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Improvement of Chlorophyll-photosensitized Oxidation of Fish Oil-enriched
Emulsion by Sesame Oil Addition and Antioxidant Content Changes

Sojin An, Edwald Lee, and Eunok Choe*
Department of Food and Nutrition, Inha University

Abstract This study was performed to evaluate the effects of sesame oil addition to a tuna oil-enriched emulsion during
chlorophyll-photosensitized oxidation. The emulsion principally consisted of tocopherol-stripped canola and tuna oil with
or without sesame oil, acetic acid, phospholipids, and xanthan gum. Chlorophyll b was added to promote the production
of singlet oxygen upon exposure to light. The oxidation of oil in the emulsion was evaluated by determining the peroxide
value (POV) and conjugated dienoic acid (CDA) contents. Concentrations of minor compounds in the emulsion were
monitored. Increasing POV and CDA contents in the emulsion were paralleled with decreased docosahexaenoic acid during

oxidation, and oxidation was inhibited by the addition of sesame oil.

Chlorophyll, polyphenols, tocopherol, and

phospholipids were degraded during oxidation of the emulsion; however, their degradation was slowed down by the
addition of sesame oil. Lignans in the emulsions containing added sesame oil were barely changed, suggesting that they
quenched singlet oxygen physically. Polyphenols were the most effective in improving the stability of tuna oil-enriched

emulsions during chlorophyll-photosensitized oxidation.
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FF=e-C3 A+ refined, bleached and deodorized)®} 715 (%
& F S CT (Seoul, Korea)oll X 43I, FHe
U] 2# 7K Dagjeon, Korea)ZFE 3¢ ®och. FhEeHie =4t
(66.0%), 21&=a4H20.4%), B1=ANH7.0%), U EAHE.6%), 2=El
OI2AH2.0%) 2 TSN, FXFe T ELH21.6%), SE4t
(20.8%), DHA (20.8%), EPA (12.1%), ollo]ZA4K6.9%), BV E
S$22H6.7%), ZElol24H4.3%), PIE~EAN4.3%), BEalAH2.2%)
o2 AU 5L EuEih43.3%), SE4H41.0%), 2
EA2H10.3%), FHEAH(10.3%), ZEIOLEAHS5.3%)02 A AT

TRzl A fol EAlsle EIHE T nEEe 4
Ak d2uy 28 G2uEI9((10)E o)Este] AAS 3
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oil, PTO) & 43, A& 53] 3l ¢4Fug Y2 WS At
ol —50°Cel] Wi AREAIZEA] Bastdinh. e, 229 b,
14% BE-HI€rL, o-, y-, 8-EZHEZ, AAE, A, 7434
Folin-Ciocaltew’s phenol A] ¢} Sigma-Aldrich (St. Louis, MO,
USA)NIA Y393, Thermo Fisher Scientific (Geel, Belgium)
oAl gt AALAL A &AM feEfdk PESF PC7F 14:190 &
SHEol At} AkAl Belg 93l ol Ak FFELS Supelco
(Bellefonte, PA, USA) A|ZF°]%3., HPLC & n-33}, ool g
#e, ofldolAE|olE, Wehe, &2 J.T. Baker (Phillipsburg, NJ,
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7% PCOS} PTOE 2:1 ¥A v|2 E33a, A715e] A=
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Germany)= 6 i &< #AsFete] FAF B AHH(pH 3.62)
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C18 AH(5.0 um, 4.6x150 mm, Waters, Milford, MA, USA)S A}
B3935 ool EH Ol E WErE:E9 E3H8-9(50:37.5:12.5,
vVVYE ARESEY] B 15mLe] £ §E3AF T ol UV
AE7] 4L 438mmoleh. 222 $HY AFe 1F F
22 o]g3te T3 er Hl9¥le Redfearn 3 Friend<]
W 13)el] wet FE2d 0.01M GAS 7lete] Alxste] A
et oEd 7t 29 QA ke greutaEntE T
¥ (thin layer chromatography, TLC)Z} %IA] &H]| €% (densitome-
try)yS ARE-St] FETH12). AEd 7t T8 EEEXEAEE
(95:5, vv)e] Egol ds] =2l F 0.1 mLE Fste] Hel7t
Aol F¥E TLCHO| FA% &, FE2 X5 WS 5(75:25:3,
viviv)e &gl E31E TLC chamberdll A A7RAIZ T A7)
T 2g9 802 A7 5t ESAIZ] chamberol| A 1027 &
AAFN AL, THA] 5% ARG 1027 @ § F2 shed 100
°C Q24 1027 79 WAAZTE XA TS tA|Ev|
E{(Model GS-700 Imaging densitometer, Bio-Rad, Hercules, CA,
USA)S AH&-3te], 5 PES} PCo Ao =RE T3
EFHAE 2 HPLCE ol&ste] T3l am(12), gl
Zt & 0.1gS n-H2F 1mLol] =°]3 PTFE membrane filter (0.2
umx13 mm; National Scientific Company, Scottsdale, AZ, USA)
Z o3gt & 20 uLE Younglin 9100 HPLCO A-5AIEFY7]
(YL 9150 Autosampler, Younglin)E ©]&-3lo] Fd3IATh p-
Porasil™ Z#(3.9x300mm, 10pm ID, Waters, Milford, MA,
USA)S AME3I01L, 018740 2= ndiho| 222 hgo] &3H8
9(99.8:0.2, vvye ARl B 20mLe] 22 SE3AFH
oluf FFHAE719 AL excitation 290 nm, emission 330 nmo]
o, EFdE s A I EFHES o83t Al
AHE, MARRL AlAER 59 lad SgE2 Sep-pak silica



A5 A7 ol B olg A 129

cartridge (long body sep—pak Plus; Waters Co., Milford, MA,
USAYE ©]&3td 7o 2fE Ads e Eees A7
3l & HPLCE &4 o}‘ii\:‘r(14). =, AR 02g2 FHsle] Azg)
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4CoX 20 S ARE Eesldith s dS SRTFE 34
3}al, Folin-Ciocaltau A12FS o] 3E7F HXA1Z1 § Na,CO, X
st &9 05mLE ¥ SRTE FEIL T 5 AXA
T Visible Spectrophotometer (Thermo spectronic, Rocherster,
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Table 1. Chemical characteristics of emulsions

Sesame oil-added

Characteristics Control emulsion

emulsion
Peroxide value (meq/kg) 3.86+0.20*" 0.72+0.00°
Conjugated dienoic acid (%) 0.47+0.01* 0.44+0.00°
Fatty acid composition (%)
14:0 1.21+0.00* 1.04+0.01°
16:0 8.57+0.06* 8.82+0.01°
16:1 1.77+0.06* 1.574+0.01*
18:0 2.9240.06° 3.38+0.04*
18:1 48.73+0.02* 46.714£0.05*
18:2 14.76+0.02° 19.26+0.17°
18:3 6.03+0.02° 5.21+£0.07%
20:1 3.52+0.03* 3.17+0.06*
20:5 3.48+0.01* 2.99+0.01°
22:6 9.01+0.01° 7.84+0.07*
Chlorophyll b (mg/kg) n.d.? n.d.
Pheophytin b (mg/kg) 27.63+0.44° 28.41+0.47%
Phospholipid (mg/kg)
PE 9,430+457° 9,550+28°
PC 6,070+28° 6,160+£139°
Total 15,500+£486° 15,710£167°
Tocopherol (mg/kg)
o- n.d. n.d.
Y- n.d. 99.84+3.16
d- n.d. n.d.
Total n.d. 99.84+3.16
Lignan (mg/kg)
Sesamol n.d. 4.91+0.03
Sesamin n.d. 112.42+0.08
Sesamolin n.d. 52.70+0.24
Total n.d. 170.03+0.03
Polyphenol (mg/kg) n.d. 11.92+0.01

"Different letters are significantly different values between two emulsions
at 5%.
?Not detected
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Fig. 1. Effects of sesame oil addition to the emulsion on the
peroxide and conjugated dienoic acid values during chlorophyll-
photosensitized oxidation of tuna oil-enriched emulsion at 25°C
and 1,700 lux. - @-; Control emulsion without sesame oil addition,
-[-; Sesame oil-added emulsion. "Different letters are significantly
different values at 5% level.

ZHo]  0.5291 meg/kg/h,  0.0028%/h=Z, hZ(0.6607 meg/kg/h,
0.0043 %/h)ell HI3 RTH2>0.97). )AL F7ES Hre F
A 17} odde] sl W EFNE, gad sgE, £
Yl 22 Ashix] GEES] ks *@é A & X
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B oldde Ahsl A w2 IIskERLT EPA, DHA, gl=#it
T LH7E3 AAke] we A #E S AR Alsdn
(16-18).
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Wk ) e Skee, web BT TSR
el Us N fAlel A8k Wrlshe AR o) guo]
ATH16,19). 22D EA) ol olFHe) FA3} F e
3, FolFA, Us Mg S AsERE A)Ee] Ak
ARG Bt qHAY JABREAAS MAXTE RS 4 ¢
Qom, oldle F1gdlA feE EdnE, oad s,
o} e AshA gRo] 7]eige Row AlRH,

¢

¢

Jut
¢

mm o)

=]

g be g 4 iZﬂE& Oj}@l JLA% bE A

= A sloll 25°C, 1,700 luxe] Weil
A 48X 7F < *&i}f\lzi% o oo ¥l sk Table 49}
2tk F22L g oddde] 7IESlA HAEEReH, o
z73 ANES F7 A B oldAe) Hoevd b & g
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Table 59} 7t} odA g-FH QAAWE L PES} PCE F2 Al
H3(98.90-99.33%)°1 $HrElo] AL, EFd= 2% FHiE ol
AATH(1.07-1.28%). 223 715S Hrie FAAH 274 old

A9l PE & shEe Akl A Zbzt 9428, 9,554 mgkg, PC & &
g2 77F 6,072, 6,163 mgkgel oLy, oldde] FAaksl F fo

Table 2. Regression analysis between peroxide value (POV)/conjugated dienoic acid (CDA) contents of the oil in tuna oil-enriched
emulsion and time during chlorophyll-photosensitized oxidation for 48 h at 25°C and 1,700 lux

POV CDA contents
Samples Regression parameters"
a r a b r
Control emulsion 0.6607 3.8988 0.9990 0.0043 0.4626 0.9795
Sesame oil-added emulsion 0.5291 0.5673 0.9993 0.0028 0.4430 0.9995

YPOV (meq/kg) or CDA contents (%)=axtime (h)+b, with determination coefficient,
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Table 3. Fatty acid compositions (relative %) of tuna oil-enriched emulsion after 48 h chlorophyll-photosensitized oxidation at 25°C and

1,700 lux
Samples O’“daggn time 14:0 16:1 18:0 18:1 18:2
Control emulsion 0 121£0.00%  857£0.06'  1.7740.06'  2.92£0.06'  48.73£0.02°  14.76:£0.02°
48 123£0.0°  8.67£0.01°  1.83:0.00°  2.90:0.00°  48.70£0.05°  14.830.00°
Sesame oil-added emulsion 0 1.04£001°  882£0.01°  1.5740.01°  3.3840.04°  46.71£0.05  19.26+0.17°
48 104£0.01° 884003  1.59£0.01°  339£0.02°  46.63£0.11°  19.28+0.05°
18:3 20:5 22:6 U/S ratio"
Control emulsion 0 6.03£0.02°  3.524003°  3.48:001°  9.0120.01°  6.88+0.01°
48 6.0240.03  3.6140.00°  3.5040.01°  87140.03°  6.81+0.02°
Sesame oil-added emulsion 0 5212007 3.17:0.06°  299+0.01°  7.8440.07  6.55£0.01°
48 526:0.16°  3.12+0.03°  3.0040.04°  7.85£0.04°  6.53£0.00°

UContent ratio of unsaturated fatty acid to saturated fatty acid
IDifferent letters are significantly different values between 0 h samples and 48 h samples in each sample and each fatty acid or U/S ratio at 5%

level.

Table 4. Pheophytin b contents (mg/kg) in each phase of tuna oil-enriched emulsion with/ without sesame oil addition during
chlorophyll-photosensitized oxidation at 25°C and 1,700 lux

Oxidation time Control emulsion Sesame oil-added emulsion
() Oil layer Interfacial layer Total Oil layer Interfacial layer Total
0 26.48+0.45"" 1.15+£0.01* 27.63+0.44™ 27.2240.52* 1.18+0.04* 28.41£0.47°
(100)? (100) (100) (100) (100) (100)
6 23.07+0.15% 0.74+0.04° 23.810.11™ 23.26+0.31° 1.08+0.04* 24.34+0.29°
(87.12) (64.56) (86.19) (85.44) (91.59) (85.70)
12 19.18+1.10° 0.49+0.00° 19.67+1.09¢ 21.79+0.83¢ 0.75+0.01° 22.55+0.84°
(72.44) (42.28) (71.19) (80.06) (63.60) (79.37)
30 13.77+0.44" 0.21£0.06° 13.98+0.38" 18.79+0.67° 0.44+0.03 18.90+0.65°
(52.02) (18.19) (50.61) (69.00) (37.02) (66.53)
48 6.98+0.53¢ nd? 6.98+0.53¢ 13.43+1.00° 0.100.00" 13.53+1.00"
(26.37) h (25.28) (49.32) (8.78) (47.63)

UDifferent superscript means significant difference between samples in each layer by Duncan’s multiple range test at 5% level.

JRetention based on the zero oxidation time
9Not detected
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Table 5. Phosphatidylethanolamine (PE) and phosphatidylcholine (PC) contents (mg/kg) in each phase of tuna oil-enriched emulsion
with/ without sesame oil addition during chlorophyll-photosensitized oxidation at 25°C and 1,700 lux

idati Control emulsion Sesame oil-added emulsion
Oxidation
time (h) Interfacial layer Water layer Total Interfacial layer Water layer Total
9325.83+£452.80%D 120.80+4.85° 9428.62+457.65®  9490.59+452.80% 103.94+2.99* 9554.53+28.04%
0
(100)? (100) (100) (100) (100) (100)
6 8678.49+171.79>¢ 31.03+£2.61° 8709.52+169.17%¢  8856.17+185.63* 90.84+3.33° 8947.01+188.95%*
(93.06) (30.19) (92.37) (93.71) (87.39) (93.64)
PE 12 7333.22461.07 15.37+0.16¢ 7348.58+61.24°  7970.57+231.00% 55.30+2.33¢ 8025.87+228.61%
(78.63) (14.95) (77.94) (84.34). (53.20) (84.00)
30 6339.94+301.58" 6.52+0.08 6346.45£310.508  6986.27+301.58%" 46.80+3.33¢ 7033.06+284.85™
(67.98) (6.34) (67.31) (73.92) (45.20) (73.61)
5127.19+120.81 3 5127.19+120.81" 6259.49+13.72¢ 26.49+2 48 6285.99+11.24¢
48 nd.”
(54.98) e (54.38) (66.23) (25.49) (65.79)
5838.34+46.68°)  233.76+18.41%® 6072.10+28.28" 5924.47+131.36° 239.14+8.03* 6163.61£139.40°
0
(100)? (100) (100) (100) (100) (100)
6 5638.07+37.39% 196.62+23.36° 5834.69+60.75%  5752.48+91.54%° 204.38+19.21%  5956.87+110.75%¢
(96.57) (84.11) (96.09) (97.10) (85.47) (96.65)
PC 2 4723.63£72.26%"  103.84426.71°"  4827.47+98.97°! 51654115291  162.15£11.19  5327.56+164.11*
(80.91) (44.42) (79.50) (87.19) (67.81) (86.44)
30 4160.10+127.28%  66.99£14.282"  4227.09+113.007  444.60+122.12°% 149.56+4.72°  4594.17+117.41%
(71.25) (28.66) (69.61) (75.02) (62.54) (74.54)
48 3507.28+81.15" 25.8240.62 3533.10£81.778  3952.94+126.34%" 110.01+8.47¢ 4062.96+134.81%
(60.07) 6.97) (58.19) (66.72) (46.00) (65.92)

Different superscript means significant difference between samples in each layer by Duncan’s multiple range test at 5% level.
JRetention based on the zero oxidation time
Not detected

Table 6. Contents (mg/kg) of tocopherol, polyphenols, and lignans of tuna oil-enriched emulsion with sesame oil addition during
chlorophyll-photosensitized oxidation at 25°C and 1,700 lux

o Lignans
Oxidation time (h) y-Tocopherol Polyphenols - -
Sesamol Sesamin Sesamolin
0 99.84+3.16*" (100)? 11.92+0.01¢(100) 4.91+0.03*" (100)? 112.42+0.08" (100) 52.70+0.24* (100)
6 85.04+0.25"(85.18) 11.91+0.00°(99.92) 4.87+0.09° (98.72) 110.48+0.11°(98.72)  52.06+0.28" (98.79)
12 84.17+0.86"(84.31) 11.90+0.01°(99.81) 4.83+0.03" (97.85) 110.45+0.15°(98.25)  51.86%0.15° (98.41)
30 72.82+5.58¢(72.94) 11.61£0.019(97.40) 4.90+0.06" (99.45) 110.32+0.19°(98.13)  52.65+0.19* (99.91)
48 65.37+1.72¢(65.48) 11.04+0.01°(92.57) 4.90+0.04% (99.35) 110.18+0.08° (98.01)  52.49+0.11% (99.60)

UDifferent superscript means significant difference with respect to oxidation time in each antioxidant by Duncan’s multiple range test at 5% level.

JRetention based on the zeroth oxidation time
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Table 7. Regression analyses between antioxidant retention (%) and time during chlorophyll-photosensitized oxidation of tuna oil-
enriched emulsion with/without sesame oil addition at 25°C and 1,700 lux for 48 h

Regression parameters"

Photosensitizer/Antioxidant

Control emulsion

Sesame oil-added emulsion

a b r a b ”
Pheophytin b 0.0276 4.627 0.9814 0.0143 4.573 0.9798
Phsphatidylethanolamine 0.0123 4.575 0.9719 0.0086 4.577 0.9682
Phosphatidylcholine 0.0112 4.587 0.9579 0.0089 4.598 0.9801
y-Tocopherol 0.0080 4.544 0.9310
Polyphenols 0.0016 4.615 0.9097

YLn (retention; ([A]/[A],, where [A], and [A] are residual contents (mg/kg) of pheophytin or antioxidants before and after oxidation, respectively)

= —axtime (h)+b, with determination coefficient, >

Table 8. Regression analysis between antioxidant contents (mg/kg) and peroxide value (POYV, meq/kg) or conjugated dienoic acid (CDA)
contents (%) of tuna oil-enriched emulsion during chlorophyll-photosensitized oxidation at 25°C and 1,700 lux

POV CDA contents
Antioxidants
a b r a b r
Phosphatidylethanolamine -0.0075 71.28 0.9511 -5%107 0.8737 0.8957
Phosphatidylcholine -0.0119 73.65 0.9493 -7x107 0.88586 0.8823
y-Tocopherol -0.7438 7131 0.8863 -0.004 0.819 0.8871
Polyphenols -26.01 3145 0.9097 -0.1383 2.113 0.9099
Sesamol 73.62 -348.7 0.0648 04118 -1.513 0.0717
Lignans Sesamin -7.176 805.6 0.4126 -0.038 4.708 0.4097
Sesamolin 7.614 -387.9 0.0740 0.0422 -1.712 0.0804

DPeroxide value (meq/kg of oil)/CDA contents (%)=axantioxidant contents (mg/kg)+b, with determination coefficient,
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