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Antimicrobial Activity of Black Garlic Pomace Extract and Its Application
to Cleansing of Fresh Spinach Leaves for Microbial Control

Ji Hoon Kangl, Hyeon Jeong Sonl, Sea Cheol Minz, Deog Hwan Oh3, and Kyung Bin Song1

IDepartment of Food Science and Technology, Chungnam National University
’Department of Food Science and Technology, Seoul Women’s University
“Department of Food Science and Biotechnology, Kangwon National University

ABSTRACT In this study, the antimicrobial activity of black garlic pomace extract (BGPE) was examined, and
its washing applicability to spinach was investigated. BGPE had antimicrobial activity against both Gram-positive
(Listeria monocytogenes and Staphylococcus aureus) and Gram-negative (Escherichia coli O157:H7 and Salmonella
Typhimurium) food-borne pathogens. In particular, antimicrobial activities of BGPE against Gram-positive bacteria
were higher than those against Gram-negative bacteria. Spinach samples were treated with 0.5% BGPE to determine
the effect of BGPE on reducing naturally existing microorganisms on the surface of spinach leaves. BGPE treatment
reduced populations of total aerobic bacteria and yeast/molds in spinach by 1.23~1.35 log CFU/g and 0.82~1.12
log CFU/g during 9 days of storage, respectively, compared with those of control samples. After treatment, there
were no significant differences in color quality such as Hunter L, a, and b values and total color difference (AE).
These results clearly indicate that BGPE treatment can be useful for improving microbiological safety and maintaining

color quality of spinach during storage.

Key words: black garlic pomace extract, antimicrobial activity, microbiological safety, spinach leaves
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AlFAE HZE sAEY s AdE s 718 g
3 AaA A AE ol &g AlFH AHe
AaA AAle ATH AME S5
(50~200 ppm)E 13 v AE Ao &7t vhar, pHell w2
a3 zpo], WA A T LAV dlFsaL lolA ol&
A7) sk AF7E Hol = JATh3,8).

A FAEY PAE LY s 3] A8 71eEA
H7FE A 2] Wo] Wol A= l=dl, o]Akstd A (ClOy),
2E(03), BHAbsFA(H00) 9 22 318H2 Ao} o] 23}
ZAH{onizing irradiation), %23} (ultrasound), &4 (ul-
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| AW E-(Listeria monocytogenes,
Staphylococcus aureus, E. coli O157:H7, Salmonella
Typhimurium)oll 3t S+ T3S 215k, Al F2]9] Al
2 AgFromn A% F nAE Ao s £
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A FZ T HHA = 7He FAEEHEE xH=
S
R, SwlsHr FEE(black garlic pomace extract,
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H7(ATCC 43889, NCTC 12079), S. Typhimurium(ATCC
14028, KCTC 2421), L. monocytogenes(ATCC 19111,
19115), S. aureus(ATCC 10537, KCTC 1621)E AM&-3}
At} E coli O157:H7%} S, Typhimurium= 25 mL tryp—
tic soy broth(TSB, Difco Co., Detroit, MI, USA)ell H%
% shaking incubator(37°C, 150 rpm)ol| A 18~24 X7} uj
8+ 3L, L. monocytogenes$t S. aureus= 25 ml brain
heart infusion(BHI, Difco Co.)ell &3}e] L3k 27
A wfeksldth, vkl 7} strain culture® YA EE VS
stod 2,000%g, 104 Z7olA L5 g & dojzl
ES 0.1% da FEFE 23] AH3UT AH F F
volume?| B WESE 7 strain cultured] =33}
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Srbgytel] ot o= & AIASH] $18) drying oven
(DDO-102, Daeil Engineering Co., Seoul, Korea)2 ©]&
ko] 70°Cell A 24A17F & Axg %, 30,000 rpme
blender(Osaka Chemical Co., Ltd., Osaka, Japan)= &4
siglth Svlgdk 228 AXE 93 oy Aoz & 9
g, WEES o] &3ty FES WA 78, Falst &
vl H71ek thg 80% WE-eS H A
data not shown), Zw}&42H100 g)
o] Z33619(1:20; wiv) 3AIZE B2k Aol A
Atk Sels FEES Y o7 9 553k
1atgiom, 7+ Agd AL&-3}7]
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©.2 ZASTH20). Svk=dhs 1:20 &2 80% Hlgt
of E3tsla Srlsut FEE A9 FUSHA A T
FET F 3087 AA i & &9 100 uLE 1.5

Folin—Ciocalteu €< 100 uL
2 H7}ete] 30% Bk Ao wkE A H ), Wk g-lloj
sodium carbonate(20%) 300 pL& F7}2 &3t 12]7F
B A0 ¥kgA]Z] F, UV spectrophotometer(UV -
2450, UV-visible, Shimadzu Corp., Kyoto, Japan)& A}
&3l 765 nmelA FHEE SAHSUY. SuksRte &
w3 F=F AMS 98 gallic acids ZFEAR 0] 8319
mg gallic acid equivalent(GAE)/g dry weight® %3
33T,

H

S0t S22 42 24

Srls FEEL] kst 9 gy EA4S vEhlE AR
B4 98] HPLC(Waters 2695, Waters Inc., Milford,
CT, USA)E AHE-3I3it) 25% Wergo] Snpsn 2585

0.25%7} F%=2 H718aL, 0.2 pm Whatman™ syringe
filter(PVDF filter, GE Healthcare Life Sciences, Pitts-
burgh, PA, USA)Z 23] o#ste] A5E FH] 8tk HPLC
B2 Al AFE%E columnS Kinetex 5u EVO C18(5 um,
250%4.6 mm, Phenomenex Inc., Torrance, CA, USA)©]
o UV detector(Waters 2489, Waters Inc.)E A&
3l 280 nmol A HE3sFA T &1 A(0.1% formic acid
in water)9} &1 B(0.1% formic acid in acetonitrile)&
oz o ® ALgslglon, 85% &l A9l 15% &+ BE
0.5 mL/min®] < 7oA 15% &<t 5&vf &8st
A8k
caffeic acid, hydroxybenzoic acid(Sigma-Aldrich Co.,
St. Louis, MO, USA)E A}-&-3}9ith

X+EZE S-allyl-cysteine, gallic acid,
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ryl-hydrazyl(DPPH) &t]Z &7 A3 2,2’ -azino-bis
(3—ethylbenzothiazoline-6-sulphonic acid)(ABTS) &}t
7 2 g WS ARgste]l S48kt DPPH assay+
0.1 mM=Z #|Z% DPPH €9 0.95 mLel| 0.05 mLe &%
8 Suhgl 2221, 2, 3, 5, 10, 20, 30, 50 mg/mL)<
A7FeE & el A 307 FF WA vk UV spec-
trophotometer® ©]83}4 517 nmolA FF=E 543}
R, FE== AJA7Fe vAHI Y FRE AlolE WES
(%)= Axrst] YEelATh ABTS assay 5388 98 7
mM ABTS¢} 2.45 mM potassium persulfateE &3}a}o]
A z¥ ABTS radical cation &9 734 nmoll A F¥=7}

0.70] I== 843le] Fulsloct. 2H]E ABTS &9
2.94 mLol 1~50 mg/mL s=e] Sobsd FEES 47
0.06 mL #H7}sFar 37° Coﬂ/\-] 107,‘:_‘— Eol e A HT} 734
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59 I FA B4 disc diffusion test
F&-&to 331t} 5~6 log CFU/mLe] o &k
V¥ L. monocytogenes, S. aureus, E. coli O157:
H7, S. Typhimurium cocktail cultureE H+ HE-& o] &
3}o] muller-hinton agar(MHA, Difco Co.)oll Z}z} =23}
At} HE paper disc(8 mm, Toyo Roshi Kasha Ltd.,
Tokyo, Japan)ol Zvls F=&E0] 10, 15, 20, 25, 30,
35, 40 mg/disc7t ¥ =5 52313 clean benchollA] 30
b AxETh Axd discE 2 1Y Pl A E(cocktail
culture)o] =¥ MHA wj Ao &2]ar 37°Coll A 24A]7F
wjek 3 A% inhibition zoned| A71E FA sl o &
A& £7431% 2™, inhibition zone> mm= XA 3}t
Sulsat FEE9 I E4S Elstr] 913 ampicillin
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& ARG, £, S FEE A
7] A FAS AN W B AH AYE T 04
B 8l BASTh 7 AR AP A Ams
density polyethylene film bag(18 cmx20 cm)ell ¥%
] A£1°CAIM 99 ek AsAA WA & R E W)
g Z4ssinh

AA - Y- F7n

ME & ANZXQ O1¥8E = &3

Alg A AlR(10 299 0.1% B =90 mL)E E+
bagell ¥ & #&7](MIX 2 Stomacher, AES Labora—
toire, Combourg, France)& o] &3}o] 387+ @A At}
449 4 NEE FEFO0.19Z 1085 92 34690
AR 5 2H9 9 ZuH /]/H goaleo 7_}—7]—g] B %) ]
0.1 mLA #F38te] Ao, T 5714 Ao HE
plate count agar(PCA, Difco Co.)% ARgelgla, an ‘;‘
I3l potato dextrose agar(PDA, Difco Co.)E AF&-3}
of 7z} 37°C9}F 25°Coll A 2~3U 3 mi e 5 A H col-
onyE AFatitt. AEd 2z mAE = AR g9 log
colony forming unit(CFU)2.2 % &3¢ a1, 33] v 23
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ME & ANZXQ Mz £F

ANFH e A 5 EH M= Minolta Chroma Meter
CR-400 A=}A(Konica Minolta Sensing Inc., Tokyo,
Japan)E AH&Ste] SA oM, A= 72447 e xWs
103] o)A} WkE =A% 5| Hunter L, a, b #& HHE#HLE
eERASITE Hunter M= ghol A4S 93 55 gL [ =
97.9, a=-0.42, b=2.58°] A}, E3H A F AlaA| &
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I, -9k ATt Y] F94 H S5 SAS version 9.4
(Statlstlcal Analysis System, SAS Institute Inc., Cary,
NC, USA)E o]&3le] E4HE4 (analysis of variance)<
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o /X0.05 A Duncan’s multiple range test®
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Fig. 1. DPPH and ABTS radical scavenging activities of black
garlic pomace extract. m: ABTS radical scavenging activity, 4:
DPPH radical scavenging activity.

ok ohs 93 nasgs o vhs A F A% Y
dH A oM (22), Kallel 5(23)

o2 7o) o) ¥l ek
of pae] WEw FF Svle] whef i FolshAw vk
AAe F s FFS oF 3~25 mg GAE/ge 2 SHFHS

t}. 53] 50%¢F 100% WSS Sz FE519 S v 7P¢
W2 25, 22 mg GAE/go] ¥ =] vis AZENEH F
HAe, B AP E 80% MESS AHgFto e
FeFe] diEo]l FEH Fo® grhdc

Svpzut 25%9 DPPH 9 ABTS o2 274 242
=A% ZziJJr(Flg 1), 0~3 mg/mL =% H¢ 4 DPPH &
Ozt 274 &4 0~38.21%9°M, 5 mg/mLY-E U—Lol =
0 mg/mL7F4] 60.88~82.90%E YERH 3 50
FA A ABTS @tz 274 &4 % DPPH
Aot g P Bl=dl, 10 mg/mLolA ¢F 80%]
mg/mL o]/l A 98%2] &Ado] FA=

= O P
Atk ks 58 5 F7 BE 402 a4 B
4 Z7H AFE Bvks F2EI A 43S vehig,

Shin 5(24)& Znl5S 959 WELL S o] &alo] %3 &
Fo] wlE DPPH % ABTS 2z 424 &4 W3S B
A=, 0.1~1 mg/mL WA 15.28~65.93%¢] DPPH

g a7 24 S7HE wES AL, ABTSe| 49 5

nRE Aol &3 453

E5 WA 9.50~49.48%9) &7t AL I

mg/mL Evl=8 =559 DPPH, ABTS vz

& 747} 20.33, 12.85% = Evls 559 65.93, 49.48%
S|

r«O
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of Hl&te] %-C’— 45 JepdEd], ol oM A8 A
AFECDAAME BRI %o] ks AA 9] F dE §F
o] SmhzutE E} ﬂc— w o] = vEhd A¥ dxskE 4
depa Azbe, wmek, Svulsdhe dxE e A 3 T
teFdt 7ty FA4E AR F HAEE FAbE] Y] wiel
gatsl gago] WA Yeld Flolgta ekl ey 2
AT AHE F& 5 mg/mL(0.5%) oo Snpsnt 55
2 Znis 9 ks A FEET o] 3utkst &4 (DPPH
60.88%, ABTS: 51.55%)< YERA 4= 7]o] Fwe &4

A7k Qeha ek,

HelA= 4FF2] HLA MABE BFoA I 237t e
WA ekkov} 25 mgi-¥ L. monocytogenes®} S. aureus
ol A inhibition zone°| FA UL, E. coli O157:H73} S.
Typhimurium®] 7-9-¢ll = 30 mgTEi =740l 7bs o}"*EP

E@, Sobout 338 ¥Rt SERE feHow

< S YERSlaL, 40 mg Svbst ZEE’] L.
monocytogenes®}t S. aureus®| W3t inhibition zone< Z+
7} 15.02, 13.80 mm$FA W, £ coli 0157:H73} S Typhi-
muriumel &A= 11.65, 12.10 mm<] inhibition zone<
el o] positive control(ampicillin)®} f-AFs =522 3
T+ B4& HAtHTable 1). duby o g A& 718 Hi%

1=

SomyE %*E A9 BASE a7 eATRY 17 G
Aol sl | ¥ GRS 2 Ao delA v

(25), ® A A E FA3 A ko] &= T} Pos—
itive control® AREH ampicillin 2] =3k 12k SATH(E

coli 0157:H7: 11 mm, S. Typhimurium: 16 mm)X.c} %

FUE

Table 1. The antimicrobial activity of black garlic pomace extract at different concentrations against food-borne pathogens

Inhibition zone (mm)

Treatment Concentration - - -
L. monocytogenes S. aureus E. coli O157:H7 S. Typhimurium
0 (mg/disc) ND (—)" - - -
10 - - - -
15 - - - -
Black garlic 20 - - - -
pomace extract 25 9.22+0.17 9.41+0.24° - -
30 11.39+0.22° 10.64+0.37° 9.40+0.04° 9.5240.60°
35 13.35£0.33° 12.03+0.16° 10.55+0.29° 11.15+0.39°
40 15.02+0.76° 13.80+0.35° 11.65+0.20° 12.10+0.40°
Ampicillin 10 (ug/disc) 21.08+0.53° 30.52+0.26" 10.96+0.50" 16.19+1.02°

1)ND not detected (<8 mm).
Any means in the column (a-¢) followed by different letters

are significantly (P<0.05) different by Duncan’s multiple range test.
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(L. monocytogenes: 21 mm, S. aureus: 30 mm)°l 4]
fol4 o2 Z inhibition zones P30, o2 g 2}
o7} A o+ 1% YT 97 Alolo Azt
zolell o]g A(26)o2 S+ 45 9T (outer mem-
brane)o] EA|gte] FAHTHL HA ELS v ES I &
Ao Ageoe] T Aoz AoE)

ARF ml=o] A g mhs Ao A EHWEA vhs §2 U
a9l alliinaseel] 93] alliin®] allicin®.® ¥H3}aL, o] alli-
cin®] A& zte Aoz dyA JAv17). 28y S
= Ax A 5 A= A allinase®] /o] A&l gol
we} allicin geFo] ZHAdtta BudE vl 9 vh(16). Chung
@ AntsFd A vEFe it A4S vlus)
S, A2 vheFol A AlSd BE WU vAE

of Gel ke FEAE ek RSk £,

(pomace), A (peels, husks), A (seeds) Sl
-3 phenolic compounds”} $HrH o] 2l &t

&g 71e s ZHttal BaETH(15). Kallel &
2% vt Ad FEEC] 2 78S YEdTa B
3F o LC/MS 48 %53 gallic acid, caffeic acid,
hydroxybenzoic acid % t}%¥3F £ 9 phenolic com—
pounds”7t &S RIS ofol wEt E AFNAE
st FEEC] A4S e E

o

3% 59 phenolic compounds(gallic acid, caf-
feic acid, hydroxybenzoic acid)E EF=E2 2 A}E319]
HPLC #41& F3lth(Fig. 2). Snl=9] 49 Ax B &
&3l S-allyl-cysteine ¥&o] Anul=d vl 68 o] &
Zhetehar 4 A Qlar, o] el ol dHikst Edo] Eof
A =8 39 95 59 Ay 0] vehdota B
H vk Ivh(28,29). 1y B ATFdA AHgE Sabksdt
B2 S-allyl-cysteine o] $le Aoz 1S
, o]¥ S-allyl-cysteine¢] &nls N =% 544 =
it SEEA7] wEelsta AztEn. B3, S-allyl-
cysteineo] TtFet Al &4 75 S HERNARE, A2
UEb A rEthal B s k18). webA Sukent 5
& 9] & FAL S-allyl-cysteine©] ©Fd phenolic com-
poundsell ©J&F Aoz ehs=d], HPLC 4] 23E &3

I
=
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Fig. 2. HPLC chromatogram of black garlic pomace extract. (A)
Black garlic pomace extract. (B) Standards: a, S-allyl-cysteine;
b, gallic acid; ¢, hydroxybenzoic acid; d, caffeic acid.

SulEur 2EE o= gallic acidE £33 5579 phe-
nolic compounds® &% & AJ#o] glrks Aol FelE )
CHFig. 2). ¥ A7 23 Svksdt F2E9] 2 gallic
acidE ¥3}3l t}eF3t phenolic compounds®] &4
of oJgt Aolet A=W, 5 7+ Ao gl e F
P41 A7 8sitta ek th Phenolic compounds
A2 phenolic compounds &4}l E£A|3F= $417]
7} vl A E A ERel| Atele] B F2E B e, o= <l
3 HAAE AXE U T8 AEEY &5 olsh] Wi
Aoz 4R ArH15). E3] gallic acids= P AAE AE
o] 27} Fol &3 oA ARToEN B F2E T35t
HAES AFEAI7IE Ao s 4R 212™(30), S Typhi-
murium, S. aureus?t 72 WA v Eol OEIME &
S 7HAv R BaE vk Qlrk(31). o]el g phenolic
compounds®] g0 7 2l Enpzul F=EE9] L. mono-
cytogenes, S. aureus, E. coli O157:H7, S. Typhimurium
Lo g AdS Hel e Az olele AR RH
B8 HEAE Sute 582 I dAAZA st
o] nA=3A PAAE FHs] 93 AXAE &g8E

s v wadd.

Y

N
)

Lo

Sopul 2R e] A4 iR gig AF Ag avke
solals] 9lske] A ARl 0.5% Suhsut FHES
Aele F A4 F % 5004 AE B 2 ggo] 8



48l tH(Table 2, 3). A% 7] =+ A

A At 4 6.04 log CFU/gol 1AL, &8 2 3330
4

z}

Me X

.72 log CFU/gol At} T & AlF A2l 4 9-dl=
5.58, 4.42 log CFU/go & tzF9} v wslo] 0.46,
.30 log CFU/g9] m$- v v A& 4= 7+4aE el
|= 29} 22 wakEel E g B AlE A o ot
S HAE F Gae Ay A Z234E S8 RaE e
(13,32), ol & ANaFe vAE Aol da & AlF A
7F o)A ks HolEth o9k HERA O 0.5%

T

> O N

= 1l
e FE2E 7Y AAEAR v mAlE S A a9E
A= AL HolFr)h Sagong $5(33)& AbSeol HAA
v A&l E coli O157:H7, S. Typhimurium, L. mono-

cytogeness AA o= FFe T vpge {714k A
(malic acid, lactic acid, citric acid, 0.3~2%, 5)2] 7] A}
E Aol a¥E #sR =4, 0.5~1.8 log CFU/g9] A
E 7 pAstg ot R ekl a, Huang® Chen(34)%
AlmA o@elel £ coli O157:H7 AF ¥ 1~2% s=2
714 citric acid, lactic acid, tartaric acid, malic acid,
acetic acid)2.2 5% &9 AHZ83lS W 1.5~1.9 log
CFU/ge MAE & A5 23T} o9 dE9 Orue
5(12)e 15, 9&g, AlgHdd A& F&FE(Mexican lime,
0.53~0.82%; oregano, 0.52~0.64%)< A3t & & 37|
g Alatell g A4 a3 S48 =, 1.2~1.4 log CFU
/g2] AE F7F gasidvta Baslgl) ol dk {4k

HAE Ao &3 455
9 A5 2559 b8 AR g fALE A avte
Sulsul F2EE] AlFA|7t ofd thE FAkEC] % &5 o
EHRE A E A4 29E 23T e A
HoF= Ayeta AZtEy, 2 Aol H85 Sepedt
FEE°o] FE] MAETA AdHAS Aast= b E&
2 4 vt Aot

SubEEt FE2E AR MAE 4 a9 A S
L RGNS, A 99 F dixT AR F 5714 ARt
I gm 9 Z3go] =71 z+7} 6.65, 5.36 log CFU/go] A1k,
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Table 2. The change in the populations of total aerobic bacteria in spinach leaves after treatment with 0.5% black garlic pomace

extract during storage at 4°C

(Unit: log CFU/g)

Storage time (days)

Treatment 0 | 3 5 7 9
Control" 6.04+0.16"?  6.05+0.16"°  6.33+0.26""  6.45+0.16""  6.49+0.14*"  6.65+0.06™
Water washing 5.58+0.18%  5.60£0.09%  6.00£0.24™  6.11£0.12%  6.19£021%  6.22+0.06™
Black garlic pomace extract 0.5% 4.81+0.17%°  4.82+0.07°°  5.01£0.22°"  5.17+0.18"*  5.24+0.15®  5.30+0.18“

1)Control: no treatment.

2)Any means in the same column (A-C) or same row (a-c) followed by different letters are not significantly (P<0.05) different

by Duncan’s multiple range test.

Table 3. The change in the populations of yeast and molds in spinach leaves after treatment with 0.5% black garlic pomace extract

during storage at 4°C

(Unit: log CFU/g)

Storage time (days)

Treatment 0 | 3 5 7 9
Control" 4.7240.13%?  4.89+0.08*¢  5.07+0.14*™  5.14+0.15*°  5.19+0.16*"  5.36+0.35™
Water washing 4.4240.15%  44720.11%° 4512007 472+0.16™  4.8320.05"  5.16£0.06"™
Black garlic pomace extract 0.5% 3.74+0.06<°  3.77+0.28%°  4.13£0.19“® 4244021  4.23+0.07%*  4.54+0.19"

YControl: no treatment.

2)Any means in the same column (A-C) or same row (a-d) followed by different letters are not significantly (P<0.05) different

by Duncan’s multiple range test.
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Table 4. The change in the color of spinach leaves after treatment with black garlic pomace extract during storage at 4°C

Color

Storage time (days)

parameter Treatment 0 1 3 5 7 9
Control" 27.43£0.41% 27.65£0.72*  26.79+0.27%  26.81+0.32%  26.77+0.33%™  26.67+0.35"
L Water washing 27.70+0.44%  27.49+0.64*" 26.90+0.45%° 26.80+0.38"™ 26.88+0.15% 26.71+0.27*
Black garlic pomace 27.59+0.42™  27.58+0.49™ 2757023  27.54£031%"  27.59+0.44" 27.51+0.38™
extract 0.5%
Control -6.6550.17%  -6.64x0.43"  -6.25£0.25""  -6.03£0.28""  -6.01x0.12*"  -6.0120.07™
Water washing -6.33+£0.18"  -6.27+0.05**  -6.33+0.33""  -6.03+£0.13""  -6.03+0.10™*  -6.04+0.15""
a Black garlic pomace  -6.64+0.32""  -6.64+0.26"  -6.65+0.32™  -6.59+0.05®  -6.57+0.36™  -6.66+0.19"
extract 0.5%
Control 7.5140.33% 7.53+0.11%  7.62+0.11%  7.5240.28*"  7.5240.24™  7.63+0.30™
b Water washing 7.4140.14% 7.4240.19%  7.49+0.25%  7.45+023%  7.41+0.12%  7.41+0.25"
Black garlic pomace  7.45+0.29™ 7424034 7554043 747+0.11%*  7.47+0.32%  7.53+0.17*
extract 0.5%
Control - 0.23+0.06™  0.72£0.19*  0.72+0.09**  0.71+0.12**  0.72+0.08"
AE Water washing 0.23+0.06"° 0.23+0.08""  0.7240.12"  0.7240.07"  0.72+0.09"*  0.73£0.11""
Black garlic pomace  0.22:+0.09* 0.23£0.03™  0.23+0.08™  0.23+£0.08%  0.23£0.07*  0.23+0.04™

extract 0.5%

1)Control: no treatment.

2)Any means in the same column (A,B) or same row (a-c) followed by different letters are significantly (P<0.05) different by Duncan’s

multiple range test.
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