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ELSEVIER 

Isolation of xanthophyk from Taiwanese orange 
peek and their effects on the oxidation stability 

of soybean oil 

The various xanthophylls present in Taiwancsc orange peels were analyzed 
using liquid chromatography and their clfects on the oxidation stability of soy- 
bean oil under light storage were deknnined. A mobile phaa of hexane- 
acefonc in ditTerent proportions and a mixture of cellulose aad diaimnaceous 
earth (I : I) as adsorbcnr were wd lo isolate Ihe various pigments in orange peels 
hy open-column chromatography. Each separated band was further analyzed by 
HPLC to dctcmine the probable purity. and each pigment was kkatiikd by 
spectrum analysis. Results showed that violeoxanthin (and its epimers) was 
present in largest amount in orange peels. followed by vialaxanthin, violaxanthin 
epimer, neoxanthin. ShtesidxWthifl, ~ryptoxanthin, lutein epoxuic and hrlein. The 
antioxidant otktiveness of each pigment towards soybean oil was dependent 
upon conccnlration. 

INTRODUCTION 

The consumption of orange juice in Taiwan has been 
increasing steadily in recent years. According to a 
report by The Commission on Fruits and Vegetables of 
Taiwan (1992). consumption of orange juice reached 
62.740.334 con for the year 1991-1992. As orange peels 
arc by-products obtained during processing of orange 
juice. an estimated l?O.M)o ton of ordnge peels can be 
produced annually in Taiwan because it constitutes 
about 30% of the total weight of orange. II has been 
reported that orange Reels are good sources of 
carotenoids, of which xanthophylls constitute a large 
portion (Lawrence & Bailey. 1956; Malnar & Szabolcs, 
1980; Noga & Lenz, 1983). The possible role of some 
carotenoids such as @-carotene in the treatment of human 
disease such as skin cancer has been reported (Mathews- 
Roth. 1981, 1982, 1985). Furthermore, /3-carotene has 
been shown to be an eflective radical-trapping anti- 
oxidant (Burton & Ingold. 1984). Therefore, the appli- 
cation of xanthophylls from orange peels to food 
products as colorants and antioxidants can be of great 
value to food manufacturers. 

Fakourelis er al. (1985) reported that &carotene 
minimized lipid oxidation of purified olive oil under 
light storage by its light-filtering effect. A similar result 

*To whom correspondence should be addred. 

was found by Warner and Frankel(l987). who studied 
the eRect of @carotene on light stability of soybean oil. 
Lee and Min (1990) compared the effects of lutein, 
zeaxanthin. lycopene. isozeaxanthin and aa.taxan~hin on 
the photooxidation of soybean oil and found that the 
antioxidant effectiveness of carotenoids increased as the 
number of the conjugated double bonds of carotenoids 
increased. Obviously the antioxidant ability of carotene 
and xanthophyll is due to the fact that they possess 
similar numbers of conjugated carbon-carbon double 
bonds. 

The separation of carotenoids in orange peels by 
liquid chromatography has been difficult because most 
pigments are prewnt in cis forms (Lawrence & Bailey, 
1956; Molnar & Szabolcs. 1980: Noga & Len& 1983). 
Nevertheless. using column chromatography to isolate 
a large quantity of xanthophylls from orange peels is 
still an ideal method to choose. Lawrence and Bailey 
(1956) determined carotenoids in Valencia orange peels 
by open-column chromatography. Although 24 pig- 
ments were identified, the identification of most pig- 
ments is only tentative because of lack of advanced 
instruments such as photodiode-array detectors. Molnar 
and Srabolcs (1980) determined carotenoids present in 
Valencia orange peels using column chromatography 
and a total of 22 pigments were idmhtied. However, 
the purity of each pigmmt was not determined. Rosen- 
berg CI II!. (1983) used TLC to separate IO bands from 
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purified Valcnciil orange peel extract. and five of them 
were found to contain epoxidcs. The authors also 
reported that each separated band can be further scpa- 
rated. indicating that orange peel contains more than 
IO pigmcnls. 

As most reports deal with the determination of 
carotenoids in Valencia orange peels. the composition 
of carotcnoids present in Taiwanese orange peels needs 
to bc invrstigated. The purpose of this study was 10 
isolate xanthophylls l-rum Taiwancse orange peels by 
open-column chromatography, to identify them by HPLC 
with photodiode-array detection. and lo determine their 
effects on the oxidhr.ln stability of soybean oit under 
light storage. 

MATERIALS AND METHODS 

Materials 

Twenty Taiwanne oranges wcrc purchased from a 
local supermarket and wcrc p&d in the laboratory. 
The orange peels were cut into small picccs and freezce 
dried before grinding into fine powder with a grinder. 
Approximately 500 g of powdered orange peels was 
collcctcd. 

Soybean oil was purchased from a local supermarket, 
and was further purified by passing 100 ml through a 
chromatographic column (30 cm x 25 mm i.d.) packed 
with 1: I mixture of active carbon and diatomaceous 
earth. The purified soybean oil was eked with IOU ml 
hexanc. The same procedure was repdled five limes 
and a total or approximately 500 ml purified soybean 
oil was collected. 

Some pigment standards such as a-cttrotene. p 
carotene. and lutcin (75% purity) were purchased from 
Sigma Chcm. Co. (St Louis. MO, USA). Lutcin was 
further purified using open-column chromatography as 
described by Chen er ul. (1991). P-cryptoxanthin was 
prepared from yellow corn by open-column chroma- 
tography using a method described by Quackenbush CA 
ul. (1961). HPLC-grade solvents such as methanol, 
chloroform, ethyl acelate and acetonitrile were pur- 
chased from Merck (Darmstadt, Germany) and filtered 
through a 0.2 pm mcmbranc filter prior to use. Soivents 
used for extraction of pigmcnls such as hexanc. acetone, 
toluenc and ethanol were ACS grade. 

Extra&n of crrotmnids 

Two grammca of powdered orange peel was mixed 
with 30 ml extractant (hcxane-acetone-ethanol-toluenc, 
10:7:6:7) and 2 ml methnnolic KOH (40X1) in a I00 ml 
volumetric task. The mixture was left slanding in thi: 
dark at ambient temperature for I6 h to allow extraction 
and saponification IO proEccd simultaneously (Cheu & 
Yang, 1992). Then 30 ml hexane was added to the flask, 
which was swirled gently for I min. The flask was then 
diluted lo volume with IWO Na$O,. The solution was 
shaken vigorously for I min and stood in the dark for 

I II unlil two phases were separated. The upper phase 
containing carotenoids was collected, evaporated under 
vacuum and dissolved in hcxane for open-column 
chromatography. For I-IPLC analysis, I.0 ml carotenoid 
cxtraclant was further purified through a silica gel Sep 
Pak cartridge (Millipore Coopration. MS, USA) and 
eluled wiih 5 ml hexane-acetone-methanol (70: 20: IO. 
v/v/v). The cluak was evaporated tmdtr vacuum and 
dissolved in 3.0 ml ethyl acelate for HPLC analysis. 

Separation of car&n&s by opentolumn 
chromatography 

A mixture of cellulose and diatomaceous earth (I: 1) 
was used as the major adsorbent to separate carotenoids 
in orange peels. The glass column (30 cm X 25 mm id.) 
was prepared by dissolving a mixture of cellulose (8 g) 
and diaromaceous earth (8 g) in 50 ml hexanc. After 
swirling gently for I min the solution was poured into 
the column with suction at the bottom lo allow the 
adsorbent IO he packed firmly. A 2 cm layer of 
anhydrous sodium sulfate was then placed above the 
adsorbent IO absorb residual moisture present in the 
carotenoid extractant. Three ml carolenoid extract was 
poured onto the column and the various fractions of 
pigmcsts were eluted with solvent systems in increasing 
order of polarhy. The &ion process started with 60 ml 
10% hexane, followed by 60 ml hexane-acetone (98: 21, 
40 ml hexanc-acetone (96:4). 60 ml hexane-acetone 
(90: IO). and 60 ml hexane-acetone (87: 13). Each sepa- 
r&d band was evaporated under vacuum and dissolved 
in an appropriale solvent for spectra and probable 
purity analyses. 

Separation of carolenoids in orange peel by HPLC 

Three ml purified carotenoid extract (dissolved in ethyl 
acetate) was filtered through a O-2 w membrane filter, 
and 20 ~1 of extractant was injected into the HPLC. A 
Phcnomenex stainless&ccl C. column packed with 
uitremex C,, 5 pm particle size (Torrance, CA. USA), 
and a ternary solvent system of acetonitrile-methanol- 
ethvl acetate (80: lO:lO) with sensitivitv at 0.2 AOFS 
and detection wavelength at 4.50 nm was used. The flow 
rate was SCI at 0.7 mlimin for the first 20 min, and then 
increased to 2.0 ml/min thereafter until completion of 
the run. Each separated band obtained by opentolumn 
chromatography was injected into the HPLC to detcr- 
mine the probable purity. The probable purity was cal- 
culated by dividing the area of the major peak over the 
total peak area of the separated band. 

Identification of carotenoids in orange peels by 
open-column chromatography 

Separated bands collcctcd from the column were evap- 
orated to dryness and dissolved in an appropriate 
solvent to determine the absorption spectra with a 
Beckman DU-70 Spectrophotometer. The epoxy- 
containing carotenoids such as neaxanthin, violaxanthin 



aud lutein epoxide were identified by a hypsochromic 
shift of 17, 38 and I7 nm and colour change Born 
yellow IO green. blue and green. respectively, upon 
acidification with a few drops of 0.1 M HCI to the pig- 
ment solution. 

ldentifieaiiun of earatenoids in orange peels by HPLC 

Some peaks. such as flcryptoxaothin, lutein and lutein 
epoxide were identified by cochromatography with 
added standards, In addition, each peak was scanned 
before and after addition of a few drops of 0.i M HCI 
to the pigment solution by using a Linear 206 photo- 
diode-array detector (Linear Instruments. Reno, NV, 
USA). The scanning range was between 190-365 and 
366800 nm, and the data were stored and processed 
with an Axxiom 727 dualchannel chromatagmphy 
data system (Axxiom Chromatography Inc.. Calabasas. 
CA. USA). The identification of cis carotenoids were 
baaed on the following rules: 

I. Cis carotcnoids will result in a hypsochromic shirt 
of about 4 nm. (Zechmeister, 1944; Davies. 1976: 
Goodwin, 1981). 

2. Ciu carotenoids are accompanied by a reduction in 
fine structure and a hypochromic etTecr on absorb- 
ance (Goodwin. I981 ). 

3.The central cis carolcnoidv have a strong peak 
present in the UV region at about 340 nm (Zech- 
meister. 1944: Goodwin, 1981; Khachik rl al.. 1986). 

4,The d&is carotenoids will be shifted to shorter 
wavelength than mono+ carotenoids (Tsukida PI 
ab. 1982). 

Quantification of major carotenoids in orange peels 

The eluale of each separated band From the column 
was evaporated to dryness and dissolved in ethanol. 
Concentrations of violeoxanthin and Taiwanese orange 
peel extract (TOPE) were determined using the follow- 
ing formula: 

Concentration (giml) = NE:‘;;100 

where E = extinction at given wavelength (viokoxanthin 
443 nm. TOPE 440 nm); and Ey_ = extinction co&i- 
cienf or IX solution measured in cell with I cm light 
path (violeoxanthin 2250, TOPE 2259) (Davies, 1976). 

Determinotian of oxMatia~ &bBity of soybmt oil 

Fifty ml purified oil containing dierent levels of pig- 
menis was added to a IO0 ml volumetr!c flask with a 
rubber cap sealing tightly on the top. Pigments includ- 
ing a-carotene. &carotene, Iutein, violeonanthin and 
TOPE were used at concentrations of IO, 25 and 50 
ppm. The flasks were placed in a chamber with two 20 
W fluorescent tubes (General Electric) illuminating for 
I. 2, 3. 4. 5. 6 and 7 days. The light intensity at the 
sample level was 4500 lux and rhe temperature was 
30°C. All samples were analyzed in triplicate. The 
oxidation stability of soybean oil during light storage 
was determined by measuring its Peroxide and TBA 
values according to the AOAC method (1984). 

RESULTS AND DISCUSSION 

lsolPtlcm of xantlilrPhylls Born orange pceb 

@yptoxanthin was first eluted with &I ml loo”/ hex- 
ane. followed by lutein 5.6epoxide with 6B ml hexane- 
acetone (98 : 2). violeoxanthin (9-ciu-violaxanthin) with 
40 ml hexane-acetone (96~4) and violaxanthin with 
40 ml hexaneeacetone (90: IO). The other minor pig- 
ments, such as neoxanthin and sinwiaxanthin, were 
eluted together with 40 ml hexane-acetone (87: 13). 
Table I shows the idcntilicalion data of various pig- 
ments isolated from orange peels by open-column Chroma- 
tography. Each pigment was identified by comparing 
absorption spectra with reference values reported in the 
literature (Davies, 1976: Bauernfeind, 1981; Chen & 
Chen. 1993). The proxy-containing carotcnoids such as 
lutein Sdcpoxide, violeoxanthin, IWr-violaxanthin, 
violaxanthin and sinesiaxanthin were identified based 
on hypsochromic shifts of IS, 30,34.38 and 20 nm and 

Table 1. Identification data of carotenatds in Taiwanme orange peels by qrcu-c-rdumn chr~~tograpky with cellJosc ~1 ths &erkent 

Pigment Visible spectra Probable Epoxide test 
--- 

Max. found Solvent Max. reported” 
purity’ 

(h) Hypsochromic Colour 
shift 

pCryploxanthin 
Lutein S&poxide 
Vioteoxanthin 
13.ci~iolaxanthin 
Violaxanthin 
Sinesiaranthin 

(426) ” 448 473 
42d. 442: 460 

(414) d 436 464 
416 432: 458 
418.440.468 
370.392.416 

Ethano) 
EthallOi 

Enlanol 
Ethanol 
Ethanol 
Ethanol 

(428)” 449,473 
420.442,471 

(415).“436, 464 

417.60 469 
372, 392: 416 

482,424.410 - Green 
384.408435 Blue 
314.398.4?4 Blttc 
378,402.430 Blue 
352.3’293% Green 

_ 

“Values in parentheses repasnt shoulders on spectra curves. 
hReported values of absorption spectra are from four references +y Davies (1976). Bauernfeind (1981). Khachik et al. (1986). and 
Chen and Chen (1993). 
’ Dctormined oy HPLC. 
“Data not available. 
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Fig. I. HPLC chromdtogram of carorenoids rrom Taiwanere 
orange peels by employing a rolve~~~ ays~~~ of aceronilrilc- 
mahanokthyl aceraft Wl:10:10). Peaks: I = s&idxanlhin. 
2 = neoxaathin, 3 = violaxanrhin. 4 = 13-&violaxanrhin. 
5 = \*iolaxanlhin epimer. b = violeaxanlhin. 7 = violeoxanthin 
epimcr 1. 8 = violcoaanlhin epimer II. 9 ?? lutein cpoxide. 10 = 

lutein. I I = &cryploxdnthin. 

colour change from yellow IO green. blue, blue. blue and 
green, respeclivcly. The probable purity of p-cryplox- 
anthin. lutein S,6-cpoxidc. violeoxanthin, 13.ris-violax- 
anthin, violaxanlhin and sinesiaxanthin. as determined 
by HPLC. was 84.80, 116. 57, 59 and 7(r%1. respectively. 
Only the major separated bands. consisting of violeox- 
anrhin and TOPE. were collected and added to the soy- 
bean oil to determine the antioxidant effectiveness. 

Figure I shows rhc HPLC chromatogram of care* 

tenoids present in Taiwanese orange peels. A total of 
I I peaks were resolved and identified as sinesiaxanthin, 
neoxanthin, violaxanthin, 13.ris-violaxanthin. tioleox- 
anthin. violeoxanthin epimer 1. violeoxanthin epimer IL 
lutein epoxide, lutein and pcryptoxanthin. An epoxide 
test showed that all pigments but lutein and /Wyptox- 
anthin contained an epowide group (Table 2). The 
assignment of 13-c&violaxanthin was based on the 
presence of a strong peak in the UV region as well as 
exclusion of sterically hindered isomers such as “I&, 
7’4s. I I-ci.r. and 11’4s (Khachik et d, 1986: Chen & 
Chen. 1993). In contrast. the assignment of P-US- 
violaxanthin was based on the absence of a strong peak 
in Ihe UV region as well as exclusion of sterically- 
hindered isomers as described above. Compared to 
violaxanthin. 9&r- and 13-cis-violaxanthin resulted in 
hypsochromic shifis of 4 and 8 nm. respectively (Table 2). 
lr was also found by HPLC that violeoxanthin epimer 
I was present in largest amount (38W) rollowed by 
violeoxanthin (19.3%), violaxanthin (I I WI). violux- 
anthin epimer (7,9X1), neoxanthin (6G%), violeoxanthin 
:pimer 11 (5.7’8)). 13-ris-violaxdnthin (4*5%), sinesiax- 
anthin (4.3%). Bcryptoxanthin (1.3%). lutein epoxidc 
(0,3”/;$ and lutein (0,2’%). 

EReet of various pigments on the oxidation stability of 
soybean oil 

Figure 2 shows the efTect of various pigments (SO ppm) 
on the peroxide formation of soybean oil under light 
storage. By comparing the antioxidant effectiveness of 
each pigment. it can be found that at concentrations of 
50 ppm, lutein resulted in the lowest peroxide fonna- 
tion during the initial illumination period, followed by 
/Scarotene. a-carotene, TOPE and violeoxanlhin. The 
low proxide value is probably due to an antioxidant 
action or decomposition of hydroperoxide. In this study 
the formation and decomposition of hydroperoxide 

T:bk 2. Idmtitirtioa data nf nr~kmdds in T&ram orange peels by HPLC analysis 
-_ .._____.. __l_. __I--_- .- 
Peak Pigmcafs Visible spectra Epoxide test 
“0. _~__ hypsochromic shift 

In-line” Max. reporled’ SOlVeIll 
_ 

I. Sinesiaxamhia 372, 393,416 372, 392,416 Ethanol 353.374.398 

s: Violaxanlhin Neonanlhin 419, 414.440.469 440.466 415,438,467 417,440,469 Ethanol Ethanol 401.422.447 376.402.430 
4. 13-ris-violaxmthin (4081.’ 432.459 -1’ Ethanol 312.395,421 
5. Violaxamhin epimer” 414,440.469 417q440.469 Ethanol 378.402.432 
6. Violeoxamhin (412): 436.464 (4151,’ 436,464 Ethanol (380): 404.430 
7. Violeoxanthin cpimer I” (4121.’ 436.464 (415): 436,464 Erhnnol (378): 40 I, 428 
8. Violeoxanthin epimer II” (4121.’ 436.464 (415): 436.464 Ethanol (3781,’ 401.428 

1:: Lutein Lulcin epolidc 4t9.442.470 424.445.474 420.442.471 423.445.474 Ethanol Ethanol 401.424,451 _ 
II. BCryptoxanthin (429): 451.475 (428): 449.473 Ethanol - 

_I.__I_.~ 
“Eluem (CH,CN:CHIOH:C,H,COOC$l, = 80: 10: IO) was used IS the solven!. 
“Rcporled v~lucs of abrorpdon spectra are rrom four references by Davies (1976), Baucrnfeind (1981). Khachik rl d (1986) and 
Chen and Chen ( 1993). 
‘Values in pdrenthcss represenr shoulders on spectra curves. 
“Tentatively idcnlified. 
‘Data noI available. 
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Time (days) Time (dayrl 

Fig. 2. Eflects of various pigmcnis (50 ppm) on the peroxide Fig. 3. EtTects OF various pigments (SO pptn) on the TEA 
formation al soybean oil under light storage. value of soybean oil under light storage. 

Lutein 

TOPE 

atmlysis 

Conlrol I 32 58.7 84.3 141-6 195.2 255-s 325.4 395.6 
2 24 57.4 85.7 I so.2 194.2 257.1 3243 397.2 
3 4.2 42.5 81,l 147.4 191.1 251.2 319.9 3w7 

ban 3.40 56.20 83,70 148-40 193-50 25460 323-20 394.9 
SD 0.72 3 27 2 36 1.56 2, I4 3.05 2.91 3.39 

cv (‘Kl 21.21 S,M? 2.82 I dl5 I.10 I .20 F90 086 

pChtWK I 
? 
3 

MWl 
SD 

cv (‘A>) 

3,2 8.4 25.2 40.7 so.2 67.4 78.8 952 
?a 9-8 22.6 41.3 49. I 62.8 77.2 92.8 
4,2 9.4 20.6 32.8 46.2 59.2 73,2 88.5 
MI 9.20 22+0 38.27 48.50 63.13 1640 92*17 
0.72 0.72 2.31 4-74 2.07 4.1 I 2.88 3.39 

21.21 7.84 IO.12 12.40 4.26 6.51 3.78 3.68 

o-Carotcnc I 
2 
3 

Mean 
SD 

cv (‘%I) 

3.2 I24 28,l 57.2 79.2 101.8 107.4 116.9 
2.8 IS,1 21.2 564 76.2 loo*2 102.8 112.4 
4.2 13.1 254 61,6 74. I 92.6 101.5 lG7.4 
340 13.53 26.90 584a 7650 93.m 103.90 112.23 
0.72 I 40 I.37 2.80 2-56 4.92 3.10 4.75 

21.21 IO.35 5.1 I 4.79 3.35 5.01 2.98 4.23 

I 
7 
3 

M&in 
SD 

cv (1%) 

3-2 4,8 78 25.8 47.8 58.4 85.2 107.6 
2.8 4,9 8.6 229 44.1 63.6 79.4 I IO.4 
4.2 5-8 a.2 18.6 38,6 55.7 157 108.4 
340 5.17 8.20 22.43 43,so 59.23 8443 IOSW 
0.72 0.55 040 3,62 4,63 4,02 12.06 I44 

21,21 IO*66 4.88 16.15 1064 6,78 14.29 I .33 

I 
2 
3 

MWI 
SD 

cv (“/;d 

3.2 13.8 37,s 516 73 I 08.2 93,2 101.4 
2-a 12.8 32.9 56,s 69,2 82.7 91.2 98.2 
4.2 10.6 29.8 51.5 66.6 79.4 88-4 96.6 
3,40 1240 33.50 57.30 69.63 83.43 90.93 98.73 
0,72 I ,64 4.03 0.44 3.27 4.45 2.41 2.44 

21.21 13.20 I x4 0.79 4.70 5.33 2.65 2.48 

Viokoxanthin I 
2 
3 

Meall 
SD 

cv p/L) 

3.2 2s.2 31.4 458 W2 98,4 99.2 108.6 
2,8 26-2 29.1 41.2 75,8 96.2 103.4 1049 
4.2 21,3 24,2 39.8 69.6 92.3 %,6 IO2,4 
3.40 25 23 28,?3 42.21 73.20 95.63 9P73 105.30 
0.72 3,s5 3.68 3.14 3.22 3-09 3.43 3.12 

21.21 MO7 13.03 743 440 3.23 344 2.96 
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Fq. 4. Efkcls of various pi_genls I25 ppm) on the peroxide 
formation of soybean oil under light storage. 

Fii 5. EfTccts of various pigsems (25 pmm) on the TBA 
value of soybean oil under lighr storage. 

Control 

a-Carotene 

LW?in 

TOPE 

Violeoxamhin 

I 3.2 5&7 84.3 147.6 195.2 255.5 3254 395.6 
2 2.8 57.4 85.7 150~2 194.2 157.1 324-3 391.2 
3 42 52-5 81 I 141.4 191.1 251.2 319-9 390.7 

MCZUI 340 56-20 83.70 14840 193cw 254.60 323.20 394.M 
SD 0.72 3-27 2.36 1.56 1.14 3.05 2.91 3.39 

cv (“/,I, 21.21 5.82 ?.S! 1.05 I.10 I-20 090 0% 

I 3.2 13.2 32.4 45.3 54.4 70.6 98.4 108.X 
2 I8 16-6 30.6 40.5 56.4 71.4 97-2 105.6 
3 4.1 13.4 24.9 3&4 62.6 76.7 93.8 99.2 

M.ZXl 3-40 14.40 29-30 4140 57.67 72Gil 96.47 IO453 
SD 0.72 I.91 3.92 3.53 4.05 3.32 2-39 4.89 

CV (‘X4) 21.21 13.25 13.36 X.54 7.03 4.55 247 4.68 

I 3-2 24-4 46.2 7?? 93-4 115.3 116.5 122.8 
2 2.8 27.8 4X.8 71.7 99.4 114.2 117.6 1234 
3 4.2 24.6 476 6Y.1 92-6 1104 114.6 117.9 

MNII 340 25.60 47.53 70,80 95.13 11343 116-23 121.37 
SG O-72 I91 1.30 I -57 3.72 2-35 I-52 302 

cv (‘AI) 2121 7 45 2.74 2.22 3.91 2.07 I.31 249 

I 

2 
3 

MW 

SD 
cv (‘#) 

.3 2 6.8 20-Z 35.2 664 85.2 lW2 128.4 
28 7-2 19.2 28.2 71.4 78.8 I IO.4 129.2 
4.2 I I.2 16.4 27.8 69.8 78-4 104.1 121-E 
3,40 8-40 IX60 30.40 69.20 80.80 107+u 12647 
0.72 2.43 I.97 4,16 2.55 3.82 3.35 4.06 

21-21 28-97 IO.59 13.69 3.69 4.72 3.10 3.21 

I 3L 21.2 54.6 74.1 88-8 103.2 lo44 112.9 
? 2.8 234 53-5 756 93.6 97-6 105.8 III.6 
3 4.2 18-3 49.5 65,4 SB-2 94.7 99.1 112.9 

MGln 3,40 ?I ,30 52.43 71,70 90-20 98.50 103.10 lG9~ff 
SD O-72 2-67 2.85 5.51 2.96 4.32 3.53 4.35 

cv (‘XI) 21.21 1252 544 768 3.28 4.39 3.43 3.% 

I 3.2 30.8 57.2 16.4 103.2 119.4 126-3 134.8 
1 2.8 35.6 59.6 14.6 1llo~1 118-7 125.6 133-S 
3 4.2 36.2 52.4 70*7 %-2 113.5 119.2 128.8 

MeNI 340 34-20 5640 73+il 99-83 117.20 123.70 132.47 
SD 0.72 2.96 3.67 2,9l 351 3.22 3.91 3.21 

cv (‘%>) 11-11 R-65 6.50 394 3.51 2-75 3-16 2.43 
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Time (days) Time (days) 

Fig. 6. EtTeets of various p&nene (IO ppm) on ihc peroxide 
formation 4r soybeun oil under light storage. 

Fig. 7. Elfeetr of various pigments (LO ppm) on the TBA 
value of soybean oil under light storage. 

Conlrol 

p3ro1ene 

U-Cil101Clle 

Lutein 

TOPE 

Viokoxanthin 

I 
2 
3 

Mean 
SD 

cv (%I 

3.2 58.7 
2.8 57.4 
42 52-5 
3-40 528 
a-72 3.27 

X.21 5.82 

843 147.6 
85.7 IM.2 
81.1 147.4 
83.70 I4840 

2.36 I.56 
2.82 I.05 

1952 255.5 3254 3956 
1942 257.1 3243 397.2 
191.1 251-2 319.9 390.7 
193.M 25468 323.20 394xl 

2.14 3.05 2.91 3.39 
I.10 I.20 090 0.86 

I 3.2 20.7 38.4 556 71.2 88.4 117.6 128.1 
1 2-8 23.6 35.9 541 69.3 89-9 121.1 131.1 
3 4.2 17.2 31.9 49-9 65.3 83.9 117.7 125.7 

Mean 340 20.50 3s40 53.28 6860 87.40 118.80 128.30 
SD 0.72 3.20 3.28 2.95 3.01 3.12 199 2.70 

CV (“q 21.21 15.63 9.26 5.55 4.39 3.57 I ,67 2.11 

1 
2 
3 

Mall 
SD 

cv (%) 

3.2 28-l 65.2 
2.8 32.4 58.9 
4.2 31.9 56.8 
348 30.80 68.38 
0.72 2.35 4.37 

?I-21 7.64 7.25 

82.3 114.9 125.2 126.5 137.1 
78, I 108.2 1214 127.4 139.9 
7s. I 107.8 117.9 132.2 133.5 
78.50 I I@30 12150 128.70 13650 

362 3.99 3.65 306 2.75 
4.61 3.62 3.00 2-38 2.01 

1 
2 
3 

Mean 
SD 

cv (“/) 

3.2 16.1 32.5 54.5 67.7 1152 128.3 149.2 
2.8 159 33.2 50,s 68.2 1094 127.6 1447 
4.2 20.8 28.6 48.4 64.3 106. I 121.9 142.4 
3.40 17-68 31.43 51.23 66.73 I IO.23 I 2S.93 145.43 
0.72 2.77 2.48 3*07 2.12 461 3.51 346 

21.21 1576 7.89 6.08 3.18 4.18 2.79 2.38 

I 
2 
3 

Meall 
SD 

cv (%) 

I 
2 
3 

Mean 
SD 

cv (%) 

3.2 26.7 58.4 
2.8 28.6 61.4 
4.2 20.9 SW 
340 3540 5923 
0.72 4eot I .89 

21.21 15.79 3.20 

14.4 107.6 IIIG 
758 103.9 108.6 
‘It.2 98-2 108.2 
76.13 103.23 109.33 

I .92 4.74 I .63 
252 4,59 1.49 

117.8 123.6 
I I44 121.2 
I IO,8 116.2 
114.33 120.33 

3.50 3.78 
3.06 3.14 

3-2 42.8 72.8 1094 
2.8 45.6 73.2 108.6 
4.2 42.6 68.4 105.8 
3.40 43.61 71.47 107.93 
0.72 I.68 z-54 1489 

21.21 3.84 3.73 I.75 

127.6 1346 141.2 157.9 
126.2 IXS 140.4 153.8 
122.4 128.2 137.2 147.8 
12548 13lxl 13960 153.17 

2.69 3-22 2.12 5.08 
2.15 2.45 I.52 3.32 



may proceed simultaneously as indicated by the steady 
i-se of TBA value during illumination (Fig. 3). 
With illumination Iime increased IO four days and 
above. the antioxidant effectiveness of lutein gradually 
decreased. probably because of its degradation after 
prolonged exposure to light. Instead. @carotene 
showed the maximum oxidation stability towards soy 
bean oil. The control group showed the highest perox- 
ide formation after illumination for 6 days. and then 
began to deeline. inditing that the degradation rate of 
hydroperoxide was faster than the formation rate after 
prolonged illumination. For violeoxanthin and TOPE. 
the antioxidant abilities were quite similar. mainly he- 
cause the latter constitutes ahout 64% violeoxanthin. 
Compared IO ucamtene. ljamtene showed a higher 
antioaidant ability. probably because the latter con- 
tains more conjugated carbon-carbon double bonds 
than the former. Lee and Min (1990) also demon- 
strafed that the antioxidant ctR&cness of carotcnoids 
increased as the number of the conjugated double 
bonds of carotenoids increased. Figure 4 shows the 
&cl of various pigments (25 ppm) on the peroxide 
formation of soybean oil under light storage at 30°C. 
This result was similar to that in Figure 2 with the 
exception that the peroxide value formed was higher. 
indicating that a higher concentration (50 ppm) of pig- 
ment Was necessary to achieve good oxidation sutbiliIy 
of soybean oil during illumination. Figure 5 shows the 
efTect of each pigment (25 ppm) on the TEA value of 
soybean oil under light stordge al 3O’C. The result was 
also similar to IhaI in Fig. 3 with the cxccption that the 
TBA value formed was higher. indicating that a higher 
concentration of pigment can result in bcttcr oxidation 
stability of soybean oil. Figures 6 and 7 show the etfcct 
of various pigments (IO ppm) on the peroxide and TBA 
values of soybean oil during illumination. respcctivcly. 
Both showed the same trend as described above indi- 
eating that a low concentration (10 ppm) or pigment 
can be degraded raster during prolonged illumination 
and lhus its antioxidanl ability towards soybean oil 
was greatly reduced. Variations in TBA values arc 
shown in Tables 3.4 and 5. 

From the above discussions. it can be found that all 
carotenoid pigments investiptcd possessed antioxidant 
ability, and the ability incrcascd with increasing con- 
centration. Under the same illumination time it was 
found that the highest &cdrotene conccntrdtion (50 
ppm) rcsultcd in the lowest peroxide and TBA values. 
followed by ?S. IO and 0 ppm. This result was similar 
IO that reported by Fakourelis YI ul. (19871. who found 
that /I-carotene minimized lipid oxidation of olive oil 
under light storage by its light-filtering etTect. The 
antioxidant effectiveness of the other pigmenIs. when 
added to soybean oil at 0. IO. 2.5 and 50 ppm. was the 
same as &carotene under the same illumination time. 

By comparing the antioxidant ability of each pig 
ment. lutein possessed the highest antioxidant etfective- 
mess during the initial illumination period. However, 
its antioxidant ability gradually decreased and reached 
a plateau as illumination time increased to 7 days. 

f3-Carotene had a higher antioxidant ability than 
ocdrotene. The antioxidant abilities of violeoxanthin 
and TOPE were quite siiilar, probably because the 
latter constitutes about 64% violeoxanthin. 
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