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Changes in Fat-Soluble Components (Fatty Acids, Vitamin A, and Vitamin E)
of Different Parts of Chicken by Different Cooking Methods
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Sang Hoon Lee3, Jingbong Hwang4, Dongwon Seo4, and Jin-Sik Nam'™®

!'Food Analysis Research Center and “Department of Food and Nutrition, Suwon Women's University
“Department of Food Science and Biotechnology, Chungbuk National University
JFunctional Food & Nutrition Division, National Institute of Agricultural Science, RDA
4Department of Food Analysis, Korea Food Research Institute

ABSTRACT The effects of two cooking methods (grilling and boiling) on fat content, fatty acid composition, vitamin
A, and vitamin E levels of chicken (breast, wing, thigh, and leg) were investigated. Cooking loss was in the range
of 19.09~41.17%, and grilled chicken showed higher cooking loss than boiled chicken in all parts except the thigh.
All treatments enhanced fat content except boiled chicken breast. Fatty acid contents of chicken significantly increased
or decreased after heat treatments (P<0.05). Grilled wing showed the highest levels of saturated (SFA) and unsaturated
fatty acids (UFA), and the highest UFA/SFA ratio was detected in boiled thigh. The highest content of trans fatty
acids was detected in boiled wing (137.67 mg/100 g), although no significant difference with grilled wing (P>0.05),
and trans fatty acids in breast was not detected. The content of vitamin A tended to decrease with heating in all
chicken parts, whereas the content of vitamin E varied depending on the part and cooking method. In other words,
vitamin E content of wing decreased after cooking, whereas contents of thigh and leg significantly increased after
cooking (P<0.05). These results are helpful for choosing the best cooking method according to the part of the chicken

for proper consumption of fats and vitamins.
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1300 AMS-E ASS A71% FU dyntEA T
FAFESR FHFAAER 2A(A2013-109%)
745 2Hbreast), ¥702H(wing), &4 the] 2 (thigh),
obgitte] iHleg) 9] 47HA F-9l = FEg b AM&3H3IT

A& e =23l ethanol, ether, petroleum ether, chloro-

o

form, toluene, HCI, pyrogallol, KOH, NaCl, hexane, eth—
yl acetate, MgSO4 % isopropanol Samchun Chemical
Co.(Gyeonggi, Korea)dlld TY3st¥ o™, isooctanes
J.T. Baker(Phillipsburg, NJ, USA)ZFE T4} t}.
BFs;-methanol, BHT(butylated hydroxytoluene), #|E]l &
(retinol) ¥ EFZHE X% (a-, B-, Y-, 6-tocopherols)
< Sigma-Aldrich Co.(St. Louis, MO, USA)ll A +18}5]
o YE-EEgN o2 AM2H triundecanoin Nu Chek
Prep(Elysian, MN, USA)ZXE, FT&F=E< fatty acid
methyl estert Supelco Co.(Bellefonte, PA, USA)o] A
T943te] AFE-3FST.
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=7)(grilling) ¢} 2+7](boiling)¢] 27F4 Z2H<&
FA °F 1.5 cmZ A& ASS A AE3)

R R oF 480~500 go] Al BE g W] xg
i 719] 7§- 280°CE d¥ 2+(C3-128, MIBE,
Arnstein, Germany)dll A|52 @i 25~30% 5ok 71E3H
F 2x 2 v 200°ColA 15~20% BoF 7& vS F 7o
A 280°Cell A 15% <t 7Fdslsin. )& x84 47

52
=

2|
Al
K
o

2

£ E

[e;
’

BN
i)

)

=T
vl e A $9F 315 FH4E WA 5208 59
sro} )& Foieh. Aw B Aol v WA ForoE
BASEA ARE LS, ol RepEE T4
RS S5 FAUNFLE} 74°C] BET uA) &
detoir), QAlme} zelE At i £88 Aas
37) 918l 2 whaste] Eeloldd AE o B )

al =70°Cel BystaA Aol Agakqitt

zA ] e AETA6) wek BA s A8
5 g& #3}9 ethanol 2 mL9} HCI 10 mLE X 7}38F4]
T3 & 70~80°Ce] F2FFol A 20~4087F 7F231]
t}. 71 % ethanol 10 mLE 7}8tal 28] the AWk 33
WEE=S &7 ether 25 mLE H718) 7PHA £33 o2
ether 5715 @& BU7] 918 vPIE A7t thA] 2ot

ol
25 mL& F7kske] 107 ¥ e & AA A F1
gk FEds VY dgs i w2 E

troleum ether®} ether& 247+ 15 mL* 7}8te] 919} 2
z22+S 33 HHEEgith. & A4S 5% the 90°C dry
oven(OF-22GW, Jeio Tech Co., Daejeon, Korea)ol| ¥
AzANRoH, Axg 7] FANA #7719 S 3t

=A% FFE AEAA.

Gas chromatographyE 0|2 X|dit &2F 2 M 2N

A sk g 9 S AEFFH Y AL A2 16)e
w2} gas chromatography(GC, Agilent 7890A, Agilent
Technologies, Avondale, PA, USA)E o] &-3}o] &3}
o AlEAA As FE3H7] 93] A AlsE vy
of kel Hateo] MR EFELASTDIS! 1 mg/mL §%=9] tri-
undecanoin(C11 :0, dissolved in isooctane)¥} pyrogallol
< 247 2 mL H7bet 3 willE dEske] 70~80°Cel A
4033t FEslo] 23k Aol oF 1A% 53 WA

o] WAl t}S ether®} petroleum etherE Z+2; 25 mL
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A H7vete] 5% Fet Fwe] Eekith A o] trotA
7R 1AIZE o] A g - ether £3F FE2E8V= vl E
AL g AHA AHRsGla, drE=E
Caliper Life Sciences, Hopkinton, MA, USA)E ©]&-3}4
35~40°Cell A &S A7 8kl o171l 2~3 mLe| chlo-
roform¥ etherE 91 %9 th& 15 mLo AldHoZ &
7 BEAAE A5F71(MGS-2200, Eyela, Tokyo, Japan)
& AFEe &3 &5 E AWl 7% BFs-methanol
2 mL¢} toluene 1 mLE 7}8Fe] £33l 3 100°CollA] 45%
7 rE S g ¥Zeklal, S5/ 5 mL9) isooctane 1
mL, NazSOs 1 g& H7iete] M&sta JAg § 2=
FeNE G-l Adgdo R gt 2A4S {8
SP™ 2560 column(100 mx<0.25 mmx0.2 um, Supelco
Co)ell 9438t 2™, flame ionization detector(FID)Z
AZEsF o 28 25 170°ColA 15%3F #4413 o
180°C7HA]+= 1°C/minl.2 %5 d5A1A 1587 74
Sk $of] 245°C7HA] 3°C/mino. 2 F7HAIA 1383 414
Zth EH7F2Ql A4 f£42 0.75 mL/min, injector <&
L1 225°C, detector 2%+ 285°CE A A3t} x| 44k
o] A% BFAALS W A7 10 WA S o] &
stelon, wWdstd Agikel Ak FID A8A(FID

conversion factor, R)E ©]&3}o] A&}

>
off
4
N
3
o
=
o
]
<
Q)
o

HIEIRIo| X2f

HIEFR AS} E9] &3S =74317] 918 Als oF 2~5 g&
#3le] 6% pyrogallol-ethanol &< 20 mLE 7}&f 1083+
Z3tgith oF 7~8 mLe] 60% KOHZ A7}ste] &3tah
Ai= 137 FAR v WA71E FAste] 70°Ce]
oA 1IAIZE &F HFEA T AR A R E
sko] 2% NaCl 20 mLe} 25 mLe] +%8(0.01% BHT
exane : ethyl acetate=85:15, v/v)E A7} & 283}
NS 3k, ol 39 HHEste] FE3h
S MgSO4E &8 o ™, 100 mLe volumetric
flask® A -83}¢] hexaneo] =9 ¥ HPLC(Agilent 1200
series, Agilent Technologies, Palo Alto, CA, USA)Z #
Aslanh. 28 S MerckAHDarmstadt, Germany)9] Li-
chrosorb 100 Diol column(250 mm><4.6 mm i.d., 10 um)
S Ao, 25 25°CE FA 8 A 20 ubLsE ¢
ste] BA & vg AZ £43817] 98l hexaneol =
Ql 5% isopropanol 48 9 1.0 mL FEZ SHFIL

o

Lo o

jon

4 e 5
o OF

o
J

=Rttt vEhy B9 42 1.1% isopropanols gt
} hexaneS 1.0 mL/min® 2 E&FHA B89 0,

3]
B 2% 7] (excitation 290 nm, emission 320 nm)&E =3
o
%%

BE A= 33] o] b A digh W x5H
k2 eI A8 Aol dig FAAE = SPSS 22
23 (Ver 10.0, SPSS Inc., Chicago, IL, USA)S E3)] &4k
2 (one-way ANOVA)S A A|5te] 7} 9o M #9
A& 8l & Duncan’s multiple range test® 7%0.05

A AFAZE AA ST

AN

=
T

=}
=

Kl

21 A

P

2|2Hof mE AK2 JtELE

ZEWHGE7), 27Dl e A& 7154k (breast), &
Nk (wing), & A the] 4 (thigh) B obhthe]d(leg)d] 7t
Zree A3 A3 Table 19 YeER AT 7tz @e
19.09~41.17%<] W& Bow, WAte s A9
BE F9eA F717F 180 e hEARS YERRL
oh Ze el wet 7)o e Thseake] 41.17%, A=
WA thE|ate] 37.22%% 71 & 714 ES BT Jeon
S(12)2 £&ToldA FoH R 7P B2 AR ES
wolow, o BroloA 7 2k 7t RS VeI
I &gk w3 7H5AH11.65~33.52%)¢] thelak(17.22~
41.16%) Bt A2 7t4735S YERlthar shef & A
AAe} ZpolE BT Yangd Ko(1D)& 7FE x4 o] w&
A 37 Bl 7tdeS §7717F 60.28%= 71 9%
om g7t FE 22t 44.77%, 24.26% % SR H ATk
Baste] & A5 Az} Aolekqltt. Bowers 6(17)S &
& 7hdshe ol A] delde] Fx Wshrp wAshe o]
ul B TR 5o B i A RS
zHstA Acka s18la, 7FEAE AEet Ao T/l

whe} FHA el G vk ST, olo] wet sz
Fo FREE ohjeh Re o] utet o] S Hiol

7t zbeke] zpolo] W A wpal @l
B A, ESh 2 A4 Ao Wahe 2 Ao vk

¥, ¥337E7](fluorescence detector)E ©]&3}o] ex- ZeodfHol| ME Algel =X atgh A KXWk Z4o| H3}
citation¥} emission IS Z+7} 326, 470 nm=Z AL H A Ztdzgo] M AlSe A g 2 Ak 249
Table 1. Cooking loss of chicken by different cooking method
Breast Wing Thigh Leg
Grilling Boiling Grilling Boiling Grilling Boiling Grilling Boiling
Cooking loss (%)" 41.17 23.69 28.02 19.09 36.65 37.22 35.20 22.73

UThe cooking loss was calculated as % loss=[(weight of sample before cooking— weight of sample after cooking)/ weight of

sample before cooking] < 100.
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Ar}E]2H(11.83 g/100 g)> E712H10.53 g/100 g)> o}
o] 2H(7.67 /100 g)> 7F54H0.97 g/100 99 o= @
ghow, ol AAge] Hey A FFE 2L AT A

Aol 1.2%= 7} waL

Table 2. Fatty acid compositions of chicken by different cooking method

vl
©H

A t}e]ato] 2.8%, thelito] 3.2%

Fatty acids Breast Wing

(mg/100 g fresh weight) Raw Grilling Boiling Raw Grilling Boiling
Crude fat 0.97+0.00°7?  1.48+0.02"°  0.93+0.03° 10.53+0.07° 14.08+0.04° 13.54+0.01°

(g/100 g fresh weight)
Lauric acid (C12:0) ND?Y ND ND 36.10+0.42° 45.56+0.02° 50.74+0.61°
Myristic acid (C14:0) 8.60+0.19" 11.05+0.05°  8.51+0.35° 108.3740.25°  144.24+0.70°  144.03+1.11°
Palmitic acid (C16:0) 217.81£4.00°  335.66+1.30° 221.7146.49°  2.368.21+8.02° 3,186.73+9.39"  3,028.26+5.77°
Stearic acid (C18:0) 92.8142.11°  150.47+1.60° 98.37+1.98" 581.65+0.55°  785.76£2.42°  748.06+13.47°
Tricosanoic acid (C23:0) 45.51+0.83" 79.48+4.29°  43.10+1.01° 72.94+0.38°  100.34+0.14° 88.96+1.34°
Myristoleic acid (C14:1) ND ND ND 35.95+0.11° 48.73+0.49° 48.89+0.09°
Palmitoleic acid (C16:1) 37.89+0.42° 57.78+0.29°  37.93+2.98" 688.34+2.88°  939.63+3.08"  900.17+3.98"
Oleic acid (C18:1, n-9) 285.58+0.18°  447.82+0.73" 270.76£16.05° 4,067.79+£38.92° 5,396.55+13.14* 5,185.42+19.38"
Vaccenic acid (C18:1, n-7)  30.84+0.77° 47.4142.49°  33.38+0.59" 233.63£2.15°  314.19+0.51°  299.20+2.10°
Gadoleic acid (C20:1) 4.94+0.01° 6.85+0.07"  5.24+0.32° 36.72+0.31¢ 49.59+0.06" 48.59+0.82°
Linoleic acid (C18:2, n-6) 168.42+2.47°  238.5048.65" 143.15+3.47°  1,595.02+14.86° 2,124.57+3.55" 2,085.66+7.77°
Linolenic acid (C18:3, n-3)  7.06+0.28" 7.8440.18"  4.29+0.34° 97.13£0.76°  129.16+0.07°  128.36+0.39"
trans-Oleic acid ND ND ND 56.84+1.72° 74.93+2.44° 75.3342.14°

(C18:1, n-9)
trans-Linoleic acid (C18:2) ND ND ND 19.26+1.15° 25.01+0.30° 25.61+0.29°
trans-Linolenic acid ND ND ND 27.19+0.28" 36.81+0.02° 36.73£1.37°

(C18:3)
Total SFA 364.74+3.87°  576.66+3.28" 371.69+5.52°  3,167.28+4.90° 4,262.6248.74"  4,060.05+15.77°
Total UFA 234.73£2.67°  806.20+£7.08" 494.74+16.32° 6,754.59+£42.42° 9,002.424+14.59" 8,696.29+23.25°
Total TFA ND ND ND 103.29+021°  136.74£1.50°  137.67+£0.34°
Total UFA / Total SFA 1.47+0.02° 1.40£0.00°  1.33+0.02° 2.13+£0.01® 2.11+0.00° 2.14+0.01°

Fatty acids Thigh Leg

(mg/100 g fresh weight) Raw Grilling Boiling Raw Grilling Boiling
Crude fat 11.83+0.10° 13.53+0.06° 13.18+0.35° 7.67+0.01° 9.92+0.04° 9.17+0.18"

(g/100 g fresh weight)
Lauric acid (C12:0) 126.46+0.33" 9.79+0.10° 10.25+0.46° 12.91£0.14°  18.12+0.71° 10.10+£0.24°
Myristic acid (C14:0) 126.03£0.13*  121.2240.18°  117.33+2.81° 63.50£0.31°  82.32+£1.32°  7235+226°
Palmitic acid (C16:0) 2,733.80£17.94° 3,026.1942.15°  2,935.47+78.64°  1,709.3145.67° 2,215.1241.14" 2,048.81+47.23"
Stearic acid (C18:0) 637.32+18.38°  779.19+7.82°  740.62+17.75°  430.69+0.39°  608.46£0.70°  547.54+9.93°
Tricosanoic acid (C23:0) 74.10+3.82°  114.7543.64°  104.74+0.33" 90.80+1.97°  164.51+7.68"  130.09+2.58"
Myristoleic acid (C14:1) 39.90+0.35" 35.17+0.37° 34.18+0.71° 22.57£0.05°  28.71x0.11*  25.62+0.90°
Palmitoleic acid (C16:1) 783.05+1.34°  776.35£3.23"  762.93+17.88° 530.82+1.06° 686.92+1.64"  642.97+15.76°
Oleic acid (C18:1, n-9)  4,455.05435.66° 5,219.52+16.37" 5,088.30+142.40° 2,915.65+7.09° 3,673.69+14.60° 3,433.84+68.53"
Vaccenic acid (C18:1, n-7)  282.01+4.33"  319.12+4.10°  314.28+9.25° 180.48+0.65° 234.01+2.85"  216.16+3.28"
Gadoleic acid (C20:1) 42.68+0.76° 51.97+1.05" 50.74+1.51° 2546+£0.52°  33.49+0.70°  31.35+0.24°
Linoleic acid (C18:2, n-6) 1,743.85+11.94° 2,189.90+17.71* 2,157.64+53.28" 1,183.70+2.18° 1,516.61+14.58" 1,401.46+26.04"
Linolenic acid (C18:3, n-3)  115.0041.21°  112.67+0.55"  111.00+1.52° 65.92+0.43°  82244029°  76.57+2.11°
trans-Oleic acid (C18:1, n-9)  47.54:+0.86° 65.06+2.30" 61.88+2.48° 36.06£0.15°  47.48+1.29°  43.40+1.11°
trans-Linoleic acid (C18:2)  21.70+0.74° 23.2940.76" 22.40+1.02% 15.15£1.09°  17.82+0.90 16.07+0.60°
trans-Linolenic acid (C18:3)  32.72+0.33" 35.35+0.48" 34.80+0.98" 19.43£0.18°  24.06+0.01°  2527+1.27°

Total SFA 3,697.70428.52° 4,051.14+9.58* 3,908.41£70.71°  2,307.21+2.78° 3,088.53+4.31° 2,808.89+40.36°
Total UFA 7461.54+38.82° 8,704.71£25.58" 8,519.06£160.20° 4,924.60+£5.25° 6,255.68+21.70° 5,827.96+82.29"
Total TFA 101.96£1.36°  123.70£2.51*  119.0843.17° 70.65+0.54°  89.374027°  84.74+1.25°
Total UFA/ Total SFA 2.02+0.01° 2.15+0.00° 2.18+0.00° 2.13+0.00° 2.03+0.00° 2.07+0.00°
"Mean+SD.

Means with different letters in the same part are significantly different by Duncan’s multiple range test (P<0.05).

ND: not detected.
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ol U7t 14.9%=% 714 =& S Bt Kohet
]

Yu(18)e] 4 Avbeh zpo] & Witk olef @ Aol A
Zo2HE, GEESATAY Gl B AR Aol
A EA A EFHEA EFEA A9 ol o] uet
gebe, ae) shgake] A A9l thel e Ay %%ko]
A3 g ol 7] Mo A7hrh19,20).
CECEE R EESE S 6%%%01

HO
= ol 7tExy Al SA9F dwA
o] Ao wN AFo] FHslaL o] FEEHUY] W
o7 Ahdn. -8 7, oA, siA T A, oty
Ako] A} &S 7h7) 1.48 ¢/100 g, 14.08 g/100 g, 13.53
g/100 g3} 9.92 g/100 go & HE oA &t AS
(0.93 g/100 g, 13.54 g/100 g, 13.18 g/100 g3} 9.17 g/
100 @Rt} =& &S Ye Yt Kumarel Aalbers—
berg2D)E W5y 7|5 47149 ZeHow 223
T A e AT A, Favle] A S 13.9%
Ao T F 13.0%%2 FAsGIThal Balste] A
Ao} ako]l & Bl o] fﬂrﬂ} Aol A FEFe F-9

ek olyel WY, wol FF, A% A meA e &
Apol g Hol: Aoz A7
A Ake] A9 7SS AlQg Bl 5F ] E3HA
WAk 7Y EESAAE, 3% ERAAH] HEH Y
o} Ao 2 XHAES oleic acid(C18:1, n-9), palmitic
acid(C16:0), linoleic acid(C18:2, n-6)9] o2 wWko
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Boiling
0.33+0.02°

Leg
Grilling
0.42+0.00*

Raw

27.53+1.54° 29.20+0.42° 24.93+1.30°
0.28+0.00°

Boiling
ND

1.09+0.00*

Thigh
Grilling
ND

Raw
0.17+0.00° 1.05+0.04°

40.58+2.39"

Boiling
41.31+0.09°
0.20£0.01¢

Grilling
0.26+0.01°

Wing

Raw

45.13+1.64% 38.74+1.90°
0.39+0.02°

Boiling
ND
ND

Breast
Grilling
ND
0.13+0.01?

Raw
NDY
ND

weight)
weight)
UND: not detected.
IMean+SD.

Vitamins
A (retinol)

(ng/100 g fresh
E (tocopherol)

(mg/100 g fresh

Means with different letters in the same part are significantly different by Duncan’s multiple range test (P<0.05).

Table 3. Vitamin A and E contents of chicken by different cooking method
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