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Vitamin A values of 40 foods of animal origin from various food groups and
several processed foods were studied using a newly developed. reverse-phase.
high-performance liquid chromatography (HPLC) method. Carotenoids and
retinol were separated isocratically on an octadecylsilane (CIS) column using a
ternary mixture of acetonitrile, metbanol and ethyl acetate. Two delectors con
nected in series were used to detect and quantify carotenoids simultaneously at
436 nm and retinol at 313 nm in a
chromatographic run. All samples were
also simultaneously determined using the Association of Official Analytical
Chemists (AOAC) open-column lalumina) chromatographic method. The
AOAC method was found to give significantly higher retinol contents in the
foods studied. due to the pre5ence of other pigments that gave falsely elevated
absorbance readings. Although then: was no statistically significant difference in
l3-carotene contents given by the HPLC and AOAC methods. there were more
foods with higher results given by the latter method. I3-Carotene contents were
generally low: only in seven foods did the carotene contribute more than 50% of
the total vitamin A value. The contribution of other provitamin A carotenoids
is probably insignificant. Thus. the total vitamin A activity of these foods was
mainly contributed by retinoL
The proposed HPLC method ha~, been shown to be applicable to the deter
mination of carotenoids in vegetables and fruits. as well as to the determination
of carotenoids and retinol in foods of animal origin.

INTRODUCTION

more importantly, the better resolution that is achieved
(Taylor, 1983). However. most of the reports in the
literature deal with the analysis of a limited number of
foods. Some studies deal with the characterisation of a
large number of carotenoids. but the procedures
employed were necessarily complicated and unsuitable
for routine analytical use. Not many studies dealing
with the simultaneous det(:rmination of retinol and
carotenoids of foods have been reported (Tee & Lim,
1991 a). Because of the complicated nature of the
required analyses. the application of HPLC to the
analysis of foods is still being developed and improved.
The authors embarked on a systematic study tc· de
velop improved methodologies for the separation and

In recent years, there has been greater emphasis on ob
taining more accurate data on vitamin A values of
foods. Rapid advances have taken place in the d(:velop
ment of methodologies for more accurate quantifica
tion of various carotenoids and retinoids in foods.
Since the late 1970s. high-performance liquid c=hro
matography (HPLC) has become a widely used proce
dure for these purposes, mainly because of its ability to
effect rapid separation, its non-destructiveness and,
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quantification of retinol and several carotenoids in
foods. A simple HPLC method was developed. work
able for the routine analysis of a wide variety of foods
of both plant and animal origins. The method was also
applicable to the analysis of blood samples for the as
sessment of vitamin A status of communities. Such a
system would then obviate the use of different and
complicated chromatographic conditions for difterent
food samples. as well as for blood. In all the studies
carried out. the samples were simultaneously deter
mined by the newly developed HPLC method and the
open-column chromatographic methods of the Associa
tion of Ofllcial Analytical Chemists (AOAC) (Deutsch.
1984), to enable a systematic comparison of results ob
tained by the two methods. Few parallel studies of this
nature have been carried out, although the AOAC
methods. widely used for the generation of data for
food composition tables, have been said to be insuffi
ciently discriminative.
The HPLC method developed has been applied to
the study of carotenoid composition of various
Malaysian vegetables and fruits for more accurate
quantification of vitamin A values (Tee & Lim. 1991h).
Results obtained from the HPLC method were com
pared with those given by the AOAC method. This
paper reports the suitability of the HPLC method for
the simultaneous determination of retinol and several
carotenoids in foods of animal origin. Differences in re
sults. if any. obtained from the HPLC and AOAC
methods are also reported.
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treatments and analytical procedures were also carried
out in this room.
Sample preparation and pretlreatment
Some common foods of animal origin from various
food groups and several processed foods were obtained
for slUdy. Edible portions of the samples \~'ere ho
mogenised in a blender and 20 g immediately weighl~d
for analysis. Liquid foods \vere well mixed before tak
ing an aliquot for analysis.
Sample pretreatment procedures were as described
by AOAC (Deutsch. 19:'54). To duplicate portions of
each food sample were added 20 ml of 100"," I\\,/V)
potassium hydroxide and 80 ml of ethanol. After
saponification on an electric heating mantle for 30 min.
the mixture was cooled and extracted four times with
30-ml portions of hexane. The hexane extracts were
pooled, washed with water till free of alkali. and dried
over sodium sulphate. The extract was reduced 10 a
small volume over a water-bath and made up immedi
ately to a suitable volume (c.g. 25 m!) with hexane,
The hexane extract was then subjected to two chro
matographic and subsequent quantification procedures:
(I) open-column chromatography using alumina and
quantification by absorbance reading at 450 nm for tbe
carotene fraction and 325 nm for the retinol fraction
(AOAC method); and
(2) HPLC and simultaneous detection and quantifi
cation at 436 nm for carotenes and 313 nm for retinol
(HPLC method).

\1ATERIALS AND METHODS

Alumina-column chromatography (AOAC method)

Soh'ents and standards

A suitable volume (e ,g. 10 ml) of the hexane ex tract
\-vas pi petted into a glass column packed with alumina
(Merck. aluminium oxide 90, neutraL activity grade I),
deactivated by adding 5 ml of water to 95 g of thl~' ad
sorbent. Carotenes were eluted from the column witb
approximately 10 ml of 4% (v/v) acetone in hexane.
The eluate was evaporated on a water-bath with the
aid of a stream of nitrogen and made up to suitable
volume (e.g. 10m!) with hexane. The absorbance of the
solution was read in a spectrophotometer at 450 11m
and the concentration of f3··carotene calculated from a
calibration curve prepared with a f3-carotene standard.
Retinol was next eluted from the alumina column
using I S</;) (v/v) acetone in hexane. The eluate was simi
larly evaporated and made up to suitable volume (e.g.
10 ml) in ethanol and the absorbance reading tak~~n at
325 nm. The concentration of retinol in the soLition
was calculated using a retinol standard. For eluates
with a yellow colour (due to the presence of xantho
phylls), a correction factor was applied to the ab
sorbance obtained at 325 nm. The correction factor
was determined as described in AOAC (Deutsch. 1984).
The purities of both the 4(;;;) and the 15% acetone-lll

Analytical-grade solvents were used for sample pre
paration and pretreatment. and for open-column chro
matographic procedures. Solvents for HPLC were of
HPLC grade. All solvents for use as the mobil,~ phase
in HPLC were filtered through a 0-45-fLm regenerated
cellulose membrane filter and degassed using an ultra
sonic bath.
a-Carotene, f3-carotene. lycopene and retinol stan
dards were purchased from Sigma Chemical Company.
Stock solutions of the carotenoids were prepared in
hexane and those of retinol in ethanol, in concentra
tions of 100 j..Lg ml i. and stored in amber bottles below
20°C. Working solutions of 1 fLg ml i of the standards
were prepared daily. The appropriate extinction coeffi
cients published in the literature (De Ritter, 1981) were
used to calculate the exact concentration of each of the
carotenoids. Absorbance readings and absorption spec
tra of all standard solutions were monitored dally. The
preparation of all standard solutions was carried out
rapidly, in a room with subdued light and with all win
dows tinted with a light-protective film. All sample
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hexane eluates from the alumina column were exam
ined by obtaining the absorption spectra from :~50 to
600 nm. as well as by HPLC.

High-performance liquid chromatography (HPLC method)
HPLC condilions
The HPLC conditions used were similar to those used
by the authors for the analysis of carotenoids in fruits
and vegetables (Tee & Lim. 1991h). The Waters HPLC
\vas equipped with two Model-440 fixed-wavelength de
tectors connected in series. A 436-nm wavelength kit
was tltted onto the first detector. whilst the second de
tector was fitted with one of 313 nm (or 340 nm)' The
attenuation on both detector~, was set at ()'02 ab
sorbance units full scale (A U FS). The analytical col
umn. a 30 cm x 3·9 mm i.d. stainless-steel column
packed with 10-JLm JLBondapack CI~' was preceded
a
Waters Guard-PAK pre-column module. Sample injec
tion volumes. dispensed using a Rheodyne 7125 injec
tor. were usually 50 100 JLI. The mobile phase con
sisted of a ternary mixture of acetonitrile, methanol
and ethyl acetate (88: 10:2, VIV) pumped at a rate of 2·0
ml min I using a Waters 6000A solvent delivery system.
Eluted carotenoid peaks were plotted using pen I of a
Waters 730 Data Module and the peak areas quanti
fied. The retinol peak was plotted using pen 2 ancl the
peak height was used for quantification. since the Data
Module is capable of integrating peak area only on one
pen.
carotenoid~' and relinol
Chromatography
Hexane in the extract was first evaporated otf on a
water-bath and the residue immediately redissolved in a
suitable volume of the mobile phase. After filtering
through a OA5-JLm regenerated cellulose membrane,
suitable volumes were injected into the chromatograph.
Identification and quantification of carotenoids and
retinol were carried out by comparing peak arcas ob
tained with areas given by authentic samples of these
compounds similarly chromatographed.

Statistical analyses
All statistical tests for significant differences between
mean values for two sets of data were carried out using
the Wilcoxon signed-rank test (two-tailed). the non
parametric method for not normally distributcd obser
vations. using the SPSS/PC + statistical package.

RESlJLTS AND DISCUSSION
Simultaneous determination of carotenoids and retinol
Several investigators havc reported the determination
of both carotenes and retinol in various food samples
using HPLC (Tee & Lim. 1991a). However, in most
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of these studies. carote:ne and vitamin A were eluted
and detected using two separate sets of chromato
graphic conditions. Examp'tes of such studies arc
van de Wccrdhof el al. (1973 J, Thompson and Max\.vell
(1977). Thompson et ul. (1980), Scott el £II. (19:~4).
Heinonen e{ al. (1988). and van de Dokkum el (ii.
(1990). There would be considerable savings in time if
~-carotene and retinol could be determined in .a
chromatographic run. Since the absorption maxima of
these two compounds ditTer widely, detection wc·uld
havc to be carried out at two wavclengths. One way 10
do this would be to changc the wavel~ngth in the mid
dle of a chromatographic ~eparation. Thc switch could
be done manually. as was carried out by Stam:her ~nd
Zonta (1982). but would require close monitorin~: of
the run and could be rather tediols. Alternativcly,
wavelength change cou:ld be effected at a predetermined
time using programmable detectors. Simultaneous de
tection could also be carried out by using dual-wave
length detectors. If only tixcd-wav,~length detectors
wcrc available. continuous monitoring of the eluate
could be carried out by connecting two such dctectors
(with different wavelength filters) in series. Landen and
co-workers (Landen & Eitenmiller, 1979: Landen,
1980. 19~Q) reported thc conlinuom, monitoring of
~-carolene at 436 nm and retinyl esters at 313 nm ll::iing
two fixed-wavelength dctectors.
In this study. two Modcl-440 fixed-wavelength detcc
tors connected in series effected the simultaneous detec
tion and quantification of carotenoids and retino:. A
436-nm wavelength kit was used for carotcnoids. whlle
retinol was detected at 313 nm. The latter wavelcnglh is
also useful for detecting the presence of cis-isomers of
~-carotene. which will appear as a larger than usual
peak at this wavelength.
I shows a C'1ro
matogram of three carotenoids and retinol detccted in
the same chromatographic run and plotted by both
pens in the Waters 730 Data Module. Thc polarity of
pen 2 was reversed to enable clear viewing of the C1[O
matogram.

Carotenoid content
The mean ~-carotene contenl. of 40 types of foods stud
icd by the AOAC and the HPLC methods are tabu
latcd in Table I according to food groups. Ratios of re
sults given by the AOAC method to those given by the
HPLC method are given in the last column of the
table. A ratio of unity indicates that similar results
were given by the two methods. Marginal differences in
results, with ratios varying wilhin ± 20'~!i) from unity
(ratio between 0·8 and I
vvere observed for 16 of the
food studied. For another 6 foods. results given by the
HPLC method were higher. with ratios of 0·1-0· 7 t:mes
those of the AOAC method. The lalter method could
be underestimating in these foods, all of which had
very low levcls of ~-carotene. due to the non-specihc

292
Table 1.

E-Siong Tee, C-L. Lim
Mean ~-carotene content of selected foods of animal
origin and processed foods a

Name of food

Eggs
Century egg
Duck egg h
Hen egg
Quail egg
Salted egg
Fish and seafoods
Anchovies
Black pomfret
Canned sardine
Cockles h
Crab meat
Cuttlefish
Dried cuttlefish
Dried oyster
Dried prawn
Fermented shrimp
Indian mackerel
Lobster
Pink prawn
Scallop
Shrimp paste
Spanish mackerel
lHeat and meat products
Beef, local
Chicken burger
Chicken frankfurter
Ch icken heart
Chicken Iiver h
Chicken thigh
Mutton, local
Milk and milk products
Butter
Cheese'
Malted milk powder"
Full cream milk powderh
Sweetened condensed filled milkh
Sweetened condensed milk
Ultra-heat-treated milk
Oils
Ghee
Margarine
Other processedfoods
Canned baked bean
Cornflakes
Wheat infant cereal

AOAC
method

HPLC
method

AOAC:
H PLC

11-0
24-0
16-0
20-0
18-5

3-5
31-8
1-0
5-0
9-5

3-1
0-8
16-0
4-0
2-0
1·2
4-0
31·7
0-8
0-8

7-0

6-0

OA

a-I

1979
157
33-0
0-0
9-5
208
33-0
1-5
1-5
136
41-0
55-0
145
03

62-5
194
44-0
0-0
1-0
138
34-5
0-1
0-1
149
49-5
39-0
75
01

6-5
0-7
0-2
1-5
29-3
0-0
0-0

9-5
3-5

563
173

14-7
128
2-5
37-2
~-5

452
907

2053
78-5
18-5

IA

a-I
17-7
0-0
0-0

I-a
9·5
1·5
1·0
15·0
\5·0
0·9
0-8

10

4

12

14

1A

Time (min)

'·9
)·0

Fig. 1. HPLC chromatogram of a mixture of retinoL
Iycopene. a-carotene ,md l3-carotene. Concentrations (per
millilitre): 0·3 p.g retinol: 2 J.,tg Iycopene: I p.g Ct'-carotene:
I p.g l3-carotene. 100 J..tl used for injection.

0·7
0·2
0·2
15·0
1-7

I-a
I-a

675
221
7-5
137
5-5
52-8
20-0

0-8
0-8
2-0
0-9
0-5
0-7

549
897

0-8
1-0

127
51·5
20·5

l___

OA

16-2
1-5
0·9

IJ Mean, in micrograms per 100 g of edible portion, of dupli
cate analyses (except as indicated below).
h 6 analyses.
'4 analyses.

nature of the method. There were more foods with high
results given by the AOAC method. For 7 of the foods,
results were between I· 3 and 2 times those of the
HPLC method. In another 4 foods, results were be
tween 2·1 and 5 times higher. while the remaining 7
foods showed AOAC results more than 5 times higher

than those by the HPLC method. Nevertheless, when
results obtained by the two methods were compared
using the Wilcoxon signed-rank test (two-tailed), the
non-parametric method for not normally distributed
observations, it was found that there was no statisti
cally significant difference (Z 0·26: P = O· 79; n -- 40).
When the [j-carotene values given by the AOAC
method were much higher than those given by the
HPLC method. the UV-vis absorption spectra of the
4'1<) acetone-in-hexane eluate from the alumina column
were seen to be not characteristic of [j-carotene. ] t is
clear that other pigments. possibly other carotenoids.
were present in the eluate. thereby contributing to the
elevated absorbance reading at 450 nm. ExaminatlOn of
the HPLC chromatograms of the 4% acetone-in-hexane
eluates confirmed the presence of other peaks absorb
ing at around 450 nm. Therefore. results given by the
AOAC method were overestimated.
Further examination 01' the differences in results
given by the two methods showed that, although the
AOAC method gave much higher results (over 5 times
that of the HPLC method) for some of the foods stud
ied. the exaggerated values may not be of much nutri
tional significance. because. for most of these foods. [j
carotene values were low, less than 10 J.lg per 100 g of
edible portion. The only two foods that contain signifi
cant amounts of [j-carotene (50-100 J.lg per 100 g of
food). and in which the AOAC method gave results
which were over 15 times that of the HPLC method,
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Table 2. Mean retinol content of selected foods of animal
origin and proct~ssed foods a

Cornflakes

Medium

Condensed milk

Name of food

Canned sardine

0

200

400

600

800

HPLC
method

AOAC:

HPLC

1000

Eggs
Century egg
Duck
Hen egg
Quail egg
Salted egg

Baked bean
Milk powder

High

AOAC

method

Dried oyster
Lobster

118
196
140
209
136

96·0
141
90·5
97·0
54·0

12
14
16
~~

25

Fish and seaFoods
Cheese
--I

a

200

400

600

800

1 000

Ghee~

Very
High

Butter

Margarlne--.J

o

200

400

600

800

1 000

Fig. 2. Classification of foods according to fj-carotene con
tent as determined by HPLC. All x-axis scales in micrograms
per 100 g of edible portion.

were canned sardine in tomato sauce and canned baked
bean. The erroneously high carotene values for these
two processed foods were found to be caused by the
elution of lycopene into the 41;;;. acetone-in-hexane
fraction and estimated as f3-carotene.
On the basis of results given by the HPLC method,
the foods studied were grouped into those with low
« 50 fJ-g per 100 g of edible portion), medium (50
99 fJ-g per 100 g), high (100--499 fJ-g per 100 g) and very
high (> 500 fJ-g per 100 g) f3-carotene contents (Fig. 2).
Twenty-eight foods (70%) in the low category are prob
ably of little significance as contributors of dietary 13
carotene intake. These foods may be considered as
poor sources of provitamin A, contributing less than 10
fJ-g of retinol equivalent (assuming 6 fJ-g of f3-carotene
is equal to 1 fJ-g of retinol equivalent (NAS. 1989».
a-Carotene was not detected in all the foods studied.
Lycopene was infrequently encountered, but it was
found in high concentrations (> 1 500 fJ-g per 1no g of
edible portion) in canned baked bean and canned sar
dine, contributed by the tomato sauce used in the
preparation of the foods.

Retinol content
Table 2 gives the mean retinol content of the foods
studied by the two methods. As for carotene, the ratio
between results given by the AOAC and HPLC meth
ods provided an indication of the differences between
results given by the two methods. Marginal difie:re:nces
in results were obtained for 12 of the foods studied,
with ratios between 0·8 and 1·2. For the remaining 28
foods, results given by the AOAC method were all

Anchovies
Black pomfret
Canned sardine
Cockles"
Crab meat
Cuttldish
Dried cuttlefish
Dried oyster
Dried prawn
Fermented shrimp
Indian mackerel
Lobster
Pink prawn
Scallop
Shrimp paste
Spanish mackerel

50·5
52·0
76·5
69·3
7·5
16·5
36·0

132
28·0

143
25·5
9·5
8·5
74·0
203
34·0

14·5
62·5

13·5
8·3
2·0
9·5
12·(}
32·5
1·0
98·5
8·0

30
16·0

52·5
7·5

3·5
0·8
5·7
8·3

38
17
3·0
41
28·0
1·5
3·2
3·8
2·8
4·6
3·9
4·5

it/eat and meat products
Beef. local
Chicken burger
Chicken frankfurter
Chicken heart
Chicken liver l·
Chicken thigh
Mutton, local

12·0
79·5
46·5
45·0
6264

1·0
15·5

11·5

24·5

15·5
8235
165

23·5

4·5

Milk and milk products
Butter
Cheese'
Malted milk powder"
Full cream milk powder"
Sweetened condensed filled milk"
Sweetened condensed milk
Ultra-heat-treated milk

176
138
586
661
265
274
38·5

140
129
552
672
281

Oils
Ghee
Margarine

169
246

151
243

28·0
764

1·0
803
363

Other processed/(JOds
Canned baked bean
Cornflakes
Wheat infant cereal

363

257
20·5

12·0
51
4·0
29
e·8
1·5
5·2
1·3

1·1
1·1
10
(1·9

1·1
1·9
I I
1·0
2~··0

1·0
1·0

" Mean, in micrograms per 100 g of edible portion, of d..lpli
cate analyses (except as indicated below).
"6 analyses.
( 4 analyses.

higher than those given by the HPLC method. For 7 of
the foods, the ratio was between 1· 3 and 2. The AOAC
method gave results that were higher by 2·1-5 time's in
14 of the foods and more than 5 times for the remain
ing 7 foods. Using the signed-rank test. it was found
that results obtained by the AOAC method were

E-Siong Tee. c.-L. Lim
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Table 3. Total RE in selected foods of animal orlgm and
processed foods determined by the HPLC method a
Name of food

Total RE

Pen:entage

(J.Lg per 100 g of

of LOtal RE

edible portion)

from :-ctinol

Shrimp paste
Salted egg
Black pomfret

Medium

Hen egg
Century egg
Quail egg
h::rmented shri mp

L-._ _- ' - - _ - ' - - _ - - - ' -_ _- ' - _.._ .

()

Century egg
Duck egg
Hen egg
Quail egg
Salted egg
Fish and SI!(//(}()d,
Anchovies
Black pomfret
Canned sardine
Cockles
Crab meat
Cuttlefish
Dried cuttlefish
Dried oyster
Dried prawn
Fermented shrimp
Indian mackerel
Lobster
Pink prawn
Scallop
Shrimp paste
Spanish mackerel

96·6
146
905
97·g
55·6

9,}-4
96·4
100
99·\
97·2

155
625
23·9
40·6
9·3
95
12·0
55·5

93·5
100
564
205
214
100

s·x

0·0
100
100

9l:{·5
l:{·0

JOO

()!

11·3
225
53X
7·5

26·7
711
977
100

26
161
II
155
X23X
16·5

3l:{ 7
964
<.;X I
100

}feur ([lid mt'al prudu('(s

Beef. local
Chicken burger
Chicken frankfurter
Chicken heart
Chicken liver
Chicken thigh
Mutton. local

45

100

100
100

M ilk and milk products
Butter
Cheese
Malted milk po\\dcr
Full cream milk powder
Sweetened condensed tilled milk
Sweetened condensed milk
Ultra-heat-treated milk

252

555

166
554
694
2g1
266
23X

99·g
96·7
99·7
96·7

Oil.,
Ghee
Margarine

243
392

623
61·9

OIi1l!r proc(!ssedluods
Canned baked bean
Cornflakes
Wheat infant cereal

21 I
Xl"')
366

0·0
9X·9
99·1

d

77X

~6·0

RE = retinol equivalent. computed as
. I
p-carotene (,ug)
ret1l1O (J.Lg) +
.

significantly higher than those given by the HPLC
method (Z 4·18: P 0·00 I: 11 - 40).
UV-vis absorption spectra of the 1S/~j acetone-in
hexane eluates that contained the retinol were exam
ined to assist in determining the reason for the higher
values obtained by the AOAC method. for these

400

600

800

1 COO

Cheese
Butter
DUCK egg
Chee
Margarine
Condensed
filled milK
Condensed
milk
Wheat mfant

IIEiL8iL.__~__~____
(I

Very

Malted ml.lk
Milk powder

High

Cornflakes
Chicken liver

200

400

600

BOO

1 000

EII5i~1IIIIII!
g
C!

5~6

27·~

200

200

400

600

BOO

1 ,)00

Fig. 3. Classification of foods according to retinol content
as determined by I-IPLC. All x-axis scales in micrograms per
! 00 g of edible portion. The retinol content of chicke:'1 liver
was g235 t"g per 100 g.

foods. the 15% acetone-in.. hexane eluates were usually
coloured. owing to the presence of other pigments.
Thus. the retinol peak::-. were usually falsely raised.
thereby giving elevated absorbance readings at 325 nm.
The HPLC chromatogram:) of these fractions from the
alumina column also confirmed the presence of several
pigments absorbing at around 325 nm. For several
foods. although there was a substantial absorhance
reading. the HPLC chromatogram showed no peak at
the retention time for retinol (2 -4 min).
As for f3-carotene content. the foods were gr.Juped
into four categories according to their retinol concen
tration as dctermined by the HPLC method. I::"igure 3
shows foods with medium (50-99 p,g per 100 g of
edible portion). high (100499 p,g per 100 g) and very
high (> 500 p,g per 100 g) retinol contents. Twemy··one
foods with low « 50 p,g per 100 g) contents were not
included in the chart.

Vitamin A activity

(n~tinoll~quivalent)

The vitamin A activities of the foods studied \vere I.::al
culated by summing the retinol content and one-sixth
of the f3-carotene content and expressing the results in
micrograms of retinol equivalent (RE) (NAS. 19:-;9).
Table 3 gives the RE calculated. together with the per
centage contribution from retinol for each food. 'When
grouped into various levels of R E content as above, the
foods in each group were identical to those prc\
obtained for the grouping based on retinol conlent
alone. The only exception was the dried oyster. which
could now be classified as having medium RE. with ad
ditional contribution from ,a-carotene. It would appear
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1000

~-----------------------------------

~ from B-carotene

II

from retinol

800

ci

600

... ... .... -...... -.. -..... -.

<lJ
OJ

o
o

~95

chromatograms. were used to detect the presence of in
terfering pigments.
The t3-carotene contents in the foods of animal clri
gin studied were generally lo\\'; only in 7 foods did 1he
carotene contribute more than 501/1, of the total vitamin
A value. and these were all foods with low vitamin A
contents. The contribution of other carotenoids is
probably insignificant. Thus. the total vitamin A ~tcti\ i
ties of these foods were contributed mainly by retinol.

W
0:

3'

400

200

ACKNOWLEDGEME~TS

--------.. 0~I--~-I--

Fig. 4. Contribution of [:3-carotene and retinol to total
vitamin A activity. Only foods with RE > 50 fLg per 100 g
plotted. The RE for chicken liver was ~2)5 l.Lg per IO() g. all
contributed by retinol.

that f3-carotenc contribution to total RE was low in
many foods. Only in 7 foods did f3-carotcne contribute
more than SOl;;, of the total RE. and these were all
foods \\'ith 'low' vitamin A content. Figure 4 shows
that. of those with more than 50 J-Lg of RE per 100 g of
food. only 4 foods contained f3-carotene that con
tributed more than one-third of the total RE.
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