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ATk vheg o83 AAFAA = Ariss B FE3 vstEY g 2y 2 5535
= W o3 Azt heeATE A3 AAvtsHEZA e AT EIEE °k°ﬂ o3l =
A G wpor, HH EFNUELS 60% AFFoh A HdAvks FAY 54> EIUE
2% AT 1.3 glem’, FE 2,789 mPa - s, pH 6.6°]At}. =3 nls H2Alo] HAAHS KSo 71F

& 2 gBsgon, BrAlel @7 glolE ko] A e dEie £ s Ugler, &
3) AW R7IG S} FA s 2] Pato] A G W AT AAHIAARMe o] go] 7}
5% o8 slhdck

Abstract: As the enhancement of indoor air quality is increasingly compelling the use of natural materials
without any emission, this study reports the preparation and performance of natural garlic adhesives for
wallpaper. The natural garlic adhesives were successfully prepared by the extraction of the clove of raw garlic
with water to isolate carbohydrates and proteins. Properties of the prepared garlic adhesives such as the non
volatile solids content, viscosity, density, and pH were 62%, 2,789 mPa.s, 1.3 g/cm3, and 6.6, respectively.
The non-volatile solids content has a great impact on the adhesion performance of the prepared garlic
adhesives, which was adequate about 60%. Bonding strength of prepared garlic adhesives was greater than the
requirement of a Korean standard for wallpaper. In addition, the garlic adhesives showed antibacterial activity
inheriting from the garlic. It is expected that the prepared garlic adhesives could be used as safe and natural
adhesives without emitting any volatile organic compounds and formaldehyde gas.

Keywonds: garlic, natural adhesives, wallpaper, peel strength, free VOCs, antimicrobial activity
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O & Hol AlF w] AEsheE HEA Soll s ofr]E
7FsAol =oh wEbA, AEA dANAE 171 &
PoA F88 e FEAPOE AFAAANA 2
AEAZL] HAES A=dta o AFE A
AZF %ol AHEEA o] X7 Hola A F3lgh
AAHZA o] /LS w9 F83 HAAFL o]t

AANA FE JHAARZ A & HAEole A
B3 g2l MAEZQ~ 7HAIQ, animal glues, fish
glue, soybean @ blood glue7} Yow, z+ze] EA3}
Aes A vy g, S HJEF, BA4, Fol,
BE, &% 2 S 59 &xo AHEE siTH2]
HAAE o H2A Azxzol #g AFE Umemura[3]
= 71EARS AFESY o, Wang S4]2 BAE ol &
kel

=8 sk ARAE gAY 98 A S5 2
A& o183 HAHAAES Mdsta, Ao wigv S
Aol MEHEFR HAARA o8 Thsde H
3}

A
AT =3 LHARE AR & MAEA H
2A1Q0 F A H& A9 Afole e EF
=

F2 HER Qe tge dElgo] &A Azde &
o] o] g=A Ao} Htole FHTto|=rt WA
HA FeEthe HolA tdd JMET AEE 24
Tk ek AFNER AA g Az A=
2853 He-11].

o9 A HFA F dFE= Ao I3t

= AR Az Ee AT AMSHT. dubdos
AWFE FoH ARRE = Ao vl &2 EHZF )
7 W WFztel] AMREE wbAE THE gon,
T3 ¥ nptol= Zwfol] &% wizto] 71 ol &
AL JAtH12]. ErjolE FAFAAZME 24D
ANBATAY ofadFA7}, EFAEY A gole A
YZFA7 AE B dF AREEL oy, oiFEE
o] A9 AEAS HFAAZE FE AEHIL Jor, &
Aoy s FEATI7] st 4o dd s
AE gAHE V= ok auy, 71EY] AR
A AZA = AAELDZA 7140] AEstar AA|ef &l
7} glo] AEF HE o @ol AgHAoY, gA F
jst7] wEel BEAFY FHRIF HAST o] A
E MAshy] S8l A=A JZA] AdEA H2A Y
HAS vy f3) =22d 5o HRAE Hrislez
HAAA 4 o3 HAHZA Y= Bt 318
Zoly 54 HAAZA L A& R3] ol
At £ F[13]> AAE AT FEEHIL A
= EHlE HFA FollA 159 FTAe 559 +
= AMgste] B2 Al A% edEd wiE: AEE
=A% Ay, ZdH o= AlFAol nls) AlF 6Y
o A 27 Afolof <F 2ull, EFML 3ufollA 108] S}

=

g

= 51X

o of

o]z}

= Aoz Ryt

webA], B AFAAE 719 HAEA H2A A
E " Ao, AA 100 AAE T2 sl
1&g ol &% M3 F54 =ul§ dAHZAAE

o
st A} AT vl Allium sativum L) Alliumss %)

ul
=

=2 553 &3 e Aedde veidle 4
22 53] d=me] 2AYA e AFelth wse
BE T oF §~97)Yo] FBEE 2B Fo sz

FAO°l oJ3tH 20091 d9] -4 5718 B vl oF
Ao AujEo] 22,2827 Eo] AYAE R
£3] F=o] AT 80% olg HItn
om, Q%rt 45% 1 EvEtE AlA 3999
Aabaro 2 ok 307 haollA 38T B2 o, oA, F
g, dall, 1%, Foh A4k EibEollA Ak o,
1913 AR#S6 kg/d, 20073 %) AA 1910t wet
A, mhsS HZAA o) A8 E o] & uf FU L =R
B FH3l= e 2 oyl gls o8 AZEn
s FYHESEEY OE A5 st 4
A Be g {718 Bdo] FiFo Jon, 53] 3
sItEe A% FAA4S JEhinh wse JA8L
alline®] allinase®l] 2|3l E3alj = o] AAS}+= allicinol 2
af HAE = Aow A glom Fde ddads
HFeta glo] 2F ofgo = gy o]&EHi Utk
[15]. ©ole} o] &7 A5=EA Y gHIL go|g
HAAe] &AQl npso] 7|E9] AAFT) old B £%
ZAY ML A2 AALA ML gao] H
o] ARl Fg3te FriAR] A=t AzHnh
A B AFME S B e A
A5l vt ¥AE HZAAY Ax Ms8s HE
Fom, Ax3 vt AR vhso] 7K e
58 FA o5 d V|2 HZAAY HAAHF
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2.1. 2

s AAEE AFA 2315 24 F4ibE =
oA Fd GAF ik AMgsidth 2 AY
of AR&3t Ajvlse] B
62.0%, B35 29.0%, 238, 1.3%, =AW
ZAH 07% 18] = do] 6.5%HP T T3 )
AE S K (893 mg%h), Mg (47 mg%) 2 Na (21
mg%)2] <ol F2 FEFSZE sucrose, glucose
9} fructoseP o, A HIO B 9Fo] FOlE Y I
= EZIXUEO Z A E linoleic acid®} oleic acid7}
Z3AALC Z A= palmitic acid7} 242 AA] A Ak
o thall 552, 124 H 223%Jtk. olm|:=Ae 4561
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Table 1. The proximate compositions of Namhae garlic

Components Content (%)
Moisture 62.0 £ 3.0
Ash 1.3 £ 0.1
Fat 0.5 £ 0.0
Fiber 0.7 £ 0.1
Protein 6.5 £ 12
Carbohydrate 29.0 + 2.6

mg%E 17F°] A FQ3 ojpjilo =
proline, arainine %! glutamic acid % TH1 ]

o]-a xéllﬂ = x4zqu]§A-]4 O:l@_— g /kg%gi
E 95885 E}H”%J_Ol 2 74@ J&%w, -
& ol% BAE welshy A% skt sol WA A

o% Azt

22. Ok AL Mz 2

heg o) gd AANIA AzE A9 WA s
FE ALY &8 PHE HESIY. HE =
21& AES] flsted AAS AAZ ArnksS A
3t % homogenizerg AR&3te] &t olof WE
27 B H&&10:0,7:3,5:523:72 =4
sto] An|E 252 ASIL HAHT 259 ARt A
FEote] Qold ARE olnho} 3ol WAAEA
o o § hsde AR,

hE AR 2FRE Az Shie Ade
AAS AulsS MAS F homogenizerE AHE-3He]
2T O BAT hol oid) 2599 BE A7kel
o 1 h B FEAAL olo] F2AL o
(Whatman No. 2 Filter paper)= 73t & A5 ¢
23 g A5HE 60TColA ALY =7
=3l A ZFFAGIR-1). G2 HHE Ants
gk 90°ColA 197 A7 vhEs
WRow 32, o3 9 58t Al xsHATHIR-2).

¢

il

ft

2.3. Oks HERW2| 4 ZAL

A zg s J2AA e EHo=E EIUE, pH, &
T 9 (2HAXAE A3 9TE B e =2 1.5
< 105 £ 1°Ce] €% &34 A=x7]o14 180 mint
Azx3te] SASAY pHE ARE T3 THRIE
)43kl 25 + 1°CollA] pH meter (ORION, USA)E ©]
L3l A3 o, HE= ZEA|(Brookfield Model
DV- [ ©)& A3t 20°Coll A SA3EAT. ASdZA|
e Alze] =4 oa]JJr(165 x 60 mm) 1l °F 3 g
o] HAAE Eojz=d & IE A EZFACIHE =X
£ 20°C, BHAFE 60% A FAetHA &718go 2 &
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2.4. I-IxI-A = _47|.

Az HAAA v JAZAS H2A4dEsS KS F
32179 ®A & HAEA H2ZA A AA=HA A= 180°
w7 = o8] HristATh ZAEd, §, £l §le
F7 5 mme] 125 x 150 mm)ol] Xdz#zﬂ 50 g/m’ S
:r?éé‘}ﬂl T3}, 5 min Foll AE117 g/mz)% np3
A & F EYE o]83te] oF 49 N9 35< 7l
AZggoz FEA AEE 53] HHE %L%‘f& <,
48 h WA|sta o g)gt 2 o] &3ste FAAHZFA] Y]
25 mme] AFAE 2ol 579 ANFHES “PCO*E}. o]
o] A¥H A HBo| 3z HEo °¢ 50 mm 2}2]A|
A FEHES AZ AP Ao FAStA, 200 mm/
min® £5= A A HAge B-s 180° WA

T2 33 N25 mm=E E7]3F3 T
S|HEEO| ofn| MEIME
T84 s HZAE B2 ALEStY e &
A4S FEste] Axg AR E3LE] o] A
A vA= FeFo] uig F Ao=E dgdEn. w
Z+A JR-1 2 JR25A ] tial &3 ¢Ee] &S 30, 40,
50, 60 H 70%= A3} 1802 A =S vl w sk T

2.6. 7|=2| HX|2 X} E3H|21 MEAMS
AR A AFREE 4o 9L B oA nps
A2A 7} ARG 5 QA JBE Asty] sty

E3EHE 16.5%%] HETA 9} 42.0%2] 24 d
AFA(PVAC) S T-Y3t] JR-15A ¢ v gdn] &S 2
st W HAAEE SASIATE oldf wignl e A
BE20] A= JR-1 A9 EH??H 9:1,7:3 % 5:
52 R oH, PVACTAE=9:1,8:2 D 7: 3 (ww)
o2 g

2.7. Ok HAHQ| &y Eot
A s AH2RA= ]'%O] 72§ A g s
JHE fFASL S Aow qFE ol HEY
WEAE F7VeA i 71Ee HA= F2A ol Hls)
HEAol 2 Aoz JdEn. webA s 2F
7ol vis A FAEAHS vlustATh Auts9
Aol gk g2 42 agar diffusion method‘ﬂ
o7 Psipon, Fadd FAHS AT FA 7FF
a3 kA1 Staphylococcus aureus (KCTC-1927)2F 1
W 242 Escherichia coli (ATCC-25922) % Pseudo-
monas aeruginosa (ATCC-15442)5 A3t F3o]
2= Aspergillus Niger (IFO-31125) 2 Rhizopus micro-
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sporus (KCTC-6969)E A3t} Aulse] d+84
SA AEE rtes Ad F B o Bl vks
1 gol 7/ 9 mLe U8t 2 £ 5 045 um
membrane filter2 33+ ofME ALL5H T AEsH
A HZA o Aol g a2y 58 AsEe F
ZAAE EZ 108) 348 T 0.45 um membrane filter
2 AH}g oA AEsTh FHgEe Avks
=9 2 HdAvsHAAE 0.6% sofe agar’} FHrH
Mueller Hinton 8jA|ol] ZF Fain| &2 BAufekel 50
WS ZH2t HEsted F Eg ¢ vEl EvlE] &
Mueller Hinton i) F35-3tTh oo d+H&A4
4 NEE 9 wHS FHANA Axd E paper
disc (Toyo Rhosi kaisha, Ltd., 8mm)E FZH]X] <l
o] 35°C F27|ollA] HiFstHA FIH=Y A
A& S JEMH+= clear zone2] &7 (mm)S =4 3te] uj
T A, AT, T AE(), RE(2E E

718k

2.8. Ol F=HQ 3UHRVIERIS(VOCs) & Z2|
SIO|E Wik £
VOCs ¥ Fddslol= akare Aua71d-g7gAl
] AR 1A A 2004-8050 F3t FEAAA
AlgATdol B4 st SHs.

3.1. OE2%H JadEe| 22

nhs& o83 AAHHAE MLshr] fsf A vt
S2HH AR e HAESIG
2ol 2= §E A8t FEst=
Rew, = §Es &3 WEs ¥
e AHEEITE olE9 &W=
A gl B = Table 294 2 Avbsolv Az
g vhs BRoA Mg its Eo] B3R
ol ¥kom, WYFEE oty =T mES3
=9 9 FE8e ABol= =9 HlEo] wopds
5 IR g e =rt A vehdt 28
2EAE o @Y 81 F=20] uiga & Aow A7
Aok o)A B #7] §viE ARSSHA Bokx: do=
Aow A4 zggdel WolAx Wi aLF-AolH,
53 A= AE ds #4425 doe
HollA= w9 WEFxe)e Adfolrt. weba o] F-9
AEE &5 AH8et] =3 vks H&AA disl 1

=42 Brhshan

3.2, B3lLEo| ot MEAS
s 22AE Bl et vel 2ol 3%

.

o]z}

Table 2. Effect of the extraction solvent ratio on peel
strength of garlic resin

Ratio(W/W) Nonvolatile 180° Peel
Source Methanol : content strength
Water (%) (N/25 mm)
10 : 0 10 2.0
7:3 25 4.0
Green garlic 5:5 32 7.5
3:7 44 11.0
0:10 62 12.8
10 : 0 11 2.5
7:3 27 35
Dry garlic” 5:5 34 8.0
3:7 45 12.5
0:10 64 11.5

1) Drying at 90°C for 24 h.

Sufjol] wel dojzl FRY BIREL ol 2 Ao
7F o, BEFIEY ofo] £Xo HAALTAE &
ztol7b & AS R difEo] B3] & et
JR-13} JR27A1 ] HAAR TS H7HtAth F4A bl
& E3|dRo] kS 30~70%2 WHIAA AEZ 180°
W]} 5= Figure 13 Z2oh Arksd dxzvksel o
& & ARESte] A2olA | h FEF5 A& FX]9
A EE B3R o8 A 9F wgken, &
FA BE B3] 30%904 60%7A] Z7)gtel] u}
g B HAAEE IR T. 53] B3 TR 50%°]
FollAe AR F2A g KSe 7Es W53
o, 60%NHE 71ES A Ao, 70%00 A
© A Z4she 43S Jehga ok mEkA wks
FA 9] EFAEL 60% HAFZ st ALgstE A
o] utg2] & Zlow AyZHM, o] e B HAE F
Aol vls|AM = 3] =AY B3R 60%7HA 9] 7
T =x2Ael= ol EAZE fllen 70%0lA =
xAo] B wE Az Q8] 238 HAA=I}
A dehds Aoz dddn, webs oo Ay
B3R 60% AEZ 2HI FAE AMESY] 7
E3lT

rlo 3T

3.3. 0= N2 HMEMSsS
33.1. "vls F£X9 54

g3l 2 AobER-1)3 90°ColA 193 A
(R-2)S FEEME= &, HH] 25 24 1 h
Zoto] Az HZA Y 542 Table 33 2ot +
Aol WEE 13 gem’ & Zgkom EF RS 62~
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Figure 1. Relationship between nonvolatile content and peel
strength of garlic resin.

Table 3. Properties of garlic resins
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Garlic extract

JR-1 Resin

E. coli ATCC
- 25922

Figure 2. Antimicrobial activity of the garlic extract and
JR-1 resin for E. coli ATCC-25922. a : 1, b : 3, ¢ : 5,
d:7and e : 9 mg/ml

Table 4. Antimicrobial activity of the garlic extract, JR-1
and JR-2 resin

Antimicrobial activity

JR-1 JR-2 Garlic

Types of strains

Types of resin

Properties Rol IR2

Density (g/cm’) 1.3 13
Viscosity (mPa * s) 2,789 2,118

pH 6.6 4.9

Nonvolatile content (%) 62.0 63.5
Set to touch drying time (min) 25.0 20.6

63.5%% JR2FA|7F ¢FE Zkoy AL AolE Hol
A okgktt, AEAZAIZEE JR-1 A7} 25 min, JR-2
FA] 20.6 minC Z JR-2 FA7} JR-1 FA HT} wgko
o, pHE JR-1°] 6.62.F A9 FAdol 7178 HAA =
Al vbER 22 pHYE Foll o, JR-2+ 4.99 4H3
< Yl o Axshe= HAHA AR st
FHktE = Ao g "L HEE JR-1 A7} 2,789,
JR-2 FA]2] 2,118 mPa - sET} =9koy 7]&9] A&
A Aol HlgHA FEs] wol =22} FolAE B
o FEE e E y7En

332. Avks ¥ vk FEFAAY AT € FFold o
3 Fagd

Hool WuA Hrl 28 gl AAEA HEZA
MEe fste] Auls @ ArksE o] &3 JR-15A
2 90°ColM AZxF vheER AXF JR25X ] i)
M+t 2 Fgolo gt FHFE4 S agar diffusion meth-
odHo 2 ZHES AFANE Table 49 Figure 29 YERY
Aot Auks FER2 AP AMES farg =l
st Py 2 44 YEdler, 1 F
=

g
to Tl

ANXME E. coli, P. aeruginosa 2 S. typhiumurium©l

Journal of Adhesion and Interface Vol 12, No.4 2011

S. aureus (KCTC-1927) + + - 4+ 4+ 4+
Bacteria P. aeruginosa (ATCC-15442) + + - 4+ ++

E. coli (ATCC-25922) ++ - +++

Asp. niger (IFO-31125) + - 4+
Mold

Rhi. microsporus (KCTC-6969) + - ++
% 4+ 4 ;5 very strong, + +; strong, +; moderate, — ; none.
< FHEAE YA IR-15A 9] B¢ Anks

299 70% A= FAHS HIJoH JR2+= Ao &
S YeERN A ottt IR-1574] 9] FFold tig &4
Arts B4 30%4E YERAeH JR2E A9
ER Al gkt o] AL AH[17] Tol AFE Ao 2
Aol tigk Avksd A vsEe] dHES AT
A}, 255 AT 0.5% (whi) o1, TS 1.5%
(wiv) o)dell A B2 e A8 By, €48 vke
o] Ag, Mubdo=E Anpso] BYPW FHAHHT=
e S et Rast fAS 292 4
A whs FARGE Arksol o3 A9 ATt
FAEAE E83 FAZANE 5T Ao I

Hrt.

£orlo ox AN

333. 7129 =& =3 RFAY EFH L) 2
HFAY s

A AFEEHI e =88 E< AE Z PVAceH
JRTFA| 9] A 5e vlugt A3
o olE A9 HFe rHesslitd Y EITE
oAl sk Ao| npgAlshy, Zhzke] 2 EA4
TYS B vlue AFAY, EXAF Y o
2 E7Fsste, dA 242t FA7F ARREHIL e
E3EQ] JR-1FA = 62%, AEFA = 16.5%, PVAc

-—



130

20

—
=5}
T

—
[ 5]
T

180°Peel strength(N/25mm)
=]

£
T

STARCH
Resins

JR PVAC

Figure 3. Comparison of peel strength between starch, PVAc
and galic resin for wallpaper.
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Figure 4. Effect of mixing ratio of JR and starch resin on
peel strength.

= 2%A BlustAth FRALEEE 20°CE 18 35kal
FL3 27 A —i—ﬂﬂ HAAEE IRTFA7E 71E9
HAEATA BTG = st ot EAPHWOHUW’“ A
Ho+ Wit 3T>(l J% Zﬂ‘% A % 2114 KS 71%
9] 7.85 N25 mmETE =& HAA4sE Jeh Q)
o] AAn=HAAS THjgo 2= ‘:‘ﬁl o]-g-o] 7}
5% Aow AddAL)

TS vhso] 7k gtAdo] 71E FR e E§ete
o]l & A9 AT IS LI £ o] HEA
H&ZA 9} JR-157] 9] T gol 2 H2AdsS A

E3F A3+ Figure 49+ 7L1:1r ];]Ht;s:]_t]]%_%

71Ee] AEA FAd ] tgF &7 01%% =g A
o7 AZHL o|AL HAEZ EIFuRo] 16.5%%=

12

180°Peel strength(N/25mm)

16 |
12.8
—T

10:0 9:1 8:2 7:3

Resin mixture ratio(JR : PVAC)

0:10

Figure 5. Effect of mixing ratio of JR and PVAc resin on
peel strength.
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E3dHE o] 3heFo] wrol
5 50%) 250 S .

352 sl ZAoE AYZbET.

Z=n) Al 27] HRAAE FEATI7] Y8 @A)
Fol| PVACTAE EFste] AREsta Qo] JRFA| <}
PVAce] &&ol M A& sS B7Hg 23+= Figure
59} Zt) JRFA o] thd PVAce H7pHlEo] ol
TE AT dadte AEFE Yeho] 71E5A
oFe] &gl 93l HE9 S Ve oAHE A
o =F AztHET

1y
5l

~

3.4. DISMATAH S| 7HE

ool Al HESH vle} o] Aulse BE 23l
Ao JREAE AT £33 FFAHL z2h= WA
9 AN EHjgoRE F83| o]go] 7ted Ao
= AZEn. 2 v 498 Addse a7
L 250 o] &3}y YsiME RS AT Y4

el Aol a7dn. webA, A2 JhEl 2% A
el 7FsdS etatr] fleiAl IR257A ) At
HMIR-NZ Agte 2 FEAAMIR-2)S H7}5he
90°Coll A WE-EAIA AxT FA2 HAY e HESD
A= Table 59+ 2. Atd s} SAld-e st
AT MIRSA 9 Bt A= /ld A JRGA
of Hiaj Ao 2v) A= Z HAGeE LHskL 3l
A3 Al ofa] Hrh ¢ A5 A Azt
Ve Aow AZEw, JHE whEI 2 tis)A]
© do=m HAET oHo|rh

1
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Table 5. Bonding strength of modified garlic resin

Nonvolatile content 180° peel strength

Name of resin

(%) (N/25 mm)
JR-2 63.5 11.6 + 2.0
MIR-1 64.5 19.6 + 43
MIR-2 66.0 219 + 4.1

3.5 ModOlsX(el 3 |uisklEn SUdislol=
HA

AW AZTEAANEHEEFE A Al 2004-805) 0]
Fato] 3 H713HHE(TVOC)H ZELH sle| e W
AbeFol =4 A= Table 63 2o} S50 A=A
E 0 &0l 7|&E 2011 A HE ZLH|3to| =+ 0.125
mg/m’h, TVOCE HFAAL 4 2 mgmhz 73td
71#S W33 9ok =3k TVOCE KS F 32179
A& HEA HZAA ] 45 ol3t2 FAHEH Je 71E
BO% A 232 0.021 mgm’hth E3F nps £32)
A ELUstol = HE AEHA ol H w2 &
A teFst HEVE o] FoX A e AWErIEdE 2
AA7A F= JSAAHIAZA RS Jo] HAH
A=A ] e §EoA AW o] §o] Jed Ao

2 ZldgH

Table 6. Emission of TVOC and formaldehyde from natural
garlic resin (JR-1)

Level of emission

(mg/mzh)

Compound emitted

Total volatile organic compounds (TVOC) 0.021

Formaldehyde (HCHO) Not Detected
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