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A well-established saponification method for red palm oil was compared with a
newly developed enzymatic hydrolysis method followed by analysis using high-
performance liquid chromatography. Applying the saponification method to
extract carotenoids from red palm oil resulted in soap precipitation and signifi-
cant losses of a- and B-carotene (P <0.01) and a-tocopherol (P <0.05). The pro-
cess also facilitated the isomerisation of a-carotene and S-carotene (P <0.05).
Using the non-specific Candida cylindracea lipase, complete hydrolysis of red
palm oil was achieved after 4h and no significant loss of carotenoids and toco-
pherols occurred during the extraction procedure. Mild hydrolysis with the use of
Candida cylindracea lipase enables quantitative analysis of carotenoids and toco-
pherols in red palm oil without isomerisation or destruction of either carotenoids
or tocopherols. The present method is comparable or shorter in time than the

conventional saponification method. © 1997 Elsevier Science Ltd

INTRODUCTION

The edible grade of unrefined red palm oil is the rich-
est and cheapest natural source of B-carotene. It
contains about 15-300 times the retinol equivalent
of carrots, leafy green vegetable and tomatoes (May,
1994). B-Carotene is the most important provitamin A
source and there is evidence that this carotenoid may
serve to protect against certain cancers (Olson, 1986;
Temple & Basu, 1988). The major source of vitamin A
in the diet of most communities in less industrialised
countries is B-carotene from plant foods, since pre-
formed vitamin A in meat, liver and eggs is out of reach
of the economically deprived. To determine the provi-
tamin A values of plant foods accurately, the following
aspects of analysis need to be considered:

e Separation from biologically inactive carotenoids.

e Separation and quantification of each provitamin
individually.

e Quantification of the cis and trans isomers of each
provitamin.

At each stage of the analysis there is considerable
scope for losses and isomerisation of carotenoids and
fat-soluble vitamins. Thus, provitamin A determination
has been accomplished with varying degrees of success
(Rodriguez-Amaya & Tavares, 1992). In fruits and
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vegetables, B-carotene is demonstrated to undergo iso-
merisation during food processing such as cooking,
drying and canning (Sweeney & March, 1970, 1971;
Chandler & Schwartz, 1987). Similarly, pure g-carotene
isomerises in response to light and heat and in the pre-
sence of iodine or acids (Zechmeister, 1944; Tsukida ez
al., 1982). On the other hand, the vitamin A activity of
cis isomers of B-carotene and other carotenoids is less
than that of the all-trans carotenes (Sweeney & March,
1971; Gaziano et al., 1995). The isomerisation of caro-
tenes during analysis has to be restricted in order to
maximise the success of obtaining a true value of cis and
trans isomers in the sample.

High-performance liquid chromatography (HPLC) is
an excellent method for the separation and quantifica-
tion of provitamin A carotenoids and their isomers.
Prior to the analysis of carotenoids and tocopherols,
saponification has often been employed as an effective
purification step for the removal of chorophylls and
lipids and to release the esterified xanthophylls. How-
ever, several researchers have found significant losses of
carotenoids after saponification (Khachik et al., 1986;
Kimura et al., 1990; Craft & Granado-Lorencio, 1992).
Furthermore, it has been shown that prolonged
exposures to alkaline conditions resulted in significant
losses of a-tocopherol (Craft & Granado-Lorencio,
1992).
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Table 1. The effect of extraction method on carotenoid and tocopherol concentration

Undigested Standard digested by Standard digested
standard enzymatic hydrolysis? by saponification®<

trans-a-Carotene (ugml—')? 0.54+£0.005 0.54+0.009 0.44+0.02**
cis-a-Carotene (%) 0.36+0.1 0.43£0.08 0.683+£0.08
trans-p-Carotene (ug ml—')? 4.6+0.04 4.6 +£0.06 3.310.2%*
cis-p-Carotene (%) 40+1.2 43+0.2 8.0+0.4*
8-Tocopherol (ugml—1)? 58.2+1.0 60.5+4.8 659+ 1.3%*
y-Tocopherol (ugml—')? 60.6+1.3 60.9+2.5 64.1+£2.3
a-Tocopherol (ugml~')? 100.9+3.2 106.5+2.8 83.2+6.8*

“Values are given as the mean = SEM.

bCorrected for losses during extraction using the internal standard.

cAccording to Ng and Tan (1988).
*p <0.05 significantly different from undigested standard.
**p < 0.01 significantly different from undigested standard.

In order to minimise these effects, an HPL.C method
developed by Hart and Scott (1995) has been modified
using Candida cylindracea lipase for mild hydrolysis.
The microbial lipase from C. cylindracea is a non-spe-
cific lipase (Macrae, 1983) and preferentially hydrolyses
C,4 to C,5 saturated and mono-unsaturated fatty acids
(Lie & Lambertsen, 1986). As red palm oil consists of
44% C16:0 and 39% C]g:l (May, 1994), C. cylindracea
seems to be an optimal tool to hydrolyse red palm oil.

MATERIALS AND METHODS
Materials

Red palm oil was provided by the Palm Oil Research
Institute of Malaysia (PORIM). Candida cylindracea
lipase (943 unitsmg~! solid), ascorbic acid and butyla-
ted hydroxytoluene (BHT) were purchased from Sigma
Chemicals (Poole, UK). All other reagents and adsor-
bents were of analytical grade and were purchased from
Merck (Lutterworth, UK).

Calibration solution

«a- and B-carotene, «-, y- and é-tocopherol were pur-
chased from Sigma; trans-g-apo-10’-carotenal for the
synthesis of the internal standard trans-g-apo-10'-caro-
tenal oxime according to Handelman et al. (1988) was a
kind gift from Hoffman-La Roche (Basle, Switzerland).
The stock and working solutions of the carotenoids
were prepared according to Hart and Scott (1995); the
tocopherols were dissolved in heptane to prepare stock
solutions, and the concentration determined in ethanol
using the specific extinction coefficients given by Franke
et al. (1993).

Lipase-catalysed hydrolysis of the oil

Hydrolysis using separating funnels

The lipase-catalysed hydrolysis of the oil was carried
out in a 50ml flask at 35°C containing 20 mg of C.
cylindracea lipase, 200mg of red palm oil, sodium
phosphate buffer (pH 7.0, 0.08 M, 35ml) and ascorbic
acid (50 ppm). The mixture was stirred under an atmo-

Table 2. Hydrolysis of red palm oil catalysed by Candida cylindracea lipase at 35°C in phosphate buffer (pH 7.0, 0.08 M)

Time (h) Component Amount in total Fatty acid composition (%)
products (wt%)

14:0 16:0 18:0 18:1 18:2
0 Acylglycerols 97.1 3.6 46.4 6.2 35.1 8.8
] Fatty acids 2.9 353 432 11.2 7.1 3.2
0.5 Acylglycerols 77.3 0.0 36.8 11.3 36.3 15.7
0.5 Fatty acids 22.7 14.3 35.2 6.6 31.7 12.2
1 Acylglycerols 64.0 0.0 40.2 13.3 29.5 17.1
I Fatty acids 36.0 15.5 40.4 59 27.7 10.4
2 Acylglycerols 29.5 0.0 444 20.2 31.0 44
2 Fatty acids 70.5 40 51.3 4.8 33.8 6.1
3 Acylglycerols 12.9 42 14.5 42.0 13.9 25.5
3 Fatty acids 87.1 1.3 41.5 4.0 41.0 12.1
4 Acylglycerols 38 0.0 70.9 0.0 0.0 29.0
4 Fatty acids 96.2 0.9 42.1 4.2 41.4 11.3
8 Acylglycerols 6.6 0.0 852 0.0 0.0 14.8
8 Fatty acids 93.4 3.9 43.5 48 38.8 9.0
16 Acylglycerols 2.8 0.0 86.3 0.0 0.0 13.7
16 Fatty acids 97.2 2.7 44.8 49 39.5 8.1
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sphere of nitrogen. This method was a modification of
the procedure reported by Rahmatullah ez al. (1994).
The reaction mixture was extracted three times with
20 ml diethyl ether/petroleum ether (2:1, v/v) containing
0.1% BHT. The three extracts were combined and
washed three times with 50ml 10% sodium chloride
solution, dried over anhydrous sodium sulphate and
finally the organic solvent was evaporated by rotary
evaporation under reduced pressure at 30°C under an
atmosphere of nitrogen. The residue was redissolved by
ultrasonic agitation to a final volume of 5 ml in acetone,
filtered through a 0.45 um PVDF syringe filter (What-
man), and 10 ul were injected directly after preparation
for HPLC analysis according to Hart and Scott (1995).

Small-scale hydrolysis using universal containers
The lipase-catalysed hydrolysis of the oil was carried
out in universal glass containers at 35°C containing
10mg of C. cylindracea lipase, 100mg of red palm oil,
sodium phosphate buffer (pH 7.2, 0.08 M, 10ml) and
ascorbic acid (I ml of a 1% solution). This was stirred
under an atmosphere of nitrogen.

The reaction mixture was extracted four times with
3ml diethyl ether/petroleum ether (2:1, v/v) containing

" NEW APPROACH”
, using enzyvmatic Hydrolysis
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g
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0.1% BHT and centrifuged at 2000 rpm for Smin. The
four extracts were combined and dried over anhydrous
sodium sulphate, and finally the organic solvent was
evaporated by rotary evaporation under reduced pres-
sure at 30°C under an atmosphere of nitrogen. The
residue was redissolved by ultrasonic agitation to a final
volume of Sml in acetone, filtered through a 0.45um
PVDF syringe fitter (Whatman), and 20 ul were injected
directly after preparation for HPLC analysis according
to Hart and Scott (1995).

High-performance liquid chromatography

The HPLC system comprised of a dual-piston solvent
delivery pump (Polymer Laboratories), an AS3500
autosampler (Dionex), a LC1210 UV/VIS detector, a
LC1250 fluorescence detector (Polymer Laboratories)
and a LC/GC software system for data acquisition
(Polymer Laboratories). The column system, column
temperature and mobile phase were as described by
Hart and Scott (1995), except for the omission of BHT
from the moblie phase, which was done to increase the
sensitivity of the fluorescence detection. Samples were
injected via the AS3500 autosampler with a volume of

EXTRACTION METHOD
according to Ng and Fan (1988)

Fig. 1. Ether extraction of red palm oil samples digested by saponification and enzymatic hydrolysis.
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10 or 20 pl per sample, and were held at 15°C in sealed
amber vials to avoid evaporation and degradation. Peak
responses of the carotenoids were measured at 450 nm
using the UV/Vis detector, and the peak responses of
the tocopherols were measured using the fluorescence
detector with excitation and emission wavelength set at
298 nm and 328 nm, respectively. Columns were flushed
first with chloroform/methanol (50:50, v/v) and than
with methanol alone at the end of each day. This was

Ab

§ - Tocopherol

vy - Tocopherol

done to ensure a reasonable column lifetime and to
prevent precipitation problems.

Analysis of fatty acid and acylglycerol fractions after
enzymatic hydrolysis

The fractions of fatty acids and acylglycerols recovered
from lipase-catalysed hydrolysis of red palm oil were
fractionated into fatty acids and acylglycerols (tri-

a - carotene
p - carotene

a - Tocopherol

_— Undigested standard
- Standard digested by saponification

(Ng and Tan, 1988)

0.0 6.0 12.0

18.0 24.0 30.0

Time (minutes)

Fig. 2. HPLC chromatogram of a saponified and undigested standard. Internal standard: apo-10’-carotenal oxime.
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+ di- + monoacylglycerols) by thin-layer chromatogra-
phy (TLC) according to Rahmatullah et al. (1994). Both
acylglycerols and fatty acids were then converted to
methyl esters by adding 1ml of sulphuric acid (2.5%
in dry methanol) and heating for 2h at 70°C. After
cooling the samples, Sml of 5% sodium chloride solu-
tion were added and the methyl esters were extracted
three times with redistilled petroleum ether (60-80°C
b.p.). The combined ether phase was dried under nitro-
gen and resuspended in 30ul redistilled petroleum
ether prior to GC as described previously (Avery et al.,
1994).

Ab

§ - Tocopherol

v - Tocopherol

Statistical analysis

Differences between methods were tested using Student’s
t-test. All values shown are mean + standard error of the
mean.

RESULTS AND DISCUSSION

To circumvent problems associated with the destruction
and/or isomerisation of carotenoids and fat-soluble
vitamins during sample preparation, a mild extraction

;g ——  Undigested standard
S 5 ssme  Standard digested by enzymatic hydrolysis
c (Candida cylindracea lipase)
8.0 6.0 12.0 18.9 2%.0 30.0
Time (minutes)

Fig. 3. HPLC chromatogram of an enzymatically hydrolysed and undigested standard. Internal standard: apo-10'-carotenal oxime.
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procedure with the use of the non-specific C. cylindracea
lipase was developed (Table 1). Complete hydrolysis of
the red palm oil was achieved after 4h of digestion
under an atmosphere of nitrogen and in the presence
of ascorbic acid (Table 2). Using this approach, no sig-
nificant loss of either carotenoids and tocopherols or
isomerisation of carotenoids occurred during the
extraction procedure in a standard mixture (Table 1 and
Fig. 3). After correcting for losses during the extraction,
recovery of all-trans «- and B-carotene, é-, y- and o-
tocopherol in the enzymatically digested standard was
100%, 100%, 104%, 101% and 106%, respectively.
This calculation was done using the internal standard
trans-B-apo-10'-carotenal oxime,

Carotenoid extracts from natural sources are usually
saponified to remove chlorophyll, unwanted lipids and
for hydrolysing carotenol esters (Kimura et al., 1990).
The saponification of carotenoid extracts can result in
the destruction and structural transformation of some
carotenoids. Ng and Tan (1988) stated that there was an
inadvertent cis-isomerisation of carotenoids during
extractions. Their method, which is the only comparable
method to extract carotenoids from red palm oil, resul-
ted in soap precipitation during saponification. These
soaps could not be filtered sufficiently, and filtered soaps
contained large amounts of carotenoids. In an attempt

A

int. Std.
p-er
- carctene
cis - B - carotens

T

L UL

e.0 6.0 12.0 18.0 2n.0
Time (minutes)

to re-extract these carotenoids using an ether mix, it was
found that the soaps redissolved into the ether phase
and precipitated in the separating funnel (Fig. 1). It was
therefore not possible to achieve a clear separation
between the water and ether epiphase and thus to
determine the amount of carotenoids quantitatively.
Using the method from Ng and Tan (1988), significant
losses of a- and B-carotene (P <0.0 1) and a-tocopherol
(P <0.05), as well as isomerisation of a-carotene and
B-carotene (P <0.05), occurred in a standard mixture
(Table 1 and Fig. 2). After correcting for losses during
the extraction, recovery of all-zrans - and B-carotene,
-, y- and a-tocopherol in the saponified standard was
81%, 72%, 113%, 106% and 82%, respectively. These
percentages were calculated using the internal standard
trans-B-apo-10'-carotenal oxime.

Khachik et al. (1986) investigated the effect of sapo-
nification on both qualitative and quantitative distribu-
tion of carotenoids in green vegetables by evaluating
HPLC profiles before and after alkali treatment. Their
quantitative evaluation showed that saponification was
accompanied by significant loss of xanthophylls, parti-
cularly the epoxycarotenoids, whilst losses of carotenes
were not significant. In addition, Kimura e? al. (1990),
looking at the effect of saponification on the carotenoids
of tomato, kale and papaya, observed that saponifica-

P - carctene
cis - B - carotens

=

& - Tocopherol

Fluorescence
- Tocopherol
acopherol

0.0 6.8 12.8 1.8 2.0
Time (minutes)

Fig. 4. Dependency of the separation of carotenoids and tocopherols on the sample solvent. A, injecting solvent acetone, injecting
volume 20 ul. B, injecting solvent dichloromethane, injecting volume 20 ul. Internal standard: apo-10'-carotenal oxime.
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tion retained B-, y-carotene, pB-apo-8'-carotenal and
lycopene and completely hydrolysed the carotenol esters
in papaya. However, even with this mild saponification,
lutein, zeaxanthin and violaxanthin degraded signifi-
cantly. In a study to analyse the effects of sample pre-
paration on fat-soluble vitamin and carotenoid
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concentration (Craft & Granado-Lorencio, 1992), sig-
nificant losses of a-tocopherol and isomerisation of
retinol and B-carotene occurred. It is well known that
losses of carotenoids can be reduced by using antioxi-
dants during saponification. Butylated hydroxytoluene
(BHT) is often used for this purpose. However, BHT

a - carotene
B - carotene

Cis - B - carotene

W"Mmm

8.0 6.0 12.0

19.0 28,9

Time (minutes)

Fig. 5. HPLC chromatogram of an enzymatically hydrolysed red palm oil sample. Internal standard: apo-10'-carotenal oxime.
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polymerises during saponification, producing a series of
peaks reported to coelute and interfere with the mea-
surement of retinol, tocopherols and xanthophylls
(Craft & Granado-Lorencio, 1992).

The choice of extraction and injection solvent of car-
otenoids and fat-soluble vitamins plays a central role in
the analysis. The extraction solvent used in this study
was a mixture of diethyl ether/petroleum ether. This
mixture was found to be a more effective extractant for
carotenoids and fat-soluble vitamins than petroleum
ether alone (Craft & Granado-Lorencio, 1992). The
injection solvent for the analysis of carotenoids by
HPLC was carefully selected so that chromatographic
artefacts were not produced (Fig. 4). Khachik et al.
(1988) showed that injection solvents such as methylene
chloride, chloroform, tetrahydrofuran, benzene and
toluene can result in HPLC peak distortion of carote-
noids. This was thought to be due to the incompatible
polarity and solubility properties of the injection solvent
and the mobile phase. Khachik et al. (1988) thus con-
cluded that the polarity and solubility properties of
injection solvent and mobile phase should be compati-
ble. The chosen injection solvent in this study was acet-
one because it has similar polarity and solubility
properties as the mobile phase used. Acetone also solu-
bilised the sterols of red palm oil after sample concen-
tration and kept them in solution at 15°C in the
autosampler. To circumvent the problem of peak dis-
tortion, only 10-20 ul of sample were injected. We
decided to analyse the samples in acetone directly after
preparation, in contrast to Ng and Tan (1988) who
precipitated the sterols overnight in a freezer at —20°C
and stored the extracts until analysis in dichlorome-
thane. This was carried out since the isomerisation of
carotenoid pigments begins as soon as they are solubi-
lised and cannot be prevented by storing solutions in the
cold (Lesellier ez al., 1993). Additionally, it was shown
by Pesek et al. (1990) that the rate and/or extent of iso-
merisation of B-carotene was greatest in chlorinated
solvents.

CONCLUSIONS

Applying a mild hydrolysis process using C. cylindracea
lipase enables quantitative analysis of carotenoids and
tocopherols in red palm oil without isomerisation or
destruction of either carotenoids or tocopherols (Fig. 5).
Complete hydrolysis of red palm oil is achieved only
after 4h and therefore compares favourably with the
conventional saponification methods, which normally
consumes 3-16h. The sample preparation time can be
significantly shortened when the analysis is carried out
in universal containers. Four to eight samples may
easily be prepared in the same time as it takes to prepare
a single sample using the separating funnel. The new
hydrolysis method may be used to analyse any oil sam-
ple, where saponification is required as a first step. More

reliable data of stercoisomers of carotenoids as well as
quantities of fat-soluble vitamins in various oil samples
should be collated using this new analytical technique.
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