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SEPARATION OF CAROTENOIDS IN FRUITS 
AND VEGETABLES BY HIGH PERFORMANCE 

LlQU ID CHROMATOGRAPHY 

R. J.  Bushway 
D e p a r t m e n t  o f  Food Science 

1 0 2 B  H o l m  es Hall 
Universi ty  o f  Maine 

Orono,  Maine 04469  

ABSTRACT 

Several isocratic high performance liquid chromatographic 
(HPLC) methods, including both normal and reversed-phase, have been 
developed to separate provitamin A compounds and other carotenoids 
- a-carotene, 8-carotene, stereoisomers of 8-carotene, y-carotene, 
8-cryptoxanthin, canthaxanthin and lycopene- in fruits and vegeta- 
bles. The normal phase systems used either an amino or alumina 
column with 99.5% isooctane and 0.5% tetrahydrofuran. Procedures 
employing reversed-phase used C18 columns- Vydac 201TP54, Vydac 
218TP54, Zorbax ODS and NovaPak C18- with nonaqueous solvent sy- 
stems comprised of various mixtures of acetonitrile, methanol, 
tetrahydrofuran and chloroform. All compounds were monitored at 
470 nm or 450 nm. Each method has certain advantages and disad- 
vantages for the analysis of carotenoids in fruits and vegetables. 

INTRODUCTION 

As researches learn more about the relationship of dietary in- 

take and human health, an accurate and specific assessment of the 

nutrient content of foods is becoming more important. One such 
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1528 BUSHWAY 

group of n u t r i e n t s  is t he  provitamin A caro tenoids  which a r e  com- 

p r i sed  of approximately 18 compounds (1,2) varying i n  vitamin A 

a c t i v i t y  wi th  the  most preva len t  and a c t i v e  ones cons i s t ing  of B- 

carotene,  u-carotene and t h e i r  stereoisomers along wi th  y-carotene 

and 6-cryptoxanthin (1,2). Besides t h e i r  normal vitamin A func- 

t i o n ,  recent  research  has shown t h a t  some provitamin A compounds 

have an t icancer  and a n t i u l c e r  p rope r t i e s  (3-9). 

Ant ineoplas t ic  evidence has been of two types.  F i r s t ,  epide- 

miological s tud ie s  have shown t h e  ex i s t ence  of an  inve r se  rela- 

t ionship  between t h e  r i s k  of cancer and t h e  consumption of foods 

containing 8-carotene (3,4,6-8). Second, s eve ra l  l abora tory  ex- 

periments have demonstrated t h e  i n h i b i t i o n  of cancer c e l l  l i n e s  

and ac tua l  tumor regress ion  i n  animals given B-carotene (3-5). 

Antiulcer p rope r t i e s  were observed by Mozsik e t  a l .  (9). 

They were a b l e  t o  show t h a t  B-carotene and 8-cryptoxanthin were in- 

volved i n  t h e  cy topro tec t ive  i n j u r y  of t h e  g a s t r i c  mucosa. 

Because of t h e i r  important r o l e  i n  n u t r i t i o n  and i n  some 

cases  d i sease  and because of t h e i r  d i f f e r e n t  degrees of vitamin A 

a c t i v i t y ,  t h e r e  i s  a need f o r  a simple, rap id  and s p e c i f i c  method 

f o r  ind iv idua l  provitamin A caro tenoids  i n  foods. Such a proce- 

dure would be b e n e f i c i a l  t o  food s c i e n t i s t s ,  h o r t i c u l t u r i s t s ,  nu- 

t r i t i o n i s t s ,  cancer researchers ,  and epidemiologists.  O f  t h e  3 

types of chromatographic methods used f o r  caro tenoid  determina- 

t ions- open column, thin-layer and h igh  performance l i q u i d  chroma- 

tography- HPLC i s  t h e  bes t .  The o the r  two procedures a r e  very 
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CAROTENOIDS IN FRUITS AND VEGETABLES 1529 

t i m e  consuming; can transform caro tenoids  t o  t h e i r  s te reo isomers ;  

and many methods cannot d i s t ingu i sh  between stereoisomers.  

High performance,l iquid chromatographic techniques are con- 

s ide red  t o  be t h e  qu ickes t ,  s imples t  and most reproducib le  methods 

of analyzing complex mixtures of caro tenoids  i n  foods and o t h e r  

substances.  

Sweeney and Marsh (2) f o r  f r u i t s  and vegetab les  i n  which most of 

t h e  preva len t  provitamin A caro tenoids  can be  separated.  

advantages are t h a t  t h i s  method is lengthy due t o  an i n i t i a l  open 

column s t e p  and it employs 2 HPLC columns t h a t  are unava i l ab le  

commercially. A similar method w a s  developed f o r  c i t r u s  f r u i t  i n  

t h a t  a column not  commercially ava i l ab le  w a s  used (10). 

The most ex tens ive  system has  been developed by 

The d is -  

Since 1977 HPLC methods f o r  caro tenoids  have employed commer- 

c i a l l y  ava i l ab le  columns. 

dures have been developed (11-23) wi th  and without g rad ien t s ,  bu t  

t he  most popular packing ma te r i a l  has been C18. 

Both normal and reversed-phase proce- 

Of these  numerous 

methods, only one, which was developed by Quackenbush and 

Smallidge (23), has  begun t o  d e a l  with t h e  complexity of food car- 

otenoids.  They were ab le  t o  r ap id ly  sepa ra t e  s e v e r a l  caro tenoids  

inc luding  B-carotene and some of i ts  stereoisomers us ing  a Vydac 

column with a nonaqueous so lvent  system. 

ta ined  from a grad ien t  procedure although i n  t h e  i s o c r a t i c  mode 

one of t he  major %-carotene isomers w a s  separated.  Lycopene a l s o  

i n t e r f e r e d  with %-carotene under c e r t a i n  condi t ions  (23). 

The b e s t  r e s u l t s  were ob- 

This paper descr ibes  seve ra l  rap id  i s o c r a t i c  HPLC methods 

(normal and reversed-phase) t h a t  were developed f o r  provitamin A 
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IS30 BUSHWAY 

carotenoids i n  f r u i t s  and vegetables including modifications of 

the  Quackenbush and Smallidge procedure (23). 

EXPERIMENTAL 

Materials 

Trans a- and B-carotene standards were obtained from Sigma 

Chemical Co. S t .  Louis, MO. y-Carotene, B-cryptoxanthin and can- 

thaxanthin were g i f t s  from Hoffmann-LaRoche, Nutley, N J  and Basel, 

Switzerland. The stereoisomers of B-carotene were obtained by ir- 

rad ia t ing  25  mg/100 ml 8-carotene so lu t ion  using the  procedure of 

Zechmeister (24). Magnesium carbonate anhydrous powder and sodium 

s u l f a t e  anhydrous granular form were purchased from Fisher  Scien- 

t i f i c  Co.,  Fa i r  Lawn, N J .  S t ab i l i zed  tetrahydrofuran w a s  bought 

from VWR S c i e n t i f i c ,  Bridgeport, N J  while t he  a c e t o n i t r i l e ,  metha- 

no l ,  isooctane and chloroform were a l l  HPLC grade obtained from 

Fisher  Sc ien t i f i c .  

ers and s to re s .  

Preparation of Standards 

A l l  foods were purchased from l o c a l  wholesal- 

Stock so lu t ions  of a-carotene, %-carotene, 8-cryptoxanthin, 

y-carotene and canthaxanthin were prepared by weighing 25 mg of 

each i n t o  100 m l  low a c t i n i c  volumetric f l a s k s  and br inging  each 

t o  volume with THF. 

ing  1, 2 and 3 ml from each s tock  so lu t ion .  Standards were s to red  

a t  -20 C and were s t a b l e  f o r  6 t o  8 months. Af te r  which t i m e ,  the  

standards should be r eca l ib ra t ed  using Beer's Law. I r r ad ia t ed  B- 

carotene s tock  and working standards were prepared l i k e  the  o the r  

car0 t enoids . 

Three working s tandrds  were made by tak- 
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CAROTENOIDS IN FRUITS AND VEGETABLES 1531 

Liquid Chromatographic System 

A liquid chromatograph equipped with a Waters Model 510 pump 

(Waters Associates, Milford, MA), a Waters U6K injector and a 

Schoeffel 450 variable-wavelength detector (Westwood, NJ) and an 

Omniscribe dual pen recorder (Houston Instruments, Austin, TX). 

The detector was set at 450 nm or 470 nm and 0.04 absorbance units 

full scale. 

Liquid Chromatography Separations 

Normal phase systems consisted of a 5 p amino column (IBM 

Instruments, Wallingford, CT) 250 mm x 4.5 mm and a 5 p Spherisorb 

alumina column (Phenomenex, Palos Verdes Dr., CA) 250 mm x 4.6 mm. 

The solvent system for both consisted of 99.5% isooctane and 0.5% 

stabilized THF with all flow rates at 1.0 mllmin. 

Four different columns and 5 different solvent systems were 

used for the reversed-phase separations of carotenoids. These were 

as follows: (1) a 7-8 p Zorbax ODS column (Phenomenex, Palos Verdes 

Dr., CA) 250 mm x 4.6 mm; solvent, acetonitrile-methanol-stabilized 

tetrahydrofuran 50135115; flow rate, 1 mllmin. (2) a 5 p Vydac 

201TP54 column (Anspec, Ann Arbor, MI) 250 mm x 4.6 mm; solvent, 

methanol-chloroform 90110; flow rate, 1 mllmin. (3)  a 5 p Vydac 

201TP54 column; solvent, methanol-stabilized tetrahydrofuran 90110 

; flow rate 1 mllmin. (4) a 5 p Vydac 210TP54 column; solvent, 

acetonitrile-methanol-stabilized tetrahydrofuran 4015218; flow 

rate, 1 mllmin. (5) a 5 p Vydac 218TP54 column (Nest Group, 

Southboro, MA) 250 mm x 4.6 mm; solvent, acetonitrile-methanol- 

stabilized tetrahydrofuran 4015218; flow rate 1 mllmin. (6) a 4 p 
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1532 BUSHWAY 

NovaPak C18 column (Waters ASSOC., Milford, MA) 150 m x 3.9 m; 

solvent acetonitrile-methanol-stabilized tetrahydrofuran 5813517; 

flow rate, 1 mllmin. 

Extraction and Analysis 

All extractions were performed on 10 g of food. Each fruit 

or vegetable was weighed into a quart blender to which 20 g of an- 

hydrous sodium sulfate, 1 g of magnesium carbonate and 100 ml of 

stabilized THF were added. 

speed for 5 min followed by vacuum filtration through a Buchner 

funnel fitted with Whatman #42 filter paper. 

extracted twice to remove all the carotenoids. The filtrate was 

brought to a final volume of 500 ml. 

cuumed evaporated to dryness at 40 C and taken to a final volume 

of 10 ml with stabilized tetrahydrofuran. If foods contained low 

levels of carotenoids like cabbage and celery, the entire filtrate 

Samples were blended at a moderate 

Most foods had to be 

A 100 ml aliquot was va- 

was evaporated to dryness. Five p l  of each sample and standards 

were injected into the HF'LC using one of the separations described 

above. 

shown to be linear vs concentration. 

Peak height was employed for quantification since it was 

This extraction procedure is very similar to the one devel- 

oped by Bushway and Wilson (18) in 1982 with slight modifications. 

Therefore, recovery studies were not repeated. 

Identification of the Carotenoids 

Tentative identification was based on retention times of known 

standards. 

tra and ratios at 470 nm vs 450 nm. 

Further identification was made using W-visible spec- 
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CAROTENOIDS IN FRUITS AND VEGETABLES 1533 

RESULTS AND DISCUSSION 

Because of t h e  carotenoid complexity of f r u i t s  and vegeta- 

b l e s  and the  number of known caro tenoids  (approximately 5 0 0 ) ,  it  i s  

doubtful t h a t  one HPLC method w i l l  be a b l e  t o  quan t i fy  a l l  t h e  ma- 

j o r  provitamin A compounds i n  every f r u i t  and vegetable.  For t h i s  

reason, s eve ra l  carotenoid sepa ra t ions  were developed. Of t h e  nu- 

merous systems inves t iga t ed ,  on ly  8 were observed t o  be b e n e f i c i a l  

i n  analyzing p l an t  carotenoids.  Two sepa ra t ions  were normal phase 

while t he  o the r s  were reversed-phase. 

The normal phase methods are shown i n  F igures  1 and 2 .  Figure  

1 dep ic t s  r e s u l t s  from an amino column wi th  p a r t s  1 and 2 repre- 

s en t ing  a mix standard and i r r a d i a t e d  $-carotene, r e spec t ive ly .  

The mix standard contained canthaxanthin,  B-cryptoxanthin, a-caro- 

tene ,  $-carotene and y-carotene, bu t  as one might expect t h e  po la r  

caro tenoids  d id  no t  e l u t e  while a- and $-carotene co-eluted. A s  

f o r  t h e  i r r a d i a t e d  $-carotene, t h e r e  were 6 peaks of which 3 (a ,  b y  

c) were unknowns while peak e w a s  $-carotene and d and f have been 

t e n t a t i v e l y  i d e n t i f i e d  from s p e c t r a  a s  neo-$-carotene B and neo-B- 

carotene U, respec t ive ly .  The o t h e r  2 chromatograms i n  t h i s  Fig- 

ure are raw sweet po ta toes  ( r i g h t )  and baked sweet po ta toes  ( l e f t ) .  

A t r a c e  of neo-B-carotene B was observed i n  t h e  raw t u b e r s  compared 

to  a l a r g e r  amount found i n  the  cooked pota toes  along wi th  a t r a c e  

of neo-$-carotene U. This w a s  s imilar t o  what Sweeney and Marsh 

( 2 )  repor ted  i n  1970 whereby yellow o r  red vegetab les  when cooked 

form more neo-B-carotene B. 

F igure  2 shows the  r e s u l t s  of t h e  o the r  normal phase system 

(alumina). The mix standard (pa r t  1) l i k e  Figure 1 only d e p i c t s  2 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1
 

b 

, 0 
6 

8 
12

 
16

 
TI

M
E 

(m
in

) 

2 
3 

b 

b 

0
2

4
6

8
 0

2
4

6
0

0
2

4
6

8
 

TI
M

E
 (m

in
) 

TI
M

E
 (m

in
) 

F
ig

u
re

 1
. 

1:
 s

ta
n

d
ar

d
 m

ix
tu

re
; 

a
, 

6
-c

ar
o

te
n

e 
an

d 
a-

ca
ro

te
n

e;
 

b
, 

y-
ca

ro
te

ne
. 

P
ar

t 
2:

 
ir

ra
d

ia
te

d
 6

-c
ar

ot
en

e;
 

a
, 

te
n

e 
U.
 

S
ep

ar
at

io
n

 o
f 

ca
ro

te
n

o
id

s 
on

 a
n 

IB
M

 A
m

in
o 

co
lu

m
n.

 
C

o
n

d
it

io
n

s 
ar

e 
g

iv
en

 i
n

 t
h

e
 t

ex
t.

 
P

a
rt

 

b
, 

an
d 

c,
 

u
n

id
en

ti
fi

ed
 0

-c
ar

o
te

n
e 

st
er

eo
is

o
m

er
s;

 
d

, 
ne

o-
0-

ca
ro

te
ne

 
B

; 
e

, 
0

-c
ar

o
te

n
e;

 
f

, 
ne

o-
6-

ca
ro

- 
m

 

p
o

ta
to

; 
a

, 
ne

o-
6-

ca
ro

te
ne

 
B;

 
b

, 
$

-c
ar

o
te

n
e;

 
c

, 
ne

o-
$-

ca
ro

te
ne

 
U.
 

e z 
P

ar
t 

3:
 

ri
g

h
t,

 
ra

w
 s

w
ee

t 
p

o
ta

to
; 

a
, 

ne
o-

8-
ca

ro
te

ne
 

B
; 

b
, 

+
ca

ro
te

n
e 

an
d 

le
ft

, 
ba

ke
d 

sw
ee

t 

9
 

.e
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



CAROTENOJDS IN FRUITS AND VEGETABLES 

1 

1535 
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TIME (min) TIME (min) 
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b 

A 
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I c I + 
0 4 8 0  4 8 
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Figure 2 .  Separation of carotenoids on a Spherisorb Alumina col- 
umn. Conditions are given in the text.  Part 1: standard mixture; 
a ,  a-carotene; b, 6-carotene. Part 2 :  irradiated B-carotene; a ,  
mixture of B-carotene stereoisomers; b, $-carotene. Part 3: toma- 
to paste; a ,  mixture of B-carotene stereoisomers; b ,  B-carotene. 
Part 4 :  raw kale; a ,  mixture of B-carotene stereoisomers; b,  B- 
car0 tene. 
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1536 BUSHWAY 

chromatographic peaks ( a  and b)  which represent  a- and B-carotene. 

The o the r  3 carotenoids d id  not  e lu t e .  I r r a d i a t e d  @-carotene is  

a l s o  d i f f e r e n t  than above. A l l  isomers e l u t e  be fo re  8-carotene 

with l i t t l e  r e so lu t ion  between stereoisomers.  P a r t s  3 and 4 of 

Figure 2 a r e  samples of tomato p a s t e  and raw ka le .  

isomers are grouped i n t o  peak a and B-carotene is  peak b. 

The 8-carotene 

Both normal phase systems o f f e r  a rap id  means of ana lyz ing  B- 

carotene,  t h e  primary provitamin A compound i n  f r u i t s  and vegeta- 

b l e s ,  without i t s  stereoisomers i n t e r f e r i n g .  However, the amino 

column separa t ion  i s  inadequate i f  a-carotene i s  present .  Since 

high concentrations of a-carotene are not  preva len t  i n  most foods 

(exceptions some squashes, pumpkin, c a r r o t s  and palm o i l )  t h i s  w i l l  

no t  be much of a problem. Furthermore, i f  one wants t o  quant i fy  o r  

prepara t ive ly  c o l l e c t  stereoisomers of B-carotene o r  y-carotene, 

the  amino method would be bes t .  

a t ed  from B-carotene wi th  t h e  alumina column, t h e r e  w i l l  be some 

in t e r f e rence  from the  B-carotene isomers. 

Even though a-caro tene  i s  separ- 

The reversed-phase carotenoid separa t ions  a r e  shown i n  Fig- 

ures  3-8. For these ,  t h e r e  were 4 d i f f e r e n t  columns and 5 d i f f e r -  

e n t  solvent systems employed. The bes t  and quickes t  s epa ra t ions  

were observed wi th  the  Vydac columns (Figures 3-6). I n  t h i s  study 

2 Vydac columns were employed (1) a Vydac 201TP54 column which was 

f i r s t  used f o r  caro tenoid  separa t ions  by Quackenbush and Smallidge 

(23) and (2) a Vydac 218TP54 column. Both columns have unique 

fea tures .  

As mentioned earlier t h e  Vydac 201TP54 column w a s  employed by 

Quackenbush and Smallidge (23). They developed 2 methods. The 
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d 
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TIME (min) 

0 5 10 
TIME ( m i d  

Figure 3. 
Solvent methanol-chloroform 90/10. Other conditions are given i n  
the  t ex t .  Pa r t  1: standard mixture;  a ,  canthaxanthin; b,  B-cryp- 
toxanthin; c ,  a-carotene; d, 8-carotene; e,  y-carotene. Part  2: 
i r r a d i a t e d  B-carotene; a and b,  un iden t i f i ed  6-carotene s t e reo i -  
somers; c ,  neo-B-carotene B; d ,  B-carotene; e, neo-$-carotene U. 
Par t  3: baby food sweet po ta toes ;  a, neo-8-carotene B; b ,  B-caro- 
tene ;  c ,  neo-6-carotene U. P a r t  4: raw mustard greens; a,  neo-6- 
carozene B; b ,  8-carotene; c ,  neo-8-carotene U. 

Separation of carotenoids on a Vydac 201TP54 column. 
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Figure 4.  
Solvent methanol-tetrahydrofuran 90/10. Other conditions are giv- 
en i n  the t ex t .  P a r t  1: s tandard  mixture; a,  canthaxanthin; b,  B- 
cryptoxanthin; c ,  a-carotene; d ,  @-carotene; e,  y-carotene. Pa r t  
2: i r r a d i a t e d  B-carotene; a ,  un iden t i f i ed  8-carotene stereoisomer 
; b ,  8-carotene and neo-B-carotene B; c ,  neo-6-carotene U. P a r t  3 
: baked sweet po ta to ;  a ,  un iden t i f i ed  B-carotene stereoisomer; b ,  
B-carotene and neo-%-carotene B;  c ,  neo-8-carotene U. Pa r t  4: raw 
kale; a ,  a-carotene; b ,  8-carotene and neo-B-carotene B ;  c ,  neo-8- 
carotene U. 

Separation of carotenoids on a Vydac 201TP54 column. 
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Figure 5. Separation of carotenoids on a Vydac 201TP54 column. 
Solvent acetonitri le-methanol-tetrahydrofuran 4015218. Other con- 
d i t i o n s  a r e  given i n  the t ex t .  P a r t  1: standard mixture;  a ,  can- 
thaxanthin; b,  8-cryptoxanthin; c ,  a-carotene; d,  B-carotene; e, 
y-carotene. Par t  2: i r r a d i a t e d  B-carotene; a, un iden t i f i ed  8-car- 
otene stereoisomer; b ,  B-carotene; c, neo-B-carotene B ;  d,  neo-8- 
carotene U. Par t  3: boi led  c a r r o t s ;  a, a-carotene; b ,  @-carotene; 
c ,  neo-8-carotene B ;  d ,  neo-@-carotene U. Par t  4 :  r a w  c a r r o t s ;  a ,  
a-carotene; b ,  8-carotene; c ,  neo-8-carotene U. 
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Figure 6. Separation of carotenoids on a Vydac 218TP54 column. 
Conditions a r e  given i n  t h e  t ex t .  P a r t  1: standard mixture; a, 
canthaxanthin; b ,  8-cryptoxanthin; c ,  a- and y-carotene; d ,  8-car- 
otene. P a r t  2: i r r a d i a t e d  &carotene; a, 8-carotene; b,  unidenti-  
f i e d  @-carotene stereoisomer; c ,  neo-8-carotene U; d, neo-B-caro- 
tene  B; e, un ident i f ied  8-carotene stereoisomer. P a r t  3: tomato; 
a ,  lycopene; b, 8-carotene. P a r t  4: baked sweet pota to ;  a ,  8-car- 
otene; b ,  neo-8-carotene U; c ,  neo-8-carotene B. 
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Figure 7. 
d i t i o n s  a r e  given i n  the  text. P a r t  1: standard mixture;  a ,  can- 
thaxanthin; b ,  B-cryptoxanthin; c ,  y-carotene; d ,  a-carotene; e, 
5-carotene. P a r t  2 :  i r r a d i a t e d  B-carotene; a,  mixture of B-caro- 
tene and i t s  stereoisomers.  P a r t  3:  tomato pas te ;  a,  lycopene; b ,  
a-carotene; c ,  B-carotene and i t s  stereoisomers.  P a r t  4 :  r a w  ka l e  
; a ,  a-carotene; b ,  B-carotene and i t s  stereoisomers.  

Separation of carotenoids on a NovaPak C18 column. Con- 
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Figure 8. Separation of carotenoids on a Zorbax ODS column. Con- 
d i t i o n s  a r e  given i n  the  t ex t .  P a r t  1: standard mixture; a,  can- 
thaxanthin; b ,  B-cryptoxanthin; c, y-carotene; d,  a-carotene; e ,  
B-carotene. P a r t  2 :  i r r a d i a t e d  B-carotene; a ,  B-carotene; b ,  
stereoisomers of 8-carotene. Part  3: tomato; a ,  lycopene; b y  8- 
carotene. 
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f i r s t  was an i s o c r a t i c  procedure using methanol-chloroform 90/10 

and t h e  second a grad ien t  s epa ra t ion  employing methanol-acetoni- 

tr i le-chloroform. For t h e  i s o c r a t i c  procedure, they repor ted  t h e  

separa t ion  of 1 6-carotene isomer while 2 s te reo isomers  w e r e  re- 

solved with t h e  grad ien t  system. A reexamination of t h e  i s o c r a t i c  

method of Quackenbush and Smallidge (23) was c a r r i e d  out  he re  (Fig- 

ure  3) .  The caro tenoids  i n  t h e  mix s tandard  were completely separ- 

a t ed  wi th in  15 min (Figure 3 p a r t  1) and it was observed t h a t  4 B- 

caro tene  stereoisomers were p a r t i a l l y  reso lved  inc luding  t h e  2 ma- 

j o r  ones- neo-B-carotene B and neo-B-carotene U. Parts 3 and 4 of 

Figure 3 depic t s  s epa ra t ions  of caro tenoids  i n  baby food sweet po- 

t a toes  (pa r t  3) and raw mustard greens ( p a r t  4 ) .  B-Carotene is  

p a r t i a l l y  resolved from neo-B-carotene B and neo-B-carotene U. 

Lycopene with t h i s  system w i l l  e l u t e  approximately 22 min. 

Two o the r  so lvent  systems were developed f o r  t h e  Vydac 201TP 

54 column. 

(Figure 4 ) .  This system shortened the  a n a l y s i s  t i m e  considerably 

e spec ia l ly  when lycopene was present .  Also t h e  lycopene peak i s  

resolved i n t o  3 components wi th  t h i s  so lvent  mixture whereas j u s t  

2 components a r e  separa ted  us ing  t h e  above system. 

shows t h e  mix carotenoid separa t ion .  A l l  compounds were b a s e l i n e  

resolved i n  12.5 min. However, as can be seen i n  F igure  4 p a r t  2 

not  a l l  t h e  major @-carotene s te reo isomers  are separa ted .  Neo-B- 

carotene B co-elutes wi th  B-carotene while neo-B-carotene U i s  se- 

para ted  along wi th  one un iden t i f i ed  isomer. Examples of 2 foods 

chromatographed under these  condi t ions  are shown i n  p a r t  3 (baked 

The f i r s t  was methanol-stabil ized te t rahydrofuran  90/10 

Figure  4 p a r t  1 
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sweet pota toes)  and p a r t  4 (raw k a l e ) .  For samples c o n t a i n i n g  

neo-6-carotene B ,  t h e r e  w i l l  be  a high b i a s  i n  t h e  8-carotene 

value.  

g e t a b l e s .  

This  would e s p e c i a l l y  b e  t r u e  of t h e  r e d  and yel low ve- 

Figure 5 r e p r e s e n t s  t h e  l a s t  s e p a r a t i o n  developed f o r  t h e  

Vydac 201Tp54 column. 

but  B- and y-carotene were n o t  completely reso lved  (F igure  5 p a r t  

1). The major 6-carotene s te reo isomers  were p a r t i a l l y  r e s o l v e d ,  

bu t  i f  y-carotene were present  then  t h e r e  would be i n t e r f e r e n c e .  

C a r r o t s ,  r a w  and b o i l e d ,  were choosen as food examples (Figure 5 

p a r t s  3 and 4 ) .  Separa t ions  were good except  f o r  t h e  neo-6-caro- 

tene  B p r e s e n t  i n  cooked c a r r o t s .  Unlike t h e  a c e t o n i t r i l e  system 

developed by Quackenbush and Small idge ( 2 3 ) ,  lycopene i s  s e p a r a t e d  

from 6-carotene ( t o t a l  t i m e  18 min). Although lycopene h a s  no 

provi tamin A a c t i v i t y ,  it can cause i n t e r f e r e n c e  e s p e c i a l l y  w i t h  

B-carotene. 

The caro tenoid  s t a n d a r d s  were a l l  s e p a r a t e d ,  

The o t h e r  Vydac column 218Tp54 proved t o  b e  unique (F igure  6 ) .  

Separa t ion  of t h e  mix s t a n d a r d  i s  shown in p a r t  1 Figure  6. A s  can 

be seen ,  n o t  a l l  5 compounds are  s e p a r a t e d .  a-Carotene and y-car- 

o t e n e  co-elute .  A problem would arise i n  foods c o n t a i n i n g  h i g h  

concent ra t ions  of both.  T h i s  i s  n o t  common. The main advantages 

of t h i s  procedure are i t s  s h o r t  a n a l y s i s  t i m e  (F igure  6 p a r t  1 )  

and t h e  r e s o l u t i o n  of t h e  major and minor B-carotene s te reo isomers  

from t h e  o t h e r  caro tenoids  (F igure  6 p a r t  2 ) .  Furthermore,  each 

isomer i s  s u f f i c i e n t l y  r e s o l v e d  t o  b e  q u a n t i f i e d  us ing  peak h e i g h t .  

P a r t s  3 and 4 of F igure  6 show chromatograms of tomatoes and baked 

sweet p o t a t o e s ,  r e s p e c t i v e l y .  An i n t e r e s t i n g  o b s e r v a t i o n  i s  that 
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CAROTENOIDS IN FRUITS AND VEGETABLES 1545 

lycopene w i l l  e l u t e  before  8-carotene without i n t e r f e r i n g  wi th  it. 

I f  a-carotene and lycopene a r e  present  i n  de t ec t ab le  q u a n t i t i e s  

then t h e r e  w i l l  be an in t e r f e rence  between them. However, no t  

many foods would conta in  s u b s t a n t i a l  q u a n t i t i e s  of both. 

The l a s t  2 reversed-phase separa t ions  a r e  shown i n  F igures  7 

and 8. Both procedures can r e so lve  t h e  5 caro tenoids  i n  t h e  mix 

standard (pa r t  1 Figures 7 and 8) ,  but  n e i t h e r  can s e p a r a t e  t h e  

stereoisomers of 8-carotene (pa r t  2 Figures  7 and 8) t o  t h e  ex- 

tend of t he  o ther  methods. 

f i c i e n t l y  (only a t a i l i n g  peak wi th  t h e  NovaPak C 1 8  system) so  t h a t  

when peak he ights  a r e  used t o  quan t i fy  8-carotene only a s l i g h t  

high b i a s  i s  obtained i n  most foods. 

However t h e  isomers are separa ted  suf- 

Recently another Zorbax system was developed f o r  caro tenoid  

sepa ra t ions  by Nells and DeLeenheir (21) which is  being used by 

many s c i e n t i s t s  f o r  foods. A comparison was made between t h e i r  

system and the  one developed he re  (Figure 8). It w a s  demonstrated 

t h a t  t he  system of Nells and DeLeenheir (21) w a s  longer and t h e  8- 

carotene stereoisomers co-eluted. 

I n  summary, s eve ra l  methods have been developed f o r  t h e  sep- 

a r a t i o n  of caro tenoids  i n  f r u i t s  and vegetab les .  Before one can 

choose t h e  bes t  method f o r  a p a r t i c u l a r  app l i ca t ion ,  one must se- 

l e c t  t h e  food(s) t h a t  i s  t o  be analyzed and t h e  caro tenoids  t o  be 

quant i f ied .  With t h i s  information, a system can be t r i e d .  How- 

ever ,  before  da ta  i s  co l l ec t ed ,  spec t r a  and r a t i o s  should be taken 

of each caro tenoid  peak of i n t e r e s t  t o  confirm i t s  pur i ty .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1546 BUSHWAY 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

B.A. Underwood, & T h e  Ret inoids ,  M.B. Sporn, A.B. Roberts  
and D.S. Goodman, Eds. Vol. 1, Academic P r e s s ,  NY,  p.281,1984. 

J.P. Sweeney and A.C. Marsh, JAOAC, 53, 937, 1970. 

D.E. Ong and F. C h y t i l ,  Vitamins and Hormones, G.D.  Aurbach, 
Ed. Vol. 40, Academic P r e s s ,  N Y ,  p.105, 1983. 

R.C. Moon and L.M. I t r i ,  & T h e  Ret inoids ,  M.B. Sporn, A.B. 
Roberts and D . S .  Goodman, Eds. Vol. 2 ,  Academic P r e s s ,  NY, p. 
327,1984. 

L.W. Wattenberg, Cancer Res. Suppl . ,  43, 2448s, 1983. 

G. C o l d i t z ,  R. Lipnick,  L. Branch, W. Willett,  B. Rosner, B.  
Posner and C. Hennekens, Am. J. Epidemiol.,  118, 454, 1983. 

R.B. Shekel le ,  S. Liu,  W.J. Raynor, M. Lepper, C. Maliza and 
A.M. Rossof, Lancet ,  2(8257) , 1186, 1981. 

G.W. Burton and K.U. Ingold,  Science,  224, 569, 1984. 

G. Mozsik, B. Monika, J. Tibor ,  M. F ranc isco ,  S. Jozsef  and 
G. Toth, Taplakozastud Helyzete  F e l a d a t i a  Magyerorzagon, 8, 
781, 1983. 

I. Stewar t ,  JAOAC, 60, 132, 1977. 

C. Giuseppe, M. Giuseppe and C. Paola ,  Essenzl .  Deriv.  Agrum., 
48, 359, 1978. 

A. F iksdahl ,  J . T .  Mortensen and S. Liaaen-Jensen, J. 
Chromatogr., 157, 111, 1978. 

M. Zakar ia ,  K. Simpson, P. R. Brown and A. K r s t u l o v i c ,  J. 
Chromatogr., 176, 109, 1979. 

W.O. Lander and R.R. E t e n m i l l e r ,  JAOAC, 62, 283, 1979. 

G.P. Moss, Pure Appl. Chem., 51, 507, 1979. 

T. Braumann and L.H. G r i m m e ,  Biochem. Biophys. Acta, 637, 8, 
1981. 

B. Stancher  and F. Zonta, J. Chromatogr., 238, 217, 1982. 

R.J.  Bushway and A.M. Wilson, Canad. I n s t .  Food S c i .  Techn. J. 
15, 165, 1982. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



CAROTENOIDS IN FRUITS AND VEGETABLES 1547 

19. Y. Hsieh and M. Karel, J. Chromatogr., 259, 515, 1983. 

20. F.T. Gillan and R.B. Johns, J. Chromatogr. Sci., 21, 34, 1983. 

21. H.J.C.F. Nells and A.P. DeLeanheir, Anal. Chem., 55, 270, 
1983. 

22. 0. H. Will I11 and M. Ruddat, LC Magazine, 2, 610, 1984. 

23. F.W. Quackenbush and R.L. Smallidge, 98th AOAC Annual 
International Meeting and Exposition Washington DC, October 
29-November 2, 1984. 

24. L. Zechmeister, & Progress in the Chemistry of Organic 
Natural Products, L. Zechmeister, Ed. Vol. 18, Springer 
Verlag, Vienna, p.223, 1960. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


