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Abstract

Pigment exiracts obtained from Star Ruby grapefruit pulp were stored at different temperatures (4.5°C, 23°C) and
exposed to light. Many carotenoid oxidation producis were formed due to light-exposure during storage periods.
They were monitored by using HPLC with photodiode array detection and tentatively identified. Including (all-E)-
lycopene and trans-B-carotene as predominant carotenoids in red grapefiruit, SZ-lycopene, 9Z-lycopene, 13Z-lycopene,
and 15-cis-f-carotene were formed at 4.5°C, 23°C. Degradation of all-trans lycopene was more susceptible to light-
exposure and temperature than that of all-frans p-carotene. The formation of lycopene cis isomers was favored under
lighted condition. Respectively, (5Z)-lycopene was formed in greater amounts than other isomers at 23°C storage.
The concentration of 15-cis-f-carotene was significantly increased during storage al 23°C.
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INTRODUCTION

There is evidence that B-carotene may have a protective ef-
fect against certain cancers (1) and lycopene has potentially
beneficial biological activities (2-9) as well as twice the singlet
oxygen quenching ability of B-carotepe (10,11).

Since distinct biological functions (11,12) and different an-
tiooxidant capacities (11,13,14) of cis and ¢rans isomers have
been reported, the preschee of processing-induced ¢zs isomeric
carotenoids (15) has received considerable study (16-19). Sev-
eral authors have reported contents (20) and oxidative degra-
dation kinetics {L1) of Jycopens and B-carotene isomers in
varions model sysiems.

As carotenoids may isomerize or be degraded in light-
permeable packaging or under additional light-exposure sit-
nations (21), interest has focused on (he isomeric formation
of carotenoid due to light-exposure. Significant effects of
light-exposure on carotenoid stability and different degra-
dation reaction kinetics between major carolencids in agqueous
model systems and in vegetable juices were reported (22,23).

Some red pigmented grapeflruit products are packed in trans-
parent packages and marketed under light exposure. However
thete is little study on the jsomeric carotenoid during storage.

To understand the effect of light and temperature on the
formation isomers of lycopene and (-carotene, this siudy was
Lo quantity and ientatively identify carotenoid oxidation prod-
ucts in pigment extracts from Star Ruby grapefruit pulp.

MATERIALS AND METHODS

Sample preparalion
Since grapefruit pigments are embedded in pulp, highly
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pigmented pulp was separated from red colored Star Ruby
grapefruit using an ultra-filtration membrane (Pilot scale, Cit-
tus Research Education Center, Univ. of Fiorida, Lake Alfred,
FL. USA)}. Carolenoid pigments in the grapefruit pulp (9.3
“Brix) were extracted using solvents,

Carotenoid extraction

The extraction method for carotenoid followed that of
Sadler and Davis {24). Exiraction solvents used for carotencid
were BEtOH ; acetone : hexane (23(0:250:500). 100 mL of reten-
tate was mixed with an aliquot of extraction solvents, which
was homogenized for 1 min at speed 4 (G Mixer Homo-
genizer), then centrifuged for 5 min at 6500 rpm in a centrifuge
(Model MP4R, International Equipment Company, Needham
Heights, MA) at 4°C. The upper layer of sample containing
the carolenoids was collected and puip cake was extracted
again for completing extraciion carotenoid with the same pro-
cedure as previously described. All of the above procedure was
done withoul exposure to light,

Carotenoid pigments were filtered through a 0.45 pm HV
membrane filter (Fisher Scieniific Co.) and flushed with ni-
trogen gas gently, closed, and Ieft in the dark under refriger-
ation. And then the sample was poured into a separate funnel
for removing oil.

Storage test

Pigment extracts were equally divided (14 mlL} into 15 mL
glass test inbes. The glass test tubes were laid in the light
chamber at 4.5°C and 23°C. A second set of samples was
covered with aluminwm foil o prevent light exposure and
siored at the same temperature. A customn built light chamber
was maintaimed at a constant light intensity of 4150K with
cool while fluoresceni fight (Gretag Macbeth C.W.F). Samples
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were pulled and analyzed every day for 7 days.

Chromatography

HPLC with photodiode array detection using Cs is gen-
erally accepted as a medern method of choice to separate,
identify, quantify, and comparably resolve cis, trans lycopene
isomers (20) and cis, rrans B-carolene (25,26).

High-performance liquid chromatography with a Waters 996
phoiodiode array detector (Waters Corp., Milford, MA) was
equipped with a Waters 600E system controller {(Waters Corp.,
Milford, MA) and model 717plus auto sarmpler (Waters Corp.,
Milford, MA). The standard of lvcopene and p-carotene was
obtained from Sigma Chemical Co. (St. Louis, MO). Csy col-
umn (YMC CarotenoidTM) with mobil phase was ACN :
MeOH (75% : 25%) and flow rate 1.5 mL/min. After filtering
through a Nylon 0.45 pm filter (Fisher Scientific Co.), sample
injection volumes of 10 UL were analyzed. Duplicated injec-
tions were conducted. PDA dala acquisition, processing, and
reparting with the PDA sofiware requires use of the base Mil-
lennium software. Chromatographic sofiware was used to ob-
tain and store absorption speectra from 300 to 600 wmn. Chroma-
tograms at 450 nm were used to detect specira of peaks.

Statistical analysis

Each peak was quantified using absolute calibration curves,
all test results are the average of duplicated samples. All sta-
tistical analyses including means, standard deviations of the
means, analysis of variance (ANOVA), and Paired t-test were
performed using Sigma stat 2.0 from SPSS, Inc. (Chicago, 11)
with significance at p<0.05. Plots for evaluation of the data
were done by using Microsofi Excel computer software.

RESULTS AND DISCUSSION

Chromatographic separation and caretenoid spectral

identification

The chromatogram of pigment extracts from Star Ruby
grapefruit is shown in Fig. 1. Tdentification of major peaks
and other peaks are presenied in Table 1 based on retention
time, spectral and chromatographic information. According
to reports (11,17,27} the predominani peak eluied at approx-
imately 20.3 min is lycopene with an absorption maximum
at 472~473 nm and the other major peak at 8.2 min is fi-
carolene with absorption maximum at 4350-~452 nm.

Since relative absorption of trans-lycopene (peak 12, Table
1) and reaction rate matched well with those of Schierle et
al. (20), it can be regarded as (all-E)-Iycopene. Peaks (6-11,
14-16) appear to be cis isomers of lycopene because its spec-
tral maxima are shified to slightly shorter wavelengths (Table
1). The formation of a cis peak typically appears at 330330
nm (20,28). The cis isomers of Ivcopene were tentatively ide-
ntified by previous reports {20,29). Comparing to relative ab-
sorption of ‘cis-peak’ (Table 1, shown in square brackets), peak
8. 9 can be identified as 13Z-lycopene (0.58), peak 10, 11 as
97-lycopene (0.12) and peak 13 as 5Z-lycopene (0.07).

The second isomer (peak 2, Table 1) was lentatively iden-
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Fig. 1. HPL.C chromatagram of carotencid oxidation products in
pigmeni extracts under exposed to light during 7 days. a: stored at
4.5°C, b: siored at 23°C. Peak identificarion (Table 1) described
in the text

tified as 15-cis-B-carotene on the hasis of the following. First,
[5-cis-f-carotene was eluted prior to all frans-P-carotene (30).
Second, ) ratio can be defined as the absorbance ratio of
the cis peak to the middle main absorption peak (31). Third,
the absarption wavelength of cis isomers corresponded with
those teported by Chen et al. (32).

The peak at 7.654 min (peak 17, Table 1) appears 1o be B-
carotene, because of ils close spectral match with result (33).

Stability of all-frans-lycopene and its cis isomers in pig-

ment extracts during storage

Since Iycopens gradually decreased with increasing storage
time under all conditions, it ftuplies that {all-E)-lycopene was
converted to lycopene isomers during storage. (all-E)-lycopene
stored under light at 23°C showed significant degradation.
A first-order plot of overall photodegradation of (all-E)-lyco-
pene is presented {Fig. 2). The rate of change percent in (all-
E)-lycopene was 6.5 £0.0695 day-1 and it was unstable in
light and temperature. We observed the same trends as Pesek
and Warthesen (21) who reported that the reaction of lycopene
photodegradation was dependent on the light intensily and
temperature. Table 2 shows the effect of light-exposure at dif-
ferent temperatires on a change in the ratio of lycopene isc-
mers in pigment extracts. In the sample stored at 4.5°C, as
major isomers, (13Z) and (9Z)-lycopene were slowly formed
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Table 1. Spectral information from chromatographic peaks shown in carotencid oxidation products

HPLC

: o Spectra maxima” of the HPLC PDA 1) .4
peak” KT.. min Pigment and relative absorption of ‘cis- pe.':\k’(3 Carotenoid
1 3491 B-carctene cis isomer 3333 4220 442 8 437.2
2 6.626 B-carotene cis isomer Q=19 3333 420.0 1476 471.7 15-c5-B-carotene”™
3 (.999 [i-carctene cis isomer 350.1 425.0 447.6 476.6
4 8.241 B-carolene (trans) 430.0 4524 481.4 trans-f-carotene
5 8.455 B-carotene isomer 430,0 452 4 481.4
6 10.838 Lycopene cis isomer [0.33] 361.7 4423 471.7 500.3 {xZ)-Lycopene
7 10.973 Lycopene cis isomer [0.30] 361.7 4423 471.7 300.3 (xZ)-Lycopene
8 11.924 Lycopene cis isomer [0.57] 361.7 442.3 466.9 4959 (137Z)-Lycopenc
9 12.096 Lycopene cis isomer [0.58] 361.7 4423 466.9 4959 (13Z)-Lycopene
10 15.406 Lycopene cis isomer [0.12] 358.1 4423 466.9 300.3 (9Z)-Lycopene
11 16.269 Lycopene cis isomer [0.12] 3539.1 442.3 466.9 300.3 {97)-Lycopene
12 20.303 Lycopene (trans) [0.06] 447.6 471.7 305.6 {all-E)-Lycopene
13 20.499 Lycopene isomer [0.07] 447.6 471.7 505.6 (5Z)-Lycopene
14 13.555 Lycopene cis isomer [033] 3591 438.0 462.1 4959 {(x7)-Lycopene
15 13.592 Lycopene cis isomer [G.40] 359.1 442.3 462.1 4959 {(xZ)-Lycopene
16 13.635 Lycopene cis isomer [0.36] 359.1 442.3 4621 495.9 {xZ)-Lycopene
17 7.654 Zeta carolene 380.3 404.8 428.3

l)P 'rlk b - - " r . 3] r ] i
,Peak numbers as in chromalogram shown in Fig. 1. “Main maxima are underlined o
“Relative absorption of ‘cis-peak’ shown in square brackets means absorption at the subsidiary peak {at approx. 360 nm) divided by

the absorption at maxima nm.

)ms isomers of lycopene were tentatively identified by prev1ous reporis (20,29).

Reported values of Q ralio are from Tsukida er al. (31).

Table 2. The effeci of light-exposure at different temperatures
on a change in the ratio of lycopene isomers in pigment extracts
from Star Ruby grapefruit pulp

The change in the ratio of lycopene
isomer (% of total lycopene)

132 9z 572 xZ

1.6 0.0 0.0 1.0
3l 0.9 0.0 1.2
i3 1.1 0.0 1.2
19 1.5 00 04
3.5 14 0.0 13
3.0 1.0 0.0 L7
3.0 0.9 0.0 1.7
1.6 0.0 0.0 10
3.0 1.2 0.0 1.2
3.7 2.0 0.0 1.5
3.4 24 L3 1.6
3.1 3l 33 14
24 3l 3.6 1.8
2.6 3.3 42 1.8
32 1a 0.0 1.0
3.0 1.6 00 09
8.9 3.0 4.7 1.2

Storage condition
Storage

time (day)

4.5°C dark

4.5°C light

23°C dark 14.8 4.1 7.7 2.8

16 8 61 170 25

18.1 62 190 33

. 18.1 79 211 34
36 1.3 0.0 15

4.3 1.2 00 04

1 53 118 25

23°C lighl 13.2 70 169 3.0

14.1 88 229 27
14.2 9.0 2635 2.
147 104 275 3.1

S AL = DS R R = DR W R = DN S W R — D

Reported values of visible spectra are from Chenet al. (32).
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Fig. 2. First-order plot of degradatlon of total fall-E)- lvc,opene in
pigment extracts stored at 23°C under light condition (r'=0.95).

during storage time. In the case of the dark samples, with in-
creasing (xZ)-lycopene, (13Z) and (9Z) slightly declined. How-
ever (37)-lycopene gradually increased under light at the same
temperature. It implied that {13Z)-lycopene was converted to
(xZ)-lycopene and (9Z)-lycopene was somewhat more sensi-
tive to light-exposure than (13Z)-lycopene at the same temper-
anmre. As it i3 shown in Table 2, we could observe sitnilar
results in the sampte stored at 23°C. Under lighted storage,
an increase in (9Z)-lycopene and (57)-lycopene was favored.
Respectively, the (5Z)-lycopene was formed in greater amounts
than other isomers under light-exposure at 23°C. Schierle et
al. (20) observed the effect of heat on the ratio of lycopene
isomers in aqueous and oily dispersions of tomato paste. Heat
treatment clearly increased the percentage of all the (Z)-
isomers. In this smdy the same results were found in that the
amount of all the (Z) isomers was accelerated by increasing
duration of light-exposure and temperature, Many studies have
also reported an incremeni of the (Z)-iscmers of lycopene
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due to increasing temperatures in different treatrents of torna-
1o and fruit juice (17,34-36).

Stability of all-trans-f-carotene and its cis isomers in

pigment extracts during storage

Quantitative losses of all-trans-fi-carotene were 8% in the
dark samples and 12% in light-exposed samples after 7 days
storage at 4.5°C (Fig. 3). Light-exposed samples appeared to
retain less B-carotene than dark samples and the difference
was significant (p<0.05) under this condition, Contrary to our
expectation, degradation rates of all-frans-f-carotene at 23°C
during storage were erratic {It was not presented).

Retention (%)
110 7
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Storage Time (day)

Fig. 3. Quantitative loss of frans-f-carotene in pigment extracts
stored at 4.5°C during 7 days.
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Fig. 4. The concentration change of 15-cis-[-carotene in pigment

extracts during 7 days. a: stored at 4.5°C, b: stored a1 23°C.

It has been well reported that numerous cis isomers are
theoretically possible and two major cis isomers (9, 13-cis-B-
carotene) are generally formed from all-rans in food sys-
tems {37,38). Interestingly, we only found |5-cis-B-carolene
and the concentration change of 13-cis-p-carolene formation
during storage was described in Fig. 4. Chen and Tang (39)
reported that only with a minor increase at 23°C under lighted
condition, there were no significant changes (p>0.03) in the
concentrations of 15-cis-f-carotene at 4.5°C. However we ob-
served that the concentration change of 15-cis-p-carotene for-
mation in light-exposed samples stored at 23°C was signifi-
cantly increased (p<0.05). It is reasonable to assume that other
major B-carotene isomers (9, [3-f-carotenc) in carrot pulp
wasle (39) forrmed in relatively greater amounts than 15- cis-fi
-carotene. It can be concluded that the formation of 15-cis iso-
mers was susceptible to light exposure and high temperature.

From the tesults of this study, the predominant reactions
are isomerization of all-rans-lycopene to various lycopene cis
isomers under light-exposure. Representatively, the formation
of {3Z)-lycopens was the most labile than other lycopene cis
isomers under lighted conditions and stored at high temper-
ature. frans-lycopene degraded tmore rapidly than trans-p-
caroiene by light exposure and temperature.
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