with an optimum additive
of 0.8% MLE, based on the lowest volume of leftovers. Therefore, it was confirmed that addition of 0.8% MLE appears
to be an acceptable approach to enhance the quality of Kimchi without reduction of acceptability.
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(Table 1) Ingredient of Kimchi added with mulberry leaves fermented enzyme liquid

Treatments
Ingredient (g)

c’ MLEL1 MLE2 MLE3
Salted Chinese cabbage 760 760 760 760
Red pepper powder 40 40 40 40
Mixed garlic 30 30 30 30
Mixed ginger 7 7 7 7
Onion 30 30 30 30
Radish 36 36 36 36
Green onion 4 4 4 4
Waxy rice paste 20 20 20 20
Sugar 4 4 4 4
Fluid anchovy sauce 10 10 10 10
Salt-fermented shrimps 10 10 10 10
Salt 3 3 3 3
Draining solution 30 26 22 18
Water dropwort 10 10 10 10
Mixed pear 6 6 6 6
Mulberry leaves fermented enzyme liquid 0 4 8 12
Total 1,000 1,000 1,000 1,000
C: control(0%)
MLEL1: addition of 0.4%(w/w) mulberry leaves fermented enzyme liquid of Kimchi (g)
MLE?2: addition of 0.8%(w/w) mulberry leaves fermented enzyme liquid of Kimchi (g)
MLE3: addition of 1.2%(w/w) mulberry leaves fermented enzyme liquid of Kimchi (g)

A5 ARYE L Wbl AMgatalon], AXe]  FYEE 245 Blank solution® FF5E olgahol

Az )& <Table 1> 2t}

2ol kg gl FdlE Fe2 Folin-DenisHH(Folin

& Denis, 1912)& o] g3to] 2% éfs}‘iiu} = A= 0.1ml
o =52 6ml¥} Folin-DenisA|2F 0.5ml& &3Fsl1L A&
oA 3%7E AA|g & Eohol Na,COs %ou 1.5ml< 7}
shelet. olof Aol vl TARE |G F- 765nmeilA]

7} QBT Al Sgeddon, of W HEgow
gallic acid(Fluka Chemical Co, Taufkirchen, Germeny)S
ol 8319, Suls P DS ol A vl
3t mg gallic acid equivalents(GAE)/go 2 YRS}

A2 AOACH(1990)
o eato] A, FEFFS 105C FYrtddz
B, Z3JEe 550ToN  HH3|shy, é?_‘r‘?ﬂélﬁ
Kjeldahl 2 A, A2 Soxhlet's FEHE o1&
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ahol 33 W 299 F O WERS VST

3) pH, A= &4

v 223} 71x)H-2 polytron homogenizer(ULT T25
w/acc, IKA-Labortechnik, Staufeni, Germany)ZE ©]-8-3}
of THst i, YAEEZI(AVANTI  J-26XP,
Beckman, Maryland, USA)E o|-8-3}¢] 1089(xg)°lA] 10
1 dAlEEs & pHE 7439t A5 e] pHet 4
AAke= pH meter(DE/PP-15, Sartorius, Goettingen,
Germany)®} pH-metric ¥'H-& F3ato] 247} S48,
2=+ 0.1 N NaOH £-2 HAHo 2 3sla] pH 8.39]
2 u7bA] AAE & 2 4H] mLrE Zik(lactic acid 9
FH%) 22 ghkste] UeRfiglon, 33] gHE st
I FaEE AEskithKang et al., 1991).

4) 9=

Ay
o

de A2 HAY somLs FHa  A=AI(SP-80,
Takemura electric works, Tokyo, Japan)ZE ©|-8-3}¢] 33]

9 24T 5 O gaghe 4SSl

5) A= 274

AN2}A|(SP-80, Denshoku Co, Tokyo, Japan)Z Al&-3}
o] 7} A|Ee] M-S =43} Hunter systemol| 2jale] Hx
(L, lightness), &A% (a, redness), Z%=(b, yellowness)
o2 YeERNQIc) ojul] =W F(standard plate)?] L, a,
b valuee= 2+ 92.50, 0.06, 1.920]%loH, Z& AFe
33 vkE S § I FAEws sk

(Table 2) Texture analyzer setup condition

Aol Ak =(cutting force)= Texture Analyzer
(Model TA-XT2, Stable Micro System Ltd, Haslemere,
England)& ARE-3te] 1, 154, 30l 2338t S23)
rk. AF F-9= Han er al.(1996)2] Wy ol w} w3
o ARl 145 ARS Al 154832 Astar 1 A
ol 3 emaletE Al 254K o8 o | A58 VIS
2 3] 1 EYE Zo] 8 cm, 7}2 2 cm, AlZ 2cm
HA deh AR ARSI ZE AR tigh ¢
2Ae 109 ¥HE St A2 7P =719 7P
= A5 AR SRR Bk AEsilen, ol

SAF71L <Table 2>9} 2t

L
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7) uRE =4

A8 10gg FAo 2 FHslo] 0.1% Eit HESF 90
mLE 2o Stomacher lab blender(Model 400, Tekmar
Co, Ohio, USA)Z w23} gt & JZHe 0.1% FHES
2 st Ty S 28 A 0.1 mLs
Plate count agar(Difco, St. Louis, Missouri, USA)Hl %] ]|
=aste] 3721 CollA 24A17F wijekslsinh. dakt =
0.05% BCPA|A]2Fo] 7} MRS agar(Difco, St. Louis,
Missouri, USA)E o] =21 &, dabzehs w7 9
sto] PCAHIAIE S48t o™, 719& ARS-ate] 37+
1CellA 4823 @7t = Al
(CFU/mL)3+{tHOh ef al 1998).

colony&

8) #5347}

Cutting force

Test mode and option
Pre-test speed
Test speed
Post-test speed
Strain
Trigger force

Probe type

Return to start
5.0 mm/s
1.0 mm/s
10.0 mm/s

60%
Auto - 5 g

Blade set with knife
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2
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2 Aol AL Aol B2 AT YL BTER

dlgjon, Zulalz o g Hho] AlFe A
FEFS FA &S A=Y 100g8Es Alsetitt. dsH7t
gr2o A(Color), 3F7|(Flavor), 2 A (Jeotgal odor),
o}2}sK(Crispness), “H(Taste), AAZ¢l 7]& %= (Overall
7P oW 7, Hgold 4%, wig- v
Arstlon, AdW=

acceptance) =

W 1o FRetel Wie

WA} ARE B A Wl
9) L FA2olM ] = Hrt
o) wha w7k 1A ojg gt WA
A& WH(The aggregate selection plate waste

measuement technique)ol] 2|3t zhikaF ZgHS &g
sttt A 8= JrF i AT ASEa 18hd 2
7k Zk 36% 72 o GHE delste] 33] HAleF S
™, x| HFH= S FA ¥7] sl AR S0

he T pAe wiAskel Jue ATtk e
Az 0%(C)st el wF  FA4 0.4%MLE1),
0.8%(MLE2), 1.2%(MLE3)Z #7135+ A= 1219 25 ¢
Aww AFato] AARe W YK e wakj =
AetAon, Bt &%) o F2el ofste] 4
3}%lcH(Yang et al., 2006).

WA 1ol g ORI !

WEREOD gz wemper

EA1E-A-2 SPSS for Windows 12.0(SPSS Inc., 2004,
Chicago, USA)S ALg3le] Hagd TFHAE Ak=3)
Fom, Folde p<0.054F2F one-way ANOVA H
Duncan®] t}z737%(Duncan’ multiple range test)S 53}
of 43kt

ELR Ry

Enils &
ol e §adle] Fils ke 108.41 mg/100 g
o7 EAsgle U% <Table 3>of] Yepliiet. <, oFx)
> A el EAsh= dlssiedEe OE
Alopd, vzl AZA-, FHIZIAES phenolic
hydroxyl7|& 7}4]7] el @ gl 7|e} A} 2=
I} Aghsto] ek, “3“7@}*—}% Rl EJJr RUSRan s
o A2 S T AR %}3424
al.,, 2007). Cho et al. (2007)
Zodo] g 15%9] FdEs "”Hﬂr%ﬂﬂ %ﬁﬂi iy
A%t A3} 7.5~ 19.23mg/ge] —Er
shdort B Aol S7ggh
e o|HYh B YEbsith

=
e

i JlN'

(Table 3) Total polyphenol content of mulberry
leaves fermented enzyme liquid

Total polyphenol content (mg/100 g)

108.41+0.817

o WE Eaole] AdvbgR B AV <Table 4>9)
51.7 °Brix, pH 3.43,
FESEE 42.96%, 38 0.04%, A 0.63%, FA

A=A

(Table 4) General compositions and pH, °Brix of mulberry leaves fermented enzyme liquid

(mg/100 g, dry weight)

°Brix pH Moisture

Crude fat

Crude ash Crude protein

51.7 343 42.96

0.04£0.01

0.63+0.06 0.26+0.03
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A olF2 FA3] Fastlon, dErdt B 2
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7F AR B9 AV A S st ol
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: 2 191 el Al sl ¥l

wgl 1R ﬁ_oﬂ ;‘<47]. 71;2]9] %—’d’E %5}% [Figure
2]el YeRhlt. F3tes A 154 A S71ske] o
ZT(C)F B wrg g9 0.4%(MLEL), 0.8%(MLE2)
7o) 0.53 ~0.58¢] v]==3F 7k viebd ¥vbH 1.2%3
JFHMLE3)S 0439] grow fold oz ned
(p<0.01). Fx]9] 2tz Alvks YeRllE 23290 A%
2A AA AEE 0.6~0.8% Fd o 7P gto] 2
Al71o]th(Park & Lee, 2005). 2 AFollM= #3 1294
o] BE AdTo] 0.68~0.872] A&7] JEe] £ =
gstelon, 2 18UAl= pHel Aol o] txzwd
0.4%37=(MLE1), 0.8%37}(MLE2)°] 0.82~1.01
o] Weolz &7 AdE Ushiged 12%d7E
(MLE3)2 0.789] o g #<47] Aele f-A8kith A
7 244 5B = BE AR gro] ekl SUkE HelH
H=7] deE JeERi I

55

5.0

45 -

pH

40 -

+C

—a— MLE1
——MLE2
——MLE3

18 24 30

Fermentation period (days)

[Figure 1] Changes in pH of Kimchi prepared with different mulberry leaves
fermented enzyme liquid ratios during fermentation for 30 days at 5°C,

C, MLE1, MLE2, MLE3

. See the legend in the Table 1.
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o oD AR e ST ST gz o obea 9IthRhie & Kim, 1984). 71X A
[Figure 313 2t} dukzel 71x]2] dx= 3% (Hwang 4 6B kel Wt Aglot A7 120lA1 vl
et al, 2000) olst Hlit 4] WAL B EEEE 5 4o gaz ngn, Aol doldi ge vk
N H7 A= AA7TE B9 o|HL) be durt =X SIA|T A 24AARE] AF BIAAE ko] Z7RS U

14
12 | |
= | 1
= 10 f
=
2 08
[0
@
S 06 |
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= 04 = MLE1
0o | —+ MLE2
' e MLE3
00 L L L
0 6 12 18 24 30

Fermentation period (days)

[Figure 2] Changes in titratable acidity of Kimchi prepared with different mulberry leaves fermented enzyme liquid
ratios during fermentation for 30 days at 5°C,
C, MLE1, MLE2, MLE3 : See the legend in the Table 1,

26

22

Salinity (%)
H
o

—— C
14 r ——MLEL
——MLEZ2
——MLE3
10 | | |
0 6 12 18 24 30

Fermentation period (days)

[Figure 3] Changes in salinity of Kimchi prepared with different mulberry leaves fermented enzyme liquid ratios
during fermentation for 30 days at 5°C,
C, MLE1, MLE2, MLE3 : See the legend in the Table 1,
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ERfRAt. A717E

ko] 74 ke

1.2%347}=(MLE3)o] 1]

et

o

M

o A% 6UARE kAl 3he] FAag Holth A%
24dAHH thA] STbRe AFE Eth Kim et
al.(1994)3} Ryu et al.(1996)2 </d%x71¢ 727} e
T Be we HAoA sdo] P EHA ATt F
7Vt 572 HolEHA o AEAS YeRic
I3kl FAEe] bk A 64 BE AT o
o] F7FhR= AES Kotk A WA= kel S
UeRHI oW L, aghd} o] B4 Hrleko] F718rE
o] g Bk o]9} 2& A= Shin et al.(2007)
o] ol ¥k A7} AR AFellA FH 7R Hrkatol
A L, a, bgro] 9l vt Akl fAkskict

(Table 5) Changes in L, a, and b values of Kimchi prepared with different mulberry leaves fermented enzyme
liquid ratios during fermentation for 30 days at 5°C,

Fermentation Treatments
period (days) c’ MLEI1 MLE2 MLE3 F-value
11.84+0.06" 9.69+0.05° 8.77+0.01° 8.54+0.00" 321.533"™
14.37+0.02° 11.400.00° 11.08+0.01° 10.48+0.04 425129
L 12 11.87+0.00° 10.39+0.05° 10.800.05° 10.84+0.02° 789.751""
18 14.17+0.01° 13.28+0.06 12.6620.02° 10.690.05" 375.609"™"
24 13.4620.02° 12.86+0.02° 11.67+0.02° 10.790.02" 434,009
30 16.17+0.01° 15.33£0.00" 14.0320.06° 12.80+0.03° 115.540""
6.230.11° 5.86:0.21° 5.84+0.21° 5.45+0.12° 10.872"
5.66:0.03 5.560.00 5.55+0.09 5.5120.10 2.667"
12 5.57+0.00" 5.52+0.09" 5.3240.02° 5314015 6.148"
a’ 4 ok
18 5.5240.08" 5.28+0.00° 5.2940.15° 4.930.25° 8.091
24 5.500.09" 5.44+0.08" 5.23+0.02° 5.10+0.02° 22542
30 5.57+0.14° 5.5420.00" 5.3440.02° 5.18+0.00° 18.545™
7.140.05" 6.13£0.05° 5.5020.00° 5.200.01¢ 140.810™"
7.5840.06° 6.8320.00° 6.5940.01° 6.4120.06" 253.708""
. 12 6.9420.02° 6.55+0.01° 6.5120.04° 6.4040.03° 161364
18 7.3940.02° 7.26+0.02° 7.0440.02° 6.35+0.04° 752.790""
24 7.36+0.02° 7.13+0.00° 7.0120.04° 6.810.02" 184.466™"
30 7.98+0.01°* 7.7140.03° 7.3440.02° 7.060.00" 145431

YC, MLE1, MLE2, MLE3 : See the legend in the Table 1.

2)a~d,

range test at p<0.05. p<0.05, "p<0.01, ":p<0.001

™. not significantly

: Value with different superscripts within the same row are significantly different by ANOVA with Duncan's multiple
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. =2
S5 S5 el DA A2 AR AR U

Ehfli= 24-2(Chung ef al,, 2005) 2 AFtolr= =
o sl B WE F20] WL AR ALIRE B =
19

O LCEXE

cerghe vepilc A% 1

o= Nz AEe] o] H|%3t o7 =AE|o
o] whEv} 2 E F<7] Aol 1595 AaE(MLE]
~MLE3)e] thzrd Aol Hla] Hlad =& gro] 4=
Aot frojA zpel= glgieh #7190 A% 30UA=
Hzwd} A ghol BF Fasklovt vzl v
3 Eel WaE Fade] k] IS thA =2
S A8k Kim & Lee(1999)S 7% A% % ddt
2 Zho] A 77 Ao g Fksitt ol % 7has)
Aok &t oleldt A= B ATelw fAkkgIt
Park et al.(1994)2 7] wra = Adtde] Z71= 2
£ A g, @r|d o Axeo] Wi Ho] AR
FNA Aol Al
2}a 3190, Paik(2007)2 %
+ pectin?} 19} A a4

35000
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25000
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Cutting force (gt)

15000
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5000

o] S7h F7hE7] wzol
03 W o] 22 s
A B9 wak L v PR

ofaf A 71k kel i E depzivka &%)
t}. T3 Mo ef al.(2010) 71X 2] ATy} 7hash= Ae
A o] wEHA o] ZlPEAA wjFo] o] AslE7]
wfjZolel &k Sic

wol wbyg Faol M7} 71x|e] A7)t e Bk
o} 2440 Msh= [Figure 5-6]3 2t} 7x|o] w3
7} Rl mE BE A3 Aihtes EidsH 5
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[Figure 4] Changes in cutting force of Kimchi prepared with different mulberry leaves fermented enzyme liquid
ratios during fermentation for 30 days at 5°C,

Bars with different superscript letters mean significantly different (p <0,05), @(C): no addition, NMLE1): 0.4%,

FI(MLE2): 0.8%,

E(MLE3): 1.2

%.
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[Figure 5] Changes in lactic acid bacterial counts of Kimchi prepared with mulberry leaves fermented enzyme
liquid ratios during fermentation for 30 days at 5°C,

C, MLE1, MLE2, MLE3 : See the legend in the Table
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[Figure 6] Changes in total bacterial counts of Kimchi prepared with mulberry leaves fermented enzyme liquid
ratios during fermentation for 30 days at 5°C,

C, MLE1, MLE2, MLE3
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: See the legend in the Table 1.
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8.36, 8.61, 8.18log CFU/MLE thxHr} tha vhe i
Z218 et} o] 3 A% 304714 RE AEre 1)
oFsh FHAg-g Holn vt T s FARklaL Axd Y

I A 6, 124 2 30o] Bl Wy AN 1.2%%H7}
E(MLE3)0] thzol] Hlaf oF llog CFU/mL A% oJA1&

wol E Fad 7k Ax9] BeHhe AxTA(
)7 A57)(10%) H<71209)0] AAstglen o 4

Fh= <Table 6>l YRl Itk HA]9] A2 Alxgdel=

HO

(Table 6) Sensory evaluation scores on Kimchi prepared with mulberry leaves fermented enzyme liquid ratios

during fermentation for 20 days at 5°C,

Sensory Treat ‘ Fermentation period (days)
reatments
characteristics 1 10 20 F-value
ch 3.83+0.97°% 3.9241.08" 4.17£1.26 0.296™
MLE1 5.50+1.08° 4.67+1.07° 5.00+0.73 2.200™
Color MLE2 4.75+1.05% 5.08+0.99" 5.08+1.24 0.366™
MLE3 4.50+1.08" 5.33+0.77" 5.17+1.03 2.450™
F-value 5.223" 4.704" 2.170™
C 4.75+0.75 4.25+0.62 4.58+0.51 1.913™
MLE1 5.17+1.03 4.75+1.42 4.42+0.79 1.369™
Flavor MLE2 5.00+£0.66 5.25+1.05 433+1.15 2.966™
MLE3 5.08+1.04 5.33+1.15 4.75+0.86 0.971™
F-value 0.491™ 2.488"™ 0.550™
C 4.42+0.79° 4.33+0.88 3.92+0.51 1.536™
MLE1 4.25+0.75 3.67+1.23 3.83+1.03 1.034™
Jeotgal odor MLE2 4.00+£0.51™ 3.42+0.66 3.33+0.98 2.421"
MLE3 3.58+0.51° 3.33+1.07 3.17+0.38 1.010™
F-value 3.141° 2.528"™ 2.668"
C 5.25+0.62 4.75+1.05 4.42+0.66° 3.253™
MLEI 5.17+0.57 4.67+1.07 4.58+0.79° 1.695™
Crispness MLE2 4.97+0.99 5.25+0.96 5.17+1.19% 0.324"
MLE3 475121 5.67+0.77 5.50=1.00° 2.784™
F-value 0.793™ 2.746™ 3.492"
C 3.9240.79° 4.17+1.11° 4.25+0.96 0.386™
MLE1 4.83+0.93° 5.50+0.52° 4.75+0.86 3.199™
Taste MLE2 5.25+0.79"%% 5.83+0.57* 5.25+0.96" 4.092"
MLE3 4.93+0.75 5.75+0.62° 5.00+1.59 1.500™
F-value 5.782" 12.964"" 1.696™
C 3.93+0.83" 4.08+0.99° 4.08+0.90 0.300™
Overall MLEI 4.5840.90° 5.25+0.75° 4.50+1.08 2.376™
MLE2 5.08+0.85 5.33+0.65 5.17+1.11 0.418™
acceptance MLE3 5.00+0.90° 5.00+1.20° 4.83+1.33 0.418™
F-value 5.144" 4.5887" 2.052"™

YC, MLE1, MLE2, MLE3 :

2)a~d,

See the legend in the Table 1.

range test at p<0.05. p<0.01, ""p<0.001

3)A-D

*p<0.05,

range test at p<<0.05. *:p<0.05

™: not significantly

: Value with different superscrlpts within the same column are significantly different by ANOVA with Duncan's multiple

: Value with different superscripts within the same row are significantly different by ANOVA with Duncan's multiple
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0.4%%7RH(MLEN)o] =& 371He Wt ow, H&7|el=
0.8%Y7FA(MLE3)o] Goldog e my}2 wglt}
(p<0.01). TF=7]o% 0.8%H7EH(MLE3)9] Ao] &
o Ao AGriEglont fo7 2ol ik oA
= A9 ﬁﬂﬂ 73?%9} Zo] Azxgdels 04%H ke
(MLET)e], 19} ﬂ%ﬂoﬂt 08%X47}:rL(1\/[LE3)0]

2

il

o
A s §hAs %7}’3}?‘] %}—% EH}_EOHH A
7P ko, ¥l HE madlel i) F71E
5 AN sk 2o WrbERlTh opakke
AzFdos gzTo] =o 7S ulgly, HALv|ol=
0.8%%7HH(MLE3)¢] %2 3kg wokot fol3 o=
AT A&7l B E made] o] F71E
TE oPARle] & Ao F HriEo] fo4 abolg B
ACHP<0.05). Bt AAA 7S A7k 59 B
WhE E0 0.8%A7FAMLE2)O] e d4E wgow
A Bt AAA7 S50 £2 ZleR FrhEITh

o
fll

10, Sstn SAL0M B g g4 FHot AR

O
A7F A=A %}J%‘E% 1X} *40101]*1 48-5%(MLE1),
442%MLE2),  46.5%MLE3)o|Qa, 23} Aol
43.5%(MLE1), 38.5%(MLE2), 42.2%(MLE3)o|3lo.1,

33 AojoA 38%MLEI),

352%(MLE2), 45%

(MLE3)Z 417 3157} Z71tel e} vhz 2)o) ]

3 dFgol S7retlct vzt Aol vls) B w3
Moﬂ i47]_ 712]_0/] ;\(_}tl]—?)t.g 7§|7ﬂ ulxg{g].oﬂotq lgi

foh

o

1

g G409 0.8%(MLE2) A7} A9 zteko] 714 &
& Row ZAE olge] AR AFA T TS
WOl U AU WA g YAuT) Bl wE
Fadg M ANE O dssigon, ¥ WE &
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(Table 7) Changes in plate waste of Kimchi with mulberry leaves fermented enzyme liquid ratios

Kimchi samples

Plate waste )
c MLE] MLE2 MLE3
Ist 50.1 48.48 412 46.5
2nd 53.2 435 38.5 422
3rd 56.6 4238 35.2 40.5
Mean 53.3 449 38.3 43.06

UC, MLEl, MLE2, MLE3 : See the legend in the Table 1.
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