
BELL PEPPERS: CHANGES AFTER STIR FRYING

1175

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
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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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d o n a t e d by Hoffmann-LaRoche, Inc. , Nut ley , New
Jer sey ; t h e a -ca ro tene , /3-carotene a n d lycopene
standards were purchased from Sigma Chemical Co.,
S t . Louis, Missouri. Pet roleum ether , d i e thy l e t h e r and
benzene, supplied b y Fishe r Scientific, P i t t sbu rgh ,
Pennsy lvan ia , were pes t ic ide o r reagen t g rade .
Buty la ted hydroxytoluene (BHT) was a p roduc t of
Aldr ich Chemical Co., Milwaukee, Wisconsin. When
protection from oxidat ion was desired, a concentration
o f 0.01% BHT was a d d e d t o all solvents used fo r sample
and column preparation and fractionation. Aluminum
oxide was from Merck and Co., Rahway , New Je r sey .
Silica gel pla tes for thin layer chromatography ITLC)
(0.25 mm thickness, 20 × 20 cm) were a p roduc t o f
Analtech, Newark, Delaware. A Buchi rotary evapora-
tor, a clinical centrifuge and a n ISCO volumeter and
fract ion collector were used dur ing sample prepara t ion
a n d fractionation. Absorbance spec t ra were recorded on
a Beckman Model 24 recording spectrophotometer.

METHODS

Extraction. The method was modified from Davies {10)
for work with p lan t oils. Each palm oil f ract ion was
placed in warm wate r (ca. 40 C) unti l the oil became a
homogeneous liquid. A 1.0-ml aliquot was then drawn
a n d 30 ml o f 60% (w/v) KOH a d d e d t o i t . The
saponification reac t ion was allowed to proceed 2-3 h r in
the dark. In t h e absence of BHT, the reac t ion was
conducted u n d e r nitrogen. The saponification mixture
was extracted an average of six times with 50-ml
aliquots of pe t ro leum e t h e r unt i l the organic layer
became colorless. The pooled organic extract was
washed with 50-200 ml of distilled water , evaporated t o
dryness on a rotary evaporator, redissolved in 10 ml
pet ro leum ether , and refr igerated {-10 C) overnight
according t o t h e method o f Davies (10). Suspended
sterols were sedimented b y centrifugation a t 2000 rpm
for 10-20 min. The pet ro leume t h e r was evaporated from
t h e supernatant u n d e r a s t ream o f nitrogen to 0.6-0.7 ml
fo r crude palm oil (CPO) and crude palm olein (CPOL)
and 0.2-0.3 ml for fi l tered palm olein (FPOL), refined,
filtered, and deodorized palm olein (RFDPOL), and palm
kernel oil (PKO).

Open Column Chromatography. Normal phase open
column chromatography was carr ied out according t o
t h e method o fDavies {10). Aluminum oxide was dried fo r
3-4 h r a t 150 C. Each column (1 × 30 cm) contained 25 g
of the adsorbent, which was deactivated t o Brockmann
act iv i ty grade III by t h e addition of 4.3% (1.08 ml)
dist i l led water , made in to a slurry m i x t u r e with
pe t ro leum e t h e r and poured into an aluminum foil-
covered glass column. Chromatography proceeded in a
room lit only by diffuse outdoor or indirect incandescent
l ight .

A 0.1-ml al iquot of unsaponif iable extract was
applied to t h e top of the column. The carotenoids were
sepa ra t ed b y 2 5 - m l al iquots o f pe t ro leum e t h e r
containing a step-wise grad ien t o f diethyl e t h e r (0-20%}
in pet ro leum ether. The flow rate was 1-2 ml/min.
Frac t ions of 7.5 ml were collected except in t h e case of
R F D P O L and PKO, for which 25-ml fractions were
collected. When BHT was not used dur ing elution, the
column was run u n d e r nitrogen. The increased pressure

increased the flow rate to 3-4 ml/min.
The absorbance spectra were scanned from 520-250

nm and wavelength maxima compared with published
values (10,11) and some standards. All spec t ra were
measured in pe t ro leum e t h e r unless otherwise noted.
The quan t i t y o f carotenoid was calculated u s i n g the
formula g iven by Davies {10).

Thin Layer Chromatography. The procedure of Tay lo r
and Davies (12) was followed. Silica gel pla tes were
heated for 30 min a t 150 C pr ior to use. Af t e r 25 t~l o f
s t a n d a r d s a n d samples were appl ied t o t h e p la te ,
chromatograms were developed with 10% benzene in
pe t ro leum e t h e r and visualized by sp ray ing with 10%
H2SO4 in ethanol and dry ing a t 150 C for 15-30 min.

RESULTS A N D DISCUSSION

Table 1 lists the hydrocarbon carotenoids identified in
this s t u d y b y their absorbance maxima in pe t ro leum
e t h e r and their occurrence by palm oil fraction. Table 2
summarizes the chromatographic separation of t h e
components of all fractions except R F D P O L and PKO.
The results revealed a basic t r end which led to t h e
elucidation o f the carotenoid profile: t h e increase in
spectral wavelength and fine s t ruc ture with re ten t ion
time. The carotenoid profile of each palm oil f ract ion was
determined by comparing each spec t rum t o published
da t a and to this pa t t e rn .

The increase in wavelength o f t h e m a x i m u m absorb-
ance band, or bathochromic shift, takes place whenever
the number of double bonds in t h e chromophore of a
carotenoid increases. When chromophore double bonds
are cyclized in end groups, a hypsochromic shift
{decrease in t h e wavelength o f the m a x i m u m absorbance
band) occurs. Lycopene, for instance, with 11 double
bonds in its chromophore, displays absorbance maxima
20-30 nm longer t h a n t h o s e of/3-carotene, two o f whose
11 conjugated double bonds are in r ings .

Because of this combination of desaturation and
cyclization, several carotenoids can share one wave-
l eng th location. Another cri ter ion m u s t distinguish their
spectra.

Persistence, or the degree of spectral fine structure, is
this cri ter ion (10). It is an indication o f molecular
s t ruc ture b e c a u s e it d e p e n d s on t h e vibra t iona l
transitions o f the molecule. The spec t ra of aliphatic
carotenoids show t h e m o s t pronounced detail; those o f
monocyclic carotenoids with one double bond in the ring
a n intermediate amoun t , a n d t h o s e of bicyclic
carotenoids with a conjugated double bond in both r ings
the l eas t .

Spectra obtained from chromatographed samples
displayed a bathochromic shift and a n increase in
persistence as re ten t ion time increased. The t rend
reversed itself for CPO and CPOL samples e lu t ing af te r
lycopene in 20% die thy l e t h e r in pe t ro leum ether .
However , the tendency did indicate t h a t t h e m o s t
re ta ined compounds were the m o s t u n s a t u r a t e d a n d
m o s t aliphatic ones. Carotenoids eluted, in o rde r o f
increas ing retention, phytoene, phytofluene, n e u r o -
sporene, a-carotene,/3-carotene, d-carotene, ),-carotene a n d
lycopene.

Compounds whiche lu ted subsequently were probably
xanthophylls. Spectra of fractions #11 a n d #19 from
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T A B L E 1

Spectral Ident i f i ca t ion of P a l m Oil Carotenoids Fo l lowing Open Column Chroma-
tography

Carotenoid a Absorbance Maxima (nm)b Occurrencec

Phytoene 270-4, 282-6, 297 CPOL
(7,8,11,12,7',8',1 l',12'-
octahydro-tp,w-carotene)

Phytofluene 329, 347, 367 CPOL
(7,8,11,12,7',8'-hexa-
hydro-u2,~-carotene)

i-Carotene 377,400, 425 CPOL
(7,8,T,8'-tetrahydro-
w.t~-carotene)

Neurosporene 411-20, 432-40, 460-7 CPOL, CPO, FPOL
17,8-dihydro-w,w-caro-
tene)

a-Zeacarotene 391-2, 413-19,440-3 PKO
(T,8'-dihydro-~,q~-caro-
tene)

(~-Zeacarotene 400. 425. 451 CPOL
(T,8"-dihydro-/3,tp-caro-
tene)

Lycopene 442, 468, 500 CPO
(vz.uz-carotene)

Neo-A 438-42, 465-9, 494-8 CPOL, FPOL
),-Carotene 435-43, 460-66, 488-93 CPO, CPOL, FPOL

(fl,u2-carotene)
d-Carotene 432-4, 453-8, 479-85 CPO, CPOL

I(6R)-~.~-carotene]
g-Carotene 420-9, 442-51,468-80 CPO, CPOL, FPOL

(/3fl-carotene)
a-Carotene 419-20, 439-44, 464-72 CPO, CPOL, FPOL

[(6' R)-p.~-c,~otene]

aSemi-systematic names of carotenoids follow in parentheses.
bWavelengths of absorbance maxima found in this study.
cCPO, crude palm oil: CPOL, crude palm olein; FPOL, filtered palm olein; PKO, palm
kernel oil.
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CPOL chromatographed in the absence of BHT and #12
and #20 from CPO s h a r e d the same position of
absorbance maxima (420-3, 441-2, 467-9 nm). The
spectrum of #11 was shaped like that of #12, and the
spectrum of #19 like that of #20. The spectra of the
former pair, however, did not resemble those of the l a t t e r
pair. The early-eluting compounds had different R,'s on
TLC than the late-eluting ones. Fraction #12 of CPOL
with BHT gave a weak spot , separated from the origin,
with an R, of 0.11. Fraction #19 gave a very dark spo t ,
which streaked up from the origin, with an R, of 0.08.
Although the sample spot for fraction #11 of CPO was not
visible, that of #20 was a dark s t r e a k from the o r ig in
with an R, of 0,03. The late-eluting compounds, because
of t h e i r similar spectroscopic and chromatographic
behavior, were probably the same xanthophyll.

The results reported here agreed with published
elution sequences for carotenoids in p l a n t and an ima l
samples (9,13). Davies and Rees (13) s t a t e that the
elution sequence of all-trans carotenoids from an
a luminumoxide column is phytoene, phytofiuene,/3-caro-
tene, /3-zeacarotene,y-carotene, neurosporene and lyco-
pene. D e R i t t e r and P u r c e l l (9) give the o r d e r as

phytoene, a-carotene, phytofluene, /3-carotene, ~-caro-
tene and sterols, ),-carotene, neurosporene and lycopene.

These sequences are b a s e d on carotenoid structure. In
general, the chromatographic capacity factor increases
as the n u m b e r of double b o n d s increases, but the
presence of one or more r ings c a u s e s a retention
reversion (10). In the latter sequence, the effect of
cyclization is so s t r o n g that a bicyclic compound with 10
c o n j u g a t e d d o u b l e bonds, a-carotene, precedes an
aliphatic compound with five conjugated double bonds,
phytofluene.

The carotenoids in this s tudy, with the exception of
neurosporene, eluted according t o these principles. This
c a r o t e n o i d was both the f i r s t and p e n u l t i m a t e
carotenoid eluate in FPOL. However, the published data
apply t o all-trans compounds. Analysis of absorbance
spectra revealed that neurosporene which eluted early in
the sequence had isomerized t o the cis form. The ratio of
the long wavelength peak (third carotenoid peak, III) t o
the main absorbance band Isecond carotenoid peak, II)
expressed in percentage (%III/II) and the ratio of the
ultraviolet-region "'cis peak" t o the main band (%DB/D,)
were used t o d e t e c t the cis-trans conformation of
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neurosporene (14). A %III/II o f a t l e a s t 80 and a %D./D,,
of a t l e a s t 38 for lycopene indicate the presence o f the t r a n s
isomer. The isomerization o f neurosporene, because it
e lu ted a t both the beginning (cis isomer) and t h e end
( t r a n s isomer) of the sequence, was m o s t graphic in the
case o f FPOL (Table 2). The %III/II and %D./D,, for the
less re ta ined isomer of neurosporene were 74.3 and 42.9,
respectively. Fo r the more re ta ined isomer t h e % I I I / I I
was 83.8; it h a d no "cis peak" . The cis charac te r of the
former compound was emphasized fur the r b y t h e
position of its max ima a t 411,442, 460 nm instead of a t
414,439, 467 nm. A hypsochromic shift o f 2-5 nm occurs
for each cis double bond in a carotenoid. The elution
position o f this compound also was in accord with the
theory of Zechmeister (15) t h a t a p o l y - c i s i somer should
e lu te fa r a h e a d of its pa ren t al l - t rans compound.

Chromatographic and spectroscopic da t a o f palm oil
ag reed well with t h e work o f H u n t e r in the early to
mid-1940s (4-8). Typically, liquid chromatography on
act ive aluminum oxide of his pe t ro leum ether-soluble
and unsaponifiable mat te r gave, in o rde r o f increasing
re ten t ion , a yel low "pre -ca ro tene" zone , a- and
fl-carotenes, neo-y-carotene, y-carotene, neolycopene,
lycopene a n d a brownish zone with an indefini te
absorbance spec t rum (4). The findings of this s t u d y
confirmed t h e p re sence o f a-, fl- y-carotenes a n d
lycopene in palm oil fractions. They also revealed the
presence o f six o t h e r compounds for which Hunter ' s
work gives indirect evidence.

Phytoene and phytofluene could be the colorless,
non-sterol, non-saponifiable impurity present in one o f
H u n t e r ' s a- a n d /3-carotene f rac t ions (4). Two
compounds, uncovered b y rechromatography o f frac-
t i ons #9-14 from CPOL chromatographed in t h e
presence of BHT, C-carotene and /3-zeacarotene, could
b e components of the "pre-carotene" zone because of
similarities in the spectral da t a (5,6). Spec t ra l da t a in
carbon disulfide which H u n t e r l is ts fo r neo-y-carotene
(455-62, 488-91.5, 520-6 nm) (4,5,8) agree with t h a t fo r
&carotene in t h a t solvent (467,490, 526 nm) (10). Thus,
Hunter ' s work gives a t l e a s t indirect support for all
carotenoid components present in the palm oil samples
analyzed in our laboratory.

The carotenoid profiles of CPO, CPOL and FPOL were
similar to each o t h e r but markedly different from those
of PKO and RFDPOL. To ta l carotenoid in CPO, CPOL
a n d FPOL ranged from 700-800 ppm, a n d t h e
constituents var ied only slightly. All th ree fractions
contained t h e core group of compounds neurosporene,
a-, /3-, y-carotenes and lycopene. Nei ther the quan t i t y
nor c o n t e n t of carotenoids depended on the degree of
refining. The absence of hydrocarbon carotenoids from
RFDPOL, in contrast, was a t t r ibu ted to t h e rigorous
refining process this fract ion had undergone. PKO
contained only 0.3 p p m of a-zeacarotene, which e lu ted in
t h e four th a n d fifth of five 25-ml fractions in pe t ro leum
e t h e r containing 5-20% die thy le ther . The cream-colored
PKO arises from the endosperm (inner kernel) of the
palm fruit ; the o t h e r four fractions arise from the
orange-red, fleshy mesocarp. This unique carotenoid,
a-zeacarotene, was found only within t h e endocarp
(kernel).

The addi t ion of BHT t o the solvents more effectively
protected t h e yield of hydrocarbon carotenoid than did

T A B L E 2
Quantities of Hydrocarbon Carotenoids i n Processed Fract ions

Fraction (quantity, ppm)

Carotenoid CPO CPOL CPOL FPOL
+BHT +BHT --BHT +BHT

Phytoene 10.1
Phytofluene 0.3
a-Carotene a
//-Carotene b 736.4 13.1 388.0
d-Carotene 15.7 9.9 16.6
y-Carotene 15.2 14.2 2.9
NeurosporeneC, d 2.4 599.0
Lycopene 8.5

Neo-A 23.8 18.2
Presumed Xanthophylls 35.7 33.6 42.4

109.4
581.2
37.6
38.8
7.0

aFound in other fractions with//-carotene.
bIncluded some a-carotene.
CRechromatography of Fractions #9-14 of CPOL + BHT revealed
that the fraction contained 20.4% neurosporene.
dTotal quantity includes both cis and trans isomers when both were
present.

T A B L E 3
E f f e c t o f B H T o n Caroteno id Leve l s i n CPOL Extracts

Carotenoid BHT (presence)a BHT (absence)a

Phytoene b l0 (2.1)
//-Carotene 600 (86.5} 390 (81.6)
Xanthophylls 34 (4.9) 42 (8.8)
Others 60 (8.6) 38 (7.5)
Total 694 478

aQuantity of carotenoid (ppm) followed by percentage of total
carotenoids in parentheses.
bMeasurement was interfered with by BHT.

the use of n i t rogen dur ing saponification a n d chroma-
tography. Table 3 i l lustrates these effects by comparing
t h e amount o f some individual and t o t a l carotenoids in
CPOL analyzed with and wi thout BHT. To ta l caroten-
oids in the absence o f this ant ioxidant dropped 31%
from t h e t o t a l with t h e protection. The predominant
carotenoid, /~-carotene, comprised more than 80% of
t o t a l carotene regardless of whe the r BHT was used. The
amount o f presumed xanthophylls (oxygenated caroten-
oids) increased slightly when BHT was not used, b u t t h e
drop in the amount of hydrocarbon carotenoid caused
the proportion ofxanthophylls t o approximately double.
The ~ncrease in the amount of xanthophylls in t h e
absence of BHT may be due t o the oxidat ion of the
hydroca rbon ca ro t eno ids . More cons t i t uen t s were
separated when BHT was used. The column wi thout BHT
ran u n d e r nitrogen, however. The increase in flow rate
(from 1-2 ml/min t o 3-4 ml/min) a n d c o n s e q u e n t
decrease in resolution caused b y t h e increase in pressure
could, in pa r t , have been responsible fo r the p o o r e r
separation. CPO and CPOL chromatographed in t h e
presence of BHT gave the same number of, b u t different,
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hydrocarbon carotenoids.
In this paper we have separated and identified 11

hydrocarbon carotenoids, including seven not previ-
ously isolated, in palm oil processed fractions. The
increasing interest in the medical applications of this
class of compounds makes t h e i r isolation and character-
ization crucial. Palm oil, one of the world's most widely
consumed vegetable oils and a proven non-toxic food (16),
c o u l d become an important commerc i a l source of
carotenoids. F u t u r e work will focus on high pressure
liquid chromatographic analysis of t h e s e compounds
and t h e i r potential anti-carcinogenic and/or antioxida-
tive effects.
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 Effect of Culture Conditions on Fatty Acid Composition in Lipids
Produced by the Yeast Cryptococcus albidus var. albidus
Lena Hansson* and Mllan Dostalek
Department of Applied Microbiology, Chemical Center, University of Lund, P.O. Box 124, S-221 O O Lund, Sweden

T h e influence of culture condit ions on the f a t t y acid
composit ion in lipids produced by Cryptococcus albidus
var. albidus CBS 4517 was studied.

T h e major f a t t y acids in C. albidus var. albidus were
oleic {18:1}, linoleic (18:2) and palmitic {16:0) acid. T h e
relative amounts of f a t t y acids produced varied
considerably during growth and lipid accumulation
phases in nitrogen-limited as well as excess-nitrogen
cultures. T h e degree of unsaturation correlated to the
lipid content in the biomass and decreased with
increasing amounts of cellular lipid. A f t e r glucose
exhaustion, no further changes in the f a t t y acid
composit ion nor in the lipid content of the cells were
observed. A number of carbon and nitrogen sources
could b e utilized for lipid synthesis , but they influenced
the f a t t y acid composit ion only to a minor extent.

Lipid production from microorganisms provides a m p l e
opportunity for research activities, and the subject
recently has been reviewed by Ratledge IlL A grea t deal
of the work has been performed on lipid-accumulating

*Towhom correspondence should be addressed.

yeast strains because a n u m b e r of them are capable of
a c c u m u l a t i n g large a m o u n t s of intracellular lipids
{50-70%, w/w) {2,3}. The lipid fraction usually has a grea t
similarity t o p l a n t oils (1,4), and with the aim of
producing substitutes for some of the more expensive
types , it is important t o gain increased understanding
and control over fat ty acid biosynthesis in microorgan-
isms.

The y e a s t C r y p t o c o c c u s t e r r i c o l u s Pedersen (now
re-named C. a l b i d u s v a r . a l b i d u s (5) has been reported
t o have a high lipid-accumulating capacity, w h i c h is not
dependent on a high C/N r a t i o in the med ium {2,6}. This
is a u n i q u e characteristic because lipid accumulation in
oleaginous yeasts is r ega rded as a two-stage process
where lipid starts t o be produced from e x c e s s c a r b o n
a f t e r exhaustion of nitrogen (or other nutrient e x c e p t
carbon} from the medium. Despite its interesting
properties as a lipid producer, very little work has been
reported on this s t r a i n of C. a l b i d u s in recent years.
B o u l t o n and Rat ledge (61 c o m p a r e t h e i r r e s u l t s
concerning the constitutive lipid-producing capacity
with those of Pedersen (2,7), whereas Krylova et al. (8,9)
deal with lipid synthesis in C. a l b i d u s var. a e r i u s IBFM
y-229 u s i n g ethanol as the c a r b o n source. Results from

JAOCS, Vol, 63, no. 9 (September 1986)


