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AldRy CAPREBEAE FEX SR A - EL H Y
7oAz A e g % (Butylated hydroxyl anisole, BHA ) ~ = = fiz= i
v % (Dibutyl hydroxy toluene, BHT) % % =~ £ i fi2 (Tertlary
butylhydroquinone TBHQ) = # L be st & 5P chA 1 Fg QLA

4%1Wﬁ%%#?ﬂ%wawﬁ“JZF%ﬁ%%oﬁﬁﬁ
BlA L Fg 0@ en E 3ol 4 & 4792 (High-performance liquid
chromatography, HPLC) & R/ & ~ (e B 45 > 2 S A § o

AFEFERFHE T Bk R 8 %Y BHA - BHT 2
TBHQ 2 7z 2 » 1% 2 ¥+ B & g3 sk £ 18 o T 3857 &3 16 R
R P4 A HEEE PRBAIER . B4 S pH B~
B fFfid 3R RFES 0 B g REGEER T g A
/}aliﬁwniz%fu" RESR > BHFeR? A1 mg PHZELR
Bl SRET CRABARTREZ L EBEA 0 HARR A 1 dg (A
ZBAEREZ A AR IHBRATEREAZ L £2 5 g iER 5-06
I 15V %/‘I%\»Pi:é‘;‘é:}’%ﬁ 6 Bl 24 fs & 5 2~ LSk S Bl
HpliEEFEF?P > 004MB-REBZRE&EPH B 5 20 5 f &
BLER 2 30C » HFH i ¥ 0.1V/s; & 0mg/l & 330 mg/L ik B
ﬁ}?@ﬁﬂ L5 SR % TBHQ-BHA 2 BHT 22 R? @4 %] 5 0.9962-
09974 2 09968 it 52 K £ B A2 BIBB T & PP & 3

g A L fRF VA2 7R 0 AR AR o How ok A
95.56% ~ 104.98%; & % B AFFf B 2 T H 2 LR A
2 et o
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Abstrast

The risk of food additives has attracted a lot of discussion and
their safety has become the main concern of consumers’ daily life.
Among those food additives, artificial antioxidants have been disputed
due to its arcinogenicity that is one of the issues people worry about.
Butylated hydroxyl anisole (BHA), Dibutyl hydroxy toluene (BHT)
and Tertiary butylhydroquinone (TBHQ) are artificial antioxidants
commonly used in foods. The antioxidants are classified as the third
category of food additives and have standards for specification, scope,
application and limitation for various foods. according to the regu-
la-tion of Food and Drug Administration in Taiwan. The official
method-ology for detecting artificial antioxidants is high-performance
liquid chromatography (HPLC). However, the detection procedures
are time-consuming and with high-cost. The study developed a simple
electrochemical method which can be applied for simultaneously
quantitative determination of BHA, BHT and TBHQ in food. The
glassy carbon electrode modified with nanomaterials was fabricated
and the optimum detecting conditions which included pH, temperature,
and scan rate by cyclic voltammogram (CV) were evaluated. After the
calibration curve of peak current versus concentration for each of the
three artificial antioxidants were established, the method was applied
to detect those three artificial antioxidants in commercial edible oil
samples. The results indicated that the optimum detecting conditions
about modifying electrode with gold nanoparticles to amplify the sig-
nal were at cyclic voltammogram -0.6 to 1.5 V by 12 segments. The
optimum detecting conditions were pH 2 at 30°C and scan rate is 0.1
V/s, response time was 30 seconds. The sensor responded linearly to



TBHQ, BHA and BHT in a concentration range from 0 mg/L to 330
mg/L with correlation coefficient of 0.9962, 0.9974 and 0.9968.
Compare the concentrations of those three artificial antioxidants in the
commercial edible oil samples detected by the established method and
HPLC, the recovery which between 95.56% and 104.98% is accepta-
ble. Obviously, the established methodology in the study has potential
for application in quantitative determination of artificial antioxidants
in foods.

[ Keywords] electrochemical rapid detection, antioxidants, BHA,
BHT, TBHQ, gold nanoparticles modified electrode
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72 & (Food and Drug Administration, FDA)*#z_> = 7 A4 9 ¥
(Dibutyl hydroxy toluene, BHT) ~ = A4 ® 5 % (Butyl hydroxy
anisole, BHA)% % = ~ £ & p&(Tertiary butylhydroquinone, TBHQ)



haEy IR ELS LS I BHA 2 BHT %37 F & &850
FE5 A B UE 10 ppm I AfRdd (51 48 < &) "LE 200 ppm ¥
N \E*ﬂl—gl"‘l}}’lwﬁb /Fll}J am002%°

SR UL AT S S EL IS R
& (TFDA)#745 {7 2. F%rv;»,,l“ A LR EAREEE
L oNGER - 18 %asz4c%&é\4/\&\g D H Y RF B S
st R FEREVRAEEY R 2 2 g0 B AR
& ; BHA »BHT 2 TBHQ *3& 42 4 5] 50 BHA 2 BHT i 4; &

SRR AR > R A 10 3 1000 ppm > TBHQ L% 384 #5 s fLAL 2 4
oo FLF R L 200 ppm L TE e

Fog iR SRR S E U Ry L B 0 A RGE AL B (OL
© G fEA ARTIRR)* 90.03.27 ¥ 8 F % 0900018531 5o 2 3T

~ 102.09.06 #8542 & 3 % 1021950329 .22 B Ll § 5¥ =
FB2 sk 2—m P e FEEP PG, ¥ A7 &R
(TBHQ) ~ = 3 A £IF(NDGA) ~ = A2 A" 5 F(BHA)Z - = 4
e *_{(BHT)\ #% % | (TFDA, 2013) > # * B »Tae ik 40 & 17 &
(High performance liquid chromatography, HPLC)# Bl( = scfx 2
A F13%,2001) > =5 H = * § 48 & +7 & (Gas chromatography, GC)
teiBl = 64 1 #F 1 Al(Yang, 2002)
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R kT FIRA Ly CAEE L KRR (Keum et al.,
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1 Fog iR 5 A SR OF]Z 2 - (Botterweck et al., 2000: Keum
etal., 2006) - ¥ A 4882 F 12 b OB 0 @ P BB G L
B 2R AMM L ER D EEE ) e K e
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FRAMNRE BB T € A 2§ rRfoifg hpE ¢ (Kader et al,
1989) ; 7 ket d WmEFfrE A * 8 R F > ARk A4S 7R
R AR FTRCE-F T AT R R B R - R 7 8%F § P
BET o5 BEFIEE s A BN g e g g VT hfa
FOm o s RGP F Cla2 E Er 2 A1 L3P ES

fa fs (Propyl gallate, PG) ~ = 7 A #z 2 @ % (Dibutyl hydroxy tol-
uene, BHT) ~ = A= A @ ¥ % (Butyl hydroxy anisole, BHA) -~ % =
7 7k @ pR(Tertiary butylhydroquinone, TBHQ)4v ™ 2k 25 3L % % Bt

A5
= o

FAEfI REAE Y LR ARE a3 o g apkE 1 € AR
pr(Robardsetal., 1988)od »t§ it fsenfqip ¢ % T A A & B
R ATRE » kP B s e Fg P AT ER D 3
CELRSE ;d hicicm F0EM - BF R F R 2 kR
PR A S blde D E W o d YRt 7 g % Rdmy R AT

e P
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http://zh.wikipedia.org/wiki/%E7%BB%86%E8%8F%8C
http://zh.wikipedia.org/wiki/%E7%9C%9F%E8%8F%8C

k¥ it arp (Carloetal, 2004) » ¢x7 &b g 5 7 BEFE S &F
AR A <G g R RS AFES T Ko

I g 1R L A imfém};@,pﬁlﬂa LIVt
By i- A chy i rn‘vﬂ%fi aﬂﬂfiﬁv‘ FF Va4 3
# (oxygen radical absorbance capacity, ORAC) ¢ &= 5 7% & %
Foifs Se A4y b ap 4 hd & 4R (Cao et al, 1993; Ou et al,
2001) - H s gjpl g > ;2 & 35 Folin-Ciocalteu 42 fv & »xdng v
% € 4~ 7% (Trolox equivalent antioxidant capacity assay) (Katsube
et al., 2004) -

Fof B efEEdE A BT A S D AT (free
radical terminator ) ~ & Jm | &t f (reducing agent or oxygen
scavenging ) ~ 44 & | 4| (chelatmg agent) = #¢(Dziezak, 1986) -
BHA - BHT 2 TBHQ ¥ /B>t j d A& % 40 Hfng i (v% 5 45
ALy RIEBIEES CPopd Ao S5 pd AT
Bab pod AF L@ gF BT 2007); = kRT A S T R
A2 T AT g iV H s FRBBRE TG T RA RS
B &2 Traldng V8, (8% 0 1998) > Mokia iy iva ) ¢
o HARAE s B B AR [ BRpl

(L—Cysteine) ~ & (Selenium)& » T #p7a (hdmg & | ¢35 1 =~
# 7= A 7 % (Dibutyl hydroxy toluene, BHT) ~ 7 A =zl @ ¥ ¢'(Butyl
hydroxy anisole, BHA) ~ 2 & &+ & 3 fig (Propyl gallate, PG) ~ % = ~

# & pa(Tertiary butylhydroquinone, TBHQ) ~ ‘2% & A~ 2 ¥ ﬁiga(,sa;
# ¢ E) ~ Gamma—I; i d ﬁ?;;(y—Linoleic acid, GLA) ~ L—# %4 <
(L—Glutathione) & o H ¢ > b g & 2 g2 A 57 > ¥ Lenfid
emle g A T2 F B)r 27 AxAT FBHT) 7 A4
"F FBHA) - ¥ =7 AEm(TBHQ) : - il f ¥ ied £ E
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212 2 1 uf R Z H2RVERE
(1) % = = # & pr(Tertiary butylhydroquinone, TBHQ)

FZOHRIPA A LETAHF B ATAHFT B KT
7 & fR » & ~ Tertiary butylhydroquinone > %% TBHQ » & &+ 3% 5
CioH1Oz > B3 4r@ 2-1 HHE(isr= )i v § &4 v & B it
ok F U HCERF A fF YR B4R 10 BHT ~BHA PG (i
Q3 FA ) s 2 E B4 (e tad o fF iy
it BHA ~ BHT ~ PG % 5~7 & (§1% » 2013) ; 7 seiife™ &1 H &
FoF AR o FR e F 8 S 0 dF otk  E(Reda,
2011) © *% gtz b > TBHQ 7= ¥ 5 »zdr ] =% 7 iz % ];ﬂ(BaCIIIUS
subtilis) ~ £ % ¢ § % 3 7 (Staphylococcus aureus) ~ = % 1% F
(Escherichia coli)% w2 2 895 ~ 224 ik 2 # 2 £ (Ooi
etal., 2013) -

o AET TBHQ 2 "V 28 iz gy 2 45713 r%,%?«ff"gli'_
R g E (Z2) g V@l e & i (VRZ @ BRI
£ ArfisEr 21 TBHQ m/,"j‘ 4 ‘Q‘E_#ﬁ%ﬁr'f 4

1~ 7 %y ~ Fupe (butter) 2 4574 (cream); * & 5 0.20g/kg 2T o
oo AE AR WA T Aot = X8 » @ World Health
Organization(WHO) = FDA i 3% TBHQ z & p 7 ##% > £
(Acceptable daily intake, ADI) %2 0~0.2 mg/kg » ;£ ¥ TBHQ 7
e B F R 5 0.02~0.1% 0 p A~ (P~ )2 R (T )RR T

% ?5’,,9]‘4\2 o



TATHET D AR RERY O EFRE 2 E;VF:smPéﬂﬁ'r\:}ggm
FAF A E AR P K P me R @ pR¥ 3ld2 | Bn?

;;wjasr FEREINAE A S &wﬂ;}w’ﬁi Moo bl en 117 4%
FHY P TR RES A AT EY o LA AE 2
B R EAp o lwie oo 2 9 BT E 0 BT SEE A

2o g 0 TBHQ #HF %t it B T8 F > Glird 25
B fo¥t DNA edf i (Gharavi & Ayman, 2005) » e d 3% F Sk 8P
T oA RFER A ORI T RERRHAMLGE R
BT P o RS (International Agency for Re-
search on Cancer, IARC) # # & =_ TBHQ 2. ~ #f - TBHQ & H & o
F APV S BT U e iR > A Y a RS 6 0 FE
feitbEEFE IR RO G B bl BHT > Z 5% 5 WA
XA BHA 2 BHT % > ¥ 2 24 7~ 4 (% & > 2003) -



OH  CHs
CHj

CHj

OH

Bl2-1-%=7 AammetEs’ o
Fig. 2-1 The molecular structure of tertiary butylhydroguinone
(TBHQ).



(2) 7 A== 7 5 ¥ (Butyl hydroxy anisole, BHA)

T AT 3 F 0 &~ Butyl hydroxy anisole > 35 % BHA > 4~
3% CuHieOz > BHE 4@l 2-2 0 FP(iE— )5 &4 > g
A SR ALY R A O EFR Lk 2330k
PRt AR Z o BHA LS F F M- fE o K b 8
g EfLF VAR F IR AP A e foigiaE oW Ny e i’
Pre ¥ MRt 5 AVES# z&a“% PRSI e B N R E L
WS a8 BHA 8.4 1 & & g

F R A A B RAr IR R
A4 b eek o BHAGRE 1 et & 48 8

LA LR PRk R Sk SR S R
T %~ BRUAE s U ek T R H*%’%?”J{@%f“’

whe 4
.

g ioiF T 4 BHARY B FEL EEY K

%73 - 0250/kgBHA ¥ = 2Fril5 Mk FL £ 2 F BEE

A 4 5 0.2 glkg BHA ¥ 2 24rd] & 52 &5Ld nd o i&pﬂ’

Yo WA T HEEATE 2 e BHA A g fer b - Ly
d

FREEL2552  *itpw

&f
W5
o e

f

Y BHA v%iw@fffwﬁ%fﬁi Wi e R Ep
%/Z‘Lﬁa B35 (' ) g\ﬁ#mg zbﬁffl] s ;}:L,;T LAz i z
£ 4ofitée 971 0 BHA m,T 4y “i’{é‘_%ﬁ%&r‘f
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3k 7y~ fupe (butter) ~ 43 (cream) ~ 4 B AEis 2 WK S
* & % 0209/kg 1T oo

4~ 5ok 5 4% B (flakes) s 5 ~ 5ok & 5 (flakes) » 2 H 8 55 2%
W R e * €5 0059k 2T e

5+~ 54 %354 (granules) ; * £ 5 0.010g/kg 14T o

6~ E ks F 5 0409/kg 4T oo

WA EFF§ 2 (US FDARE BHA & 2523 > i+
F (Generally Recognized As Safe, GRAS) - BHA % & k& T %5
Fricdk K 7 R feentlgetd o & it h®E F 5 R~ TRRe S 3
# oWHO 3% 2 % p 7 % 2 #P~(ADI) 5 0~0.5 mg/kg * B "R
¢ S(IARC)# BHA A4 5 2B» 5 TH A 887 it 4 R,
2_4» & (Pokorny et al., 2001) -

F R R 742 7 7 I (National Institutes of Health)ﬁgi D3
Tdp 4 BHA ¥ it & 5 R 5 3247 3 M4k a F344 < &~ % £ &
% B6C3Fl /| B = 7 I 480 &l A 6 % & £ (0.5~2%) 7 BHA
w104 TR 8 MK BRARHE wmre ) fL R
(papillomas) 2 & |4 % % (carcinomas) » % &7t = &% 7 — T
Blrd bR BV EE R B 2 B MR (Masui et al., 1986) - 822X F &
%T?Lp&\% PARITBHAS EM S E= 24 - 23 b3 e
AR R BB R Y < BHA R R RS 4e & 0 7t
¢%Ea4w% I EATE IR SR R

-~
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C(CH;)s

C(CHz)s
OCH; OCH;

W22+~ AsAT § RS
Fig. 2-2 The molecular structure of butyl hydroxy anisole (BHA).
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(3) = 7 A== 9 ¥ (Dibutyl hydroxy toluene, BHT)

ST REAT RS X 26-2 % =7 AHT 0 &> Dibutyl
hydroxy-toluene( = # B & Butylated hydroxytoluene g
Butylhydroxytoluene) » 5% BHT » & 3+ 7 & CisH2O > 3t 4
Bl 23 FH(Cdrz )i bR Rk 7 upEed 2 AE-o B
§F P mi PER O RETLSHY g wE 8 R
%ﬁwﬁ’#?éMMaawéwﬁéw@mw-Wﬁﬁn%%fﬁ

Z b Pg% i“Bapr o BHT #4131 & avengng iV 22X X5 4
G i AR I PR E ST o R LARF A

Ak o BHT A0 B P B (R i ded 8 > - &
v Hyz A9 3 % (Butylated hydroxyl anisole, BHA) & * - g 12
BAFpas 2 5 WpL 5 HooR| - BHT 48w > &2 & Haps ivH
P EES AP BHA kE o FHf B - 2o

oA BHT 2T ERE G ipEm? g1t s &85 g 12
FERLENE (Z) Hg RS R Fuf AR PEZE T
£ AofiégFe f5on 0 BHT m,J S LR g T

\

r

1~ aRgr A bp 2z z7k; * &5 1.0g/kg T -
2~ T AgEEeeH . 8 L 0.750/Kkg 4T o

3~ g ~ U e (butter) ~ 2@ (cream) ~ 4 P apic &% B &S
* & 5 0209g/kg 2T o

K E g% P (flakes) 2t s~ ok &7 (flakes) - 2 B @ g7k 3R
ERaHE,*E5 0059/kg T oo

5+~ 54 %3k (granules) ; * & 5 0.010g/kg ™™ o

6ME K ke s ¥ E 5 04009/kg 1T o
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FrETBHT AP 2 a8 @33 M e v a6 B2

B @At @ 100 % BHT 4 F AUE foehfl et &2 8 frinik i it
PR AR TRk RRER T A K& 12 %2 BHT & 72 ¢ i =
AEWS > 3 1@;'5‘ #cA LK €7 wmd IR % (Lanigan & Yamarik,
2002) - BHT ##q%sp L % #p (Half-life) = 7~10 = (Daniel & Gage,
1965) - ¥ & &% 2> k& (European Food Safety Authority, EFSA) %t
BHT 22 %% p 3 %% 2(ADI)% 025 mg/Kg & & 52 %
(WHO){r % B & %% 4> ¥ 1= 5 (Food and Drug Administration, FDA)

A p % £ (ADD % 0~0.125 mg/Kg > ¥ ¥ FDA # BHT

A3 % 24 F(GRAS) ; B% KA 7 ¢ < (International Agency
for Research on Cancer, IARC)#-BHT 4~ #f 5 % 3 %7 » 2 T¥té 4
TR H AR TR & (Pokorny etal., 2001) - £ B F #F
% %+ € (Organic Materials Review Institute, OMRI) # 73 7 #L
BT A R#E~ 40 mg/Kg/bw H B 2. BHT » 4 50% ¢ & 24 | p¥
pod SRikEEd S B BHT ¢ o #8p e g 10 X (OMRI,
2002)

d 3t p Ay B BHT 4§82 ”fs%fﬁ Bk G F WS @
PV g FERBHT A RAY AN 220 e RBH T
IR M EREE IR E E T EEE ﬁ@%ﬁ‘%i?ﬁfﬁiﬁf‘é%
g 2 ERFARFEZ ELTAANZRILARE -
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OH
C(CH,), C(CH,),

CH,

B 2-3~ =7 Ao ? T4 o
Fig. 2-3 The molecular structure of dibutyl hydroxy toluene
(BHT).
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B0 s g R M R VIR SRR 6 R UT N2 e

+ &7 F > Codex Alimentarius (R & &2 & £ B § ) #3014
1 4F YA A G K- R ¥ % ADI (Acceptable daily intake,
FPFFHEPFL) FAMIELFERTAEERRNSL o HP
(Europen Union, EU) ¥+t 4 1 4% 1 &2 (47 )7 » TBHQ
FAERE o EFREAIILE VR FRIP RS SN R
€@ 3 743 (44> ) > BHA ~BHT 2 TBHQ % & = 4u3 it
A * Aoz £ 7 FAZE 200 mg/kg b g R g iR o AR 0 BEAR
BHA - BHT 2 TBHQ & /v * #ug i & (Mifdk= ) o (e 53008 7y
B ey H A A lS (F IR TIEE) ~ p S
P (fBF RN E8) 252 dls (742
ABEER) T ERY R ’*#’@i LA e p oA edp MRS (Vi)
BAR R B G & E (% 0 2010) -

Bk TBHQZ #ed it iy # F #&BHAZ BHTY » & j4:#
B e % = g AP F (BHAS (208 1) fe 3O Bt h "6 b o
TBHQ# AFER " ¢ * 3T 8 Bifde (35 AR B % 0+ T
FTBHQz "Ll deend fiagi @ A 5 & Jpt = 4 1dng
A AT B EREE R 0 T F Bt B
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2.1.3 @ S ip| 2 2

a5 iy VP RIRR S Z D B2 e 3 24 2 (Steam
extraction ) ~ ;& —;%& 3¢ 112 (Liquid-liquid extraction ) ~ £;3 ¥-4é
/# (Hot solvent extraction) ~ /4% 43¢ 11/ (Cold solvent extrac-
tion) ~ 4k ¢ & & &tz (Column chromatography ) % (Yang et al.,
1993) 5 P v o R DX B LR R A R F T

CER NS SN

Bl % Bl g e g 2 (Colorimetric method) ~ % ¢F & 4 % %
K= (UV spectrophotmetrtic method ) ~ g & 2 & & & 7. (Paper
and thin-layer chromatographic method ) - % 48 % +7;% (Gas chro-
matographic method) ~ & *<i 4p & 4572 (High-performance liquid
chromatographic method ) % # 48 & 47 &+ &/ ( _Gas chromato-
graph/tandem mass spectrometer method ) % (Yang et al., 1993) ; ¢
wHF LBl R A A AR TR Rk AT o ed N s & o2
A E L RAPEAT ) AR AT Py AT Sk

B* g AR RERE 2~ 1§Je:‘ » Min % Schweizer ™ % Z i+
4 b= 58 3200 ppm BHA ~ 200 ppm BHT %2 100 ppm TBHQ ’T
de¥ih P 1 F AR R 4T koA 4945 A B1E BHA - BHT 2 TBHQ
% 193~203 ppm ~ 195~207 ppm % 98~106 ppm > #pl4&*T 5 10
ppm(Min & Schweizer, 1983) - Icenhour 2 Van Dalah 2 ¢ f& e fig 3
Lo A TBHQ & 4 47 2 it % A
( N,O-Bis(trimethylsilyl)trifluoroacetamide, BSTFA ) & » £ 12 % 4p
A7 ik A A7 0 B wojr F A 3t 95~113%(Icenhour & Van Dolah,
1991) - Ohta % 4 4 %77+ BHA ~ BHT 2 TBHQ & 100 ppm *> =

T
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AAEY I e HERG LA AT RE F AR AT TR A
170 Hw g ¥ A b 5 81.4~98.9% ~ 0.7%~106%% 70.8~116% > H
F #B’éi TR GRHESRS 1 ppm o FARE AT R RS 01
ppm(Ohta et al., 1997) - Choong f= Lin ] * 7 4c fi7 4 it 32 A&
( Tetramethylazanium hydroxide, TMAH) #-g * & & ¢ $i3 it &
BHA - BHT 2 TBHQ i&{7? g it » I ,] 4v 14C-OH 5 &0 14 F
1R AT R A T 0 TS A 3 94~106%2 F (Choong & Lin, 2001) -
Lin & 4 "‘4%#9%1‘%?5%@%%# Lt fig X B-v 4 ¢ BHT 2
BHA » w jg & & w] 43t 99~101% % 94~99%(Lin et al., 2003) -

R AR R TR ERE 2 }gw »Indyk 2 Woollard 4] * & 4p &
HZ AP RAT s e e e s 2§ TRE 2 T et B2
#oagp o ¥ A7 dle 35 BHA s BHT 2 TBHQ % &p & 6 fa4o
% 1 #&|(Indyk & Woollard, 1986) - Andrlkopoulos % 4 p| 12 i 4p C18
FREFRPE TS T R BEEE (PH3) 2% ~ T2 2
PREERAH M2 RWERE S 215 BHA >BHT 2 TBHQ =
N & 9z A (Andrikopoulos et al., 1991)¢Yang # 4 Ajr it
NmA R A1 BARE B AR o R R Y
i oAp R AP K 4792 ~ 47 BHA -~ BHT ~ TBHQ ~ PG 2
NDGA(Nordihydroguaiaretic acid) 5 f&td & - w e &l 4
*+ 90.5~100.7%(Yang et al., 1993) -

SETLIT R YRR 2 5 90.03.27 % & 3 % 0900018531
5537 %~ 102.09.06 2842 & F % 1021950329 55ig & 2. [ & 5@ Jif
¥ ES ﬁ%~¢—@ﬂﬂ£A4mLﬁa~%;éﬂiﬁ

SHAIFE T AEATFFE DT AKAT FLR%F ) 2EFR
BICHEL ) R R D IR S TR F oAk 72

+*Y



zE
FH O FERIFIES > A X ZREAPITEELL00E KA
253 TPl AP 20 A4 oo § PR S TOS BE
DA R LERERA BN AR R AFE TR T

1%k 0 A R E P g o

=3
bl
|
N
She

o
=
Jd

<

%
B
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TEERRE
221 R BIBREE i

BRIE(senson) A A B I L S EEE B FRSER S ERE
B TR AMELRE %*Qﬁ’ﬂwaﬂ$ﬁ#ﬂ®@mlﬁﬁﬁm
FleX F R R R BREBS IEE LF R (Gho B4
BESCER SRR pH E2 B AL ) FEEE AT EFLT
TR T F M EL(F &5 0 1999) > 20 {8 B It Ak 7 o Aot - K
% TR AR e B BRI kR %) 2
W R-E e BRI 0 L W AER B T HERIA RN 2 4
BLR e £ (Walker & Rapley, 2014) » g ip| % 2. 7 32 (Zorbas et al.,
2004)4- @] 2-4 f1m o 3T E KRR RIBAZF S AR R Y AR EEY
e BF LR FAEE PR DNFRT S BERE T H
R BT ERFDET S TG RSB kst
P de L7 nA gL 2 (Xudong et al., 2008) -
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BB BEX AR L LZAHINL 5 23 PR HE < (Molecular

recognition unit) 2 4~ 32 it & 3 5 % (Physicochemical transducer) o

ﬁiﬁﬁﬁazﬁu@ﬂﬁﬁ%:&iéiﬁvﬁé16)“
5 kPl % (Chemical sensor) = 2 it 5 3 7% & s 0 474 5 FER8F 0
e 5 (2) 2 4 R R B (Biosensor) ¢ Al LR AR E 4 b
Ry 0T A 4 g B0 5 bz gy (Chambers et al., 2008) -

IR B B M e FAERL T AARE G R o
aﬁmﬁuwwﬂﬂ%#iu&ﬁ%ﬁ:ﬂ)?ﬂﬁﬁﬁ
(Electrochemical electrode)z. 7 73t 55 5 (2) & & 21 55 (Optical sig-
nal) ; (3) st & %4 1 %.(Optical-electronic acoustic signal) (Farre” et
al., 2005) -

PR A R RRE SR A LR R E (Physical
sensor) ~ 4 4= g jp| 2 (Biosensor) 2 i+ £ gt jp| % (Chemical sensor)
(Zheng et al., 2003) -

PR R PR KRS TR R R R R o ) Il o HAk R
Benpm Bk 3 ASE SR B DR - R 8
{rﬁ;f])xﬁ’lf?‘%f;ﬁ FTUNSINEATHFER M 2o Pand o F ¥ Leh
PORRESRTARRE S BRTIRARE  BRESRRE IR

FRERES-BEISRRE S RFRAERES o

CERRBEFN LM ] ~ FRAFEIHEET B 2B
pAFELTE ARG B ERILEL GRE < IUPAC gt 1901
EHCFRREL ARG T ERREL - AR SRS S
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M Aok R s A ESE RSP ENESEYE oa b it
BT AT 8 E RAL o Nd BB A PR
MEET] o P ERPIE Y d BRI E R B R~ (Recognition
elements) @ &~ i 2 i /% 50 3 5dk se B (Transducer)#1 s = ; —
BET R R CERR AR LI AN T AT ER
P| ® (Electrochemical sensors) ~ & 7 & %8 it & g | % (Piezoelectric
crystal chemical sensors) ~ % i+ & g% jp| 2 (Optical sensors) ~ # = it
2 R | B (Bio-sensors) ~ % & #-j& (Surface acoustic wave, SAW) i+ &
kOB E > % B © (Microchip)sic it & g ipl B (Micro-sensors) - & i+
FRABAJ Y FRP RT3 R R rilde o e # I d
2 e gn FRENKRZBRERT HWCERPIBIA Y RT S
L,ﬁwyﬁgﬂ%maxqifkwnz% 20 k2o gRp Rk
CER PRI FRl Bk £ 2 R A F ¥ ka3
ZRPIBR 2L CERERIES I L (depE & 2 S H
R R R R FERE(d A R E) A5
Bk v B R R R E A B 4 (100-300 MHz) #3116 5 iRl dr 2
BREEY 20 A2 FEAEIN A ER 0 XF2RBE Pk
fo 7 k] 'L%?rs.«?“?ﬂ RERRERIE(ZREB~E2 i E)2
L O A B USRI  FSE S IR DN S A L o
LRI CE R TR RT  h D 3
B 2B s %;l-( 3552001) B B chit ERPIE S 7 pH - -
EPE R R TR e

(

a}a

"‘r
32

W
;3
\-‘

%}E% =

AR BE - A4 P 3+ F et (Immobilized biomole-
cules)k dip|r H B 5 FRPEL oy B ERPIE -
7801996 # IUPAC esiftd R iplE2 2 T2 3R RIE 5 -
BFiR* AP Eagriiu iz, SAgEEATEE > VR EE TG
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FTEAL TR AT NI o - A SRR EALR Y 4 Py
(Biological recognition element) ~ i3 %4 sc % (Signal transducer) 2 3t
552 B (Signal processor)#r e =t » @ 4 Fe gl it 4 PR p
BERIMA AP AR e RPIRAG S A
PEFRAFEFEL BERFTRELF AL PR B H
o SRR B M SRR L AT A PR
AR AR P RS2 PR A 2 b Tk g
(Banica, 2012) o P 2 1+ RRIB O ¢ £ F RLE it 2 5
VRS A 5 € S G

RREF A A58 7 HEWE LG8 4 0T 1
(Thévenot et al., 2001) :
(1) & 57 & (Sensitivity) @ g g & Svdf= H = F |5 912 4 AE
Lol ERR o EARMM A AEE S T ALK ESR
(2) 48 T R (Stability) = Rl B fid * NGk 5 — BT 0 #3
FR o BLE F e s HPEF Ay 7 0 ¢ ZERE -
RR N B LR R A R T AR TR TR
(3) & % 1% (Selectivity) : s+ 7 g ;gggﬁ,\g B chiF M o hiap
R PIR B P N é;,?;;ﬁgrﬁ Pl B B g
BYERIY ot i 2 B B Bl E B
(4) fi % P& (Response time) @ & |4~ i ~ B B % 5218 3 B
BN FFZRTRETE PR o
(5) £ 1% (Reproducibility) = f4p ke g R 6% =7 > ¥ F Rl P &
TEMREK - RPE AL T ER ATV L REARF o

f’“r

5

\
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222 T i B A

TEA TR - BEEF T AR g

F%’A%{ﬂ
PRI EEG D IR R R ETF T B

e e 7@_
(Electroactive species) it 73 &2 & &% 4 & 7 & 4 1k )@(Crow 1979;
Bard & Faulkner, 2001) - & i* &R p > % 8 > e @ a4
& (Working electrode, WE) ~ # 2% & & (Counter electrode, CE)fr %
7 1&(Reference electrode, RE) ; # 4 &] x4 * (Zoski, 2007) & :

li%ﬁ,*ﬁﬁﬁﬁzg ‘/?Jf“m?’}é’ﬁba*élqiﬁf%’fﬁﬁ 1L
o iF i el FATRFLFEE R ITTRELE
s F 2B 5 etk o

TR PHEL TR ¥ 1 PR BT ¥
ViKmABE CPREIFLDOTICER B
SRPl - BF RO £ T IR

LT HRIREEER T ETHRS 2T 0 &t TR AR
”{ﬁq?/ﬁ#‘j‘gﬁﬂp\ AL TR PR REARE A - HEE s T 0 m
BT R L RELRFAF Y AL TG TN

SREL fcgétféfb T #&(Ideally non-polarized electrode) st » £ 5 3
\a_‘ ‘/)l ‘f\'—"‘—‘ta; m;ﬁ I“' )@;lé 4’3’? IV} ° - ’;;'#’ f% * éél—\%‘ it {EQ
(Ag/AgCI) + & 7 #&(Calomel electrode) #2 % %4 % 1& -
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PRI R R G A Y AEBRRY O E > T E
TEARG R AR S AT A SR EEL 2T E TR
TR E TR L FREOEREYPTIERE O EFREREER

L B
$ARE Tt B F(9 103M 3 108 M) £ § i< &L (Skoog
& Leary, 1992) -

T P ERTRARERNALRERBOSET A HERR
% ;% (Cyclic voltammetry, CV) ~ 2+ p# 32 ;= (Chronoamperometry) ~
5 3 1Y B re dm e 772 (Electrochemical impedance spectroscopy, EIS)
F oo ATY R TR RE G E X 3% 2 (Amperometry) » g TE A
pLd fE A T E o
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2221 /HkRE 2

K% % (Voltammetry) £4p R e ik Rt 52T > %107 F
TR oom Rt RFR FES TR S 0 T
EIRm—T 2 e Rafp AL auldd s 2 F > B 2-6
IR o A e S T B A AR o N = i S I
P HEBic I T RA w7 F C R R~ R(Bard & Faulkner,
2001) -

~

ik k% j# (Cyclic voltammetry, CV)L & * 2847334 F &3
TSI Sl iﬁr} CNE CE LR M & R A & -
KPR AR R NP TR E R P RRAY T AR
2R BB BT LB K ﬂ&iim&ﬁ oo BEHRRE LA
RIR G LT T EEE F PR R S A 2] (Symmetrical saw-tooth
waveform) w2 § » & = K% 3F 55 (F 2-7) AP & i
R 247 A4 5 1 (oxidation) 2 & & (reduction) » & » 32
AT n R o R LR REETINE T A G E(F 2-8); o
BlP P @I R&EAITTETE2ZFMe 7 2§ % S (Anodic
peak current) ~ & i & %% T /i (Cathodic peak current) ~ & i~ & 7 =
(Anodic peak potential) 2 & & 4 *% 7 = (Cathodic peak potential) - #-
T2 BHRREZS S e8I THRB(HR 29 7 1 FE0
BHRRTZSEERAET FRET LR
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(A)




(B)

Electrode Solution Electrode Solution
Vacant _
@ A MO
Energy level
. of electrons
Potential —_—_— —_—

| :
®y 1 I Occupied / 3{__

A-e—A*

Bl 2-6 ~ iR Az k2 T 4&4 & 2 & 4 Bl(Bard & Faulkner, 2001) - (A):® &
F o (B)s it F & (Bard & Faulkner, 2001) -
Fig. 2-6 Representation of (A) reduction and (B) oxidation process of energy

levels in A solution (Bard & Faulkner, 2001).
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@ A
3
=
3 dE
& _dE
dt
.
Time (1)

Bl 2-7 ~ Bk KRE 22§ =—PF R 7% F(Eggins, 2002) -
Fig. 2-7 Cyclic voltammetry potential waveform (Eggins, 2002).
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Current (/)

Bl 2-8~ A k%22 T e—a PR TR B , 2002)
¥y = y 4

Fig. 2-8 Current versus potential curve for cyclic voltammetry (Eggins,
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-

Bl 29 3 =%t $Hk 7T in % B %(Skoog et al., 2007) -
Fig. 2-9 The relationship between potential variation and current var-
lation (Skoog et al., 2007).
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2222 % 3%

% 12k (Amperometry) 2 1 (TR AR R ET o B 4w
LT RTRAFAVRERMPEFE CARBRE B2 K
B ERPF R TR IESEARAT

P ETIERER(FOR o gt 2 > TR R A D

Siplb ok R A A0t G B A (B - 2011) -

'

NN

A8 445 o & 12k (Amperometry) ¥ 3t pE % 52 2

(Chronoamperometry) # & % 4c % p| &£ R onen 3 o A f8 > 2 2
FRERAET X R AHRAE KA F FRPECER AR F TR
BT e R e FHF T TN E  4oB 2-10 17 5 8 —"zfg%*“
FRE AT o EERERPN AL g AL 7o iE(E 0 2003)
Bl 2-11 %777 » HREE d REBEHEIL (TR {EE- IFET &2
FTEZDPTAHEFRZST A F P NPT Ay L RARS
FRAR(R )2 B2 o 4ol 2-11(A)97T > %k 5iF ¥
ﬂgﬁ#?:&f?ﬁiw s Eimoo 2323 RRER R
Rt AgrE B A2 AR FRRF R FlEt i F
B A ] ‘ﬁ&%?%&%?’ﬁ%LKMWWW%’%
i8] 2-11(B)#r 7= (Eggins, 2002) -

)
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® O
. .,.,7.,. — flow

t rl: A_Detector
I
]
E T
i 1
E |
|
]
I
1
1
[l
0 i time
1
1
= |
A |
i 18
l -
| I;:
(
|
1
I I time

1

B 2-10~ T 222 FRly &3 =2 o0k 2 B(Bard & Faulkner,
2001)

Fig. 2-10 Applied potential and current response for detector in am-
perometric experiment (Bard & Faulkner, 2001).

35



(A)




(B)

Ioat

0 time

Bl 2-11 -z GR (AR —FFM B B)w ~—p
B¢ % Bl (Bard & Faulkner, 2001) -

Fig. 2-11 The graph of chronoamperometry: (A) potential —time re-
sponse, (B) current-time response (Bard & Faulkner, 2001).

37



223R1“Fiwpl2 L&

w2 R EFY R ek € 4&(Screen-printed electrode,
SPE) ~ . 33 # = & (Glassy carbon electrode, GCE) ~ v £ % &
(Platinum electrode, PTE)% - # ¢ » iR T &F 5 &5 MR e
AT T PR ERE mﬁgﬁ%mmﬁﬁﬁ ¥ A
Bl 2T P B4 « wd 2R~ 54T &
(Bare electrode) » e - H Bt k¥ £ A3 = B R 3R (Wang &
Hutchins-Kumar, 1986) :

L T e FISOq) B9 Ta A2 i o a P RI& T
BA L
2. 3B P T AT HEA G F BEERK 0 FEHHIBRRE
A A 18R B Ak A A7 ende ’Fr °
3. @1 | F i B B 144~ 8 (Electroactive species) » T4t
o PR

17{iji%%lf#§fé L AYTARR 2 R R
& BEdigargte e el &

=z

T
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i34 T 1A

R P F R Ny AR GERE Y o THERRR S RET LS
B AN GARTIRE BATIR ATERTZ - BTtk B4
TR F LG AR A B34 T H&(Chemically modified
electrode, CME)~f% % 2 &7 7 &= % DNA 2 4F 7 & (] 2-12) (Barroso
etal., 2011) - & ¥ Lehig&nim 2 (BB T > AT Y TR iR
&5 (VB4R T fR 2 i o

R4 TRFEAUE LW

TE LB 8 FE 534 T 1k (Baldwin &
Thomsen, 1991; Murray et al., 1987);1975 & Watkins & 4 & {7 it &
BT 2T HIRLAeEFEELFBAHT RT T1L G
PR BT RHEFEMPFLEIERS B I 2 E R
(Watkins et al., 1975) - i3 4F & &= j2 & | AART &4 & BB LA
EC RS RS AL S A AR
(Modifier) £ Rtk g4 5 o F 7 R AR GSF R iRl
o B Y BAS T blde TAEEM A 2 HE A
A3 P RREEE S VBB AT SIS R

o

Wi BT IET & T (4 2011) :
(1) ®g=2HE

@) 2 e iy

(B) &% ki Mg
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(Antioxidant),,
e-

Antioxidant
(Med) 4 (Antioxidant),,
CME
S e_
(Med),, Antioxidant

(Antioxidant),, fy, H:0

Direct oxidation on bare electrodes

N

Tyr
e- Lac
Antioxidant / A 0,
enzymatic
Modified electrodes f—— ==
(Med), Antioxidant),, fy, 4 H.0
Tyr
€= Lac
(Med),, Antioxidant @ N o
?ative DNA signal
DNA signal
(antioxidant and
L freeradical)

X Damaged DNA signal

>

Bl 2-12~ 7 iV 8 o 5N 4LF (R p 2 T HeA SF(Barroso et al.,

2011) -
Fig. 2-12 Principle of operation for the four electrochemical sensing

approaches described for antioxidant quantification (Barroso et al.,

2011).
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(4) # B Tinefrr f
(5) ..qu"/\‘/‘ P\’:'/p)g-].

\}\
c\%\

T
a2

“3}1«

o
A
o

i3 A% T iR & 2 5N+ & A 5 o f8(Damien, 1994) :
1. H & = %42 (Monolayer adsorption)

¥ k=i 5 Lane 22 Hubbard 2 B 11 5 enig 4 = % (Lane
&memlwm;&;%ﬂ*?ﬁ%a#@%%iﬁﬁ“@i

4o 3 4~ s J(,]w_}_f"t‘?r 4 (% @ 4—,”:"1: 4’\'—‘5 P A
E%aw%ﬁ%%é@ﬁﬁﬁﬁﬁ’ﬁﬁﬂmﬁ B ik gk
Fd BRI T iR A R 2 0T 4 33> F AR R R 2B

T i RIELTE L o

2. £ W% 4212 4w ;2 (Covalent modification)

LA E L F R AR LG F A AR A RS
AR AR R S Atk At enst i s gt 14

W

D e 2k HE A TR b LR AE - T
5% ™ R B
3. T i & A4 = (Electrochemical deposition)
?TLg/ﬁ%/éiﬁ—?*ﬁﬁ%&g’ﬁﬂ}/%’y/%“ft‘ sl,(%a,-ét"’z
et MR AT E T RAG Y T UAFERT R
PR A EFTEA RS AT REE > HREEu T4
=R
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4. B » + 12 45 ;% (Polymer modification)

BAFBAZIRL AR - AL BT NS TR
A ATt de t 2 & AR B & 47 (Nafion) (Cha et al., 1993,
Martin et al., 1982) ~ & & i v+ eg(PVP) ~ Tosflex & 3+ 2 32 K &
Foo TN GHB S MEYS TS L IEY > A E Rk
Pk o ¥ - SANCHERAESE BATE > HERB T E LT H 2
A5~ A G B o

AR BATARNR A2 2T R ;o
T AREAFEN Y S E L V- 2 G R B a2 s T
& 345 7 ferea 2 R IL L 5 A LT v 8(Naraghi, 2011) :

1. E#H Mk g (Selective preconcentration) - ] * i2 4% 4= &
L4t adrte 283 > 5d B E 3T g as e
Reodrf iR TR w0 FPFRIRAFL ek -

2. %% E4 M (Permselectivity) * A7 &% ® £ B - & 2 X%
SEM R A G RN IR G T R ELend ¢ R
?’uﬁﬁ?ﬁ%ﬁﬁ’?ﬁw%béw¥%aﬁ%aﬁ

TR FE LT R BREZR  E KPS

-
A °

3. iF # 3w (Selective recognition) : iF & 4 3k 5] z‘ii i?v}é vl
BOApE £ R - TR A PR R R
AL AR e T R R #ﬂ%‘rfﬁ‘ TiT L "ﬁ & B
FREH A G AR R o SRR TR A I 2 AR
F 5 iz % (Enzyme) ; %2 ”ﬁr‘s‘/i%—w,ﬂ#ig,’@ﬁ

WA AR RIET

4__‘_)
(Bd\
o

A AR - B FE



PIf% % &2 % F(Substrate) (% (5972 4 2§ * & AFOF
BRESFITERER S V- FRIEZRGRIEEL T2
L

4, T i gt (Electrocatalysis) @ & Lt F
i TRESFOBL N B EMETR 5 fEA
Aﬁﬁﬁﬁéﬁﬁﬁ’&?ﬁ%a@%—%?éﬁﬁ%
Foffd BRMSRTRE BFECRER hE AP L
TEA Sk o Ba PR FACR 2L P -

Ay BT E S N LR R 0 B R

A TR et (5K LT R B T
TR F it i B TR o S HA T E L R AR
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23% &% Hps
231 % # Hp

AR PR RL R EFLE VS E 2
PESFE-TFE S FE 0 FRARE(ME 5 201L) 0 T LR
A kaF QR ALARY o d N2 FPHRERE A 2 LY
AEAREFRAEER T v RmF AT EIAFABHLI F e X

o

e
ot
>

% F(nanometer) 3 & B H > BF BEI Mo - 24 5L R

zo— 28 (Inm=1x10°m) e 2 KA P o K F R P EE
L PHEHEY TR MBIz BRAY D0 BAR

kB % A (4 2 1~100 nm 2 B)s AL S 3 F 45R(5 0 2002)-

p 19594 ¥ & & F RS IRa Bruanwdy 05 kg
AONAREFY FEI FAE A Z R AT E KA E
wrEdeeng oz ok A p BRSO Are g nF A bl F
Wi ~ i E »o s (Lotus Effect) ~ 423 L 12K % 4 P8¢ chi3
¥ 1% pE 1% fk (Deoxyribonucleic acid, DNA)i%ri‘ o 2 A HHE B E B S
51962 & - p AAERE AT BRSO RN ARES > T
Aok F g 3 U % 1963 E 0 Weda & 4 I F § B4 2
B Fik A G ook 5 1984 & o 45 B < Gleiter % 4 1 '}%'Ii,”'
WA ARZ AR LT FF4 0 a4 hd K HE(2 %> 2002) -
BERAEZFTHEE » 2 A4S DI HIIEFR LR -

e R B AR IR S SR AR RN R T R S8
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to AR A RS EREE cd R A HEA] £ S
FARHH A F IR EREE LG F A EY S R E R TR
B FSAAET Ao BB B TEBN - £E BN
PERR e FREE RS DR LR

% vH"}'rﬂ"l AR FEUT iﬁ‘ B> (,ES ’ 2006) .

(1) # K HBP A < pidez i P S LR S KR Z

R R R RS Rl

(2 7t P PBEARR (L5 A E SRz F Bt ¥

LA 7 i e p ik -

% %} ﬁ‘}'mx REERERES 08 L VAl DR L N

SABRIGE R KM EARE S T 0T T R R B

g’v’ﬂ)ﬁg,-ﬁga”é‘ %37+ R4t (Transmission electron micro-
scope, TEM ) o

(4) 2 kR AR e Rl R bk Beake 2 { 34
seenf s ekt s F ok~ A s

Soe

@

“’1

FOAHOR REEAT A RA ZAGKAER S AoRE R~ F L E
Frz t e fd ; B2 X BaH o2 K BBy K p At R KRR
% (HEE - RBPRFALIZLEE 2
FEBF P A AAERFF A AR S
AAF P FABCE AR E K ERB B

z oK iv s s d a7 (Top down)erf | it /2 2 d T @
_+ (Bottom up)e=t Ak 8 E A A K o B ik 2 F MR & H(R)
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-3 A a2 2 CFUEZE  FREF 2 A NG
S RARIE E F Api2 o FARIE 5 3R B2 (Bean milling process) o
e Ap 2 A of % (Spray method) » F 4p i F 4 L F Ap i g
(Physical vapor deposition, PVD) ~ & / 3+ & F i (Wire explosion
process) ~ = 3% it ;% (Arc-evaporation method) ~ 7 &+5] 1% (Laser
ablation process) ~ & 4& ; (Sputtering method) 2 7 J\" (Plasma
method) - * 2 B &~ S RApZZ FARZE - RAPZE G KRB
(Hydrothermal method) MRS S (PreC|p|tat|on method) ~ st it 2
(Microemulsion method) ~-it £ % J ;= (Chemical reduction method) -
RN L) R (Sol-gel method) 2 4z = 7 5t 48 % (Supercritical fluid
method) : % 40273 1“ & & 4p /¢ 48 > (Chemical vapor deposition,
CVvD)z it § F 4P 5% = (Chemical vapor condensation, CVC) (&
% > 2011) -

gmggﬁﬁﬂa,gﬁﬁgaﬁﬁ%?ﬁﬁﬁﬁﬂ’%i
BH T R T ekE o Brice S L (5 »2003); 25k &
i;ﬁ{@w&;@amﬁﬁa—’iﬂ@%‘%%@%‘%#
VR S IR R S ﬁfﬁ&m%‘ B3 AR %K%)Z‘f‘%g%i%ﬁ*‘%"&? LH
Boom s AR Z K £ B E P BEEYL T EBEL

TERFNZHA R BT TE

ARy CERRZEERCEUAG I A A HRS o V B
BREZEZFHRIEFT -7 RBfeFEETF B2 s WS BE
TitEY ﬁdﬁﬁWMm BARE AT REEF o T
1‘:4;_@ o i ¥ TR & B3R 5 3k (Reetz & Helbig, 1994) - i &
BRZRETHY ECBRRAF BB LEERIBRLE L ERE
FLFEWERY FEBBRR O RE RBFEI A Fr ik R
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F(RE>201L) o d £ FRF BT L RER Ao ds > 5F PFE 4o
EER R EREE o WS AV EY R RB L -
1857 & Faraday | * & #gpk4p #-[AuUCL] R R 25 = 2 F &8+

(Faraday, 1857) - 7 8 ps >t 33 B Rl > £ B4~ B R S
RS AR Al c HeeY Lo A 2 45 0 NaBH, »
NaBEt;H ~ LiBEtsH ~ N2H4 ~ ethylene glycol ~ formamide ~ f% &g %
AR o LR R A RBeny FRe S BB EEFEF R l4oE
B o Fievet & 150°C 2 F endg Bt » F % & = fg Bk i Spd0 % % iR
BRakRiEs® ey 2ERER Dz K ﬁrﬁ#(% 22003) > % & £ {7

SRy B R RN FREM iR > F IR RE BT 185 R RE
#1735 Yee &4 * tetrahydrofuran(THF)xr;—;\ KaPtCly 2% &) >
2k 40 & % (B 5 2003) > Esumi % 1z formiamide % N’
N-dimethylformamide i€ 5 % $L;3 & » 2 4 %34 polyamideamine
2 (& > 2003) o A F R enfEdE e 35 K o B A~ AE A -
foiih2 o5 % 5 d 30300 ARG A& BT L0 A gl

B A+ ]
FERCFIRURL R RALFEMN SRR
=

iy
&
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e I 0

v = R K —

— L —

R A8 —

— 4375 = Bk JE Ik
— AR ——H R

— 4 32 F AR LA TR
— B RN K
— E I\ Rk
il RIS

— A R

— e

— KA

— LRk
— L&
— LR BRI

[ & B EE ik
— g Ron s

— L5 RAR LR

— JL 5 R 488t TR

B 2-13 ~ % o MR E 4 Hor(mE 0 2011) o
Fig. 2-13 The fabrication methods of nanophase materials (f& % >

2011).
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232F £ K RFNBHTHRL 20T

AR £ A AEHREA - KT T %
HERG| o EPE RS R LEBA 2 T E R FE AR LR
e W BTG F 5 0o A A K AT BEN T RITE
KALR S * od 204 v bIrst 2 2R "f:»«"fbiﬂfﬁ'%’f?-’ﬂﬁ‘fﬁ%
LG % A ffo it 2 (Zhang et al, 2007) - & f £ % F
FEmEF Ao friEmEitEE s AR AR BRI, T
FEGRENT I BENS 0 At el g R R o

WAEF 2R3 AEIBETHRY La R TwfHF> 0 7
MFETEPERRE WG REIEZ G AR R R EER
GREFZAEREFERPFIER > SR AR I EART RS
oV HRBEAFC AR ESER AT IR S22 F BR
HERF AT kT BAEE - e/t mTEEFE £ FT
REF & F & B {n TR E 47 & #F(Bartlet et al., 2002; Braun

& Wiltzius, 1999) -

TMBTREFR L TP IRES S RITHIB ZER
AR s R R E T A B R (Magg et al., 2002; Nielsch et
al., 2000; Nielsch et al., 2001) » * 7% g feic* ME2 £ 3 & -
Mo TR BRBFIZHEMLILCEME S BT FRRES S TH
RARERZZMHFBEABEBNZAL FH g2, 2 T2
AR S B S

]

—

>

W

S
L

%*@% Bid ks e ies PR WK A

SBgAVRE D R wEaR o

B, /L

B hE

—¥ =
\"1\
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23212 % &R I NBAT HR2 2L

REE-FFER P T RARIFS E*"ﬁf‘ R o 1T
E ko FURF K PE R HE R D0 5K &0 AR KA I
BEE S AR LR (Daniel & Astruc, 2004; Schmid & Chi, 1998) -

iﬁﬁﬁﬁﬂ‘gj%%ﬁ%§~?4£@@ﬁﬁ’f%?
M G B AR PP ] R 2o @i (Linetal., 2013) Enl
SRR AR Y o2 KRR R YA K TR 0 2
ERFEnTy ¢ 5 A Y ; 1857 & w R 44§ R Faraday # R £
% W en% ¢ 3 % (Faraday, 1857; Matijevic, 1994) » 2 (S #1 5§ 344 2
&R SF Y R b e o 2k BT B PR

FARBAAT AP AN VR AT IS B T

it o {3 EApHE T e

Mangeney % # ! +FETEF £ s B A F P
S\"NZ2 O%h++ ( Yev Aul g 4 4z # & + (Superamolecular)
% s R FLEE e MRS LR F OREG P
R onrefgie * () 2-14) (Mangeney et al., 2002) -
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Au

B 2-14 ~ 3 ~ + 22 3 K £#+ % % (Mangeney et al., 2002) -
Fig. 2-14 Derivatize of gold nanoparticle surfaces by fixing the

polymer (Mangeney et al., 2002).
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SUn 345 3§ A A AERE F A A il

AUCI4_(aq) + N(C8H17)4+(C6H5Me) — N(C8H17)4+AUC|4'(C6H5ME)

m AUC|4'(C6H5MG) +Nn C12H25SH(C6H5M8) + 3me”
— 4mMC (ag) + [AUn(C12H25SH)\-n](CsHsMe)

z 5F & w5t HAUCH, ¥ 4% NaBHg: = 5 8 £ > 42 2 %)
Frfig ® pR R B £k 3 A G (B 2-15) finfd iE T (B Bl en
G4+ 24 B A4t (Sunetal, 2001) 5 ai R+ £ & R § 24Fen

Al > 3 3 BI* p ek 8 & 3 & (Self-assembled monolayers,
SAMS)Hfir ik .5 113 Aend LA F {7 B4 > FACR A S (7

*AAIRE %ﬂ-—p},@lﬁ‘]mﬁ At ov)];{—:‘ B3I B L RS
fait 5 "M 4 7 (Daniel & Astruc, 2004) -
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A ERSRGEREL §E R Bk TR
>+ o Cumberland % #-# & D1z F g4 3 4o » RiFHH—H
f i ekl % > 1 & w4 ~ NaCl ~ Na;COs ~ NapSO4 §= NaH,POy4
BREBLETHE A BRT PRUTY B RHA CIEE A &
Bt SR T L 0 A T RSN ERT G LEDfE
T4 (B 2-16A) > H ¢ x 5] SOZ¢ g+ 2k &k F 40 i
fEz2 i5% 4§ CO# 2 PO+ 2 4% 2 (/) 2-16B) > #& SO,* 4% T {7 *
{ 3 (Cumberland & Strouse, 2002) -

W o
*N B OF

YR Bt a 5 AN ERFRTERI L NRITORE
DR A AR E M B R L - § iRy T
B Shns S S W A HE . T F LB L AR
ESTREn L MR VE ek T ow T o 3F 5 ¢)§%JJ H# B4
FERFHNFTEHEF e iy P ERE R
W enigitre g o ¥ R F w3 5 (Tominaga et al., 2005) -

Al

Ay Ak Ak T BAIRG o @ % HpSO, 1T 5 4L wH > ¥
12 NapSO4 (% 5 %5F &7 854 HAUCl 2 B R 18 2 5k &7 48
/ﬁﬁi}&aﬁx;%ﬁﬁ,*é ’ ‘P j’,—irg ’Fﬁ/?l\ CHme FH‘%&L‘

54



(A)
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(B)

Bl 2-16 ~ mSIEHS $2 0F £ LT (A)R F £
#& 2% (a) CI (b) COs* (c) SO.* (d) H.POs 22 TEM Bl i (B)
&S (a) COg% (b) HPOs (€) SO 4E %2 F &4 7 R H
(Cumberland & Strouse, 2002) -

Fig. 2-16 The anion stabilize gold nanoparticles: (A) TEM images
of (@ Au-Cl, (b) Au-CO; (c) AuU-SO4; and (d)Au-POy;
(B)Mllustration of (a) COs* (b) H,PO, (c) SO4* binding on a gold

nanoparticle surface to be stable (Cumberland & Strouse, 2002).
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23222 %0 £ INBHETIR2 LT

PS4 ¢ ~F B B BBt E AR 4 N F R
Stz rag o P AR ek Ee 0 X A AN T
Ry o it L4 s SRR 7L BEDF o

A K e £ AT AREEARIL G iﬁ —H@,x\zﬂa 7*')@)}%
g%%*éﬁ@%,uﬁw%%ﬁmhof%w$ B R
A EREP S A TR s PR TP E E ﬁ“uk*f;a’

ALy (Y T LRI ART R

s > Flz vipiea B % % (Livetal, 2011) ;5 4 F 2 X
Hﬁ%@%ﬁé%ﬁﬁ%ﬁ“*’?ﬁﬁ?4ﬁﬁ@4’ﬁﬁﬁ
TR P RN T RAFRAE(ME > 2011); A
Aohd B4R 0 $HA T 4R L AER 0 YV s

57



TELSIE PR L E BB

TOOE R R A R A BS he e i 1982 & o
Tonmanee f- Archer & * prs 7% ek & ;= (Differential-pulse polar-
ography)# ik & * # # 2. TBHQ(Tonmanee & Archer, 1982); @ {5 »
TOERET RRI A L E R ARG A o e
FEE A 5 0 2 SR FARTAE WRPRE AT 0 BT R E A B
FEAATIREALCL BRI Ty A -

2006 # - Jayasri # Narayanan #-4# § it 41(AgHCF) ¥ & *t 1 i*
T FRBREE>EFRE TR FT A5 T 4 » BHA
it Fe(CN)e*/Fe(CN)® & sea 4 § it BB F & BHA § it = TBQ’
b5t BRERBAL AT ZE TR TR EY BHAER o
*E 2 WA B 2-17 F BN At o Rz Arz. = L 1065 g 7
fﬁ,,qrr 0.05-g AgHCF #g#i £353 » 4 » 0.30 g g i* 7 HR

R E AR P AmmE dom I E P FFEC S B S
3&5%"?? R SR RS s SR T ﬁ%l@“iﬁ']g? » L
1iERHE R ML R 0 T S XA RFE R R
VAN ST R RsATrH R B EETR&RER  FE(25C)
pFoo 02 0.1 M KNO; fes ¥k > Boif pH B 5 6 1B 5
3.7x10°M > ;n48ii » & 5% (Flow injection)sif 7 /& % 0.7V > F
A R 5 B 4 & 5 (Jayasri & Narayanan, 2006) °
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2KAg3[Fe”(CN)(,] electrochemical oxidation -2 Aga [Fem (CN)(,] 4 2K+ +2e
H
C&iv\a\f I ﬁ ccHa
3 t
28g[Fe " (CN)] +2K ™ o KaglFe N +CH;OH +2H
Hy i
BHA TBQ

Bl 2-17 ~ Fe(CN)g*/Fe(CN)s* 4 seikip] BHA 2 £ 5 4](Jayasri &

Narayanan, 2006) -
Fig. 2-17 The mechanism of the electrocatalytic oxidation of BHA to

TBQ at the system of Fe(CN)g*/Fe(CN)¢> (Jayasri & Narayanan,
2006).
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P> Guan 5 E i * fFl4E T RGP A1 fig 4
BrFRHAEE CEEGRE DR FT AL T 4 » BHA S
BHT PG TBHQ @ E# 4 5 *:Bhr B d 5 ' BRAEF KA
4R i E RoAELRl ek &S 7 BHA~BHT PG & TBHQ )k & -

fa ?/,% W FIETZ 1T, @ % nRflETiRL:d UE)
Moz iL4rfoek » L R Y - X ZHKRFART - W25V
5 2RI ETTH R EEETRARER Z FHQ5C)
0.025 M sodium dodecyl sulfate # i & 7% » & F pH & 5 7.4 &
#H* BHA 7 1 x 10°* M"BHT % 2.7 x 10°M-PG % 29 x 107
M>TBHQ % 8 x 10"M 1 Bk St Bl o SiEm o FG 2 A
% (Guan et al., 2006) -

2007 & - Jayasri 2 Narayanan #- MnHCF &zt 1 iv§% &+ >
FRE »ZFR2 21 FR L e » BHA & 23
43P BRFE D ECBRAERBAL DT 2E T OMER TR
¥ BHA BB o H 2 22 #84[4cB] 2-18 & B\ 97 - H iR
3725 106509 % &+ 1= 0.059 MnHCF 3R £ 353 5 4 »
O.SOgﬁﬁﬂz’v’v%iﬁLv‘ AL REAT P EAmmE 4om gk
PEERL S H RSP B "ff«iﬁi%:‘ﬁéiév’ﬂiﬁg—iﬂ“%
P ERBRRE S TIAGRTE N EELY &5 2 TR
éé@frﬁ Ao BB FHRER S ZE@SC) 1 0.IM NaCl
Ma¥ttr R pHESZ 6°BHA®BHE'LL 5 x 108 M >
5B 5 5 4% 5 (Jayasri & Narayanan, 2007) -

%
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2N agMn[Fe Y CN)g) m—titmodumiad ciddtion o, o pr Fe o N6  + 2Wat+ 267
H | 0
+ " lﬁr.'ie%):';:ll.:"r.'all oxidaton CRC&;B
maMn[Fem(CNjg] +2Ha + | o - ma;Mn{Fen(CH).s] + +CH;0H+2H*
S
CHz n
BHA TBQ

B 2-18 ~ MnHCF 2 47 7 & 7 &1 /p] BHA 2. & & 1% +](Jayasri &

Narayanan, 2007) °
Fig. 2-18 The mechanism of the electrocatalytic oxidation of BHA to

TBQ at the MnHCF modified graphit-wax composite electrode
(Jayasri & Narayanan, 2007).
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2008 # > Kumar % Narayanan #- nickel aquapentacyanoferrate
(NAPCF) B %301 (E £ 48 1 i (7 Hhitl = & bt £ B ~ 5 i 2 2
o FRAMEBEAET A BHA B 24 5 “BRFREJ 3§
CERFRAA DT E TIONAERTHESY BHARR » 23 2
2 544 ® 2-19 F BN ATT o TR AFZ 32 5 D #-50 mM
NiSO4 f= Nas[Fe(CN)sHOJi% i 2 B~ 20 mL iR & » f * & F 2 >
FI93 FHEIEIL 6 mm 2 Pk Tk B ERfe - S Ak L SR
WO R ST HRY R TREe &S 2 TR Ao ko
BB R 5 FE(25C) > 0.1 MNaNOs f s & e » B pH &
2 7 BHA kR4 5249 x 107" M » %4k 51 B 5 3% 5
(Kumar & Narayanan, 2008) -
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Electrochemical oxidation N .
> 2 Ni[Fe™(CN)sH,0] +2 Na" +2¢

2 NaNi[Fe''(CN);H,0]

OH (o]
(CHa)s (CH3)3
Chemical oxidation, N
2 Ni[Fe(CN)sH,0] +2 Na* + T’ 2 NaNi[Fe'(CN);H,0] + +CH;OH +2H
2
OCHs 0
BHA TBQ

B 2-19-NAPCF 2 & 7 % 3§ T &4 B BHA 2 & &4 (Kumar &

Narayanan, 2008) -
Fig. 2-19 The mechanism of the electrocatalytic oxidation of BHA to

TBQ at the NAPCF madified graphit-wax composite electrode (Ku-
mar & Narayanan, 2008).
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2010 # - Prabakar 2 Sriman #-i# % it 4% (NIHCF)i2 &7 >t 1 i 7
ot o F R E > E R A TR PRI L e BHA
% Fe(CN)g*/Fe(CN)e* i« s & 4 ¥ B R F & » BHA % i =
TBQ(® 2-20)>d ¥ it B R F LA 2 T 2 T IR ELR TR 50
BHA kR - 2B &2 32 5 | 72 S MITBUARE T2
p-phenylenediamine = ¥t % & = > 7 #&#& % {5 = » NICI/EtOH ;& &
Bk o RTIE BRRY g a IR B E BT IRE
NIRRT RR 0 B ETRRSR LT BB &2 30k
FUBF TR TG ESET L EE S TR IR T
i &0 2T Rmi e frH R ST FEER S 28(25C)
0.1 M NaNOsf s % fmke > &if pH E 5 7 » BHA #&BH& 5
6x107 M > A i e Rl FE B 1.2 x 10°~1.07 x 10°M > jidliz » & 47
2 (Flow injection)& g & B 5 04 V> F 2% PI5 & E F 5V
BHA :k & (Prabakar & Sriman, 2010) -
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¢clectrochemical oxidation » 2Ni3[Fem(CN)(,] n 2K+ e

2K Ni[Ie(CN)g)

8 il
C@“—D‘b dc\%n)’;
. hemical oxidati
2Nis[Fe(CN)g] + 2K+ < e‘“‘flzc‘)“‘ > 2KNi3[FcH(CN)6]+Q+CH3UH *2H
1, T
BHA TBO

Bl 2-20~Fe(CN)¢*/Fe(CN) ¢ % 4o iB] BHA 2_ £ & % 4] (Prabakar &

Sriman, 2010) -
Fig. 2-20 The mechanism of the electrocatalytic oxidation of BHA to

TBQ at the system of Fe(CN)g*/Fe(CN)¢> (Prabakar & Sriman, 2010).
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F & > Medeiros % FHEHEHF i& #(Boron-doped diamond,
BDD)H =z 1 itqg et » F BRI E > EBR 2 T FR 50
Exfster BHA & BHT @ 2543 “BRARF R d 3 “:RA
FReA Ay 2 g asp ks BHA 2 BHT k& - H
22 W Ar B 2-21 F BT o iR ARZ. G E G L AR F R
(BDD)H 30 f, & + (F5 1 (534 ¢ * % 2 L% BDD = » 05
M Ffaiaip > P TimRA-10Aem2 & 10Acm?2, g @& * 1
% 0.05 um % i“ 48[k ik T:#d’v‘o:é AL KRR S TR Y &
S0 fTRELAfH e MR FEL R T REERER
SERET O FHAER S FRE5C) 2 0.1 MNaNO; i 7 3 i
i pH &5 7 BHA#&RHE'LZ 6 x 107 Mo Jnglx ~ &2 472
(Flow injection)sif & & 5 0.4 V> BHA 2 BHT t& |4 Fl 4 %] 5
2.8~83uM % 2.8~ 36 uM(Medeiros et al., 2010) -
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H

C(CH3)s C(CH3) C(CHy)s
H,0 2
_H0 + HO 4+ 2¢” —20 + CH,OH + H,0*
OCH;3 OCH, 0
BHA
H 0
(CH3),C C(CHz)3 (CH3):C l C(CH3)3
H,0
— + HO" 4 2¢
CH3 CHs
BHT

B 2-21~ £k % &' (BDD)% & # BHA 2 BHT 2z ¥ &5+

(Medeiros et al., 2010) -
Fig. 2-21 BHA and BHT oxidation mechanisms at the BDD elec-

trode surface (Medeiros et al., 2010).
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2010 + - Freitas & & f R @k 4 (Cus(PO4)2-Poly) H £ 2t 1 iF
T o FREE>ZEERE TR FT IR TS 4 » BHA
ABHT» #2545 *BRFAR J 5 BREFBAL T 22
TomM B e E? BHAZ BHTER - 242 2 2 5 104
g 40% % 4 it 4% ( Cus(PO4)2-Poly ) ~ 0.4 g 40% 7 £ #5 v 0.2 g 20%*+
B0CH It en PR & > RE AR AT ST 4o M gFMRIFL 1 (F
T WETIHRED £5% 55 T 5 AG/AGCI BMKCI) - %
BT o 5%kE RS THR5C) 4 01IMKNO;/10% ¢ f% i i 4 v
% 0 Beif pHE 5 6.7 BHAHRH&'T5 6 x 107 M » jdiz » &
7% (Flow injection) i /& 5 0.4V BHA 2 BHT 1 P& 4 &)
2 72x108M %2 93x10°M: F = &% P 5 ***(Freltas et
al., 2010) ¢

2013 & LinFE* 2 X £BACHBATIE! F B E
B mn s TR FRGUELEE ie 4 » BHA~BHT 2 TBHQ & £
o B HBEAF I BRARER(E222);d 2 LB RF RA S T
&2 g Tk & BHASBHT 2 TBHQ 2 )k - H T &3
BFZ 3 E G RRF B JL3MMZ BT R L F CAEFE RS 0 o
BURSHREL ~ G R R EARY R ART o A= TR A
025 M Aifig > M BEBRRLZ A-103 10 VER®F4 0 £ 5
WHEAE T TR EFEE L L B 1.0x1I0° M iz & £ 41 0.01 M
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ng/mL > FEHR SRRl F 8% b 0 wleF R & 91.6%3 105.0%
(Linetal., 2013) -
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##1(Linetal, 2013)
Fig. 2-22 Electrochemical reaction mechanisms of BHA, BHT, and

TBHQ at the gold nanoparticles modified glassy carbon electrode (Lin

etal., 2013).
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1. .ﬁﬁ.‘ri(acetic acid, CHzCOOH) & 99-100% » § 4 % &-4x5% ¢
Ao B Ao

2. A& (phosphoric acid, HsPOy) & 85% » § A % 5-4k3¢ € 4+ >
pA o

3. #=pk(boric acid, HsBO3) % A& 99.5% & L3R #E N €400 p 4 o

4. © pi(ethanol, CoHsOH) 4 B 95% > B PP it 2 %> 2@ > 4
IR

5. - 7 A= 4 7 ¥ (butylated hydroxyl toluene, BHT, CisH»0)
K 99% - AlfaAesar » # F] -

6. 7 Az A7 § ¥ (butylated hydroxyl anisole, BHA, CiH;60;) #
& 98.5% > ALDRICH » # & -

7. % = 7 2 @ pr(tert-butyl hydro quinone, TBHQ, CioH140;) & &
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97% > ALDRICH > % & -

8. = % £ pi& (hydrogen tetrachloroaurate( I ), HAuCl,) Au * &
41.80% - Alfa Aesar » % ] o

9. # 4apk(dihydrogen hexachloroplatinate(IV), HoPtClg-(H-O)g) Pt 4
B 20% > AlfaAesar > % &

10. SDS(Sodium dodecyl sulfate, NaC1,H25S0;) % & 99% » Sigma >

2R -
11. = ~ = (n-pentane, CsHiz) » Riedel-de Haén > g B -

12. 2 i p%(2-propanol, (CHs)2CHOH) - Jo?& 0 AR = PR S
i o

13. ¢ % (acetonitrile, CH3CN) » J. T. Baker » % §& o
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1. & i & & 47 % (CHI800C, CH Instruments Electrochemical Ana-
lyzer, Austin, Texas, USA) -

2. = Rtk 5L
5mm #3337 #%(CHI 104, ALS, Tokyo, Japan) -
Ag/AQCIl & #%(RE-1B, ALS, Tokyo, Japan) -
05mmse &% Rt(Eim £ F 3 L > odb o D).

3. j&# = ¢ (Model P100 - P200 ~ P1000 - P5000, Gilson Pipetman,
Connecticut, USA) -

4, % > 7 %77k 5L (C-1000F > = H Bap RS 3 F A7 2@
r %) e
5. iR K (CY-130 P RFF A2 > 20 - S)0
6. Az @ -k %% % % (Barnstead EASYpure II, USA) -
7. B rcicR4p A 47 & (HPLC)
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% # # % (4 channel degasser, GASTORR AG-14, Fischer analyt-

ics, Germany) -

i ;o] B (UV-VIS DETECTOR S-3702, Soma, Japan) e
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7 e d2 (Chromatocorder 21, SYSTEM INSTRUMENTS CO.,
LTD, Japan) -

8. T+ ~ 47 % X (BL 120S, Sartorius » & %5 784 B3> 5 FL D

o ‘; 7}L ) ‘; /?) °

9. & ®&A]F F X (XS 6250C, Precisa, Switzerland) -

10. fed & 3*(inoLab pH Level 1 + % RERGF A 579
38

11, 3R B(MH-1 37 £ H 45 1 %0503 52070 5040 58

~

12. #c% 2| 7% B3 E(COLOR SQUID, IKA » x5 3 2@ o
¢ Lﬁ,,%%f-)o

13. 423 ik B(5510R-DTH B R EF 128 57 » 2%)
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THRAGALTIFAF CF o X AME L

Rl ksd BN RRIIFHIEL LB 4o r 10mML
2R ethinir SR EERN > NEERRER - N T2
PH EAciB & 7 4e » 0.1 mL @& pld » Pl 22 5 i3 RS
ML BB A EY S IR IRABBET RN B4
2AMH B BATE T Eie £5% 2T 2RI
it & (AgIAGCH T 1 -

R A R LR A L 2 SRR R0 R e 0 a8 (CHI
800C Electrochemical Detector) & 7% init 5L d R % #icfy o P
FuT A Bl4cB] 3-1 #9757 o
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electrochemical
analyzer

thermostat stirrer computer

B 3-1 7 “EHp ckhT 2B
Fig. 3-1 Schematic diagram of the electrochemical detection system.
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( Dibutyl hydroxy toluene, BHT) % % = — X 4 R ( Tertiary-butyl
hydro-quinone, TBHQ ) 2z i &R iF i* > 7 v 4R 8 5 ik B if i
WirkER - m FER TPl RFIFTNeEEFSF F 0 E N
2013 #22 B L 2l R Jay H kR E—p Y 28
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Fig. 3-2 Procedures for determination of antioxidants in the study.
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A3 4% Lin % (Linetal, 2013)i * z_ i3 4F = ;% % 2 jT
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Na,SOs ~ 0.01 M 7 H,SO4 iR & » = R B3 H P o $F34 10 % 31204
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N A L AR SN A A

1.% & 7% 144 Sodium dodecyl sulfate (SDS)¥* #

F MR E N
% 32 7 # # (Hasnat et al.,2010) -

QERFLE F MR & o LLUETR R 2 1115 V3

-03 V
(Awad et al., 2011) -

L AR BT > L F 5 RN & BT 2 e
5'? _3,; L g3t Pk WA PPk S s o w | 2= %%‘/F’J ﬁ& N ﬁ$}‘ -‘":,gg
kP R ART R ST HEE S 025 M AL v ETR R 2
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382 % X & 3 LIy T WA RIF
Bt Db BAE RS e B AL gAY 3R (257C)
T o A utkip BHA ~ BHT ~ TBHQ % = finf &R & % > &%

A,/
|
EEBUART R PR SFEI e F B R
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383 2 X &BFABRITBERILT MR F BB REG
H &4 3

WEREC)T R ETFHRHFRS-05V~-15V iy
0.1 Vs> & w2 pH i 2 ~ 7 2. Britton-Robinson % % /% 1% 2
FRW AR B3k fe 4ok 3-1 977 o

FPHEBS R A I AR EZ R HIRELETR
R AR F BT R R 2 Beif pHUE o {3 ke iR R 2 0 Y RS A
Foe s ekis  ERTB AL E R B P - iR o
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# 3-1 ~ Britton-Robinson  #7% i% fie >
Table 3-1 The formula for Britton-Robinson buffer.

Stocks solutions: Titration of 100 mL of a solution of 0.04 M
H3;BO3, 0.04 H;PO,4 and 0.04 M CH3;COOH with 0.2 N NaOH.

NaOH NaOH NaOH

pH pH pH
(mL) (mL) (mL)
0.0 1.81 35.0 5.02 70.0 9.15
2.5 1.89 37.5 5.33 72.5 9.37
5.0 1.98 40.0 5.72 75.0 9.62
7.5 2.09 42.5 6.09 (7.5 9.91

10.0 2.21 45.0 6.37 80.0 10.38
12.5 2.36 47.5 6.59 82.5 10.88
15.0 2.56 50.0 6.80 85.0 11.20
17.5 2.87 52.5 7.00 87.5 11.40
20.0 3.29 55.0 7.24 90.0 11.58
22.5 3.78 57.5 7.54 92.5 11.70
25.0 4.10 60.0 7.96 95.0 11.82
27.5 4.35 62.5 8.36 97.5 11.92
30.0 4.56 65.0 8.69 100.0 11.98
32.5 4.78 67.5 8.95

(Britton & Robinson, 1931)
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3.85 7 F £ BAFZ AT i RIFLI 1 A2 5if e & 5477
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Voder 0l mLzi3ng i“HRERZ B3 RES > £ 812001
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L 10 ) B o 0 Bk (5 0 ERTB AR R R
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g a0 T 0 dng (VR 2%k E— e

A RIS SR AEAT
¥2 20 s A0 X sk (401 )0 B 2R Ap & 11 & (High
performance liquid chromatograph, HPLC)z. 4 45 = ;2 #&p] » ¥ 22 7
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2 R FERled BlY T REA DA RX 212 4F 6 (12 segments)
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16—t
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1 2 ] — 4 segments [
Ty —— b segments
] —— Bsegments
I . — 10 segments L
08 4 12 segments
] 14 segments
04+ C

Current / 1e-5A

0.2 0.4 06 0.8 1.0 1.2 14 1.6

Potential / V

Bl 4-1 - BT B ERREZBHFR L £2 L =00 F BB e
s % ¥4 1 Bl (2 segments) ~ 2 B](4 segments) ~ 3 B](6 segments) ~ 4 ]
(8 segments) ~ 5 F](10 segments) ~ 6 ](12 segments)% 7 E|(14 seg-
ments) - £ ™ JaFk K% F fRiRlE AR F JER] ©

Fig. 4-1 Glassy carbon electrode (GCE) modified with gold nanoparticles
(AuNPs) by cyclic voltammetry scanning with 2, 4, 6, 8, 10, 12, 14 seg-
ments respectively, then detected 0.04 M B-R (pH 2.0) buffer at 25C.
Scan rate = 0.1 VJs.
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(Hasnat et al., 2010) ; ¢ & * FRpe sz & &piR & » ™ JATR R % 2 1
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104 - — GCEPtNPs -
] ; — GCE-PtNPs + BHA ; ; ; vy
0.8—: o Lo L —_— GCE-PtNPs+ BHTE L S L B B
: — GCE-PtNPs + TBHQ : : : 7

Current / le-4A

1.6

Potential / V

Bl 42~ X2 az 89 W RBATIE A BREIZ9 FRBR
¥ %)BHA~BHT 2 THBQ 2. & =— % it & B8]

Fig. 4-2 Cyclic voltammograms obtain with the platinum nanoparticles
modified glassy carbon electrode by amperometry in a 0.04 M B-R (pH 2.0)
buffer at 25°C containing BHA, BHT, and TBHQ respectively. Scan rate =
0.1 VIs.
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Fig. 4-3 Cyclic voltammograms obtain with the platinum nanoparticles
modified glassy carbon electrode by cyclic voltammetry in a 0.04 M B-R
(pH 2.0) buffer at 25°C containing BHA, BHT, and TBHQ respectively.
Scan rate = 0.1 V/s.
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Bl4-4-%2 F &3 BA T BB TBHQ2Z 7 =—F ik BBl (a)
2K &R+ ﬁxﬁi&ﬁ?%ﬁﬁﬁzf 4e TBHQ 2 5 7% %+ (b) M & F
&4 45 PR T R4S 8 B3 % 1 (C) BB TR 5 i 4 TBHQ
AR 5 (d) BIBR T &l EdTA 7% -

Fig. 4-4 Cyclic voltammograms obtain with the GCE and AuNPs/GCE in a
0.04 M B-R (pH 2.0) buffer at 25°C containing: (a) AuNPs/GCE + 50
mg/L TBHQ, (b) AuNPs/GCE, (c) GCE + 50 mg/L TBHQ, (d) GCE. Scan
rate = 0.1 V/s.
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Fig. 4-5 Cyclic voltammograms obtain with the GCE and AuNPs/GCE in
a 0.04 M B-R (pH 2.0) buffer at 25°C containing: (a) AuNPs/GCE + 50
mg/L BHA, (b) AuNPs/GCE, (c) GCE + 50 mg/L BHA, (d) GCE. Scan
rate = 0.1 V/s.
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Fig. 4-6 Cyclic voltammograms obtain with the GCE and AuNPs/GCE in
a 0.04 M B-R (pH 2.0) buffer at 25°C containing: (a) AuNPs/GCE + 50

mg/L BHT, (b) AuNPs/GCE, (c) GCE + 50 mg/L BHT, (d) GCE. Scan
rate = 0.1 V/s.
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Fig. 4-7 Cyclic voltammograms obtain with the GCE and AuNPs/GCE in
a 0.04 M B-R (pH 2.0) buffer at 25°C containing: (a) AuNPs/GCE +
mixture of BHA, BHT, and TBHQ, (b) AuNPs/GCE, (¢) GCE + mixture
of BHA, BHT, and TBHQ, (d) GCE. Scan rate = 0.1 V/s.
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Fig. 4-8 Influence of pH value on the peak current of GCE to antioxidants.
(A) Cyclic voltammograms of BHA, BHT, and TBHQ solution mixture in
0.04 M B-R buffer at 25°C : influence of pH on the peak potential profiles.
(B) Magnify the figure 4-9 between potential -0.10 to 0.70 V to see BHA
and TBHQ peak. (C) Magnify the figure 4-9 between potential 0.80 to 1.40
V to see BHT peak. Scan rate =0.1 V/s.

(numbers 2.0, 3.0, 4.0, 5.0, 6.0, and 7.0 represent the pH values).
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Fig. 4-9 Influence of temperature on the peak current of GCE to
BHA, BHT, and TBHQ solution mixture in 0.04 M B-R (pH 2.0)
buffer. Scan rate = 0.1 V/s.

The error bars represent the standard deviation of repetitive meas-

urements (n=3).
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Fig. 4-11 Cyclic voltammograms of BHA, BHT, and TBHQ solution
mixture in 0.04 M B-R (pH 2.0) buffer at 30°C: influence of scan rate

on the peak potential profiles.
(numbers 0.01, 0.05, 0.1, 0.2, 0.5, and 1.0 represent the scan rate).
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Fig. 4-12 Scan times-current chart of the stability of AUNPS/GCE de-
tecting BHA, BHT, and TBHQ solution mixture.

The error bars represent the standard deviation of repetitive meas-

urements (n=3).
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Fig. 4-13 The calibration curve of detecting TBHQ by electrochemical sys-
tem.

The error bars represent the standard deviation of repetitive measurements
(n=3).
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Fig. 4-14 The calibration curve of detecting BHA by electrochemical sys-
tem.

The error bars represent the standard deviation of repetitive measurements
(n=3).
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Fig. 4-15 The calibration curve of detecting BHT by electrochemical sys-
tem.

The error bars represent the standard deviation of repetitive measurements
(n=3).
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241 BB rip kT2 KRI ST B SY TBHQ 7 £2 4 i - (n=3)
Table 4-1 Detection of TBHQ in edible oil by electrochemical sensor and HPLC (n=3).

Edible oil Electrochemical sensor” HPLC method® Spiked Found® Recovery®
(mg/L) (mg/L) (mg/L) (mg/L) (%)

2.874+0.41 2.35+0.20 25 28.28+0.52 101.60

G AR Bhh 125 128.574+4.48 100.55
200 205.93+12.26 101.53

& 4 2 2.10+0.46 1.894+0.21 25 27.73+0.10 102.54
125 128.86+3.83 101.41

200 200.55+8.24 99.22

4 sk 3.04+0.37 1.98+0.34 25 27.47+0.60 97.74
125 129.59+4.76 101.24

200 200.55+5.67 99.75

. o s s 0.39+0.27 0.5840.08 25 26.43+0.47 104.15
R E 89— Kb 125 128.1343.83 102.19
200 198.44+7.90 99.02

% 2 A 3t 0.574+0.48 0.29+0.05 25 26.28+0.53 102.82
XA TR fe 125 122.6746.21 97.68
200 203.46+6.67 101.44

4 Mean * standard deviation (n=3)

b Recovery = [(present-detected)/spiked]x 100
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Table 4-2 Detection of BHA in edible oil by electrochemical sensor and HPLC (n=3).

Edible oil Electrochemical sensor? HPLC method? Spiked Found® Recovery®
(mg/L) (mg/L) (mg/L) (mg/L) (%)
: 2.46+0.22 2.494+0.29 25 28.70+0.39 101.99
| #% B 125 130.50+3.93 102.43
200 199.63+4.01 98.58
4 W 2.13+0.30 2.144+0.30 25 26.8210.25 | 93.75
125 129.19+1.97 101.65
200 205.45+4.32 101.66
4 A 2.50+0.27 2.56+0.33 25 26.39+0.53 95.26
125 127.06+3.95 99.65
200 201.46+3.26 99 .48
e s s 0.78+0.61 0.22+0.02 25 25.7240.45 101.86
RERE 125 128.3743.57 102.07
200 198.06+8.40 98.64
SR ar 4 1.17+0.40 0.34+0.07 25 25.57+0.28 100.59

T E RIS R
125 125.53+5.10 99.49
200 203.0245.01 100.93

4 Mean * standard deviation (n=3)

b Recovery = [(present-detected)/spiked]x100
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Table 4-3 Detection of BHT in edible oil by electrochemical sensor and HPLC (n=3).

Edible ol Electrochemical sensor® HPLC method® Spiked Found® Recovery’
(mg/L) (mg/L) (mg/L) (mg/L) (%)

S b bl g s 6.00£0.18 5.96+0.47 25 31.82+0.89 103.27
dadelas 125 133.95+1.17 102.35
200 203.44+2 .23 98.72

4 HE It 7.08+0.16 6.93+0.50 25 32.27+1.27 101.13
125 132.89+1.21 100.65

200 204.69+4.26 98.81

4 A 7.50+0.27 7.59+0.41 25 33.75+0.61 104.99
125 134.48+0.88 101.58

200 209.09+6.08 100.79

b9 E T e s 7.08+0.16 6.87+0.47 25 32.47+0.32 102.07
GELNS 125 135.0141.69 102.34
200 206.51+8.55 99.71

S Ak a 4.36+0.56 4.04+0.46 25 28.62+0.96 99.38

i | - | R,
125 132.64+1.19 102.63

200 206.70+8.14 101.17

4 Mean * standard deviation (n=3)

b Recovery = [(present-detected)/spiked]x 100
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Appendix 2. The characteristics of Dibutyl Hydroxy Toluene
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Appendix 3. The characteristics of Tertiary-butyl Hydroquinone
(TBHQ)
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POPRAETME AR L AE Ok R M (B (EXEh o Y & RIE B
e g3 N RRAR A e (B G 0 G AR L B ITY B g i
EMR o252 - =7 a2 KERF D
#] 1%

Qe =i i wL i
BRSO HaEfie E10mLE 24857 o A p
AL A2 mL s e Ry 210mL 0 R 5305
TR &5 0 o

(4)z &

PSR RRRPREE 2EEFZ T

Ad s XA 10 uLA F AR TR 0 d R EB R
M2 g R EME TN I RE25-2-% =
TREMLFZER A

A = YxI|x10/S
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Al g 5 825-2-%=7H3 k23
Y ”‘ﬁrx‘/pni’é lﬁﬂ 25---% =7 ﬂ_\é

2P A (%)
L fRE Y AF

ZERWE

1D P A5 R&E7PEEF A (W/V)
_EL
v

S &&

a2 4(°)

F A0 47 i &
 d

tector)

R 178
A Sk B

T AMSRE

LR

mesh) _t
BATEER AR RIWC » A g AR

>

a

(Flame lonization De-
pE3-4mmo £ E2-3m (2 ft) 2 gy &

3 v | : Chromsorb W AW » DMCS (60 / 80

1 % 4 3% Dexsil 300
+ & 4515C >

BER290C o

A~ BOR R 300°C
ﬁv?fﬁa} %ﬁN/

A A W
fR2.Z P Tt iR R AN G 25

: 50 mL/min
=7 Rdamrz25---5="7 A

55732 8.4% 45 o

:»F_IJ—- .

TP A s k2l A 91 g AL
T BWI0OmMLZEE ALY o e F CRART
T 2I0mML RFESL EF BT 7 AHF
H o & e (UHWPO 1300) &g > & Tt
SRR ¥R Z T ARFHEESR 10
mg - MFFEfLE > E310 mLE 2 > e

R EE RF 210mL s iR RER R .
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ME ERITR G BB e § R R
IR AW B TRERE Y 0 FE R SRR T2
(8rA29) BlZ2 (LT @7 & 4T kT B
4504 mm) - #5273 % 12k £ 1600~1750 cm
ol i Gl B3 $H R IR 1k £ 1612~1775cm
BlET S R BRI R SRR
£ 1659 cm /FJ TR EEBEE R T ONE
PRI BHEGFEF AR AHE
£7 (742602 % o

Qfs

zZ_

o

—”tt
w>

Jus

o

i 5 R =(A JAIXWIW, X100 (%)

A, ¢ % iR >11659 cm ek

-1
A BB 231650 cm 2 Rk iE

W, $ PR 52 & £ (mg)
W, @ 1 &2 3P £ (Mg)
8. M i B~AELQgo HPBAKE T -1 (A8 A2 » o
7R (HAS”)K& =3 ppmILT e
0. T4 BAR20 KBELELEEKRE Y I (G&AT) kA
2 oAz € 2K (MPbit) & 10 ppm T e
10. % B> 4% @ Bopuks il g3 *t e f100 mLz -k100 mL > %
500 MLz AR iEL ¢ (S-1) B~A g% 50Q
HrRfLe > Bz A RELY RTIBE
0 B350 MLEBZ Mda o A K o BT
Bigeini ¥ - A500mLA ALY (S-2)
Blods > BT ERE »2RiEFEL? (S2)0 3t e
kLY (S-2) 4c B F=50mMLE B34 45 Z B

149



dERwi o BT R EENLRIKFLP
(S-3) o *t A4 i i @ (S-3) ¢ 4c B F 450 mLE
B3NG EB S ERwiE BT RERAL o &
B33 (S-1-S-2%S-3) £120.5 %2 Fif i
fee fig - -kiz (25:75) & =100 mL¥ B2 >
FHFRE AR DT IR L 1105%2 fEi3 R
# =x100 MLEB2=x s Jr#miR & > A R (53R T A
% > L 10.5%2 figg & 100 mLE B2 > A
TR 0 Befsdokd % 100 mLjie2=
i R 2o Pom K ErFEAN100 g R K 4T E o ¢ B
FRT5 mLic kg »iipd £ 0 MS12 B =%
=t R A AT E o T B &R > 500 mL;ﬁééﬁsﬁi
PR *S2 2 B3k Sl RA T E
B kgay £ % S32 B FwiRk
S-2-S-1ts it A 45 F o e B it R TR SALY
F BB 325 mlidh § ik B £S-3+S-2+S-12- 14
wRMATE e BRI e 2 L2
E2mLE R BRRGEIERE Y R
LRAEAEE  NIBs FRZPILZT AR
o FRFREBLFECBLERFERMAEL 2
MR35 MLk AL A EA BN 0 Nis s
P ORREAED oo ¥ PR 3 5 mLk kSR A
RACRT L RRIRED I o 7 B3 kR iR
2 AGHF 10 mLERig M B2y 210
mL> T &FaRe VB8 323 5A Rk
e feia— %6 RE o A )3t £ 280~289 5 290
~299 » 300~359% 360~400 nmEup] T % & o

%»

S
l§7

.ﬁﬂ
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o S R TR 2 BT R A B A T AR5 0.15 o

0.12 > 0.08% 0.02 -
SR s R 2 A F X170 mg o M RERE T

P RB RIS
» 12" AR 10 mLA

¥ 0250 mMLA ¢ f = & HgF
f# > 40k 150 mLZ INFepElmb e 2= ¥R (=
¥Fouemf pedh 3 mgip >+0.1 Nesptiel mL) 4if 5 4 7
A > * OANARFEAFRF A RS o £ 4 RH d 3
Lo RTRPRESE AR E

$z-- Aapz £=831IN(V—0.1mL)/Wx100 (%)

0.1 mL: # &+
0.1 Nsnpedrin 2 £

Ve sl 420.1 NAL L 4F i 2o mLik

N :Fipedfiez 5 2k R

W e w2 5P~ E(0)

P2 REmEabAi Aty eni

5 25-— -% =7 REREF kTS0
VERZTAIRL ZER A o
Sz HAimpmsE=A—(3p%x 151)—(25-=-% =

S A& R % x 0.75)

Rt
Ei

A1
1
R0
~=h
hasy
)
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e~ o2 arr'/]w 'é“#ml‘ E FRREE
Appendix 4. Scope and application standards of food additives in

Taiwan
97 & 11 ® 20 p #% & 3 % 0970405591 %t 4 7% #
102 # 17 22 p %44 3 % 1011304051 8.4 i3 ¢

A FE

(2)
(2§ 4oF A SRR PR TR FRE R

= 2 (RS 1 RS 3 AT

|

i
\

1.

o

LT ) O AN N8~
7 N L B A
g/kg FLF e

S S
£ & 0.75 glkg 4

. O

-nJH

!

- .

o
A i W

%fs ° F An ¥ In

pfé’#%‘/é’” \;]»ﬁx
(butter) W5 7 (cream) \%E

-7 AR F 0.20 g/kg 1 F -

Dibutyl . Hydroxy@: & &7 ¢ * 2 Kk § g5
001~ 1P 2/’ # (flakes) 2% 45 ~ -k 4 & &
Toluene (BHT) (flakes)’ R
£ % £ % 0.059g/kg 'l'f °
5. A ST @ * 3T 5 4% RE
(granules) ; * & % 0.010
g/kg 2T o

6.8 57 @ * Lk~ gk
a& ;% § 5 040 g/kg

T o
A Hyetw 5o [LAET R AL AL R
ZLJVJ—ZLJ\ * ﬁli\/ﬁlﬁ"%’l’é~u~/f/fi’;?
002[Butyl Hydroxy An- F210gkg M o
isole (BHA 2. ™ T KT R AEE e
( : Ak ¥ 5 0.75 g/kg 4
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T o
SIS R A A A ~§ fie.
(butter) ~ 54 (cream) ~ 4. B
i‘PgL%ﬂr’r&ﬁﬁ?ﬂrﬁ’q’ &
0.20 g/kg 27 o
4, Kk 5T % * T ROK
7 (flakes) & 4= ~ % -k
(flakes)’ 2 H o gpiE

E['
EL
E

5 4
—L—]
4547

4 - =

N

>

L2 mas;“?

2% & 5 005g/kg 4T e
D, & F-F i * AT g 4B ST R
(granules) * § % 0.010
g/kg T o
6.~ F-v g Wk s gk
a & % 5 040 glkg 1
* o
L-fuskn it (Bd|hmP @ taiag; £
LH L IRF
003 C ) L-Ascorbic2 Ascorbic Acid 2+ % 1.3g/kg J
TL Igl.fl o
Acid (VitaminC) |12 7F o
L- 4o 3 & B SAETRETLESTFF
RH L E
004|Sodium 12 Ascorbic Acid 3+ % 1.3g/kg |
TL‘ é‘?l o
L-Ascorbate ILTE o
L-$df ot fo Al g fe|h v @ % 2 dga st B
R LAy
005|f5 L-Ascorbyl|»# Ascorbic Acid 3+ 5 1.3g/kg »
[ U
Stearate ILTE e
bﬁ%i&ﬁﬁﬁi%ﬁﬁﬁﬁﬁﬁa&;wgq ,
SN 2 1
006|f= L-Ascorbyl{r2 Ascorbic Acid 3+ % 1.3g/kg -
L o
Palmitate MTE e
AET R EE R
2 oo o2 R 5 I
007 _ _ r2 Ascorbic Acid 2+ 5 1.3g/kg
Erythorbic Acid LA o
J‘l—"‘ o
008|# o 3k o [k 4MAFF @ F AL a0 U L Py
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Sodium Erythorbate [+ Ascorbic Acid 3+ % 1.3g/kg|i A& -
T o

ATH(R2 2E AV RYNEFIRE I E
009(dI-a-Tocopherol g = A TEE(as £

( Vitamin E ) E) 2. &% -

pEd + P f|AET R EIH L
010Propyl Gallate @ 5t & 5 0.10g/kg 2T oo
011%]. £] B2 Guaiag A&7 1 * g s FLELE B

Resin @+ § % 1.0g/kg 1T

L-= %3 (R @ KET gy e AR R
012|L-Cysteine  Mono-

HRREBRT
hydro-chloride
# oz A
Tertiary-Butyl =~ [& &7 & * 3%/ Pg ~ FL 2 2 4

013Hydro-quinone @5 & 5 0.20g/kg 4 oo

(TBHQ)

L- o % & e ﬁ*r%?f%“*“é*??'r‘%’”iqwéﬁg
014|Calcium r2 Ascorbic Acid 3+ 5 1.3g/kg wdl.

L-Ascorbate "TE e

e RSAST FAST RIS RE N E
015Tocopherols  Con-{fe 3 a?/] Sl T (s 2

centrate » Mixed |E) 2. &%

kMg do-d T ORHASETRYNLFS Y E
016/d-a-Tocopherol g & e M2 TR (A&

Concentrate E) 2 &% -
017|2 J:T“,:: L) S Aﬁ'ﬁf’r;;: NEF LW "5 3 EDTA Na2
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Py
R

Na2

%o R iy
4t EDTA
Na2 or EDTA Ca-

v m 3l 4 ek
0.10 g/kg ™™
)

018

LA

Potassium Sulfite

1A K7 @& % 3 & 5 44 (7
ZEH) TR SO, A Y R
3 50.03g/kg 14T o
2T i TR R
N ) €F T G NP A B
SO, 7% ¥ &3+ % 0.1g/kg 277 o
3. &

BV A oG K

£ (Eﬂfﬂiﬁ%jﬁ ~dnE E gk
J-,‘é\-%’]‘:?ﬁé.rr%i?%“iﬂtﬁﬁﬁf) ;
£ 2SO, # ¥ &3+ 5 0.04 g/kg

J‘,l T o

A #

oA ST 2 F A
#J%L#ﬂ'ép' y FF LSO Y &
35 0.0509/kg 7F e

Pt
&
PP )
a>
Pl

i

NN
]

=

e
o~

[x}
(=)

s

b

019

a7 A e dp
Sodium Sulfite

LA g7 i * 308 5 44 (7
zEpE) s * 2 SO, AT E
2+ % 0.03g/kg 1T o

2. & S
BA R E KK R B
SO, F £33+ 5 01g/kg ™o
3. &

FT TR

TR A

W ;‘fﬁ?’*

B (A2 R b 2k
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iﬁﬂ*ié_r%ié’%vﬂ%%) ;
£ 2SO, %% § €3 5 0.04 g/kg

J‘,(_L. o
Aok FT R T A
o £SO AT R

1% 0.05g/kg 1T o

S
3

_q

1. A7 @ % 3§ 5 4
ZEPE)
2+ 5% 0.03g/kg 1 7F e
2.~

P
* g1 SO, & ¥ =
BT RS R
L) S SR LT R A

SO, 7 235 01 gkg 1t T -
3. & ;‘"517’*

E R F Y A om

o7 A 4 SO,z § #3455 01g/kg ™o
Ut G Rl
(& k) B. & & ¥ @ F A A g KA
0200 _ ~ 2N 41
Sodium Sulfiteli# (ié;ﬂéﬁif{%ﬁﬁf ~dmh 2k " h
. R o
(Anhydrous) EME RS2 ARG 5‘%) o
£ 2SO ¥ &34 = 0.04g/kg
LT o
AN TR YT 2 B AR
“ﬁf‘éq‘%fn ;P11 SO, AT E
3+ % 0.059g/kg 27T o
1A S0 @& % > & 5 &gk (7
ZEW) Y2 SO AT E
B 3+ 5 0.03g/kg 1T o SRR |
LR E A a
020 RARTREFNEFE AL A
Sodium Bisulfit
LAk E RE A R ERERY o
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(& 7 fﬁi#{%ﬂfi ~h Bk
‘# A 2o 3 ‘:;\']’% )
11 S0 7 F £ 35 004 a/kg

J‘,( T o

%
)

A K ST N5 R b
2 gis v 01 SO R B

3t % 0.059/kg T o

ﬁ
S
3

022

T A i Ak

Sodium__ Hydrosul-

La&E7 i3 d 5400 (3
FEp) PR S0, AT E
3+ % 0.03g/kg 2T o

2.4 ST g N R B R
AR E R R R F R Y
SO 7 ¥ 237 % 0.1g/kg 2™ o
3.~
& (EpL R

FE RN G A

~dmh 2K

SO ¥ £3+ 5 0.1gkg ™ ™ -

ARk B Rk B

flte . /,Efﬁf% ¥ o
iﬁﬁ*ié%ié’%%a‘ﬁﬂﬁ) , *
£ 2SO % ¥ £ 3+ 5 0.049/kg
J‘,('T )
foh ST RN A
Ragitt * SO AT E
2t % 0.05g/kg 1 7F o
1. 8N %7 @ % 3 & ';;’/g,j\.#i(%
ZIEPE) s * & SO mF E
L Fifed 49 fﬁﬁ EER |
: 3+ % 0.03g/kg T e
023Potassium  Metabi-|- B A A
RS AR ALY S
sulfite R o
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VN A I Y
%L#ﬁgw £SO, T &
3 5 0059/kg T o

ﬁ
S
3

LAgw @& %2 54 (3
b)) £ S0 A F E
=% 0.03g/kg 1T e

BN S S AR
L) SESNINE T SR
SOA F €355 01g/kg !t e

s s gl
I R feod B A ET R F LG k&
024 @A 41
Potassium Bisulfite [:& (,‘ET}“}@HL%%JI% ~dmh 2k o 4
AR AR )
£ 11 SO7 ¥ £ 355 0.049/kyg
YT e
R Al
jfzaffsffn 120807 F &
2+ 5 0.059g/kg 1T oo
AT ST AR(F
LR OGFE) Y R0 SO AT RV U A Y
025Sodium Metabisul{= 0.03 g/kg 7 - tC g R
fite AT R TESF KL AR

SRk R Rk R
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SO A4 ¥ £3- 5 0.1g/kg 4™ -
B AT @ * AL G KA
& (FHGLAER - PH 2k
é#ié&iﬂ%%%%*
£ SO, A F £3+5 0.04 glkg
T o

Ao FFORE NG B R
gt 202 SO, A F 2
2+ % 0.05g/kg ™ 7F e

026

o PR LA A
( a— Glycosyl+

isoquercitrin )

1. A g7 % 3t Al . =
i\£&%ﬂ&\$#%~#
- ‘5‘ Tk R A
5§*g£*;§%?5w’ ¥ & 150
mg/kg "2 T o

2. AEF R AT F g F
% 1500 mg/kg 4 o

==

N I R e

BT Pr oS- g LAY BrE 0 d

PEREerE el (TR E R ERE) Birk7

@aa] o
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eI -~ %R 2 BHA~BHT 2 TBHQ i& * &4
(Pokorny et al., 2001)
Appendix 5. The regulation of BHA, BHT and TBHQ in the Eu-

ropean Union

Name Food Maximum level (mg/kg)
BHA frying oil and frying fat 100* (BHT )
BHT (excluding olive pomace oil ) lard: fish both expressed o fat

oil: beef. poultry and sheep fat

cake mixes

cereal-based snack foods
milk powder

dehydrated soups and broths
sauces

dehydrated meat

processed nuts

seasoning and condiments
pre-cooked cereals

dehydrated potatoes

chewing gum
dietary supplements

200 ( gallates and BHA.
individually or in
combination )

expressed on fat

25 ( gallates and BHA,
individually or in
combination )

400 ( gallates, BHA and
BHT individually or in
combination )

*When a combination of gallates, BHA and BHT are used, the individual levels must

be reduced proportionally
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ek ~ £ B2 BHA~ BHT 2 TBHQ i& * &4

(Pokorny et al., 2001)

Appendix 6. The regulation of BHA, BHT and TBHQ in the

United States

Foodstuff Antioxidant Maximum level (mg/kg)
non-alcoholic beverages BHA 2
( from dry mixes ) BHT prohibited
dry mixes for beverages BHA 90
BHT prohibited
chewing gum BHA 1000
BHT
animal fat, rendered BHA 100 singly or 200 combined
animal fat plus vegetable fat, BHT TBHQ should not be used in
rendered TBHQ combination with glycine,
propyl gallate or guaiac resin
margarine BHA 200
BHT TBHQ should not be used in
TBHQ combination with glycine,
ascorbyl palmitate or stearate
shrimp. frozen raw breaded BHA 200(total content)
BHT
fruit, glazed, diced, dry BHA 32
potato granules BHA 10
potato flakes BHT 50
meat, dried BHA 100 singly or combined
BHT TBHQ and propyl gallate should
TBHQ not be used in combination
sausage, dry BHA 30 singly or 60 combined
BHT TBHQ and propyl gallate should
TBHQ not be used in combination
sausage, fresh Italian sausage BHT 100 singly or 200 combined
products, fresh beef patties TBHQ TBHQ and propyl gallate should
pizza topping. raw and cooked not be used in combination
meatballs, raw and cooked
poultry and poultry products
breakfast cereal, dry BHA 50
BHT
desserts(from dry mix) BHA 2
emulsion stabilisers BHA 200
BHT
flavouring substances BHA 500 based on oil content
mixes for desserts BHA 90
veast(active, dry) BHA 1000
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ek ~ B2 BHA~BHT 2 TBHQ i * 2.4
(Pokorny et al., 2001)
Appendix 7. The regulation of BHA, BHT and TBHQ in Australia

Group Name Maximum level (%)
essential oils BHA 0.1
TBHQ 0.1
fats and oils, other table spreads BHA 0.02
TBHQ 0.02
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e~ ~ B 22 BHA~BHT 2 TBHQ i * 2.4
(Pokorny et al., 2001)
Appendix 8. The regulation of BHA, BHT and TBHQ in Japanese

Antioxidant Limitation or restriction Maximum permitted
level (mg/kg)

BHA®? butter 200
fats and oils 200
frozen fish. shellfish, and whale meat(for 1000

dipping solution)

mashed potato(dried) 200
salted fish and shellfish 200
dried fish and shellfish 200
BHT" butter 200
chewing gum 750
fats and oils 200
frozen fish, shellfish, and whale meat(for 1000

dipping solution)

mashed potato(dried) 200
salted fish and shellfish 200
dried fish and shellfish 200

#if used in combination with BHT, total amount of both antioxidants must not exceed
permitted level
® if used in combination with BHA. total amount of both antioxidants must not exceed

permitted level
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ekl - S Iy PRI /KR I E B LSIREP P
CES SRS A RN ) ARE IO R T ERF CF L
2R %

Appendix 9. Method of Test for Antioxidants in Foods-Test of Gal-

lic acid n-Propyl Ester (PG), tertiary-Butylhydroquinone (TBHQ),

Nordihydroguaiaretic Acid (NDGA), 3-tert-Butyl-4-hydroxyanisole

(BHA), and Dibutylhydroxytoluene (BHT) in Fats and Oils

90 # 3 227 p fF¥ &5 % 0900018531 55 = 4 37 %
5N
-

102 # 9 * 6 p R a F % 1021950329 5L 2 i3

4

L R A% > 20 P ReFT@MIP 52 4
‘Ji‘]?jﬂ\ :i’}ﬁ}énmﬁ\—:%;&%agg‘ :—Jf"l‘]}
TAT F2iEk

2. ¥ = iF T B »ik4p & 72 (high performance . liquid chroma-

tography, HPLC) -

21 K5 ¢
210, & »eindp KT &
2111 BB RITAE -
2.1.1.2. % &ﬁ-ﬁi%lzz A
2113 &I F 53 280nm AR Z KR E o
2.1.1.4. % 45§ - Lichrospher 100 RP-18,5 ym> pj& 4 mm x
25¢cm

2.1.2. ¥4p E 7 % B~ (Solid phase extraction vaxuum manifols)

2. FHE
e AP KT D AR S B RA ISR BB
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~

RETREIP S FZ AT TR L= s hplp-" A5EA" ¥
FE DT AEAT FHEYRES -

23. BEZ H#
2.3.1. C18 Fl4p % B~ 4 &t ¥ (Solid phase extraction column, C18,
500 mg) : @& * % 1B AR oo M (L, V)RR E s 2 mL k=
= o

2.3.2. Jg™ : 3442 0.45 pm, nylon # & o
2.4, BB AP R A G

A i B%EEEG R 0 B ik T L BB R 4 95 15 (VIv)Z it bR

£ o B IR R 0 Pk IR B ARIA R o
25, {EE ARz AH

WPl a I A f s FZAT GRS C 4 AT AEA
U FAE DT AEAT R REEEL Y 100 mg o HRfLE
L 100 mL ¢ FRALY o B R 2 % (1L, V)RR
AR RE o BIFERE Rk 0 EFN ko Y R IEA R
% (L1, viv)g i & 10~80 pg/mL > i (e AR 875 %

4

o

2.6. iRz AW

FREALT i 7 9 2 g (3 45 1 A1 50~400 pg/g)se » > £ 1
A R(FM R A MR e AR ) R 1 10 mLe BE 1
mL A >FREZEPH 2 E45EY W §F i8R i

S 5mL R REE? - A AR e (L, viv)iaiE = L
mL A st = =0 04 3 S%Aspk2 ¢ iR ImL ik &
Je R S mL A AREY A NERR e H (L1, viv)

"

RiREFIEML AR L BIERR o
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2.7. #u|E 5 Ripla_

WREPHRRZEERREL 25 ul» A Wi » 3 2R 4e & 47 &
P BT IR TR AT Rtk 2 RIS R T L 2
FEERVRENZ > R B R S TINGE
Mo R DR R VA2 2 E (ppm) ¢

CxVx10
M
C:d hEMSL4 0 AR T g tH2 7 (ug/mL)
Vg ik 2 AR (L)
M: @22 2(0)

WAy A 7 £ (ppm) =

® PRIk AR R ATiR] Lk 2

R +7 ¥  Lichrospher 100 RP-18, 5 m > p & 4 mm x 25cm o

BoApigr k24 @A YU 3R BREHEER - 2104
G o ARERAMER D NI T0%ERF 2 0% ;5
U BB i ik AU R S 5 d 30%EH 1 100% -
TEFEEFELAL G

ook kg 4 ® o k£ 280 nm -

Firil, A5 02 E EH R 2 6 (gradient blamk) 2 3 4% @
(reagent blank)z#= - H & 47 Bls# 2 & m+ #EL;
%o g9 BHT ¥ § @it k2 T4 ik
oy C A ERRELF 771013 FEF 3 F 5
707604 3 ’2% A MR e
2. TBHQ# 7% 2 » wiRA WAL RGEEEFREAL 1T -
3. Mgk 2 M IR F 5 10 ppm o

NH
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