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Table 1. Tatty acids and their csters.

Abbreviation Drug Abbreviation Drug
Cg Caproic acid SMCi2 Sucrose monolaurate
MCq Glycerol monocaproate SDCye Sucrose dilaurate
SMCy Sucrose monocaproate Cia Myristic acid
SDCg Sucrose dicaproate MCy4 Glycerol monomyristate
Cs Caprylic acid SMCiq Sucrose monomyristate
MCs Glycerol monocaprylate SDCy, Sucrose dimyristate
SMCg Sucrose monocaprylate Chg Palmitic acid
SDCg Sucrose dicaprylate MCis Glycerol monopalmitate
Cro Capric acid SMCiyg Sucrosec monopalmitate
MCyp Glycerol monocaprate SDCis Sucrosc dipalmitate
SMCyo Sucrose monocaprate Cys Stearic acid
SDCha Sucrose dicaprate MCisg Glycerol monostearate
Cie Lauric acid SMCyg Sucrose monostearate
MCio Glycerol monolaurate SDCqg Sucrose distearate
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Table 2. Comparison of antifungal activities of
fatty acids and their esters.

MIC (mM)

Drug By agar method By broth method

A.niger  P.ocitrinum C.utilis  S.cerevisiae C.utilis
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¢ Minimum inhibitory concentration
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Table 3. Comparison of antibacterial activities
of fatty acids and their esters.

MIC (mM)

Drug By agar method By broth method

B.subtilis B.cereus M.lysodeikticus Staph.aureus B.subtilis
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Table 4. Comparison of antibacterial activities
of SDCg isomers,

MIC (mM)*
Drug B.subtilis B.cereus M.lysodeikticus Staph.aureus
SDCs (mixture) 0.125 0.125 0.125 0.125
SDCg-1 0.25 0.125 0.125 0.125
SDCg=2 0.125 0.125 0.25 0.125
SDCs=3 0.125 0.125 0.125 0.125

* by agar method
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Table 5. Comparison of antifungal activities of fatty acid
esters with some commonly used preservatives.

MIC (mM)*
Drug
A. niger C. utilis S. cerevisiae
MC1o 0.5 (123)%* 0.5 0.5
MCi2 0.5 (137) 0.25 0.5
BpHB 1.0 (200) 1.0 1.0
SLS 0.35 (100) 1.4 0.35
SA 8.9(1,000) 8.9 8.9
DHA 0.6 (100) 1.2 1.2

BpHB: butyl p-hydroxybenzoate, SLS: sodium lauryl sulphate,
SA: sorbic acid, DHA: dehydroacetic acid

* by agar method
*% ug/ml
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Table 6. Comparison of antibacterial activities of fatty
acid esters with some commonly used preservatives.

MIC (mM)*

Drug B. subtilis B. cereus Staph. aureus
SDCsg 0.125 (74) %% 0.125 0.25
MCiog 0.5 (123) 0.5 0.5
MCi2 0.063 (17) 0.063 0.063
BpHE 2.0 (400) 1.0 1.0
SLS 0.35 (100) 0.35 0.18
SA 35.7 (4,000) 35.7 35.7

* by agar method
*% ug/ml

SIS OBRENE) S0 )TN, RHEST
TVU— MERDUH B2 Witk HsadE L T F S T 5
Flrews e A %3,

b BsHMbHEW A LATIL OB GkAIZHTIHEA
gﬁ

WD BEBBALAT Lo RA HELTIE, BROMEAZR
B GEERHA VL THD LG ENDHD, % 20 CalchHh
LowT B, subtilis £ HBBEL L B HRISK T3 pHO
YL S RH UERRA Toble 7T,

590 BT RELS v kT W3 5 1< pHo BN
$ECho1, PHT 0 B hr 1= A T, pHb C 45, pHE L 1E30
BORBNWEBINER, /155 ) >0 kMET) 57
L= R TI1EpH S, 1,8 0B @1 Hw L Rt BEZEO I
GHEAYERLE, LALHS TEDA COER L0 A
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Table 7. Effect of pH on antibacterial activitics of Cj2 com-
pounds towards B. subtilis.

 MIC (mM)*
pH e e
cl2 Mclg SNIC]g
) 0.016 0.032 0.25
6 0.125 0.063 >2
7 0.5 0. 063 >2
8

>1.0 0.063 >2

¥ by brobh method

RICEAESNTVL-b, ) D ° 0>, )5 ) >0
77 NGHAE - HS 3 HARAZHTIRGRAE LD
KE-02 85 B3t L #5210 Toble 8, 9, 10 T & 3.

Table 8. Effect of food constituents on antibacterial activity

of SDC;s.
MIC (mM)*
Additive e e
B. subtllz.v B, cereus Staph aureus
Control O 12) 0. 125 0. 125
1% corn starch 0.125 0.125 0.125
125 wheat flour 0.25 0.25 0.25
1% gelatine 0.125 0.125 0.125
194 albumin 0.5 0.5 0.5
0.195 Tween 20 1 1 1
0.1% MCyq 1 0.25 >1

© * by agar method

ﬁﬁ"ﬂf DU-hTHE, TAMEY, MWEK, U550
é;@)atlift,lvt“&v\ ® T, 2) s 4 >, Twamn
WNBBIE)IERBAD D E) T4 L AR
wE,
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Table q. Effect of food constituents on antibacterial activities

of MCio.
MIC (mM)*
Additive e
B. subtilis B. cereus Staph. aureus

Control 0.5 0.5 0.5
1% corn starch 1 >1
195 wheat flour 1 >1 1
195 gelatine 0.5 0.5 0.5
145 albumin 1 >1 1
0.125 Tween 20 1 1 1
0.1¢) MCys 0.5 1 0.5

* by agar method

Table1d, Eflect of food constituents on antibacterial activities

of MC;-z.
MIC (mM)*
Additive T T s i
B. subtilis B. cereus Staph. aureus

Control 0. 063 0.063 0. 063
125 corn starch 1 1 1
19 wheat flour 1 1 1
194 gelatine 0.125 0.125 0.125
145 albumin 1 1 1
0.1% Tween 20 0.5 0.5 0.5
0.195 MCye 1 >1 1

* by ogay methed

TIN TN THETS S, ) ICUIS >0 i)
FnD, Yoo oo dHERAD S ATEx 4, £) 5D
N> CHETTF VN e 4N /BT 546 Tx 43
SCABAENC T, S SO R F) KBEMY 08B 1
FMIATWVEANTE) ) €5 4R 0F MREL, 2
B MEPE L E3+ 0L 3% Th3,

FER)S0) >0 MERINE) PS>0 £z £
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Table 11, Comparison of bactericidal activities of four fatty
acid derivatives toward Staph. aureus.

Drug Concentration (mM) Viable counts/ml
- — 1.6x108
SDCq 1 3.9%107
0.5* 6.8x107
MCio 1 108>
0. 5% 103>
0.25 2.4x108
o 1 3.2x107
0.5% 7.5%107
MCia 0.5 1.0x104
0.25 2.3x 104
0.125*% 1.6x10%
0. 063 1.3x107

The cells were treated in distilled water at 30°C for 60 min and platecounted.
* MIC of drug by broth method

Tble 0% 2 15 548 e h €0 AEABA =5 W L LB
REHBLUELD CH I, BET 4Lk HWIC oik
BE B, adtilis 122w\ 0D ) 38 2.1z EHIRHE LEEE >
5) B) TN OMBERLED A Fig. 1 TH 3.

oD 001, 01,06, 1.0, >1,0 o%&BF 5T MIC (0,063mM) %
DNRLOMEENE)S ) > % o LEBA, R I
BhRENRES WED, FHE L BEMSE 0k ML
KILAETF U 2358, BHA A EE o LB 10E
B0 L 10 46F LT W3 X SERLE.

SOEERBBEFE)T ) BT, 550>
BE(05SmM), 21 N0 (0.5mM), ’tE3 71 7°) L- k(05
mM) 1ZHNTE Fig. 1) Mo, b L RFROIBRE RY = 4,
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Fig. 1. Effect of MCj2 added at different growth phases of B. subtilis. The
OD was measured with an automatic growth recording apparatus (Bio
Scanner OT-BS-12, Otake). The time of addition (indicated by the arrows)
and the concentration of MCjz are as follows:

No of curve OD of the time of addition Conc. (mM)

0.01 0.032

1
2 0.01 0.048
3 0.01 0. 063
4 0.1 0.032
5 0.1 0.048
6 0.1 0.063
7 0.6 0. 063
8 0.6 0.094
9 0.6 0.125
10 1.0 0. 094
11 1.0 0.125
12 >1.0 0.125
13 - —
(control)

5% % &
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Fig. 2. Typical growth curve of E. colZ in nutrient
broth obtained by the automatic growth
recording apparatus (Bio Scanner OT-BS-12).
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Table 12, Relationship between prolongation of lag time and j»ﬂz[: 2% 12 Zi 5 ;

viable counts of E. coli.

Prolongatio;l ;)f lag time Viable counts/ml :j 1z ﬁé—% (// % a9
(hr X
T B 5
0 1.2x108 , .
3.0 1.2x108 ﬁa}m Z;kbg
5 Lo L, Table120 £3
8.7 - 1.?51072” ):&%&\C 10*8'0'/”\2

MEEEBCOP =Bt BABAL DAY K3, Thns
ARIIMT C1f B H W0 10746 F 1t Log tome DR 385
MokErBEd3-viz 13,

HF CO0RAER AR N £ ABAD 122 T TablR 12 157 L
ERAEE lagtime 0 BEBSMCKRAT 2EHIZ 1H Fy.2
AR LERET 4B 5 0DCSBIR LE AR — B3 2 YA
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Table 12, Enhancing effect of fatty acids and their esters on
thermal destruction of E. coli.

Prolongation of Prolongation of

Drug lag time (hr) Drug lag time (hr)
— 1. 5 Ciz >20

Cg 1.3 MCye 9.5
MCg 2.6 SMCie 1.5
SMCs 1.5 Cia 5.7
SDCs 1.5 MCi4 2.4

Cio 3.7 SMCy4 0.9
MCiyo >20 SMCig 0.7
SMCio 1.3 SMC;ig 0.9

The cells were treated in distilled water with cach drug (0 5 m\/I) at 50°C
for 5 min and treated cells werc inoculated into nutrient broth at a rate of 2%
and incubated at 37°C. Lag time was calculated {from the recorded growth
_curve. e o CoTTTrTe e T

%5% TR R F = H 3 HEE B3
NECRUEE > 1 B0 MR L8R T ok AR)
REATCERARALENT, MF S0 )>BE, &) A7°
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Table 1%, Effect of concentration on enhancing effect of three
drugs towards E. coli.

Prolongatlon of lag time (hr)

Concentration A

(mM) MCio Cio MCie
0.5 >20 >20 9.5
0.25 7.7 9.5 9.5
0.1 2 3 9
0.05 — - 8.3
0.025 — - 4.3
0 1.2 — -

The ccllsv were treated in distilled water with various c—o.r.lrcgrilg;ation of
each drug at 50°C for 5 min. The culture test was performed as shown in
Table 13,

TINTN > 59 VBT IEEMENE LL, 0.1mM
£1) 025,05 mM CEZF 312 ok T K%L Lagtme OF
EABHERE. B) 599> Tk 0.05mM M CIE Yk
P BATEIE 300 b ER> =4, 0.1mM KT AEE
B 1t BB log tme 0 B (167~ 10 Fhu FIRARLE
P H8%) MU X ME,

b) SBE.
Tabm 15 ¢ oA NITBE 0 G853 L #2053,
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Table 15, LEffect of temperature on enhancing effect of three
drugs towards . coli.

-~ Temperature Prolongation of lag time (hr)
" (QC) e S
Drug (mM) 37 47 50 53

— 0 0 1.2 4.3

MCyo (0.25) 0 2.3 7 >20

Cr2 (0.25) 0 3.8 6.7 >20
MGy (0.1) 0 5.6 9.8 13.7

The cells were Ir(r‘z;t'ch in ;1"1'“}13-(:5 waiglha;VALOGSt;r;;)t{a;u;L; fogriS ;r;in.

N, 5HMIET E TN T 0 ERE BT Ho £ BAE
R K FERAREMRIEALE. 03B 1= £) 717°
N, 5 ) SERCIEBEER BENREL, 1, 0T,
53T v log time BB B5PAAE L L 3t LA, £) 5
) IE B A ot pE Bt LN UALE LIS
W SARIECY S4e5 M0 lagtme 0 B A o 5167
BB RN FH 5 .

0 BnFEra (A

Toble 161t B FETOE. bl T KB EBECHAL, — 2D
SHAE (00 010) 1<k 33 BIARNT MR T B,
E)59 1) (0.25mMILSOC, S JoinFE LUE#ET,
E0B (BF o b)) s EE 2 fog e 0 EEHBRCRL
T3, Bo B ABIES 12> WCRSRABERIFOEY T
3z NS Tz t. AL RUTLEWA, &)
550) > (02smM) Eag Rzt (£38)C 180T ho £E40
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Table 16, Effect of culture age of E. coli on enhancing effect
of MCie.

Culture age Prolongaf:on Qf ?fl%,t,l,r?c“@r)

(OD at 650 nm) ) o MCpp*
0.10 0.2 10
0.30 0.3 8
0. 80 0.2 4.5

EFach s;lnlplg\;';s};gz:t;d 'in nutrient broth at 50°C for 5 min. Cell con-
centration during heating was adjusted to 0.1 of OD in all cases.
* (0.25 mM.

&) B AT 3458 % AR,
Tobe 1THEE) 59D >0 ek BRE 1 43 150 %,
BEBULE#ECH3.

Table 17. Effect of metal salts on enhancing effect of
monolaurin towards E. colz.

Metal salt Prolongation of lag time (hr)

K~Phosphate 0.16 M > 20
0.08 > 20

0.04 10.2

Na-Phosphate 0.16 8.5
KC1 0.16 > 20

0.08 8.5

NaCl 0.16 8.0
K-Phosphate* 0.16 > 20

- 8.3

The cells were treated with MC;, (0.25 mM) at 50°C for

5 min at pH 7.0 in distilled water with or without metal
salt.

* treated in nutrient broth
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Table 18, Enhancing eflect of three drugs on thermal destru-
ction of Ps. aeruginosa.

Concentration Prolongation of lag time (h:f) ,

(mM) MCiyo Cia MC)2
0.5 8 8.9 8
0.25 3.5 6.2 7.5
0.1 — — 6.8
0 3.5 — —

The cells were treated in distilled water at 50°C for 5 min and treated cells
were inoculated into nutrient broth at a rate of 29, and incubated at 37°C.

Yok o S5h BIERSE 1=-uwT @R ki T
E. %o f45 Table 19 127~ U BRI Sal. typhomunium CiEFARK
h w1, Pr. wlganis, Sou. moeacsswns 12 HnLIE 740
TR RN R mE, 2EZRE0E 1290 Wy Lag
e EN U BAKTFIZEZ &0 UHI L EEH LY

3,

Table 19. Enhancing effect of monolaurin on thermal
destruction of Gram-negative bacteria.

Prolongation of lag time (hr)

Organism

without MC;2 with MC,,
Ser., marcescens 3.6 7.6
Pr, vulgaris 4.3 > 19
Sal. typhimurium 0.3 1.0
E. coli 1.3 8.0

The cells were treated in distilled water at 50°C for

5 min.
MCi2: 0.25 mM
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Table 20, Relationship between prolongation of lag time and
viable counts determined With same gample,

a) I coli Initial viable count 1.4 x 108/ml

Drug

(concentration)

My (0.25 mM)
Cra o (0.25 mA])

MCys (0.1 mM)

Prolongation of

lag time (hr)

1.1
7.0
9.2
10.0

Viable counts
per ml

3.5%107
8.0x 10
3.0x10%
1.0x 102

b) Ps. aeruginosa Initial viable counts 1.8 % 108/ml

Drug Prolongation of Viable counts
{concentration) lag time (hr) per ml
— 4.3 6.7x10°
MCi (0.5 mM) 9.7 3.0x108
Ci2 (0.5mM) 12.0 1. 0x10®
MCi2 (0.1 mM) 7.5 7.0x103

The test conditions were same as that shown in Tablef and 13,

AR CAWE RIS £ %) LA F 1L o oA 4L
Bie£3 logtime o EEEBHMATEC ICEL
HULER, 2oz E) 2 Wb okFlokR it e 5a-
WEs3chaz PR3, LU 1Y LE A,
FAOS B OMERE RS BRI Ut Lagtime £ HH
Yol -gmBEmEEa Lt 25 n3 . 4o AR
AW = Lag time Dk B 5 TRAIEAN & SB35 At
TR 1D FF~BATI LA TR,
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Table 21, Effect of citric acid, polyphosphoric acid
and ethylenediamine tetraacetic acid on the
antibacterial activity of monolaurin against

Esherichia coli.

Prolongation of

Drug (concentration) lag ti (hr)
ag time (hr

Citric acid (CA)(1%)
© sodium sakt 6.2
potassium salt 8.3
Polyphosphoric acid (PP)Y(1%)
sodium salt 7.3
potassium salt >12.0
Ethylene diamine tetraacetic
acid (EDTA)(0. 01 M)
sodium salt 8.3

- 0.3

The cells of £.cali were treated with a drug combination
in distiled water {(pli7.0) a1 30C for 60 min. The drugs added
were neutralized o pH 7.0 by NaOH or KOH aq. solution.

The treated cells were inoculated 10 nutrient broth in a tube
of the automatic growth recording apparatus (Bio Scanner, type
OT-BS-12, Otake) a1 a rate of 2% and incubated at 37C.
Lag time wax calculated from a recorded growilh curve,

Concentration” of MCyz 2 0.25 mM

EDTA, 7T>8h (Na
1 BEWKIE) $3
WIFRY ) > B8R (Ma
#) 0 e R Sy
g8 T 1E ) B 432
YR B ReoRE 4%
WEERC, oy
B (K35) $adsze T
105858 0 lag time
N EH 3N EE
REGERTE AL
A% - o
LITARAWE I
>0 SEE 1% Uk
T, TdERyoosrM
I E 3%, 00/M

NEDTALIZIF AAE 0 Logtime DE B RIZERL, £
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Lt 7T V3 Y AFNHS W,

512 F) 390> C)#AY TA (oM, VB S
VT A (OM), ZBACH US4 (016M), BT R D4 (0]b
M) BC Lo fEB 1 - 1t AR CREL, 27
NMBNFOB S 2 L EHRHEN (2~3 5P Lag time 3E
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Table 22, Effect of citric acid on the antibacterial ac- gﬁ V\/{%mﬁ% J)%@b

tivity of fatty acids and their esters against N 4+ Low
E. coli. bW\EF/(’))QZ) ﬁ\%ﬁ%‘/
Dr Prolongation of 7}70 1) |/’ }\ ) ’E } 77
g lag time (hr) 0 - _ N -
- O TN, k) G,
8 4 .
MCs 0.2 EEE) 39 L- T
SMCs 0
SDCs 4.5 HY, fo0 8 v OB T
Cio 0 IR .
MCio >12 %;o’) ﬁ%;g/tfjv’/i VAs
SMCyu 0 - I _ v oA
o > BRIEEY M
MCi2 8.9 N -
SMCu2 5.4 \%ﬁ,d)b Wi -t
Cu 0
MCls Lo 512 590 Rt
SMCu 1.7
 SMCs 0.1 0.0TM " EDTA LD ﬁiﬁ,@"
SMCis 0
I Hw 1 FENY
The test condition was the same as that shown in Table 21,
Concentration of fatty acid derivatives: 1 ml \ e \ 2
Conc. of CA (I\Sa{suh): ;{"/:1 i Zﬁ 73 ? t ’7)\ ( 0‘ 5 B% ?aﬁd)

Jla@t&me/m}ﬁé)) 1%
TN BRADST ALOMBIZF) 4 6058 0 Lagtime 0
HERNBHS WE, 2E 1% R0 BN Sa BT
)79V b+ R LTEARCH- £ (85 705880 dag tim
n¥E&),

TI>Bodfktors- T HhwREMERIEEH VEE)
N7, & )55 0= 20T, Xh5nEEnH Py
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Table 23, Effect of citric acid at various concentration :&) 77 70 ’) > 'j: O'*g)
— [mM < IE &b HT
rolongation o

Concentration of lag time (hr) @fﬁ/c\ %7 /C_) w q.\\

monoglyceride (mM)

of monoglveerides.

MCw MCiz
1 > 12 9.7 *\% jzgfﬁﬁpx—t—@h&
o e tmenEE5% LE
o e By 7, 0.28mM MK
e o AN ) 45 o i i ERL A &R LT

R E. LU E)5Y
N> CIEEE 0B B kil ) 0063 mM S AKZE B - Huv
U D)o HFRED HoE. |

D ES 12 E, Wl mH LT BB BELR T L1 7T ST
K30t W) > B HCC0RA Y 1T WA SMERE
RIZCERBHCEDN, DY 54 B4 =3 /£
EMH LEY Table 24T H 3, 22 H5n3 Jag tima
NEENERYMTIZES 2w BTSSR CPES T 53,

S aERoMRILS 3IRAERZH L CE Wl BR
BB AEL, Su. mnwsons , T, wilbgoni ; Sall. typhimu-
s, 2RI 73, B, aowngimpon. 1 F FRF M B €O
STHEEM4F50E. FEVTROB Iz nw Tt BREL
€17 7°) (1) OF AE) S5 ) > (0,25mM) £ )AE
A A%<, AV 0> 8 (%) o £ 7 2> 88 (1%) &) 34
WH R RE H L VwE. U oRHIAEECOAE G
)79 )88V, E.wllizo0 T4, £.
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Table 24, Effect of citric acid and polyphosphoric acid on
the antibacterial activities of monoglycerides
against Gram negative bacteria.

Prolongation of lag time (hr)

Organism - MC10 MC;»

- CA PP - CA PP - CA PP
E. coli 0 0 0.5 0.8% >]12% >12% 0.3 8.8 >12
Ser. marcescens 0 0.5 0.7 0.7 8.9 11.4 0 3.2 6.8
Pr. vulgaris 0 0 1.2 2.0 4.0 4.6 0.2 1.5 2.8
Sal. typhimuriwm O 0 0.1 1.2  11.6 >12 0.1 0.5 2.5
Ps. aeruginosa 0 o0 0 0.5 0.9 3.0 0 0 0

The test condition was the same as that shown in Table 21.
Concentration of drugs ... CA (Na salt): 1 %, PP (K salt): 1 Z,
MCip: 1 mM (* 0.5 mM), MCi2: 0.25 mM

B £)5% V> ofBIKT3% G0y B

Table 28, Effect of amino acids and organic acids on the / 5’,: | hrsé
antibacierial activity of monolaurin against E. Tabl 2 j: € }
coli.

7971 > (025mM) )<

o ) AT BRT) IR
Glvine B HEW B B o
| MESRLE, AH
L 0.4 TY) Bt IR A

Citric acid 8.0

Glutamic acid

Malic acid* 4.9 Fﬁ%%@& 4 ) ﬁﬁf;
Lactic acid >12.0 \
Oxalic acid 3.0 @ﬁ‘ﬁ\ rj‘ I7I- } @%/{@
Malonic acid : 0.5 "‘
Succinic acid 0.6 < ') ; 7 [g/]?i) ‘gb @ﬁ
Fumalic acid 0.4 \ A K g
d
22 BR UM R INE.
The test condition was the same as that shown in Table 21, 7 @k'c 4 %
Concentration of drugs MC12:-+0.25mM  Amino acid and N9 0
et o organic acidsd(r;\;a sall)--T'lfu; 'Z»c‘ ) 7:) g’w)d) b \k E 9 L/ﬂ\
*pH 5.5

VILBEn35A 0
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Table 26. Effect of concentration of added chemicals on TO-b’.Q_ 26 ,:7]‘\ (/72
the antibacterial activity of motiolaurin. ; 5 1z /7 1 S @ﬁ) ﬁ\o
. Prolongation of TR @% j%,b\’
Added drug lag time (hr) )Y /@ 29 Tm'a i)
— 0.1 :?C s \ 0
Citric acid 1.0 % 10.1 AR ﬂo/}K&ﬂ\ O 1 /) )
(Na salt) - d N
0.5 % 8.5 %é\]:?} U\ 1:& ﬂ\&
0l % 4.0 S
Malic acid 1.0 % 6.2 l) D] /{% % ﬁ] %’8 573}&)
(Na salt) 0.1 % . 0.2 - » - v A
’ f—ﬂ\\) 1) >4 @2 0.1
Polyphosphoric acid 1.0 % >12,0
\]
(K salt) 0.1 % 8.7 % ’(,“Ij: ’%— Y }v E é%zE/J
W
The test condition was the same as that shown iy Table 21, /(J y) 7 E °
MC L2, 25 mM Test organism: £, coli.
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Table 27. Combined effect of citric acid, polyphosphoric
acid and EDTA on the antibacterial activity of

monolaurin,

" ) Prolongation of lag time (hr)
Time {min)

CA PP EDTA

2 — 2.1 -

5 — 5.7 -

10 3.3 7.0 4.5
30 5.7 >12.0 —
60 7.9 >12.0 —

The 1est condition was the same as that shown in Table 21,
Concentration of drog:
MCyzeeer-0. 25 mM CA (Na salt)>-1%
PP (K salt)-r 1% EDTA (Na salt)0.01M

Test organism: E. coli. ‘

REEE O RIZNBECH - E.

C) SRR

Table 28. Effect of test conditions on the combined effect

of monolaurin and citric acid against E. coli.

Prolongation of lag time in the

following conditions

AT, 10min~ 30C,60min 20C, 60 min

Combination of drug

MC12(0. 25 mM) +CA 9.1 6.7 3.1
MCr2 (0,125 mM) +CA 8.2 5.9 2,6
MCp (0. 063 mM ) +CA 3.7 - —
MCi2 (0. 25 mM) 0.6 0,2 -
CA 0.3 0

The test condition was the same as that shown in Table 21,
Concerration of CA (Na salt): 1%

S
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Table 29, Effect of pll on the combined effect of mono- —_ N
-
lurin and organic acids. ;E ) 7 V !) 7 %2
\J
Drug Prolongation of lag time (hr) —C :6 PH 5_‘ 5 __C\\ )j—. 2'5

pH 5.5 7.0 8.0

Citric acid (CA) 0 0 0 8}5 ?e% 2 'Q'aﬁ‘ W@ﬁ.
S P RO 5 b A (
W n N Tiuthersed
The el wers st i e broh of various sl a1 30°C ﬁ%@ﬁ“ﬁ.}: £ %9\%
e e TRBT3 BETH
e B ' 4IRS TV,
7T > 8, LEREAE T A HTE BB E RS v A,
ShBY &) 5T v BAEIZES HEMEIF, 11
SELOBAE T E) BB W E T LAY CAERIS
{ Lbtodfha st oH o BF X 312 &% AR AKT
NS N,

e) @ (£¥ ok ia)

BB H W Staph, aunaus, B subtils =371, &)
90>, 5T )Bh, )N TN >, B SH700 L-
MMREERE R UEEERNO DI ERLED, B
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Fig. 3. Combined effect of monolaurin and citric acid
added at different growth phase of E.coli.
The “automatic growth recording apparatus (Bio Scan-
ner OT-BS-12) was used in the culure test.  The arrows
indicate the time of addition of monolaurin and citric acid
(Na sali),

Conditions of culwre test are as follows:

No. of OD at the time of Concentration
curve addition ‘of drug CA(%) MCi2(mM)
1 - — —_—
2 (0,01 0.5 —
3 0.01 e 0,125
4 0.01 0.5 0.125
5 0.1 0.5 b
6 0.1 - 0.125
7 0.1 0.5 0.125
8 0.5 ‘ 0.5 0. 125
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Fig. 4. Combined effect of citric acid and
various drugs against E. col<z.

Conditions of culture test are as follows:

No. of

Dru concentration
curve g ( )

1 control

2 CA (Na salt,0.5%)

3 SLS (100ug/ml)

4 SLS ( ] Y+CA ( « )

5 Tego 51 (5ug/ml)

6 Tego 51 ( « Y+CA ( )
7 MCyo (20ug/ml)

8 Hclz ¢ " Y+CA ( # )

9 Tylosin (20ug/ml)

10 Tylosin ( " Y+CA (o« )
11 Erythromycin (5ug/ml)

12 Erythromyecin ( & Y+CA (o« )

TL>8posbimizE) v % o o /R (2042
SRR HLER CH3 0 REER o 4 E 7 A
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Table 30. Relationship between prolongation of lag time and
viable counts determined with same sample (£. colZ).

Drug Prolongation of Viable counts

(concentration) ' lag time (hr) per ml
MC,;, (0.25 mM) + CA (Na salt, 1 %) 7.7 9.0 x 102
MC,, (0.125 mM)+ CA ( " ) 6.0 7.1 x 103
MCy, (0.063 mM)+ CA ( " ) 4.0 4,5 x 103
MC,o (0.5 mM) + CA ( " ) >12 <10
MCio (0.25 mM) + CA ( " ) 0.3 9.0 x 107
MC,, (0.25 mM) + PP (K salt, 1 %) >12 <10

The test condition was the same as that shown in Table 21.
Initial viable count: 1.2 x 190%/m1

BEMERLTIAFTILC IL> 8252 1 1IE710)Y) > B8 D4aA ¢
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Sall, typhimunium B2 Iz 2%, B, avwgingsn 1$ AT
WD, ZOfBAHEZNE 0" 54 BRERBEO — FLF
938 S nt L IF-FLTVE.

4 £ 85 BEL OFLEAERA 1<) T St £ 5w Frase ™ 14398
A (boonm 1"n oD 0.5) 0378 s+ EDTARLEL. LE E. wll
ISHUN7°) B8, SOVARG B, AL ASBL, ))- LR
AL VA MITAERE SR TV LIBT3 2 645
ELtw3., R2EBCAVEZEI(2eadfitEk) oF.
Wl THNT B8 v 720 >8 H3 vl 2) X582 044,
B 1ZE3RGAAERAETEDHUT, 78530 1£ EDTA
L5980 MAIZE) BF O ERE 20 5wt

b2



UA'L AR (bsomm <D 0D 085) ) E. wll125%1)>
BRY 7T >8R s B 65 KT CIEE F BB ORE B F
BEBEAD S W, BoREMrs3 ERB Lok f
KEWL £Z SN 3,

EDTA R SR TXL—NE IRRED 302851 7 2> B4_(
YWYNO TSRS AFL- ND RBACER T T B E
W32TH3) 1275 ARBREIBE =T 3 S Flo MEAER,
HRBAER EE R T €3ERNH 3 2 vif 2o ok
HIBF s = A UES,

EDTA® 7' 5 4 PAVespd 93 R LT 7>
BhCE W REEAD = ALY EFFEIAT L0
MEERNE BB LTI oL E L 5n3ar, Fu—h
EREEO BTG vv 23 73 )8R (Ee B0 )y 02
F3T4 FL— bR EIARBIE FTHI) FLIEE LY
ROFWILE), SloMHELEs T4 HEH2. HEU
FENEBREAN 1ESL—F— CLTn BXoy (3243
2 ’(‘\’j&<) %/{ﬁ\tﬂjﬁiﬂF%): HVT, 1A ;%\AJ)QJ
EH30 HER N EBRINIEHO B f0 BFNEAEIS
ENBExn3 d 3 B3,

S5 5 AR s B W LRI E R - T v o i
EiconwTv 2 43w EMH3, LU tolkeh = Ak
Ve &5 = I BERE BT8R (Cro, Ciz, Cre) B EHIANAIZE 3%
ENEn s, B RMAREN o St EAMEL AT
IV (SDCy, SMC) 12 ABUHRBIEA Fu 2 v £, B off

63



BUNE O HHELET b L vh 3% Bhu.

PRI Bo%kmizE) £) 39 >0HE 59 1Y
2024 3> %) MOTBME 0 ) 54 Bvesad =RT3
TR NIEBR TN = v LIS =B or 5338 2CHY,
KA BB LTV H T > B0 KA fEH U
SEB GG, AR T3 HEFOFR LB R
FIEFEMY v LT R OATRAEE NS,

WMDY SER, 1T, RERBR T ATILO HYerEAK {,
Ry n L BRIERAMEFI LU, IT B sBokt v LT,
ASH BT AT I E AT L LT YW W Sk Tas T
W3, TWENRABEA T4 BAvesRd ~ R BAER K T
St EENNL AR TESI2AF THY, 7TAM
VB RO AE UAEE Lo T W3 BATIATLER ¢ LT
T A EAE 'R 3.

Yoib & %

B fo RS BNBE B E WE N T T L1E 30T TiF E. wll 2 7L
EC MO HRBERER I BV, T 0L 54 K K
LA TIWALEDTA, 7L 8, K1) >88 v osfsinz &)
BEARBMERERT o ERHLE. TI) B ERBY
W BENEL, R0 M) B HE BRI ETO
MR TR0 WEA, 7T BE A v K43 PAE
ZESE e 7

DI BoHFmzEVBwREEBNERLE Lo 1L,

bt



E)NPNL, BISONS, AT 5YL- N, ik
AT L= U B XOBMEIBEECH T, I
SIATFIL 0063~1,0mM 2L, 7L >Frt 0l~10%
hal, 30°C, 0P AEBxT ¢, /52/3:\/\(,/0'6@ LA RO
TABD SN E. A > gt 71288, EDTA 1248 3 4%
AMREERL, WI'hb > N)SATEEY )Y Athok
MAEMNEKE EREGF0BE VLR 128> §)) KBS
BAoy Aoz8 - B L aAER 1 £ R L T

WEn E5 BT BnCe MRkt R sEmd Y
RAXWERN, %o pHe A0 HE 45573 x4 87
SRS T,

ABERBALASIL v 7 T>BEH3w v R V) SBE o) #AE
2 E M BRI E D 7' AR AR 12 20 T B x i
EA) % ofEmit E wll 23 UTZE <, B augineda
52 LA 287 1=

FERE. Wl 1=H@43 ) Ao 4 3, #403>, SLS,
S-S DMBERNIET T Bz &) £ LE
RXW3 S ERHLE,

65



TuE BAMRRROERE IS
RN

FECE) STV LTI 8H2WERY Y SER oM
Rz E) E ol 5750 AESREIZ LT8R B & B R
EHIATILE RLEAN, AL CE LoMRiEo K
KOASN 12T 38 65T E. ol SAN LT R FOREE4T-
t. »

T8 2k
0 HIEHEDN L EBLOTE

Rzx A A7 b BESENTITC, 405 5E LE
E. ool K-120$BR 5 S B0 BEKT 2B L (650 mm
) oD 012, KBB4 10%0llyme), W 122 )5 ) > (
0.25mM), 7> BR (0.05M) & XWX WEM T Hoz (pH
n0), 30°C, 604 ATLLE, TOBRTEHREEL)S I > (
025mM) B3 Wit N L B4 (0.05M) BB HARLF A N7
Ly 3540 (pHT0) 12 2% 3 k5 B L, 37T R
U, BRsd48ps<i33 leg time N Bheg 6E W%
WGBS LR B E PR IERSA T ROE.

b) 7L B , EDTA o fileB0g %
W rABIEERKYEAH LE E LotBidz nT >y
(OOSM) & 3w it EDTA (0,01M) & % WX w3&al, 30, 60

86



TRIELE. =0 LBk 3wxg, 104 FESLL, 2B K
HOUVESBEA D B8 (e AL d:iE-43), &
)59 SEM (o 2smM), B) TV LT L > B (0,08
M), E) 5% 1)> vEDTA(00IM) &&Mal (pH70), 30T,
OARIELE., WIRHERLTE A ~o7° N> Tt 122% A
BU, 31CTHE L1 agtime 0 LEWBME & RHE,

C) AN ¥3 I, BT Ao BSERR

&) LB BBk ) 59 ) > (025mM) LIT> BE(F
M)A LB, 0.005M), KON Y BE (D) SLE, )>EE Y L
T LK 00IM), EDTA(00IM) N MBI 4575 vx, 15
ALTN"F 3% L (0,0SM), 1BACH IS DA (0,0TM) & 5da LT
30C, 60RARELL, Lagtime DEEBHE £ Lo Fod £
Fo 2E2) 59 02 (0.25mM) ¥ 7L 284 (001 M) 0fR
38 (30T, 604) B EACT )" 3 94 (005M) E3ffal
230C, DG AEL, HIv it A Ew T Iz 3L YA

(00SM) &880 LT RFMARIZ I F 3 /58 0 B4 4 My
VE.

D) Ewlkiz12E3 2) 590> 0B H

H-2) 390> ()59 )>&by5 o4 B L (B4
s> U ERA B IAKE), to—BBeBBro 2N
TA= (N3 h)-1 8 THELELD) LAVWT R
VE. oyc@#kizibg LEE. ol o 8% 450mm ' 0D

67



o (RBHAY 0 M) 1R E3E S5 B AR FIHEL, —h
I 0,03mMa £) 577 1) > (6,200 P H- 2 ) 591)>&
BE), H 3w s> Bh (005M), 700 S H(0.05M), EDTA
(0.0IM) Koz (pHN0), 30% , SHAFELEM 003 mM HE
)5 ) >k R, 30T, ~REEARE HE LE M4m0
Trg mEERL, mdlippe Py (HA 0450 T'OB , 1md
DE) 5 70 PKEH (1mM) T F L. Pbu & 2k
Bo2,5-F 7= Ax YL (HY 58 £ MLz >10
W F AL, B 5 L —2as Ay F — (Beckmann
LS-250) 5B VT AKEBh EBIEL, = ey E ol 125
JZFRE(HBIwdBEXIRE) B) 50> 0w 5T
BLE,

€ Staph.owuns HEW E. wll 07y ) #HARYZH 12 HT
3REME

BIXxRA N7 h>HERTINCT—RINILE IS
L Staph,. ousus (650 mm<' D 0D 03), E. coll (6S0nm
N 0D 05) t%%ji::fz D5 A 7e= 23— 1 (100840 38400,
HREn#ER sz, EE S -7 T52> (TmCy
mael ) (266,000 Cprsmy) EHOZ, 3TC " 3% $f, X 2EA L,
04 4 0.5ml EARI, Mllippe Pdton (HA 045 )T OB , 3l
NDOIM > BRAGMTR (TR IAE) THHFL, {0 Lo B
EVESHRE L, R BRIEGIMR o ik E) RY —3 BE
F1n L2,



) fethiBALE D0 H3E

Rk R N7k By 2435845 %k L E E ko
TSt roomd) & 3000%8, 104 IO L, 2B K LEA o
NEBHRIZB B UE (Shxi0"lfmg)e 0 B SB5K (20md) 1=
Mesgo EDTA, 71> g, ') ) > B (& 2nd) & fla 2 (phfo)
30, b0 HAn TP U, RFEAEZL I L (3o00xg, (047 FH), L
Bz 0sbon 50 F K o 2 BRAOKSBE (0019
HaSO T 100°C , 204 B RR38) % 47> = 44, VIR 98 1<k B
- BK XK 3 220, 3-FAF S oy as i (Kpo) &2
FUE. Koo BT 1 Osboun ™ 1=f 1) — FPAEX WE waiss-
$ack B5 W Huslty 0 55K (55 N2 y— LB SR) 12 £
475 =

23% REREER
W kpasAEN 2= HAD TS

T)F NI BROMARIZE) E ol 127 LTH
BEBBERDRD S KED, RIEBEERE T 01
C5 30 ERCHIN 3TN B3, kT ERORE
BB ERATHRHE4 £

Tble 3SR LEESIZER)FY) T ARIBLE E.wll ©
RMAAE 1T >R E S UHET3 C BT 0 lag the 0
(RS W AEEKOMBTFI RSN E. LALT T2 B
BUEfaALE B) 50> EA L HERCHEETS L i3
1ZBE BB S 5 RE,

69



THEHhET)S9)V NI ORBIBENEE T D
)y JTIBECRIBLEL , & )T 9> h ERE¢ 35
TEOE LR T 13N AV EER ERTLVWR 3,

SOZCE) YT > pAEE I E) EREBMLT 3G 4L~
NS WMERESE 50 34, ZofE2 B e )59) >
BRI CIRE ) B W AMBENBDRELE Z 3 K3,

Table 31. Effect of successive treatment of monolaurin and citric
acid on the antibacterial activity against F. coli,

Prolongation of lag time (hr)
(Viable counts after 1 hr incubation, cells/ml)

Incubationz)
- MCi12 CA MC;2 + CA
T L

reatment
_ 0 3) 1.4 0.2 10.3
(6.1 x 10%) (6.8 x 10%) (< 10%)
0.3 0.8
MCio (8.0 x 10°)
0 6.5

CA (7.0 x 10°) (2.0 x 10%)

Concentration of drug: MCj;z... 0.25 mM, CA (Na salt) ... 0.05 M

l)The cells of E. coli were treated with a drug in distilled water

(pH 7.0) at 30°C for 60 min.

The treated cells were inoculated to nutrient broth with or without
drug at a rate of 2 % and incubated at 37°C.

2)

3)

initial viable count:2.6 x 10°
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Table 32. Effect of pretreatment of citric acid and EDTA on the
antibacterial activity of monolaurin against F. colZ.

Prolongation of lag time (hr)

2)
Treatment
1) - MC12 MC,, + CA MC,2 + EDTA
Pretreatment
- 0 0.1 2.9 3.3
CA 0 5.7 5.5 13.5
EDTA 0 7.3 5.5 7.2
Concentration of drug: MC12;.. 0.125 mM, CA (Na salt) ... 0.05 N,
EDTA ... 0.01 M

1)

The cells of E. coli were pretreated with drug in distilled water
(pH 7.0) at 30°C for 60 min.

After centrifugation and washing, the cells were treated with
monolaurin in distilled water (pH 7.0) at 30°C for 10 min.

The treated cells were inoculated to nutrient broth at a rate
of 2 % and incubated at 37°C,

2)
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Table 33. Effect of magnesium chloride and calcium chloride
on the antibacterial activity of drug combination
against E. coli.

Prolongation of lag time (hr)

Treatment

- MgCl, CaCl,
MC;>, + CA 2,4 0.1 0.6
MC:, + PP 10.0 0.1 0.5
MC,», + EDTA 10.1 2.2

The cells of E. coli were treated with drug combination in
distilled water (pH 7.0) at 30°C for 60 min with or without
MgCl, or CaCl,.

Concentration of drug: MC;2 ... 0.25 mM, CA (Na salt) ... 0.005 M,
PP (K salt) ... 0.01 M, EDTA ... 0.01 M, MgCl, ... 0.05 M,
CaCl; ... 0.07 M
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LT 30C, AR TRLESL D, %3 vt hkiEstd 2%
NFEGL ERAE st UHELELD VT HIZoWTE
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Table 34. Uptake of monolaurin by E. coli.

Drug Uptake (n mole/10° cells)
MCy»2 1.3
MC,, + CA 3.9
MC,, + PP 3.7
MC,» + EDTA 4.1

The cells of E. coli (10° cells/ml) were treated with
CA, PP, EDTA in distilled water (pH 7.0) at 30°C for

5 min, and ’H-monolaurin was added. After 3 min
incubation at 30°C, sample (1 ml) was filtered through
millipore filter and washed with 1 ml of monolaurin
solution (1 mM). And the radioactivity on the filter
was counted.

Concentration of drug: MC;z... 0.03 mM (6,200 cpm/ml),
CA (Na salt) ... 0.05 M, PP (K salt) ... 0.05 M,
EDTA ... 0.01 M
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Table 35. Effect of lauric acid and monolaurin
on L-Phenylalanine uptake.

a) Staph. aureus

Drug Inhibition of uptake (%)
Ciz 0.125 mM 20.0
0.25 46.1
0.5 * 86.3
MC;o, 0.032 20.6
0.063 50.8
0.125 % 90.2
b) E. coli
Drug Inhibition of uptake (Z)
MC,, 0.125 mM 3.8
CA 0
MC,, 0.032 + CA 10.9
0.063 + CcA 47.8
0.125 + CA 88.3

Concentration of CA (Na salt): 0.5 %
* MIC of drug

The cells of Staph. aureus or E. coli were grown to an absorbancy

at 650 nm of 0.3 (Staph. aureus) and 0.5 (£. coli) in nutrient broth
at 37°C. Chloramphenicol (100 ug/ml) and drug were added to this
suspension, and the uptake was started by the addition of !“C-
phenylalanine (266,000 cpm/ml). After 10 min incubation at 37°C,
sample (0.5 ml) was filtered through millipore filter and washed
with 3 ml of phosphate buffer. The radioactivity on the filter was
counted.
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WP 1, 100 ) B E. Wl 12 T B4 B
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Table 36 127R LE.

Table 36. Effect of EDTA, citric acid and polyphosphoric
acid on the leakage of lipopolysaccharide of

E. coli
Drug KDO (n mole/2.7x10' %cells)
- 2.6
EDTA 64.1
CA 41.0
PP 73.8

E. colt was grown in nutrient broth at 37°C. After 24 hr
incubation, the cells of . c¢oli were harvested by
centrifugation, washed twice with distilled water, and
finally suspended in distilled water to a concentration of

ca. 5.4x10'° cells/ml. The cell suspension (2.7x10%° cells/ml)

with drug was treated at 30°C for 60 min. After centri-
fugation of cell suspension, the supernatant was hydrolysed
and the amount of KDO was analyzed by thiobarbituric acid

me thod,” ¥

Concentration of drug: EDTA... 0.01 M, CA (Na salt)... 0.05 N,
PP (K salt)... 0.1 M

7 LB 0IE(005M), K1) >BEAFL(0IM)IZ LS ) R
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