RIS, 11 1 47-54 2020
Ann. Rept. Food Drug Res. 11 : 47-54 2020

R R BE IR B2 Efnba s A 2 BN

AR, I PRARAR ARIER S

.
v R A

i
NN
Gt
)

R EEET bt

W B

BrBFEAARS LR ETHRERS S SREFRLTL LT - R B EH AR
S5 LHERERSAER RR > &5 EBFDAPTAZ AR &8 -3 58 K F B8R B
(heptylparaben)JE i 3% B JE & & 7] 4 B o B b RBF 5 LA & 2OR A8 G TR BT
=43 R8 e 7k 1 %5 (ultra high performance liquid chromatography-diode array detector,
UHPLC-DAD)A i 2 4 iF AR i o 358 IO T B 88 5 1478 R A& TR R By J A =
KB Ty % o AR BE A T A QUEChERSHy | 32 A%+ VAR 5 20k A8 Jg AT AR #5 Be b — A5 3Y
B2 M 35 AT 0 AR G BT BOR TR N e 5 R R AR R R kA IR B S A
20 pglg o AT A M+ EALPE RS IR FAR IR o RIS R 0 14T B2
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T3 w1 F A A83.35 - 110.67%Z R » 8 A% B A A0.46 - 7.23% [ » 147A B i fl =
BRI LS5 nglg o FAFARSH ik R R AT E BT AR TR AR 0 4

RE 2L KA

RABEE  BSNURAERBATE TR YIR R - PR - BES - Bt

j[l[

Al

P (preservatives) F HA (R FF B b il
BEREE - nTHIFIHAEYRERIEE - B
IFEMER - EREFEIR - EEAS X
REULE G R TIIRE » RARVIE B 57
PRI ALRRBEERE R F R LB G
[T & — /% BR (sorbic acid) + % (benzoic
acid).Z BRFANT ST fe BIFSE TR I J HATAEY)
(parabens).Z BEFEI A -

DI R E R s s ~ Bkt ~ B
BE R AURE S - (BT A AR PR A W e SRR HY
T E PG TG I VB AE R - 20728 ER Bl (sodium
benzoate) & B {12 [ R 7 A= (L B2 - A=l
NFERRER R BHSE R FEE B EAIGES [

Rifp B e BUEHIAERE - HAE DU S
(estrogen) LBERE N FL IR JE g 2 5 EY » BS
WRNE RSO AR o - IRIBIRB RS
Y fef P i B R PR S AR A UE Y B E - I
B RS e A A EE A RE - &
IR RV AL A -

BAIGT .S A - DU AT B — A
BRI « AT R - R
AT R B A AT T gD AR
BIORE R ALHE SR - R B G AR BB DA
BIZERL » FLARTREREREST AT - BTN
FRERAE S T EmPBEE e Ok

&R RS M T - N
O R AR AR 1 3 TEBS R A - L 61E
P K 5 e s L 7 T R P JEg 7
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20184 KBl B M EEY) B H R B R H R A
7 PR R BB S A (o i B R fR & - HoAT
RN BRSO HIRE 12 ng/g M IEIRFRER
B B FRE 20 ng/g o M4 - BFRETR
AR F i (methylparaben) f¢ 35 A B 75 FHER A i
(propylparaben) 2JHES4E I HI/N R 3£ BIFDA
Mz By » HERAREEm R &M
WG R  BREVER A A BERRE S
IZFI o

BRIERBEASwmE L "TaadhE
Bl 2t 7 BRI B A B L IE A
EHARERHRERE  SREEFROE
(ethylparaben) » B FREARHFR AR - HIKE
7 FH I BN i (isopropylparaben)  $fFSEL IR H
% T Ee(butylparaben) ~ ¥ FREL IR FH % 52T Fg
(isobutylparaben) Fz 1 FEEE T FH IR E5 T P (sec-
butylparaben)3: 735 - Il i3 K BEIFDARZ 2
RIS 2 b - i EAMRAR A LS
Etaba TR PIERImEE % - AL AR
TN DU e A T AT R FE B g e 4
#x(ultra high performance liquid chromatography-
diode array detector, UHPLC-DAD)|a] i H 2
T RS 4EG IR B 2 fla i BEE
FRECR R AR - HIRSERHER 20 - HRRE
AR - #HREEFRENE - $IRER
IR T EE R R ERHRE T RS FHEE
BEEEEIER IR ERERHRE T
Fg ~ S FSELOR iR 52 T (isopentylparaben)
BIFREL R HEE KBS (pentylparaben) » ¥ K
HERH B CBE(hexylparaben) » ¥ R ETR
FA % BE e (heptylparaben) ~ 3 F& 5L 7% B %
Z M8 (phenylparaben) ~ ¥ F&ELOK HH 8 °F g
(benzylparaben) J - F: 7 (2-phenylphenol ) 38
THALE SNTIEHE] » — T 143EG IS B &
T - AR R e TR FE R AR R B E Lz F
EEGH] o PLAN - AL S B 5% H ae kil 7
TERERADS R - AW ZERE T sl 2 XAl IR A
mnHEIE N2 1378 » FREEFHmBaiEesl - JRA]

BT RN - AR R RS A
BRI -

MFERTTE

— ~ RRERIR
AWFERTRR < BT KRR R ML EEY)
EHEAGIMEXKES - B : Jasonstd
1~ R GEE A — A s - RE SRS
HEARH TR T T A - S Bl
RN EGHAIEH « SRR B BSE A
[EI MR AT AR - HA 3R R MR ER] ~ 25 5
28 3R R o B R 2 RIS R 1 R
St B3 ANEIRR AR E - R 2=
ﬁ%ﬁf o
—wm
()l ZE S AT
Zf (acetonitrile) » F i (methanol) ¥ £¢
= RO ARG M A% - FH R (formic acid)BRH
SRR - 5 H Merck/\ Bl (Kenilworth,
NJ, USA) » LB+ /K (LB 25 CHE
18 MQ - cmA |2) © QUEChERS Extraxct
Pouches, EN Method (&R N1 g » f&
B N0.5 g » MOKIEESES ¢~ &b
$M1 g o SRR - 5982-6650) B H Agilent
7\ F](Santa Clara, CA, USA) °
(S HE P AR e oy
HFSEL TR FH R FH i (methylparaben » 7 iy
a5t : PHR1012) » B PSR H ik £ 5
(ethylparaben * & iff@5% : PHR1011) »
B AR R Y B (propylparaben > & iy
fmaf © PHR1010) ~ ¥ FCELI FH ik 52 PN i
(isopropylparaben * ZE ihfw it ¢ 05828)
LR T S (butylparaben » & bk
fma% : PHR1022) » B E KRS T B
(isobutylparaben * & fifm5E : 715077) »
R EL R R T BE (pentylparaben @
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mn T 0 90744) ~ L TR R 7R e
(phenylparaben * Z w5 © 90668) » ¥f
FREL R F % "R EE (benzylparaben > & i i
5% 1 380709) K Al 4L E(2-phenylphenol
FE b fm % ¢ 45529) 55 1018 ¥ I AR HE
3% H Sigma-Aldrich/) ] (St. Louis,
MO, USA) ; HFER S — T B (sec-
butylparaben * FE fibfm ot : H0496) » ¥f
FREL K FH 8 B T BE (isopentylparaben
EhhAm ek ¢ H0214) « HISERE T CES
(hexylparaben * E finfmak @ H0213) fz $f5%
FEORHIR Bl (heptylparaben * 7 S5
HO0212)%5 475 # 18 AR 4E 5391 H Tokyo
Chemical IndustryZ> &](Tokyo, Japan) ©

= AERMH

50 mLEf.LE (PPHME) » AEM(5 mLK
1000 mL » F¥FEHE) K JEfE(0.22 pm * PVDF
M8 H Merck/A F] « WHEHTETBEH C18
(1.7 pm » NAE2.1 mm x 10 cm) K EE R
BEH C18 VanGuard Pre-column (1.7 um » A&
2.1 mm x 5 cm)¥HE H Waters/\ 5] (Milford, MA,
USA) ©

» fEERa fin

() RO AT RS B Ot — MRS S e
#5(Dionex UltiMate 3000 * Thermo Fisher
Scientific » USA)

()M 5 B4E E (2010 GenoGrinder + SPEX
SamplePrep * USA)

(E)#fE [ B (Allegra 25R Centrifuge * Beckman
Coulter * USA)

4~ BEMER IR AR
(4)0.1% F BB AR
HYFRER 1 mL - NZ5EEF-7K 651000 mL -
()20.1% F %~ A TR
INEEZ1 mL - fEREF 1000 mL »

(ES20.1% R Z ZIF AR
HUFHIE 1 mL > IIZAE 661000 mL

N BEA R B s

B SRR B HH i I 5 1 4T 5 SR P e R
FEUE L AHT10 mg » FEREREE - LAS0% FH A
BRI ERZELI0 mL - BEHEE - HEEH
EHA1000 pg/mL - {EREHERE - fA4°CHFTF
fiF « B FH P BGE B2 R E IR G - DLS0%
FHEEVA TR ZE0.1-5 pg/mL » (EAFIEHEVAYR -
+ ~ iRz AE

IUiglEfI1 g - FEHEREIE » BEHS50 mLAEL
s A EEEF7K8 mLEZME10 mL - FEAN
AR 2 LR VES > FERIES IR E
BR o 5IEEEEAEEE o DU EEEE A 1000
rpmiR & 1057 B FEHL » FFAE5000 x gifE/ 0593
B 0 B E7E mLfEAS mLEERS - DAE
BEFKER - ASTRIEERE o SRR -

N\~ EEMAR RS

LT 2 2 MR (limit of quantification,
LOQ) ' R ER#EAmAEAEZ &
HRBLIEH < el 5 BRI 2 E S
PR WSS R 22 B B R AR HE VS R 2 5
ng/g » MR T T S R ARG AT A
FCR IR T AL E A - [FIFF R E 22 A
B - BLPRT SR IE 2 AR 0 ST R LR R AR
F(signal-to-noise ratio, S/N ratio) * FH{E & HE T
HIERFHIY B RSRTRE BE % Ig AT IE] R A
Ve 2 R AR EE>10 -

U~ RMEE AR ZMmEeREy (e Rl =
ATE M1
ST ARSI R AR ¢ E S R256 nm
W RATFMEHIE © 190-700 nm
[E 1T : Waters BEH C18 » 1.7 um » N
2.1 mm x 10 cm
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x—  RIEETERC O —MRRERE 7 (R A 2R T2 2R

E g
5[ (min) A(%) B(%)
0— 20 60— 60 40 — 40
20— 49 60— 0 40 — 100
49— 52 0—0 100 — 100
52— 53 0— 60 100 — 40
53— 57 60— 60 40 — 40

JEHTERE © 40°C

FEEIFASH AL @ AK0.1%F FE/KIEW -
BEE0.1%FF k2 F ESVA T

MEITHEEE © ak—

FEEIFEFE @ 0.3 mL/min

AR 10l

+ ~ Rl RS EAIE

R e B2 U YL R ARV VR 510wl > 23
EABHEES - KB B ZRET D
AT > e i A E P VR P15 R e i B P ] B
R L 3 P ) o - AR T IR TR R AR
BEPIIE R & B (ng/e)

A DL & B rglp) =~

C : HiEHE AR SRS R & D R B 2 R
J (ng/mL)

V @ ZEHURE < LGRS (mL)

M @ BB e 2 B2 (g)

F : FlEREE

+— ~ ARINEI A

22 il g - MAEEEETR - fHHR
FE 55120 pg/g » HEFT AEERINEIMG I -
bR AR BT B - KRS T LA R TR
JERTESHT - KB AEEMZ SRR K
FL{28 (coefficient of variation, CV) * DAFE{E g
Bk MERE R R -

EREETS
— TR Z ST
AFFLEETT DVUHPLC-DA DA HI BB Z8 - K,

R 14TEFR R E - TETER - KRHC18/E
MrEFE2.1 mm x 10 cm)EE7 1458 5B 347
etF - BEE R E G EEBRE2EZEHLIEA
WA TvE AN S Lecce® N 2052 R BB A 5
Wb T BT HEE e A e R
UHPLC-DAD 43 B EIHERFHO0.1% B /KA
TR 5 0.1% k2 FESATR » BT2057 $EER %
PR - REARD R B S B SRR i R S 5
R BIETRRE R & —BIGEIER
PR E - AR R I R By 5%
AP ES IS - SRR E R - DR
{F 3T 143805 T B 4E i 2 UHPLC-DADJE
20 E— P e

=~ AT REEC O — MRESRE S (H A

1
13
80 2 14

1 12
60

mAU

1 4
10
40 o

\ L, Ji | Ns J L

20 T T T
0.0 100 20.0 30.0

Minutes

Bl — - 14I8FfBEIF4E IR E A5 ng/mLE K R256
nmZUHPLCE#TE
1. Methylparaben; 2. Ethylparaben;
3. Isopropylparaben; 4. Propylparaben;
5. 2-Phenylphenol; 6. Phenylparaben;
7. sec-Butylparaben; 8. Isobutylparaben;
9. Butylparaben; 10. Benzylparaben;
11. Isopentylparaben; 12. Pentylparaben;
13. Hexylparaben; 14. Heptylparaben



51

G B PFHE I L Papevd < avA

IR AR 2 2L

14JEFHIEHIE0.1 - 5 pg/mL i &6 E i g
B e gl A RNz T HHERE
(EIITE0.9998 DL | » BE/RFEO.1 - 5 pg/mLZ
T P [ P AR M B GR RLAF -

= AMEW R EEGEE

R 22 5 AR B A I R 0 ARG T A
HEVEWY - B H A RS B SR RS K20 pg/g
i Bt 7T SE RS - DLUHPLC-DAD
HELT T - IR0 e B S S S s Bl R
S11283.35 - 110.67% (5 ng/ghi&EifE : 75-120%
F220 pg/gREE © 80-115%) » 8 BARES T A
0.46 - 7.23%Z[E1(5 ng/gh20 pg/ghifi{EIT R <
10%) » FFEEEEE L2 i b T B
&Y BN IR UEREE AT HEEMEEE -

P9~ TEE MR FESS

AW E R L ERBMIER - SRAGINEN =
FRAP) ZARRFERR St AT AT AL - AERTEE B 1R

R 14IERGRE 2 ZAEERAR

7 B R RE R e 2 ARG R L R R 102
RRE » HEWRKEREEARGEEZRN
(LA R RSO & - B EEMBIR - Ak
Bk EEMIR - PREZT IR R EE
th14TEFRIE T 5 ng/g > Ry F H BT 408
FIE A S Z T EHREhIEEZ ks i, s
YERAIG T 2 E BMRIR - R IEET - 1435
P72 gt 2 [ —Frs o ESEIgEIER
A84.97 - 110.32% * B FAZHITA1.04 - 7.23%
ZHE o WFR=ZRFRUFTR - BRATERE R
MRRRS ng/g 2 JRET » AIHEMEE & -

A~ mEERSER

AW FERE L 2 R B i v - FER R8T
BRATT R iE 2 - AR 14
ARSI -

H AT B 2 & o B il P B S i e B 5 vk
of o OIS FCELOR PR R Bl - H A ek R IE

BIIES P (ng/mL) R PAY b=y r

Methylparaben 0.1-5 y=2.6x+0.0003 0.9999
Ethylparaben 0.1-5 y=2.3766x-0.0094 0.9999
Isopropylparaben 0.1-5 y=2.1485x-0.0119 0.9999
Propylparaben 0.1-5 y=2.3737x-0.021 0.9999
sec-Butylparaben 0.1-5 y=1.9935x-0.0225 0.9998
Isobutylparaben 0.1-5 y=2.0312x-0.0258 0.9998
Butylparaben 0.1-5 y=2.0333-0.0237 0.9998
Isopentylparaben 0.1-5 y=2.8551x-0.0051 0.9999
Pentylparaben 0.1-5 y=2.3581x+0.003 0.9999
Hexylparaben 0.1-5 y=2.8679x-0.0146 0.9999
Heptylparaben 0.1-5 y=1.6831x-0.0104 0.9999
Benzylparaben 0.1-5 y=2.5045x-0.021 0.9999
2-Phenylphenol 0.1-5 y=0.8501x+0.0052 0.9999
Phenylparaben 0.1-5 y=2.3592x-0.0294 0.9999
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(A)

10.0-]

7:6

5.0

] 13 14

E ; zk 3 4 s 6 7 ’_j'\j\,j\o'/"/}\\h-’

0.0 Y S | S -

2.5

5.0

8.0

T T
20.0 30.0

Minutes

7.5
5.0
7 13 14
& . 3 1112
=.5—
1 2 o i
3 o 0__ 3 a & > a ! ___‘_,J—
g % T == s
.o 5]
5.0
8.0 T T T
0.0 10.0 20.0 30.0
Minutes

B = ~ LIUHPLCAT14IERABEIR BE T (A) RIS T (B) 2 E EFEIRETE (FNNIRES ng/g)
1. Methylparaben; 2. Ethylparaben; 3. Isopropylparaben; 4. Propylparaben; 5. 2-Phenylphenol;
6. Phenylparaben; 7. sec-Butylparaben; 8. Isobutylparaben; 9. Butylparaben; 10. Benzylparaben;
11. Isopentylparaben; 12. Pentylparaben; 13. Hexylparaben; 14. Heptylparaben

BRI - AW e fiad sl vA A i 2 U
By BHETTZEIN - BEFE NI MEREE - TR
FEPS SRR R LI N 1378 - RAGRIIHEE R
EERBIEME A2 ET N - LRAERE
fIERG IR K T E L E - DARF S BB 2R
HENGFET R B RUAE -

SERK

l.

2.

Gardner, L. K. and Lawrence, G. D. 1993.
Benzene production from decarboxylation of
benzoic acid in the presence of ascorbic acid
and a transition-metal catalyst. J. Agric. Food
Chem. 41(5): 693-695.

Nakagawa, Y. and Moldéus, P. 1998. Mecha-
nism of p-hydroxybenzoate ester-induced
mitochondrial dysfunction and cytotoxicity in
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K= 14IEFHEE R E TR E R ERFER

2P0 ~ 14IEFG B FAIAE T AR I EU R B R

VNI NI
e 5ng/g 20 pg/g

MR AR [ BT
o) W) (%) B

Methylparaben 92.62 1.10 93.88 0.46

Ethylparaben 96.71  7.23 96.31 0.98
Isopropylparaben  97.04  2.81 93.43 0.96
Propylparaben 9520  1.90 93.96 1.18
sec-Butylparaben  91.07  5.33 91.49 6.98
Isobutylparaben 94.73  3.48 93.54 1.53
Butylparaben 93.74 4.04 91.67 2.13
Isopentylparaben  92.40  3.70 92.47 0.95
Pentylparaben 90.02 241 90.40 1.28
Hexylparaben 92.82  2.30 87.82 1.26
Heptylparaben 84.97 3.11 83.62 1.53

Benzylparaben 93.15  2.00 110.09 1.46
2-Phenylphenol 89.55  2.89 98.66 1.81
Phenylparaben 95.72 5.1 96.53 1.97

“n=5

IR IR
5uglg 20 pg/g

[EIfRT BEEAR [EIfeR B RR
(%) Bu%) (%) (%)

Methylparaben 100.76  1.04 96.66  1.15
Ethylparaben 100.00  2.35 98.15 135
Isopropylparaben  97.45  2.93 93.83 198
Propylparaben 98.83 212 93.69 2.16
sec-Butylparaben  93.09  3.20 93.05 3.68
Isobutylparaben ~ 110.32  2.08 95.94 240
Butylparaben 99.00  2.67 9225 1.98
Isopentylparaben  93.03  2.37 92.41 1.50
Pentylparaben 89.84 321 91.16  0.64
Hexylparaben 9320 1.67 88.14 1.17
Heptylparaben 87.73 245 8335 049
Benzylparaben 96.24 198 110.67 1.48
2-Phenylphenol 9294  3.19 90.12  4.86
Phenylparaben 96.94 295 9492  3.39

“n=5

isolated rat hepatocytes. Biochem. Pharmacol.
55(11): 1907-1914.

. Darbre, P. D., Aljarrah, A., Miller, W. R.,
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Development of a Multi-Analytical Method for
Preservatives in Beverages

CHI-MIN TSAI CHING-HAO KUO, SHIN-YU CHEN, YA-TZE LIN,
YA-MIN KAO, SU-HSIANG TSENG AND DE-YUAN WANG

Division of Research and Analysis, TFDA

ABSTRACT

Preservatives used in the food industry can slow down the rate of food deterioration and stabilize
its quality. There are many types of preservatives, and the types of legal items could be different between
countries. Heptylparaben is a preservative approved by the U.S. FDA which are not listed in the legal use
of Taiwan. This study aimed on the development of an multi-analytical method for contents of 14 legal
and illegal preservatives in malt beverages and juice using ultra high performance liquid chromatography
coupled with diode array detector (UHPLC-DAD). The sample was extracted with acetonitrile and
QuEChERS powders, and then analyzed by UHPLC-DAD. The recovery, repeatability and limit of
quantification studies were done by spiking 14 preservative standards into blank malt beverages and juice
samples at the levels of 5 and 20 pg/g. The average recoveries of 14 preservatives were between 83.35
and 110.67%, and the coefficients of variation were between 0.46 and 7.23%. The limits of quantification
of 14 preservatives were all 5 ng/g. This method was further applied to 8 commercial malt beverages and

juice samples, and all the samples were found negative for all 14 preservatives.

Key words: UHPLC, diode array detector, preservatives, malt beverages, juice



