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Effects of Chlorophyll Addition and Light on the Oxidative Stability and
Antioxidant Changes of Perilla Oil Emulsion

Jeesu Choe and Eunok ChoeT

Department of Food and Nutrition, Inha University

Abstract

Lipid oxidation and antioxidants changes in perilla oil emulsion added with chlorophyll were studied during storage in the dark or under
1,700 lux light at 25°C for 48 h, The emulsion was consisted of perilla oil (33.12 g), 5% acetic acid (66.23 g), egg yolk powder (0.5 g), and
xanthan gum (0.15 g), and Chlorophyll b was added to the emulsion at 0, 2.5 and 4 mg/kg. The lipid oxidation was evaluated by
headspace oxygen consumption and hydroperoxide formation, and tocopherols and polyphenols were monitored by HPLC and
spectrophotometry at 725 nm, respectively. The lipid oxidation of the perilla oil emulsion in the dark was not significant regardless of the
addition of chlorophyll, Light increased and accelerated the lipid oxidation of the emulsion, and increased addition level of chlorophyll under
light increased it further, However, there was no significant change in fatty acid composition in any case. Contents of tocopherols and
polyphenols in the emulsion were not significantly changed during storage in the dark regardless of chlorophyll addition, indicating their little
degradation, Tocopherols and polyphenols in the emulsion were significantly degraded during storage of the emulsion under light, and the
degradation rate of polyphenols was increased with addition level of chlorophyll. The lipid oxidation of the perilla oil emulsion was inversely
related with the residual amounts of tocopherols and polyphenols, with more dependent on the retention of polyphenols than that of

tocopherols,
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Table 1, Effects of chlorophyll on the headspace oxygen consumption and hydroperoxide contents in perilla oil emulsion during

storage at 25°C in the dark

Addition level of

Storage time (h)

Oxidation parameter chlorophyll
(ma/kg) 0 6 12 30 48

Headspace oxygen 0 0.00+0.05"” 0.05+0,02" 0.08+0,00°" 0.10+0,00%" 0.1510,04®
consumption 25 0.00£0.05" 0.050.05" 0.08+0,00°" 0.07+0.00%" 0.09+0,00%"
(umole O,/mL) 4 0.00+0,05" -0,04+0,08 0.03+0,02" 0.04+0,04" 0.1140,03*"
‘ 0 0.44+0.12’ 0.4120,02" 0.46+0,02° 0.4720,027 0.5520,01"
Hydroperoxide contents i i . i i

(mmole CuOOH/kg) 25 0.44£0.12 0.45%0.04 0.5150.03ij 0.52+0.03 0554003
moe LU & 4 0.44+0.12" 0.36+0.05 0,440,027 0.54+0,00" 0.6310.02"

" Diffferent superscript means a significant difference

among samples in each oxidation parameter by Duncan’ s multiple range test at 5%.
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Table 2, Regression analysis between storage time and headspace oxygen consumption or hydroperoxide contents of

the perilla oil

emulsion added with chlorophyll b during storage at 25°C for 48h under light

1
parameters”

Addition level of Regression
chlorophyll Headspace oxygen consumption Hydroperoxide contents
(mg/kg) a b Z a b JE
0 0.007 0.007 0.994 0.0158 0.523 0.967
25 0.018 -0.006 0.999 0.0665 0.466 0.987
4 0,022 0.043 0.994 0.0928 0.594 0.982
b Headspace oxygen consumption (#mole OymL) or Hydroperoxide contents (mmole CuOOH/kg) = a x storage time (h) + b, F=determination
coefficient
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Fig. 1. Effects of chlorophyll on the headspace oxygen

consumption and hydroperoxide contents in perilla oil
emulsion during storage at 25°C under 1,700 lux light (
® ; chlorophyll addition at 0 mg/kg, A ; 2.5 mg/kg,
X ; 4 mg/kg)
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Fig. 2. Fatty acid compositions(relative %) of perilla oil emulsion during storage at 25°C in the dark and under light (

: palmitic acid, .; stearic acid,

oleic acid, Hﬂ]; linoleic acid, [l; linolenic acid).

" Diffferent letters in the bar mean significant differences among samples in each fatty acid by Duncan’ s multiple range test at 5%.
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oSS FHE W EAlsl AR Azl weh fol
a7l Aadiglen], «Emdgo] the olddAel va) 7
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5718 ¥ 4 g ol 4dAe fEe 2 Aol
7 Qglens dEd A% F e RSl Tl
49} o] 271gk div] A Fom et F=zd 3
74l 0, 25, 4 mgkgdl 715 oEAe] 48t AAEL
% madge Ba &Eb 98 AUd Aol 27

0.046, 0.049, 0.056%/h, ¥ &EA 3follX= 242 0.307, 0.357,

=

0.351%/h2 el EAo o8] EzuE Eai= vl$ 71453}
HAou F28d Hrigd wE ol A gl oA
2 2 EAt FR2d o) AE dFgatrdl st
EIsE &7 2go] sty J|AHTE By 7|dd
ofdf o]FAHEE AT F, ¥ Fro FREZEL O
e o dFaE AAEIER o) A fg E
| Eo] B wo| Fastal wehr] 3t 7)de og o
Tt 2A9 AE EFHEY B FREd swU)
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Table 3. Effects of the chlorophyll addition on the content change of tocopherols in perilla oil emulsion during

the dark and under light,

storage at 25T in

Addition level of

Tocopherol contents (mg/kg)

Storage
chlorophyll time (h) s Total
- - - ota
(mg/kg) a Y
0 17.33£0.36™7 122.99+0,51" 28.49+0.17" 168.80+0.86"
(100)” (100) (100) (100)
¢ 17.5040,03" 122.8040.85" 27.1840,07™ 167 48+0.81"
(100.99) (99.85) ©542) 99.22)
0 b 17.43+0,31° 122.77+0.62" 2670011 166.9120,19™
(100.56) (99.83) (93.74) (98.88)
3 17.27+0.19" 122,09+0 85" 26.4120,61™% 165,760, 27"
(99.62) 99.27) (92.69) (98.20)
i 17.1340,09™ 121194032 26,360 327 164.68+0,00™*
(98.83) (98.54) (92.54) (97.56)
0 17.33+0 36" 122.99%0,51" 28494017 168.8020.86"
(100) (100) (100) (100)
¢ 17.05+0,03"™% 122.3340.26" 27.3810.40™ 166,760, 16abc
98.37) 99.47) 96.11) (98.79)
Dtk 25 0 16.960,02™ 12191£0.22° 27.2840,10° 166,160 35
: ©788) (99.13) ©95.77) (98.43)
5 16.84+0,20™ 121.52+0.47" 26.8510,06™* 165.20+0,61"%
(97.14) (98.80) (94.24) (97.86)
8 16.660,01°% 121,0140.12" 26,4940 32™ 164.16+0,20°
(96.15) (98.39) (92.98) (97.25)
0 173340 36™ 122.99%0,51° 28494017 168.8020.86"
(100) (100) (100) (100)
¢ 16.95+0,38" 121.77+0.12" 27414071 166.13+0.21°
(97.80) (99.01) 96.21) (98.41)
; L 16.80+0,26" " 121.23+0.89™ 27.06+0,19™¢ 165.08+0,34™*
96.91) (98.57) (94.98) 97.79)
3 16,57+0,01% 120824057 26,520,05™ 163914051
©5.61) (98.24) (93.09) 97.10)
8 1641401778 1207420 47" 26,30+0,30™ 163.45+0.94™
(94.67) (98.18) (92.33) (96.83)
0 17.33£0.36™ 122.99+0.51" 28.49+0.17" 168.8010.86"
o) (100) (100) (100)
p 15.85+0,08" 120,3240.14™ 27 774020 163.93+0,14
©1.43) (97.83) 97.48) ©97.11)
0 L 15.23+0 41" 116.28+0.91° 27.20+0,28™ 158.71+0.78*
(87.86) (94.55) (95.49) (94.02)
5 14.28+0 37 111.03+0,57 26.15+0,22°* 151.46+0.98'
(82.38) 90.28) 91.81) (89.73)
8 11.40£0 40" 106.56+0.02¢ 24874056 142.8240,05"
(65.75) (86.64) 87.31) (84.61)
0 17.33£0.36™ 122.99+0.51° 2849+0.17" 168.80+0.86"
(100) (100) (100) (100)
6 16.1740,034" 116.4240,01° 28,1240 36" 160.70+0.40%
(93.28) (94.66) (98.70) 9520
Lidht 25 L 15.55+0,06i] 110.89+0.76° 27.65+0,13"™ 154,09+0,56"
8 ' (89.74) 90.16) ©97.07) ©129)
3 14,50+0.05' 10511081 26,0240.17° 145632060
(83.08) (85.46) 91.35) (86.27)
e 11.66+0,01™ 101,19+0,17% 25,000,137 137.85+0.28'
(67.27) (82.27) (87.78) (81.66)
0 17.330,36™ 122.99+0.51" 28494017 168.80+0.86"
(100) (100) (100) o)
¢ 16.32+0,55%" 118,58+0,83™ 27,2240 34™ 162.12+0,05
(94.15) (96.42) (95.55) (96.04)
4 o 15.84+0.38" 113 49+0 24 26.57+0,02"% 155.89+0.12"
(91.39) 92.28) 93.27) (92.35)
% 14.70+0,31" 107.49+0.76° 25300308 147 49+0.15
(84.81) (87.40) (88.82) (87.38)
8 11.78+0.30" 102.91%0.93"% 24.12+0,02° 138814065
(67.99) 83.67) (84.67) (82.23)

U Diffferent superscript means significant differences among samples in each oxidation parameter by Duncan’ s multiple range test at 5%.

? Retention based on the content at zero time
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Table 4, Effects of chlorophyll addition on the regression analysis between storage time and tocopherol retention of perilla oil
emulsion during storage at 25C for 48 h in the dark and under light

Addition level of

. 1
Regression parameters’

chlorophyll Tocopherol Dark Light
(mg/kg) a b 7 a b £
a- -0.036 100.68 0.697 -0.634 97.646 0.950
0 7- -0.030 100.08 0.973 -0.274 99.115 0971
0- -0.122 97.226 0,604 -0.252 99.253 0.988
Total -0.046 99.660 0.939 -0.307 98.987 0.981
a- -0.068 99.215 0.864 -0.621 98.711 0.964
25 - -0.030 99.732 0.902 -0.341 97.068 0.895
’ 0- -0.118 98.096 0.769 -0.264 100,06 0.992
Total -0.049 99.403 0.849 -0.357 97.741 0.944
a- -0.097 98.801 0.854 -0.615 99.467 0.964
4 - -0.031 99.401 0.673 -0.327 98.228 0.945
0- -0.136 97.930 0.775 -0.295 98.132 0.953
Total -0.056 99.097 0.748 -0.351 98.339 0.966

1)Tocopherol retention (% based on zero time) = a x storage time (h) + b, r=determination coefficient

In the dark

Pheophytin confents { mghkg)
(i1
(&1}
&
HH
u:p w
'
1
|
B
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Storage time (h)

Under light

Pheophytin confents { mgkg)

0 10 20 30 40 30
Storage time (h)

Fig. 3. Content changes in pheophytin added to the
perilla oil emulsion during storage at 25°C in the dark
and under light ( ® ; chlorophyll addition at 0 mg/kg,
A ;25 mg/kg, X ; 4 mg/kg)

Baste] Ay 247t 0 -EIHEY o« EIWES Al
Aol =Lo] HuE #H QU(Reische DW 5 2002;
Yanishlieva NV = 2002). L2} whje] A% HuEHE
d/Jung MY$} Min DB 1990), EZFE oA AA o] w}E o
A2 F Aspga] A zpole vhE v R 24 ¢ 2
F T2 5 o8 22 ugt & Uehd & Ut (Lea CH
9} Ward RJ 1959).

2229 7l e 9o E4d g 575 odde] A
A T Zede EE g% wsle rg 49 2o EV1E
dde F Zdle E FHS 19.02 mgkgole
Yol zekyl AJelolA] 48A17 et A & F2=d Ut
of 2 fgt Zolglo]l 91%(17.3 mg/kg)ol’de] ZEdlE
slgtEo] AESILE oA Wol AdE AHddAM E7]E
oEde sl T ZEve e Eele aA ks
yepdch 28y Yo &4 sfellx F22de] HrbEHA &
2 V8 ddAdA ZEde e EilE S8R
4817 & F SRS %719 76% w9t (14,29 mg/kg)o|ATE.
wst Z229e] #Huleko] 0, 2.5, 4 mgkgl R ZFVIEASE
289 E agE #Ix FUlste 3047 A% & 47 2
713%k9] 76.29, 69.92, 62.74%7} FHESICE o] Hleo] EA|
7} E718 dEHAM ZEdeE FEEY EHE STMIFHL
W F22d9 ke oE Y ITMAHSE vEkth
ole} o] Uy} FEadd o3 F7tE FEdE sEe
e e B U EAdA F22dd o8 ARE de
Fakrg 93k S7HE E71E olEde ks JAs] ¢l

= 3gtEo] AP AARA 285 A BHo)
Aoz AZtdY, Zede EES EIHES nt
AZ FA9 FdslelA gz 9 dFeitr AAE B3t
o] FA AsE JAAIFTHChoe E9F Min DB 2009).

Table 52 E71% EdY A = w2 Zgde 3}
e HAEEE 27|% div Ad gEem gk AAE
HoZoh 2239 #Avleko] 0, 2.5, 4 mg/kg?l olEA 48
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Table 5, Effects of chlorophyll addition on the regression equation between storage time and polyphenols retention in perilla oil

emulsion during storage at 25°C for 48 h in the dark or under light

Addition level of

. 1)
Regression parameters

chlorophyll Dark Light
(mg/kg) a b 4 a b 7
0 -3.766 18.86 0.891 -9.282 18,01 0.766
25 -2.682 18.81 0.871 -11.11 17.56 0.714
4 -3.424 18.86 0.941 -13.35 17.17 0.717

7 Polyphenols retention (% based on the content at zero time) =

a x storage time (h) + b, r=determination coefficient

Table 6. Effects of chlorophyll addition on the regression equation between contents of tocopherols/ polyphenols and headspace

oxygen consumption/ peroxides contents in perilla oil emulsion during storage at 25°C for 48 h in the dark or under light

Addition level of

. ]
Regression parameters

Antioxidants chlorophyll Dark Light
(mg/kg) a b £ a b 4
0 -0.0340 5.7354 0.9759 -0.0135 2.2657 0.9830
Tocopherols 25 -0.0183 3.1008 0.8565 -0.0274 45325 0.9346
Headspace oxygen -0.0176 29481 0.4830 -0.0357 5.9806 0.9795
consumption -0.0035 1.2263 0.8292 -0.0585 1.0918 0.7582
Polyphenols 25 -0.0532 1.0306 0.7538 -0.1114 2.0502 0.6940
4 -0.0003 1.2356 0.7208 -0.1203 22157 0.7606
0 -0.0277 5.0183 0.7271 -0.0304 5.5980 0.9938
Tocopherols 25 -0.0261 4.8293 0.8570 -0.1027 17.490 0.9210
Hydroperoxide 4 -0.0342 6.1474 0.4572 -0.1513 25755 0.9631
contents 0 -0.0338 1.4403 0.6845 -0.1393 3.0804 0.8590
Polyphenols 25 -0.0828 2.0088 0.8999 -0.4112 8.0704 0.6615
4 -0.1371 29781 0.7748 -0.4957 9.5969 0.7075
1)Headspace oxygen consumption (g#mole OymL) or Hydroperoxide contents (mmole CuOOH/kg) = a x antioxidant contents (mg/kg) + b,

r=determination coefficient

ARE AFEet & EEdlE sRtEY w8 = s A
& AJElolA Zhzh 3,766, 2.682, 3.424 %/h, W EA] Bhol|A]
Z¥zy 9282, 11.11, 13.35 w/h= We] EAd o) ZgH&
sI3tEe] ®dllv EIAER FARH WS JiEsEe
4 ZA3tellN S22 Hriske] FU1stel wet e
ﬂ%‘%ﬂ il Sxv SR ol 22 71 deEA
s} Z 270 tiv] A e s :rL??_ ZgdE 3

EFHEY E3] &% (0.307~0.357%/h)
Fol, 9l EA3}d %ﬂéoﬂ oj3)] A4
gt 38ty AA Fgo] EdE HF
A= @W” of 93] t @o] o]FANSES dAls}
w%‘*&iA s}etd A AsPAAe] ksl 9 2ElE 2
Zf3FcH(Choe ESF Min DB 2000).
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Fig. 4. Effects of chlorophyll addition on the content

change of polyphenols in perilla oil emulsion during
storage at 25°C in the dark and under light ( ® ;
chlorophyll addition at 0 mg/kg, A ; 25 mg/kg, X ; 4
mg/kg)
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