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Safety Evaluation of Black Garlic Extract for Development of
Cosmeceutical Ingredients
— Skin irritation and Sensitization Studies —

Hyun-Sun Lee' and Seon-Hee Kim?'

IDep[. of Food and Nutrition and Institute of Health Science, Korea University, Seoul 136-703 Korea
“)Dep[. of Beauty and Coordination, Suwon Science College, Gyeonggi-do 445-742, Korea

Abstract

We evaluated the anti-aging potential and safety of black garlic extract for cosmeceutical ingredient. Black
garlic was made by spontaneous fermentation for 40 days at 60~70°C, 85~95% RH without any additives.
The 10% black garlic extract had sweet odor, antioxidant activities and inhibitory activities of skin againg
enzymes such as tyrosinase and elastase. The skin safety was performed to evaluate of potential toxicity using
the primary irritation test and skin sensitization test. The black garlic extract did not show any adverse reactions
such as erythema and edema on intact skin sites at primary irritation test, but on abraded sites, some experimental
animals showed very slight erythema. So, the black garlic extract was classified as a practically non-irritating
material based on the score 0.23 of primary irritation index. The skin sensitization study was tested by the
guinea pig maximization test (GPMT) and Freund’s complete adjuvant (FCA) with intradermal injection of 10%
black garlic extract. The skin sensitization test showed no skin sensitization. The allergic sensitization depends
on tumor necrosis factor-a (TNF-a) and interleukin-6 (IL-6). The concentration of IL-6 on challenged tissue
of treated with black garlic extract was not significantly different with negative control group (saline treated
group). Based on this study, the potential for black garlic as a cosmeceutical ingredient was proven.
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2hAs 9 3 Qo] Frtel whe) &nlA} o) A=Fo] g
FEEA A8 A2 &l Ui &7 S48k 9
t}. oo w} “olEHA Yo]E W= ZA(successful aging)”
S AP F Ue B2 AFHA AF7F st FGA
3] AP Jh1,2). FA FFEFLS D3] A
Ao =FE AAFOY HITdE S7HE 49 AFER
Z, 183 ARl X EF 2 A9 e Wl o
g AF U &7 = 93] o5 HA Frle = el A
g3k gYsEe FAE Bolw, HA 7153 FHe| 7
z9 7154 33Z(cosmeceuticals)d] F87} Tz og
Z7bstal JThH3). olol met 715 de] olv] ¢z B 3
kA A Fo] 71548 FEY] AAE AFHA AU A
Fog FulH Avk4,5).
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vl (Allium sativam L.)-& &3 (Lilliaceae) 3 (Allium)
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scordinine, &g Z A A o a3} A= ajoene
ol on, s Fa AEgo e g, F9t, gt
ol 2, S WY 7, -8 Ve dHA HUAW
oAt 747)% 38 dY A axEE 2 S AsE fA
T B2 AYEE a9 R JrHe-8). HZ olelg
5] Tkt Aol RaEAA vhsd ek #ilol
AxH or s 287F FEEka A Svkse vk
o] AA QEFH BAE o] &3] LAEAA vl YELA
BT A0 2 WglelA e Aot oyt Svls vis
o] wj gto] A, HEE FolAH, F8&3 ALy
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7154 AE aAle A 3TF FAEFNA H2o=
AT FAE FAHLE AFHIT JYoh(12). vt A3
ksl a2 Qe Y £3S S5t gFY dEHAAS
Foste 7150] Aol 7154 FE AR MeAEE B
ol UTHB,13). Wetx B AT I AitEe EF
ns& o]&3te AR ks FEQ] SulsS AR o
£ et 7154 sFE tigk AdFE B8l S=ele] fi
o] gte 17543 AEFS /st o Vx AEE vk
St} AAE AT o] B AFX e Srts FEEC
71574 BFAF &A3 7Vs A S in vitrodl A tyrosinaseS}
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B 23] AFE3F mushroom tyrosinase(167 units/mL),
porcine pancreatic elastase type IV, N-succinyl-(Ala)s-
p-nitroanilide(SANA), Freund's complete adjuvant(FCA),
dinitrochlorobenzene(DNCB), sodium lauryl sulfate(SLS),
1,1-diphenyl-2-picrylhydrazyl(DPPH), dimethyl sulfoxide
(DMSO), 2,2’ —azino-bis(3-ethylbenzthiazoline-6-sulphonic
acid(ABTS)+ Sigma Chemical Co.(St. Louis, MO, USA)
ZHE FYste] AMESH o™, I ¥ Ak B Aok

Tdste] ARSI

o1 Rh=

s AARE o4 AeN A%E 157 Ee A
PrPol M AB FA AL T AgSA hse
T4 FA WY BASA wste] 100 g8 Ejo YA
Bgo TF F T0CAN RBe] 1§k Fv}
s Alxe #A7FE §lo] 60~70°ClA] 85~95%<] ddl &+
£ FASUA 093 4D FHAA AzSLeh Fvs
ZEEe PAT FriES R4 24403 B ALl
Akste] FEA17 F 15 brix7HA) 40°Col M 7 5417
usg. o
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| =01 Srts FEE(black ga
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extract)> A A 4455 o] &3l 10% §Ho =

<2 Re 5159 Wyol o3 SAsAth 9 F st B
tyrosinase A3} &4 2 elastase A3 A4S A3
tyrosinase A3 4-& Mason¥} Peterson(16)2] WS ©
43}e] =431t 0.1 M potassium phosphate buffer(pH
6.8) 70 pLoll A& &< 20 L2} mushroom tyrosinase &<
30 uL& 7F8kar 30°Cell A 5% §HSAIA T ¥EE & DMSO
£ 100 L= 7Feta 208 F 492 nmol M FFES =438}
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9o tyrosinase B4 A5 3t o] Attt
Tyrosinase inhibition (%)= (A_BA):;C_D) x 100

A: with tyrosinase but without sample, B: without sample
and tyrosinase, C: with sample and tyrosinase, D: with
sample but without tyrosinase

Elastase A8 4L James 5(17)9] WY& o] &3}
2439t 0.2 M Tris-HCI buffer(pH 8.0)¢} 10 pg/mL
porcine pancreatic elastase type IVE 2tz 05 mLS 713}
o EFSH & 25°Coll A 2083 ¥Hg-A1Z1 $ 0.8 mM SANA
£ 1.0 mL 7}ate] 37°Coll A w4171 th, 214 nmoll A &
FEE ZHLALH elastase A AT T 2o
A

A—B
A

A: with elastase but without sample

Elastase inhibition (%)= x 100

B: with sample and elastase

HESE AExA

B Ao 2183 55L& 7173 4% Hartley guinea
pig(350~420 g)& (F)dlgknle] 2 & = (Dae Han Biolink Co.,
Eumseong, Korea)oll A T4tk Ab5A 9] Abs2de
2= 23+3°C, = 50+10%, #7134 153)/hr, 2= 150~
300 Lux, BLF7] 124]17H08:00~20:00) 2.2 A5 A5 =
£ 39t A A1 717 B¢k 7Y ALE (Purina Korea Co,,
Seoul, Korea)9} &€ AFEA F4AH2H, 7V
2E| 1 2 2" ARSA 0] X (26 X 42X 18 cm)oll A AR 2
2 & 1k A ARSI 2 Ae aEdida 5 F
AP S 993 F20& B2 F(5UdWE KUACUC-2010-
106) ‘A E &l E o] & & A (Guide for the Care
and Use of Laboratory Animals, NRC)'ol] gt3=o] #&]3hd
A A8k

1A} Z2RI= A& (primary skin irritation test)
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Fig. 1. Compartment of guinea pig skin according to treat-
ment of black garlic extract. A, control site, intact skin; B, con—
trol site, abraded skin; C, treated with black garlic extract, intact
skin; D, treated with black garlic extract, abraded skin.

Table 1. Score of skin irritation

Skin reaction Score

Erythema and eschar formation
No erythema
Very slight erythema (barely perceptible)
Well-defined erythema
Moderate to severe erythema
Severe erythema (beet redness) to slight eschar
formation

Edema

No edema

Very slight edema (barely perceptible)

Slight edema (edge of area well defined by 2
definite raising)

Moderate edema (raised approximately 1 mm)

Severe edema (raised more than 1 mm and
extending beyond the area of exposure)
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Table 2. Primary irritation index (P.L.I.) according Draze
method

Classification PIL

Practically non-irritation 0.0~05
Slight irritation 06~2.0
Moderate irritation 2.1~50
Severe irritation 51~8.0

Atk (Fig. 1). Fig. 19] A, 2 QEEAARFENEP)E,
C, D F8olE 10% 31“1-‘—5 FEES 747 05 mLY A3
=X EXE v T APRY AAE A=E Hu
gEEg g 29 oS SM(St. Paul, MN, USA) Fo]H|o] =
2 A E & 2ASAT A EEE EX 24X 5 A
53 AAB AL ZHF-Eo] HFo YFS vAA AEF v
AAUN R MAE vk ohE, 24413 IHH 22 724
7]’77}1] #F3AA 5 HJ%—"— “oJkF T FAAEE
o] “y ¥ A= BH7LE"(Table 1)o] whe} Hrlsle], 95
12} A= A4 (primary irritation index, PIL)S AF&3}o],
2A=23S Table 201 whel #4819 TH19,20).
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Induction

Challenge

Fig. 2. Induction of skin sensitization and skin reaction in
guinea pig. @, intradermal injection of 0.1 mL distilled water
+Freund’s complete adjuvant emulsion (1:1); @), intradermal in-
jection of 0.1 mL sample; ), intradermal injection of 0.1 mL sam-
ple+Freund's complete adjuvant emulsion (1:1).

|&(skin sensitization test)
24 A ¥ -2 Maximization Test® (21) 2.2 A A]
ZF 7% 71U " 5ula AL ALLEle] A =T
), FANWZTZ(DNCB) 2 Ents F2E A
stk ARE 13 RS AP 5
F3P3tAct. 12 2= (induction) S 918l, A=
] o] & F9 TF(2x4 cm)dll Fig. 29} o] ZAIS
% 7} B9)o FCAS Erls 325 SAUZZIYA Y
£ FAYZZ(DNCB)E 01 mLA 2tz sy 2 34}
st 13} B 23k A mE S S4F AMS A% (1%)
o] 100190 10% B-4& AHg3te] ZAAIZATE SLS A A&
12 22 6 & AFEAA o 7A-s FA3t] 9130
10%(w/v) SLS 3y 2 vhAl -l 05 g& =EF th 244]
F SLSE vz Mol Y 23 73S A8
22} 742 13} 723 13 3 AP EAS FJUFA A H9)
e E% 0}“ 3 # (patch, 2x 4 cm)S F25}o
2 (occlusive with patch)dte] 7H2FA1 7]
o 23 24 25 % ]E ](challenge)~ A A o]—S{iOrq Fig.

7

< oplsidnh & }34 o] %Et EWE *P%ﬂl Ch el
1%2 St). 244171 oF7] & S HE AAT o vesE
3ol o} Qe AlFEALS 73] Fohd F 124174
BT FAAET DNCBE 28 55 1.0%, oF7]

= o — = ;|
A7 T Wl 2 104194 SRl

o715 93l HAAE HAHHEE AAT ths 2447E,
48A17F & 72A| Zhe “9 RS- 713 " (Table 3)ol o
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Table 3. Score of sensitization and maximization grade”
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Sensitization score

Erythema reaction state

Edema formation

0 No reaction No edema

1 Scattered mild redness Slight edema

2 Moderate and diffuse erythema Moderate edema
3 Severe erythema with scar formation Sever edema

UGrade T (0~8%), weak sensitizer; Grade I (9~28%), mild sensitizer; Grade T (29~64%), moderate sensitizer; Grade IV (65~85%),

strong sensitizer; Grade V (86~100%), extreme sensitizer.

5 2t 2200 gokine S
9% B4 Age) BEo] FRY F 24 $BY oprle
KX
=

=
52271 % vl £3 S phosphate buffered

x4
saline with Tween 20(PBST-20) bufferel] £4kA171 & %L

g 97|12 94 st dgAS e Y48 st A
AS 353 32 A5 A Tumor necrosis factor-
a(TNF-a), Interleukin-6(IL-6)& sandwich ELISA(R & D
Inc., Minneapolis, MN, USA)H | ol& =9 th22). Z+
ZAo] dwlA S bicinchroninic acid(BCA, Pierce
Chemcal Co., Rockford, IL, USA)H o2 =H3 & =3
g% pg TEE FAEATE 2 A WEe 2 Al2AL

A AAE o] whel AA) e

%7;“ H A

=1

A8 A= SPSS ver 10.0(SPSS Inc., IL, USA)E o]&
ste] A Agstg o, 5 54 5ol g o (mean)
7} Pt 9 Hx}(standard deviation, SD)E AF=3}%]
t}. ANOVA test & p<0.05 =94 Duncan’s multiple
range test@ AA|ste] 2FHY FdAHS YA AT

==
X+

FAEE (60701 o o]
-}r“—r"ﬂ’\i zkol= glle
Fol e &
yrosinase 2 elastase?] %}"49— A A=
7}111 Nl—i & 4= UK Table 4). Shin 5 (23)<
o] mp=o Bl DPPHe th&t etz &7 5o S7tet=
o] AL allyl mercaptan 2 methyl pyrazine 53} 22 3k7]
AR AR A3 AEA AL allyl methyl sulfide
2 allyl alcohol 53 22 &2 GA 22 A3l gFo| F
7} 7] Wi Eolgta B a3sl¢th. Tyrosinaset polyphenol
oxidase®] YEol™ FHE Frste ELEA i AEo
A tyrosineS DOPAZ HAZA| 713 G407 213} wh-g-ol 23]
@A A 2 2 dopamine, dopachrome®. & ¥ 33} melanin
S AAT= a4 0)tH(24). o9 2] tyrosinase= mel-

o %

o
-

J]o{, b?[
olf
& te o rx |o

Table 4. Properties of 10% black garlic extract

pH 56+0.7
Color dark brown
Odor odorless ~

weak sweet odor

Antioxidant activities

ABTS radical scavenging activity 92.0+£1.2%
DPPH radical scavenging activity 69.0+2.5%
Potential of skin anti—againg
Inhibitory activity of tyrosinase 50.6 £3.8%
Inhibitory activity of elastase 47.0+9.2%
Values are mean+SD (n=3).
anin A A4 TR 9k Fo BAZ AT

A oA Eol| A A3 E o] melaning Y A4
27, A, AA 59 MAa 3 Fo] Yo iR

", 2 =2
5 E4E 2USEE tyrosinase ATl ¢ Sk
o w75 PR 2R w2 Ve vEhg
3 AZbE T E3 elastaseT M F A F depAElS B
st v)o] BEAdS £AAA IR m5tE Lo
BAE Zvks FEFE] elastased] &S A FoZH @
BEE A 58S MR A AeE gddEn
bt 5= 3¢

SEANME AREL g§ Solgk duksd 9 AP

T #EEA otk 97 FAAES st A xS
EE MAINA ekzte] AlF 247t LK (data not shown),
ol 1o 93 EFH < 2EH ] 3 Ao w FHAH
EE AAZ ZToe AAo R Ry 2y R 743
A5 =437 Y8 A WERE(DNCB)S FoI3 28
AE gRo 2550 ol2& Zuly BEo] BAFHGOH,
Q)R Ao HEA WHshe FFS BHYoy o] Q13
AP BEE A ekt

—_

Kb I 2 X (primary skin irritation)2] =7t
SPEE AR o] 108191 10% Svlks
T8} v E Fojol] 2447 HAMHE F
O 24, 48, 2A Aol FES AHE Fig.
Zo] g2 FGF) M FFF Srto] A #F
2 gtk 2y Suks A d o] #3 Gl A wH]
gk Eyto] A EUTh Draze Hell o3¢ 13 3 RAF XA
(Primary irritation index, P.LL)E AF&3F 23} 0.230]%]
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Score of skin irritation (No.)

Skin reaction

hr 1 2 3 4 5 6 7 8 9 10 score
Ervthema 24 o 0o 0 0O 0 0 0 0 0 o0 0
Intact v 72 o0 0o 0 o 0 0 0 0 0 o0 0
skin Edama 24 o 0 0O 0O 0 0 0 0 0 o0 0
Control 7 o0 0o 0 o 0 0 0 0 0 0 0 0.00
site Ervthema 24 0 0 0 0 0 0 0 0 0 0 0 '
Abraded v 7 o 0 0 0 0 0 0 0 0 0 0
skin - 2% o 0o 0 o0 0 0 0 0 0 0 0
ama 7 o 0 0 0 0 O 0 0 0 o0 0
Erythema 4 0 0 0 0 0 1 0 0 0 0 0.1
Intact v 72 o 0o 0 o 0 0 0 0 0 0 0
skin Edama 24 o0 0 0 0O 0 0 0 0 0 0 0
Treated 7 0o 0o 0 o 0 0 0 0 0 o0 0 003
site Ervthema 24 o 0o 0 0O 2 3 0 0 0 0 05 '
Abraded y 7 o 0 0o 0 1 2 0 0 0 o0 03
skin Edam 24 o 0 o0 O 0 0 0 0 0 0 0
a 72 o 0o 0 o 0 0 0 0 0 0 0

Fig. 3. The evaluation on primary skin irritation of black garlic extract. Mean score=total score/ number of animal (10). P.LL

(primary irritation index), Stotal score/ (animal No.x4).

Kang 5(25)¢] ®ad) st dAA 7154 F§4EF L=
wol] AM8-5= 2500 [U9] #lElE Ao E v} 290
"t SHboly FFo] gloy Z3} JAolA ofF ZhER
dho] A= o] PLL7F 08752 urﬂch B3ty ue)
vls FEES PLL7E 0239 A5 #FFHAoY o
practically non-irritation(R1A}=43)9] s H3t= =2

2 AT A9 9e ¢ + Ak

ru.17|.

A FE ANFELS o71-E F 24,
1A A7HE Fig. 40] Gebd 2Ad Fot
fi —'M]Ht A Rk BF Fol A #F
HNE® 0%Z YEY grade [92 #A
HE BT WS 22 4 U ¥
o =9 229 TNF-
4% 75)4- TNF-a& —E— g2l A &7
zpol7h HEH A 2 =21 DNCB
Ao A= *étH&iL =) %«l dii sk ey &
vhs Aol SANETH F924 ztel7t gl At (Fig.

&

ﬂlll‘

it

—-_o] %

ast IL-65

5). 9% kg2 dFo] A=) vkg-o 7 & (allergen)
o] ARel] Eojo, FUL FAA A A E(antigen pre-
senting cell, APC)ell o]a] *]2] = 1L, helper TAH XA BH
= AFsty S48k THXEE L4, IL-6, IL-13 53 2&
Aol E711S WEsta, BAIES A3 28351 allergen-
specific IgE<] AYAHS %‘:3}0‘1 g o) A =& "]
ZANEES Yo7A HH26). Zutse] FF AT
=43 A grade | &9 oFgt HEAFE X311, °]¢7]
B 229 IL-69 BEFANME SANZZ(RBHAEF)R
o el S BEEHA v AOE Kol IR TS
Ay oA e AS & & UATh

[} oF

rad =

2 dFE Suss 7154 S FE AAE E837] 93t
S vitroo| A tyrosinase @ elastase #] 3l
g4E& A4S 49 FR el Boste F a4 EA4S

38 5 E2 hartleydl 71U $7&

TRE

AN A} 17 92T
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Negative control
(Saline)

Positive control
(1% DNCB)

Black garlic extract

o

o
i

Groups Sensitization score Mean Sensitization Evaluation
Name Induction Challenge hr 1 2 3 4 5 response rate (%) grade (class)
Negati 24 0 0 0 0 0 0
eiat‘rvle saline saline 48 o 0 0 0 0 0 0 I (weak)
contro 72 o 0 0 0 0 0
Positi trol 24 2 3 2 2 1 2.0
051(3§CC§1; ro 1% 0.1% 48 3 2 3 3 2 24 100 V (extreme)
72 1 3 3 2 2 2.2
Black garlic 24 0 0 0 0 0 0
xtract 10% 1% 48 0 0 0 0 0 0 0 I (weak)
extrac 72 o 0 0 0 0 0
Fig. 4. The evaluation of contact allergenicity with maximization test.
50 75
40 a - 60
T30 e 145
Q
Q
@20t 130
5 b
=~ b
10 415
oo o ¢
o NC PC BGE NC PC BGE H

Fig. 5. Concentrations of TNF-a and IL-6 on challenged tissue of animal. Values are mean=+SD for 5 number/group. Different
letters indicate significant difference (p<0.05) among groups by Duncan’s multiple range test. ns=not significant.

F(PIL)7} 0.232.F practically non-irritation(®] A=+43 )]
AFete Ao 2 A7 AFo] AY JASS ¢ F I
T}, Maximization test &2 35 774 LS 3913 A A
AEA o5 Im BF Fo] A fdEA &ut. o]
Fel A2 RE Srls FEE Ui 7ygy Iy 13

&2 0%, 7% tig 5 Aol gle A

Aok wekA ol & Ao die &
54 AAE 22 RS A s
SEE 29 FAE 5 AU

o
s %

7].‘3:%1
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