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(3) TBHQ (tertiary butylhydroquinone )
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(- )AL 250mL
()% E¥g ¢ 10mL

(Z)ApFEE® 1 Cyg> 1 HmL,Harbor City, CA, USA -

()& Ik 47 % & (Rotary evaporator  BUCHI Rotavapor R-2000
(I)HEFEFRELE

B

: Supelco visipred 24™ DL

(= )® 2z 4p & 7 & (High performance liquid chromatograph,
HPLC

# F ¢ Waters 2996 photodiode Array Detector

BT NS P

% &}r"vﬁs?] ¥ % %t : Separations Module 2695

(= )# 48 & 47 &k (Gas chromatograph, GC  Varian 3800 with FID

(Flame Ionization detector) » USA.

(~)F 48 K 47 38+ 1L B 3% & 47 & (Gas chromatograph/tandem mass

spectrometer, GC/MS/MS  Varian CP 3800 Gas chromatograph,
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Varian 4000 GC/MS/MS - Varian Inc., CA,USA -
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¥R & 47 E 140 °Co M 4F 10 mino & + i 5 10 °C/min
$E 145°C > 245 35min $ - FEA Y HE 510
C/min > %8 150C » 23¥F 2min> % = &8 & + 2
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WORIEE R 220C

HoAp g 2 R4 RE D § F > 10psi
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AW 3L AT AE S RE A MR IE o
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TFE TR 7 fedg Al 8 rg E AE 0 4 M FF |
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(=) F AP B A7 738 & TR
Bt A MR R I FAETTHRY 0 R EE
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28 280°C > 4F 10min
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Table 1. The regulation of BHA, BHT and TBHQ in Taiwan

KoL & CALAE Y RS
001 - TABATY [ ARTRPNLAALEE L ARAY 253
Dibutyl Hydroxy R * 5 1.0gkgrt T o

Toluene (BHT)

002 TAREATFF
Butyl Hydroxy
Anisole (BHA)

013 yz7 Hapm
Tertiary Butyl

Hydroquinone

2AET R NT AMEE e ¥ £ 50.75gkg
T o

3. 5T R F AN g~ fUEk (butter) -~ o
(cream) ~ & P Fic@ &2 BS54
0.20g/kgt ™

4.8 57 & vk B asE 2 ( flakes ) £ o
ok H & 5 (flakes) » % H & R % &
* § 50.05g/kg 1T o

5857 @ ¥ 3B AESER (granules) ; * £ :
0.010g/kg 1

6.AF T @ F A E L L RE R E 5040
gkg T o

LAFT @ #3000 4 L2 LAY 2273
e £ 5 1.0gkg T e

2AET R NT AR e ¥ £ 50.75gkg
T o

3.4 5T R AN g~ fUik (butter) -~ o

(cream )~ & B izl %2 Bk & * £ 50.20g/kg
T o

4.8 57 & % vk B s 2 ( flakes ) £ o
ok H & 5 (flakes) » % H & j g % &
* g 50.05g/kg 1T o

50857 @ ¥ 3B AESER (granules) ; * £ 5
0.010g/kg 11

6.AF T @ F A E L L RE R T E 5040
gkg T o

AT F N R FUERE 1 % £ 5 0.20g/ke

(|‘}\ < o

25



- - %P2 BHA BHT 2 TBHQ i * i

Table 2. The regulation of BHA, BHT and TBHQ in the European Union

Name Food Maximum level mg/kg
BHA frying oil and frying fat 100* BHT
BHT excluding olive pomace oil 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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Table 3. 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
yeast(active, dry) BHA 1000
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Table 4. 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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Table 5. 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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Table 6. Linear regression equations, coefficients of standard curve, and

retention time for BHA, BHT and TBHQ by GC

Antioxidants R square Linear equation Retention time (min)
BHA 0.9998  Y=4113.1X+6933.1 6.191
BHT 0.9998  Y=5131.8X+920.47 7.337
TBHQ 0.9998  Y=4101.9X+2653.8 7.897
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Table 7. Linear regression equations, coefficients of standard curve, and
retention time for BHA, BHT and TBHQ by HPLC

Antioxidants R square Linear equation Retention time (min)
BHA 0.9997 Y=19200X-11700 8.904
BHT 0.9997 Y=12600X+5510 13.534

TBHQ 0.9998 Y=17300X-14300 5.979
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Table 8. ‘Ee;overies of BHA, BHT and TBHQ spiked into edible oil by
GC
Antioxidants Spike level (ppm) Recovery® (%)
BHA 20 87.0+1.9(2.2)"
BHT 20 90.9+0.9(1.0)
TBHQ 20

26.9+1.2(4.3)

* Average of triplicate.

®Means + standard deviation, value in parenthesis is coefficient of variation (CV,%)
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Table 9. Recoveries of BHA, BHT and TBHQ spiked into edible oil by

HPLC
Antioxidants Spike level (ppm) Recovery® (%)
BHA 10 95.6+2.8(2.9)
BHT 10 95.2+5.0(5.3)
TBHQ 10

91.7+2.9(3.2)

* Average of triplicate.

®Means * standard deviation, value in parenthesis is coefficient of variation (CV,%)
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Table 10. Retention time and characteristic ions of BHA, BHT and TBHQ
determined by GC/MS
Antioxidants Retention time(min) Characteristic ions(m/z)
BHA 8.509 137 ~ 165
BHT 8.784 205 ~ 177
TBHQ 9.041 123 ~ 151
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Figure 1. Chemical structures of BHA, BHT and TBHQ.
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Figure 2. GC chromatogram of BHA, BHT and TBHQ.
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Figure 3. HPLC chromatogram and spectra of BHA, BHT and TBHQ.
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Figure 4. GC chromatogram of detection limit of BHA, BHT and TBHQ
spiked into edible oil.
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Figure 13. GC/MS chromatogram of detection limit of TBHQ spiked
into edible oil (a)mass spectra (b) total ion chromatogram
(TIC).
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