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• C h a n g e s in Volati le Constituents of Bell Peppers Immediately and
30 Minutes After Stir Frying
Chung-May Wu*, Shu-Er Liou and Ming-Chin Wang
Food Industry Research and Development Institute (FIRDI), Hsinchu, Taiwan, Republic of China

Bell peppers (Capsicum annuum var. grossum. Sendt}
were stir fr i ed for two rain, and their volat i l e constitu-
ents were a n a l y z e d immediately and 30 rain af ter stir
frying. Autoxidation of unsaturated fatty a c i d s in stir
frying and aging is the main cause of changes in volat i l e
compounds.

Traditionally, Chinese foods are cooked quickly and
e a t e n immediately; at the momen t when it is just cooked,
the food has the best flavor, color and texture. However,
Chinese foods available commercially should m a i n t a i n
their initial quality for a min imum storage period of at
least six mo t o one yr.

A very common technique in Chinese cooking is stir
frying. By this method, a s m a l l a m o u n t of vegetable oil
is put into a wok and is h e a t e d t o a very high
temperature. Shallots, ga r l i c or o t h e r seasonings are
a d d e d t o produce a r o m a and flavor, and other foods are
added, cooked and stirred last . The function of oil in stir
frying is not clear; the authors feel it has the following
functions: (i} producing aroma; (ii} serving as a h e a t i n g
medium, and (iii} dehydration. Foods are flavorful after
stir frying in oil; however, they are easily oxidized. Lipid
oxidation is accelerated in stir frying and causes an
undesirable aroma. Therefore, more b a s i c information is
needed before Chinese foods can be commercialized and
have extended shelf lives.

The formation of a n u m b e r of a r o m a compounds can
be traced t o lipid oxidation at the various s t a g e s of food
processing. L i p i d oxidation can be c a u s e d by enzymic
oxidation reactions or by t h e r m a l decomposition. The
enzymic oxidation formation of aldehydes, ketones,
alcohols and oxoacids on disruption ofp l a n t tissues is an
important biosynthetic pathway by which f r u i t and
vegetable volatiles are formed {1-3). The autoxidation of
fat ty a c i d s and t h e i r esters at elevated temperature also
has been studied {4-7}.

Volatile constituents of bell peppers { C a p s i c u m

*Towhom correspondence should be addressed.

a n n u u m var. g r o s s u m . Sendt} have been s t u d i e d
thoroughly {3,8). In the present work, changes in volatile
constituents in both stir fried bell peppers and the oil in
which they were cooked were studied.

EXPERIMENTAL
S t i r f r y i n g . A Chinese wok 36 cm in diameter was used.
The wok was d r i e d by heating, then 150 ml soybean oil
was a d d e d and h e a t e d t o 125 C. Bell peppers {1200 g;
s t r ips ca. 5 cm X 12 cm) were a d d e d and stir fried for 2
min. No cover was used. The stir fried bell peppers were
removed t o a dish immediately after frying.

M e a s u r e m e n t o f t e m p e r a t u r e . In o r d e r t o determine
the internal temperature of the samples, a thermocouple
wire was inserted into the bell pepper strip or put into
the oil. Bell peppers boiled in w a t e r for five min also were
monitored, for comparison. All samples were transferred
t o dishes t o cool a f t e r five min heating. Values obtained
were from the average of t h r e e measurements.

S a m p l e p r e p a r a t i o n . Stir fried bell peppers with the
fried oil as described a b o v e and 600 ml distilled w a t e r
were extracted for 2 hr in a Likens-Nickerson apparatus
(9). Glass-distilled pentane and diethyl e t h e r (1:1) were
used as extracting solvents, andn-decane (E. Merck, Dorm-
stadt , Federal Republic of Germany.} was a d d e d as an
internal standard. The volatile e x t r a c t s were d r i e d with
anhydrous Na2SO4 and concentrated t o a min imum vol-
ume by u s i n g a spinning band distillation apparatus
{Kontes Co., Vineland, New Jersey}. The aged sample was
obtained by p u t t i n g the stir fried bell pepper in a dish at
room temperature.

G a s c h r o m a t o g r a p h y . Gas c h r o m a t o g r a p h y was
conducted u s i n g a Shimadzu GC-8APF equipped with a
f l ame ionization detector. Two 50 m X 0.2 mm f u s e d
silica columns c o a t e d with Carbowax-20M and OV-1
(Chrompack International, B.V., Middleburg, The Nether-
lands} respectively, were used. The oven temperature was
programmed from 50 t o 200 C at 2 C / m i n and then held
at 200 C for 55 min. The injector and detector tempera-
t u r e s were 250 C. The carrier gas was hydrogen at a flow
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rate of 2.0 ml/min. The da t a was recorded on a Hewlet t -
Packard 3390A integrator. Values repor ted were from the
average of th ree analyses. The l inearre ten t ion indices of
the volatile components were calculated u s i n g n-paraffin
(C~-C~s, Al l tech Associates, Ontario, Canada) according
to Majlat e t al. (10).

Gas chromatography-mass spectroscopy (GC-MS).
GC-MS was conducted with a Hewlett-Packard 5985B
system, and operational parameters were as follows: car-
r ier gas, helium; ionization voltage, 70 eV; electron mult-
iplier vo l t age 2400 V; ion source tempera ture , 200 C.

RESULTS A N D DISCUSSION

Figure 1 shows the changes of temperature of bel l
peppers and oil dur ing frying and of bell peppers in
boiling water . The bell peppers' temperature a f te r 2 min
st i r f rying was 70 C. The init ial temperature of t h e oil
was 125 C, but the temperature decreased af te r the bell
peppers were added and increased again t o ca. 75 C af te r
2 min. Therefore, stir f rying is a ra the r modera te
temperature cooking.

Figure 2 shows the gas chromatogram of t h e isolated
volatiles of s t i r fried bell peppers. Table 1 shows the
volatile constituents identified in the samples. Most o f
the compounds were identified by comparing the mass
spec t ra and GC re ten t ion times (Carbowax-20M and ¢~
OV-1 columns) of t h e components with authent ic
samples . Non-l-en-4-one a n d (E)-non-2-en-4-one 00
were ident if ied by comparing their mass spec t r a l ~.~:
p a t t e r n s (8). 2-Ethylfuran and (Z,E)-3,4-heptadienal
were identified by comparing their retention times and
mass spectral p a t t e r n s (11,12).

The t o t a l heating time of the oil in the wok was about
3 min (1 min for hea t ing the oil, 2 min for s t i r frying), and ¢~
the hea t ing temperature was below 125 C. Compared t o
o t h e r studies (4-7), the samples in this s t u d y were
t rea ted very mildly. However, the oxidative decomposi-
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FIG. 1. Changes in temperature of bel l pepper samples during s t i r
f ry ing . A , water-boi led bell pepper; ©, stir fried bel l pepper; e, oil
stir fried.
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FIG. 2. Gas chromatogram of s t i r fried bell p e p p e r vo la t i l e s
(Carbowax-20M Column).
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T A B L E 1

Volat i l e s Ident i f ied i n S t i r Fried Bel l Peppers

Peak I kc I kc Sample e Samp lee Samp lee S a m plee
No. d Compound M W CW-20M OV-1 A B C D Footnote

2 ethyl acetate 88 882 594 3.4 1.5 0.9 1.1 a
3 2-ethyl f u r a n 96 957 698 2.5 2.5 3.3 2.7 b
4 n-decane 142 1000 1000 I.S. I.S. I.S. I.S. a
5 n-hexanal 100 1023 788 1.3 4.8 9.2 2.8 a
6 p-xylene 106 1117 842 0.6 0.4 1.0 0.2 a
7 2-heptanone 114 1160 844 4.0 3.1 4.4 - - a
8 heptanal 114 1172 876 -- 5.4 2.2 1.5 a
9 (Z)-3-hexenal 98 1183 834 0.3 5.8 10.1 - - b

10 (E)-2-hexenal 98 1196 817 0.6 1.9 5.8 2.3 a
11 2-n-pentyl f u r a n 138 1211 984 4.6 11.1 14.9 1.6 b
12 trans-ocimene 136 1219 1035 88.0 38.6 52.0 - - a
13 (E)-hept-3-en-2-one 112 1274 904 4.8 5.1 7.1 -- b
14 (E)-2-heptanal 112 1286 859 -- 16.5 21.4 17.4 a
15 hexanol 102 1336 923 1.3 3.0 3.5 - - a
16 non-l-en-4-one 140 1347 1044 3.7 2.1 1.9 - - b
17 (Z)-3-hexen-l-ol 100 1362 828 33.0 19.1 12.5 - - a
18 (E)-2-hexenol 100 1397 837 1.7 17.6 17.5 - - a
19 (E)-2-octenal 126 1412 1037 - - 2.7 0.9 8.4 a
20 furfural 96 1429 799 0.5 4.7 3.4 - - a
21 1-octen-3-ol 128 1434 955 -- 11.3 8.4 4.7 a
22 (E,Z)-hepta-2,4-dienal 110 1447 -- - - 13.7 6.4 4.7 b
23 non-2-en-4-one 140 1452 1132 26.4 13.9 9.3 b
24 (E,E)-hepta-2,4-dienal 110 1464 - - - - 23.5 15.9 11.2 b
25 benzaldehyde 106 1473 964 16.9 14.4 17.3 - - a
26 2-methoxy-3-isobutyl pyrazine 166 1494 1208 9.4 6.4 5.7 - - a
27 unkS-83(100), 69(96), 70(79), 55(74) -- 1497 - - 9.3 6.2 5.7 1.4
28 linalool 154 1529 1073 23.9 12.7 8.7 - - a
29 (E,Z)-nona-2,6-dienal 136 1548 1185 9.6 9.3 4.4 - - a
30 1-decanol 158 1597 1259 -- 10.2 8.3 8.6 a
31 unkJ-70(lO0},83(81}, 55(70), 69(54) - - 1609 -- 3.2 4.1 1.4 0.4
32 unk~-93(100), 121(93), 59(92), - - 1621 -- 3.1 1.6 1.2 0.4

136(91), 57(67), 39(66)
33 naphthalene 128 1707 1144 0.3 2.4 1.2 -- a
34 unk~-41(100), 43(93), 91(91}, -- 1643 - - 5.1 5.1 7.6 1.4

136(85), 43(62), 81(57)
35 (E,Z)-deca-2,4-dienal 152 1748 1524 0.4 57.0 37.3 9.4 b
36 (E,E)-deca-2,4-dienal 152 1765 1541 1.0 253.9 148.4 34.9 a

aComparison of retention t ime a n d m a s s spectrum with that of authentic compound.
bThe mass spectrum or retention t ime was consistent with that of p u b l i s h e d d a t a (tentative identification).
cCalculated Kovat's indices.
d N u m b e r s refer to Fig. 2 .
e U n i t is 10-6 g/100 g by wet b a s i s . S a m p l e A was bell pepper volatiles w i t h o u t stir frying; sample B was after stir frying; sample C was stir
f r i e d and a g e d for 30 min; sample D was stir fried oil a s control.
f M a s s spectra d a t a : M/Z (relative intensity).

t i o n p r o d u c t s o b t a i n e d ( T a b l e 1) w e r e r a t h e r c o m p l e x . I n
t h e i r s t u d y o f a u t o x i d a t i o n o f l i n o l e a t e s , H e n d e r s o n e t
a l . (4) r e p o r t e d t h a t h e x a n a l a n d a l d e h y d e e s t e r s w e r e
f o u n d in s i g n i f i c a n t l y g r e a t e r a m o u n t s in t h e s a m p l e s
h e a t e d a t a l o w t e m p e r a t u r e , w h e r e a s t h e r e v e r s e w a s
t r u e f o r ( E , E ) - 2 , 4 - d e c a d i e n a l . W e f o u n d g r e a t e r a m o u n t s
o f ( E , E ) - 2 , 4 - d e c a d i e n a l in t h e f l a v o r i s o l a t e s t h a n
s m a l l e r m o l e c u l e s s u c h a s h e x a n a l . T h e s m a l l e r m o l e c u l e
s h o u l d be m o r e v o l a t i l e in s t i r f r y i n g t h a n a l a r g e r
m o l e c u l e , w h i c h c o u l d e x p l a i n ou r f i n d i n g s . W e u s e d
s o y b e a n o i l i n s t e a d o f p u r e f a t t y a c i d o r i t s e s t e r , w h i c h
i s a n o t h e r d i f f e r e n c e in ou r s t u d y . G r o s c h e t al. (7)

p r o p o s e d a p a t h w a y f o r t h e b r e a k d o w n o f 9 - H P O D
~ 9 - h y d r o p e r o x y o c t a d e c a - E - 1 0 , Z - 1 2 - d i e n o i c a c i d ) t o
2 , 4 - d e c a d i e n a l , h e x a n a l a n d 2 - o c t e n a l . A s 2 , 4 - d e c a -
d i e n a l , h e x a n a l a n d 2 - o c t e n a l w e r e a l so t h e m a i n
d e g r a d a t i o n p r o d u c t s o f t h e s t i r f r i e d o i l c o n t r o l s a m p l e ,
t h e s a m e p a t h w a y i s p r o p o s e d f o r t h e a u t o x i d a t i o n o f
s t i r f r i e d o i l s . A u t o x i d a t i o n o f 2 - o c t e n a l a n d 2 , 4 - d e c a -
d i e n a l y i e l d s h e x a n a l (7); i t i s p o s t u l a t e d t h a t h e x a n a l in
t h e s a m p l e s was t h e s e c o n d a r y d e g r a d a t i o n p r o d u c t
f r o m 9 - H P O D , t h e f o r m a t i o n o f h e x a n a l f r o m 13-
h y d r o p e r o x y o c t a d e c a - Z - 9 - E - 1 1 - d i e n o i c a c i d ( 1 3 -
H P O D ) r e q u i r i n g m o r e e n e r g y . O t h e r e v i d e n c e t h a t
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oxidative cleavage was n o t mainly a t the 13-position
was t h a t no significant amount of (E)-2-hexenal was
f o u n d in the products. Linolenic acid is a constituent
fa t ty acid o f soybean oil, and this fa t ty acid will produce
(E)-2-hexenal if t h e oxidative cleavage is a t the 13-
position.

The volatile constituents of bell peppers j u s t s t i r fried
as well as a f te r 30 min ag ing a t room temperature also
are compared in Table 1. Decadienal and m o s t of the
volatile c o m p o u n d s or iginat ing from bell peppers
dec rea sed a f t e r ag ing , b u t hexanal, 2-e thyl furan ,
{E)-2-hexanal a n d {E)-2-heptenal inc reased . This
indicates t h a t autoxidat ion o fu n s a t u r a t e d fa t ty acids o r
decadienals continued dur ing aging. These constituents
should decrease if they were not produced a t t h e same
time.

As shown in Figure 1, the heat t rea tment to bell
peppers was very mild, and the volatile constituents o f
bell peppers were s table and not reactive, except those
t h a t escaped dur ing frying or were formed dur ing aging.

It is generally accepted t h a t a freshly st i r fried
Chinese food has much b e t t e r f lavorqual i ty than af te r it
is aged. From the present work, the main change in
volatile constituents o f s t i r fried bell peppers dur ing
ag ing is the production o f volatile carbonyl compounds
from autoxidat ive breakdown o f u n s a t u r a t e d fa t ty
acids.
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Hydrocarbon Carotenoid Profiles of Palm Oil Processed Fractions
B. Tan'a, C. M. Gradya and A.M. Gawienowski b
Departments of achemistry and bBiochemistry, University of Massachusetts, Amherst, M A 0 1 0 0 3

Analysis by gradient-elution normal p h a s e open column
chromatography, thin l a y e r chromatography and
ultraviolet-visible spectroscopy (confirmation by two to
three peaks}, including calculation of peak ratios,
tentatively revealed s e v e n previously unreported
hydrocarbon carotenoids in palm oil fractions. They
were phytoene, phytofluene, i-carotene, a-zeacarotene,
f3-zeacarotene, neurosporene and 6-carotene. In addi-
t ion, the presence of a-, p- and y-carotenes and lycopene
was confirmed. T h e carotenoid profiles of crude palm oil,
crude palm olein and filtered palm olein were similar;
carotenoids in these fractions totalled 700-800 ppm.
Carotenoids were not found in refined, filtered and
deodorized palm olein, while palm kernel oil contained
0.3 ppm of a-zeacarotene. T h e yield of hydrocarbon
carotenoids was 30% lower in the absence of the
antioxidant butylated hydroxytoluene.

In recent years, i n t e r e s t in t h e physiological function
a n d medicinal uses o f ca ro teno ids has inc reased .

*To whom correspondence should be addressed.

/~-Carotene appears t o be synthesized and is converted
t o re t inal in the bovine corpus lu teum (1). Cantaxanthin
and /?-carotene, taken oral ly , effectively reduce t h e
effects o f exposure t o t h e sun in pa t ien ts with
ery throhepat ic protoporphyria, po lymorphous l ight
eruptions, and lupus erythematodes discoides {2). These
two molecules also reduce the incidence o f t u m o r
formation in rats whose skin has been pa in ted with the
carcinogen benzo(a)pyrene and exposed t o ul t raviolet
l ight (3).

An in te res t ingfeature of palm oil is its unusually high
c o n t e n t of carotenoids. Some deta i led analysis of the oil
has been carried out {4-8), b u t generally, the t o t a l
carotene is es t imated from t h e absorbance a t 455 nm in
cyclohexane (9). The focus o f this s t u d y is t h e elucidation
of carotenoid profiles of several processed palm oil
fractions by chromatographic and spectrophotometric
methods.

MATERIALS

Palm oil fractions were provided by Yee Lee Oils and
Foodstuffs Co., I p o h , Malaysia. Phytoene s tandard was
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