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ABSTRACT

We investigated the antimicrobial activity of benzyl alcohol galactoside (BzO-gal), which was synthesized from benzyl alcohol
(BzOH) using B-galactosidase (B-gal). Nowadays BzOH is used as excipients in the food, cosmetic, and pharmaceutical industries
as fragrant and/or preservative. Based on our previous studies, we have been interested in BzO-gal as a safer preservative (as
an alternative to BzOH). As a first step, the antimicrobial activity of BzO-gal against E. coli ATCC 25922 was examined. The
culture media containing a white sauce (J&J Food Co.) were prepared, and thereafter BZOH or BzO-gal were also added to these
media preparation. After E. coli cells grew up in these media, their viabilities were checked throughout the culture broth, followed
by streaking them on the agar plate. Finally, it was observed that the antimicrobial characteristics 1% BzO-gal and 1% BzOH
against E. coli were the same activities. However, 0.5% BzO-gal did not show antimicrobial activity, although 0.5% BzOH
showed antimicrobial activity. Probably there was a loss of antimicrobial activity by transgalactosylation of BzOH. Nevertheless,
we found the feasibility of the utilization of BzO-gal as an alternative to BzOH, as a safer preservative. It is expected that the
use of BzO-gal will be extended to the food, cosmetic, and pharmaceutical industries.
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Figure 1. Enzymatic synthesis of BzO-gal from BzOH using E. coli p-gal.

2 30%°14 35%2] 1EE9] lactose”’t EASH= HE-S
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BT} BzOHOY galactoseE &A1 BzO-gal< &3}
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1. A
Benzyl alcohol< Sigma-Aldrich(St. Louis, MO, USA)°ll 4]

Tdste] AR89 AL, TLC(thin-layer chromatography) plate

+= Macherey-Nagel(Diiren, Germany)<2] DC-Fertigplatten SIL
G-25 UVys4s ARSI 71EF & Aol A3 Alofa2
reagent-grade S AHE-3FH T I8]a B Aol ARE-SE 3o
Edoys S5 23] @Alol Aol FE(&T Food Co.)ollAl
AFHAL, Tha =7k F7HE AL SolEds 1, vhay)
Z7b A7EEA e A BolELz 2E WIE F ASE

AKFigure 2). 183, 1 FA-2 Table 10 ZEAISFATH

2. B-Gal2 Mitol= THEE HET

B-Gale Aatshs A= o, 2eja w3yt ddd
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3. B—-Galg 0|&% BzO-Gal?| &d

50 mM phosphate buffer(pH 7.5)Z ©]-&3la] 50 mL
conical tube®l|A] 350 g/L lactose, 0.75 U/mL B-gal, 2%(w/v)
BzOHE =¢%] ¥, shaking incubator(40°C, 100 rpm)°llA] 48
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Figure 2. Photographs of white sauce 1 and white
sauce 2.
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Table 1. Compositions of white sauce 1 and white
sauce 2

sfo| B | glo|Es 2

e (wt. %) (wt. %)
e 5.0 5.0
SEHS UEF 0.2 0.2
=1 0.6 0.6
A& 39T 0.3 0.3
HAARE 0.5 0.5
zxg 6.0 6.0
Sa9 0.3 0.3
g ey 2 9.0 9.0
7 & 0.4 0.4
ZEMEF 1.5 1.5
a7 16.0 16.0
A 40.7 40.7
ey = 20.0 0.0

4. S U0 MEY HETHE coli) HIY

Deep freezerdll RHE E. coli ATCC 259222] 3 vial(1.0
mL)E BE LB HA HlA|(tryptone; 10 g/L, yeast extract;
5 g/L, NaCl; 10 g/L)oll AHZF3le] 12A13k0] A d &, Al LB
A w]ol] HFste] kTl 18], 1243 A= vk
gk & OD #at 600 nm)°] 2.00] =A wjggct

B. BZO_Galgl ?}I-I_

J®

EIN;

Table 29} 20| Al /N9 AH set(Experiment #1, #2, #3)=
T/d3kaL, 7 AY setvlth Al 719] &-H(Solution #1, #2, #3)
< F03FA T 2 A set?] Solution #12 WES-<H(10 mL)

3} 3lo]EA (10 mL)S] &34, Solution #2+ control 24
BzOH(10 mL)2} 3}o]E42~(10 mL)2] &9, Solution #3
S HWF FFH5(10 mL)$} o] EA(10 mL)o] EFA o=
THEolA Hste] FHIEATE Table 20 Yo ofol=
Table 39l A3}

e 2ARE 9IS AP S Sste] oA vk E. coli
ATCC 259229] wlF 700 uLE Table 22| Experiment #1,
#2, #39] Solution #1, #2, #3ol Z}Zt HZFIoh e,
shaking incubator(37°C, 200 rpm)°ll A 1243t vl Fstar, o]
HjFl-& A3} LB agar plate®l] ¥l5-0] 2 streaking 3T}
¢k 18A17ko] At &, LB agar plate®l| E. coli ATCC 259227}
colonyE FASIL AH=AE RIS, E coli ATCC
2592200 T3t to] JYEAE HEEA

6. TLC 24

20 x 10 cm TLC plate®]l 1.0 uL A E-Z loading3}1l ©]&
“H(acetonitrile : water = 85 : 15(v/v))= ©]-&3t] 158 7
39T 18] 3 staining solution(1.5 g KMnOy, 10 g K,COs3,
1.25 mL 10% NaOH in 200 mL water)S TLC plate®] H-&
%, 80T ovenollA 1587 YA M=EE RlsIETh FA4
Hhgo] £ &, 1k-g-H Fo] BzOHS} BzO-gal®] 3 #4
S 95k, EAUESN ] TLC 4 plateS 2751 BzOHS}
BzO-gal ©|U|A]E L3I, 71 o|u]X]E AlphaEase FC software
(Alpha Innotech, San Leonardo, CA, USA)E ©|-§3te] A=

Moz B

l

m. 23 & 03

1. BzO-Gal2| &

BzO-gal®] E. coli®ll W&t &+t ZAFsl7] f1sted, WA
E. coli p-gal& ©]-&3}o] 2% BzOHE A3t BzO-galS

Table 2. Compositions of the test samples in the experiments 1, 2, and 3

Experiment #1

Experiment #2

Experiment #3

Ingredients Volume Ingredients Volume Ingredients Volume
[BzOH+Bz0O-gal] 10 mL (2x) [BzOH+BzO-gal] 10 mL (2x) [BzOH+BzO-gal] 10 mL

Solution #1
White sauce 1 10 mL (1/2) White sauce 1 10 mL (1/2) White sauce 2 10 mL
2% BzOH 10 mL 4% BzOH 10 mL 4% BzOH 10 mL

Solution #2
White sauce 1 10 mL (1/2) White sauce 1 10 mL (1/2) White sauce 2 10 mL
DW 10 mL DW 10 mL DW 10 mL

Solution #3
White sauce 1 10 mL (1/2) White sauce 1 10 mL (1/2) White sauce 2 10 mL
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Table 3. Abbreviations in Table 2, Figure 4, 5, and 6

Abbreviations

Remarks

[BzOH+BzO-gal]

B-Gal& ©]&3t] BzOHZ

+ -
(29 [BzOHBzO-gall o g oz 245

(1/2) White sauce 1
(1/2) White sauce 2

DW et SR

B-GalS ©]-83ld BzOHZHE BzO-gal F43uHs &, <F 1% BzO-gal¥ °F 1% BzOHZ 44,

HE BzO-gal #AWke S-S 5 v w53 &9 F 2% BzO-gal?} oF

White sauce 15 1/2 2 343} white sauce

White sauce 25 1/2 52 3]%43} white sauce

SHA &+ TH(Figure 3). 18] 1L, ¥H8-<Y

%2} BzO-gal¥} BzOH

o] g H]-&-S TLC data®] BzOHS} BzO-gal ©|F|A| & o]
st AgHog BAstt 1 AF, Figure 314 29]
BzOH$} BzO-gal®] & HI&2 2H7; 49.2%9) 50.8%% <
A=At ¥kl TRHE &, ¥ Foll= oF 1119 H&

Z BzOH®] BzO-gal®] EAgthH= A&

gl 4 ASdH

A, v o] BzOHS} BzO-gal?l =5 <F 1%

BzOH%} ¢F 1% BzO-gal2 F4319 0. &, BzO-gal &4
S Foll= BzOHS} BzO-gal©] ZH2} 1%4] £0903-2

[
QIS E colioll T e 2Abol o] wHgoe

u
5
A5t

Atk =3, Qg Agols o] HEAE 28 FE3ke] AL
|39tk &, 9F 2% BzOHS}F ¢F 2% BzO-galo] E10E &
=5 Wkgdo] gaFe FAbo] AREE AT

2. E. coli®f T8t BzO-Gal9| &

BzOH®] E. colidl T3 MIC A(minimum inhibitory

concentration)2 0.05~0.1%% HEIF 31 ] O1422), 21&l

Lac Glu Gal 0.5 1.0 2.0% f3%

BzOH

Figure 3. TLC analysis of the reaction mixture for

BzO-gal synthesis. Spot area for BzOH and BzO-gal
and their percent ratio are shown in the right-side
box. Lac, Glu, and Gal are 1% standards of lactose,
glucose, and galactose, respectively. BZOH standards
(0.5 to 2.0%) are shown at the bottom of TLC data.

A ZFAIR 0.01%, SPEFNAE 5~10% BEolA A
Hal e Ae® BHuwal QIvk2). v B ATolAe
WEA 24 9] BzO-gal®] 8-S ZAFH] 98 7123 <
A FAZA °F 1% BzOHS} 1% BzO-galo] &Hre ®F
< AME3A E. colioll thEE S ZARSH BI)E
THFigure 3). TFeF BzO-gal©] galactosylation &2 &+
UThH, o] ¥hg-H-2 °F 2% BzOHO} 22 I+t
7ML Js AR FAsa APe Yt

WA Figure 442} Zo] Al 71A] &-H(Solutions #1, #2,
#3 in Experiment #1, Table 2)o4 W% E. coli ATCC
25922F LB agar plate®l streakingst™ E. coli7} A2t=A&
w3 Agar plate #13 Zo] °F 1% BzOH®9} 1%9]
BzO-gal©] $-+8 wEg-Ao] Soizt vk oA njkd -5
o= E. coli®] 7o) #EEI O, Agar plate #29} 72o]
2% BzOH7} 318 vl eFdoll A mij kel 73-9-oll= E. coli®] A
o] TR okkt) 18|31, Agar plate #32} 2©] control 2
A DW7F 238 v ol v de A--olX= E. coli®]
7ol BEHJTE ofH Ao AT BE 8ol white
sauce 1°] 12% &7} 17] wi&ell Solutions #1oll= °F
0.5% BzOH<} 0.5%%] BzO-gal, Solutions #2°1X& 1%
BzOH7} E017} A& 27olA =t A3dol J3= Zlolzt
3 & 4 ok Figure 49 A3 E BhA= 2= 0.5% BzO-gal
o sl FEo] IS A3I5HR] FE3ldA] Agar plate
#1904 E. coli®] /7o) #EH ASE FEL 5 UAUTH
o] A#E HAE BzO-galo] IS 7ML IYA @& A
og A F 39l

B} 843 BzO-gal®] I8 g1 A
59} 242 Experiment 25 F33tHTE o] Aol A= ¥
HZ 22U} 2§53k, ¥hg F2] BzOH®} BzO-gal®| &%
E 28] 2 =0]al, ©]E 4% BzOH £ 3 vnste] &S
AT 83, AE A4 white sauce 19 ==
12 3143t Ad-e sk Figure 49 2ol Al 714
2-H(Solutions #1, #2, #3 in Experiment #2, Table 2)°l| 4] Bl

tlo o @ 12

M 1H ok o

834
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Agar plate #1

[BzOH+BzO-gal]+ 0| EA A1

Agar plate #

2% BzOH+3}0|EA AT [0

HE #1

Agar plate #3

DW+2l0| EA A1

Figure 4. Growths of E. coli cells on agar plate (Experimenet #1). Agar plate #1; [BzZOH+BzO-gall + white sauce
1, Agar plate #2; 2% BzOH + white sauce 1, Agar plate #3; DW + white sauce 1.

Agar plate #1

g

(2%)[BzOH+BzO-gall+(1/2)Z}0|E

Agar plate #2 Agar plate #3

4% BzOH+(1/2)E}l0| E

dd #2

=

DW+(1/2)3}0| EA A1

A Aq

Figure 5. Growths of E. coli cells on agar plate (Experimenet #2). Agar plate #1; (2x) [BzOH+BzO-gall + (1/2)
white sauce 1, Agar plate #2; 4% BzOH + (1/2) white sauce 1, Agar plate #3; DW + (1/2) white sauce 1.

&= E. coli ATCC 259222 LB agar platedll 43S A}
AT} Agar plate #13 20| 28] T35 RS (SF 2% BzOH
9} 2%2] BzO-gal 3ol oIkt vl vidd -5
2} Agar plate #29F 0] 4% BzOH7} &8 vl Fol| A nj
FE A9 BT E coli®] 7] BEEA| F3uth 22 Agar
plate #32} 2+o] control 24 DW7} &8 vjoFH ol A wjek
H AANAT E. coli®] 70| WA= AT). Experiment #1
3} mpR7EA & o ¥ Experiment #2914 % 1/248 3]41¥ white
sauce 1°] 128 Eo17} 17| Wil Solutions #1°l= <F 1%
BzOH%} 1%%] BzO-gal, Solutions #2°l4& 2% BzOH7} &
o7F A= oAt Aol IPHIJY. dEH o=

Figure 5] Agar plate #1 3= 1% BzO-galo] 3=+ &
At U A 1%2] BzOHSF @7 E. coli®] 378& ANt
the= AL g8l Atk ohAl 238H9, Agar plate #13 #2
oA 2] A= 1% BzO-gal 1% BzOHZ o] Fo] % g o]
2% BzOH &4-& A3t E. colidll T3t & 43T
T doEeE As DIF Utk

Experiment #2°] 235 thA] g138L7] 93k, vl Ff ol
&3 AM8-%& White sauce 1 tl4] White sauce 25 AH8-3}
& Experiment #35 533} Th. White sauce 19 A-9-ol&
kU =7t 3= o] QlojA & A Zzol BT ol U
7] W& vlauv=7} AAE White sauce 2E A3t
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Experiment #3°) A3} T} Experiment #3+ Experiment
#2004 A+-8-3+ Whate sauce 1-= White sauce 22 A ¢F A
olflol= BT 2 WHo 2 ST I A A, Figure 6
I} Zro] Figure 5914 22 ZAE BAFT

Al 7FA] £-Y(Solutions #1, #2, #3 in Experiment #3, Table
2)oll A Hl¥E E. coli ATCC 259229] LB agar plate®l] 37
S TESH =, Agar plate #13F Zo] 2v] T QY
(2F 2% BzOHS} 2%2] BzO-gal )] 013t v ok ol A
Wl FE 7492} Agar plate #22F 70| 4% BzOH7} g2 i
FA oA Wi FE S TF E. coli®] 7ol TEE A &t
o}, 12]3, Agar plate #39} ZFo] DW7| &2l el ol A
i FE -l AR E. coli®] 7o) B AT Experiment
#1 18] #29} Z+o] o] Experiment #3141 = 1/2 ¥l 34
white sauce 27} 128 E17} 7] W&l Solutions #1°I|
°F 1% BzOH®} 1%2] BzO-gal, Solutions #2014+ 2%
BzOH7} E°17} A& ZdollA d+ 3ol IP= At »f
F7HAZ Figure 50014 42 AEAH Agar plate #1 A=
1% BzO-gale] @+t9& H3|ste] 2] 1%°] BzOHS}
Al E. coli®] 78& A= As allFaL AL o] Agar
plate #13} #2014 2] A3}= 1% BzO-gal 1% BzOHZE ©]
T3l 8-fo] 2% BzOH &2 thA|st E. colioll Ttk &
78L& E3E F deke AS onlEta ok

B ATHe O5t g A8 AT AAE THet B
A, vAE] tig A Aslige] e dt B4l galactose
g BAE AfA7IE, dtEo] fAHE AeE AAT,
HaEE A= BEE A6, 19). Figure 40142 AE

[

1 0.5%2] BzO-gal©] 0.5% BzOHS] &3-S thAlskA] &
sh= oz #EEUTE o] A= BzO-gal #A}ol| galactose
Ao 2 gty £4o] dolitiete FES T < A
ghc}, WHA, Figure 59} Figur 62 A= 1% BzO-gal®] 1%
BzOH9| g+8& ¢hxd3] tiAE & ke A& HofFa
At} Figure 49 A& 3l A3tid, 23] BzO-gale] &
Tl ol Ax 4] USlE Aer FEH 17
1}, Figure 5%} Figure 62 A3} A= BzO-gal©] BzOH®} 2
< FES A 202 BAXth olF v afAst
H, Figure 59} Figure 62 A3 1% BzO-gal©] 1% BzOH
o Y3 S 7HA AL YA = AN, Experiment #2}
Experiment #3 oA E o]E RS 7o FE3 49
BzO-galo]l S°17}F & &+ Avh= A4S & & Utk woF
0.5%°14 1.0% BzO-gal Ato]o] F&oll4 Aol o] Fojx
thH, BzO-gal®] @+t o] Yehtr| Algbshs s 58 @2
T A& Zelgta A7 1E]a, 710l B BzOHS
MIC #tell Histe] Aoz 108 & #t& B AF oA B
ATH22). skAIRE, AF i A 21 Fol A= w9 o
27] wfZol Lol Apeo|2 FAHW, B Aol 4} o]
BzO-gal¥} BzOHE 435 22 2|4 Hludl= AFfode
Z BA7F gls Ao AAEnh

HIE $& 55 HefolA 9 A3olal, Gram negative Al
oA E colidl T =RA1 Fo8 Ay Ao|x|,
BzO-gal ¥2H8 Kt} kg mlgfe] g+8S 7IXa &=
AFHVMERA AT NEs] Qg AR o] =
At & AT o' BT

off
b
2
X
°
o
ot

HH #3

Agar plate #1

(2x)[BzOH+BzO-gal] +(1/2)30| EA A2

Agar plate #2

4% BzOH+(1/2)S}0| EA A2

DW+(1/2)3t0| EXA A2

Figure 6. Growths of E. coli cells on agar plate (Experimenet #3). Agar plate #1; (2x) [BzOH+BzO-gall + (1/2)
white sauce 2, Agar plate #2; 4% BzOH + (1/2) white sauce 2, Agar plate #3; DW + (1/2) white sauce 2.
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