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Species characterization of animal by muscle composition analysis
I. The composition of major fatty acids in muscle from various species

Myoung-heon Lee, Sang-keun Kim, Gab-soo Jung®, Jae-myoung Kim®*, Jong-myoung Park*

College of Veterinary Medicine, Chungnam National University
National Veterinary Research & Quarantine Service, MAF*
(Received Feb 1, 1999)

Abstract : The fatty acid composition of muscle were investigated to compare muscle
composition among the 9 domestic animals including cattle. In major domestic animals, analyzed
the effects of age, part and sex of the animal on their fatty acid composition. The content of 4
types of major fatty acids of muscle was determined and calculated their ratio. Myristic acid and
palmitic acid levels were high in chicken and sheep. Besides dog muscle contained a lot of
stearic acid. Linoleic acid content showed evident difference in the content depending on the
animal species. The ratios of linoleic acid/palmitic acid (L/P ratio) and linoleic acid/stearic acid(L/
S ratio) were characteristically high in horse and pig, whereas the ratio of palmitic acid/stearic
acid(P/S ratio) was 0.7110.17, showing very low level in dog. As for the content of stearic acid,
in cattle and chicken it was higher in young animal than adults. In duck, the contents of all fatty
acids and ratio were increased by the age. As for the content of fatty acids according to the part
of chicken, high level was shown in thigh than in breast and wing, while there was no remark-
able variation by the part in other animal. The differences in the content of myristic acid, palmitic
acid and linoleic acid among some animal could be verified in muscle lipid composition. The L/P
ratio which maintained certain level regardless of age, part, sex shown distinctive pattern between
the species.

Key words : species characterization, fatty acid composition, muscle.
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FEAY AL W&, KAL), Y T AH2x3
o) EA3E FHAYY 24, F7] Tl E2}e 23
Aoz thdss FAR Yo FZ 7}&9 H & o
g AZHE F4AEY A 2L xS 74
RARoz 2Y2HE, 9N € ZAAY §Fo] B2
gatd YA Ao} AA e dlgo] 2tk AP L 1Y
F GgA2 A oM U FE AZFEo|
W AEogg FAST veNy 289 JAGAE
BAY B ol Ay F4¢ YA AN &
&3 5 2 4% %L v ¢ g

49 AL gRpEe] ALz 37 ¢3EY
glycerol®} DFAMAte2 FAE triglycerideo] ™ A2
o] AL A2 AL 240 gstq ZAEY. 2&
AA L FAsE APALZE G AYY stearic acid(18
:0), oleic acid(18: 1,69) ¥ linoleic acid(18 : 2,66)7} A
X ukAte] 70% o] 4-& 2A 81 19l myristic acid(14
0)¢} palmitic acid(16 : 0% ThF FXH}H 7. 7t& o) 2%
AL &F{o| Sold FuE Fodtn 47 E(marbling)
o £AEFd & X" sensory parameterd] = ¥
dol & Ao giA YU ER AAFL 289
Ag QoA oAE fEde F8 29019 Wald-
man et al ' 289 AWA 240 KEFEY AEE F
3= 298¢ adeldn Eudqth 259 Iz
Aolut At ko] iy A7 Homstein ef al’,
O'keefe ef al®, Payne'® 2 ¥ §''0] £§ JAo2 2}
gtgon A ojHE Allen et al', Hubbard$} Pock-
lington® 2 213} 31%0], ®o|ME Machling} Gordson™,
Jantawat$} Dawson'’, Fujimoto et al*®, Pikul'” % ¥ %
o), Ab&o] tigted e Manley®7t B2 8 i 5E
o 2&F AP 24 A, A, =AY 2 39
WA 2 5 kA 2909 el AP
B ojjat FEY FF AR AW FF R O
242 w9 Aolg Aoz geiA Ut} Homstein ef al ‘&
242 A& triglyceride, cephaline, lecithin % sphingomye-
lineo.Z EY3ein 2 £8Y APt 24 & 7|22 o
A7) 43179 Ao]E FHANATH Payne’ S W3
4§ FAoE 43 FEY A EXPYE A
1 AAzAo| &%) u dady Bugged 7t

23} b B NAXA & @7 Sinclair er sl T F
EWg Ao)d Aoty ¢ ofgy IR 47
AEL 2EAMY 2L ol88d 2579 HEe
NEsQQ v} Payne™& T3} AAFY At 248
B2 8}4] linoleic acide] ¥ Zo|7} FAEE w3
o|F NEE $3 & FHa¢ o, Cantoni et 6l P& &
w79 BA17)E FHART FUdNE § §
£¢] Aarig §91719 AWt 2L 2ARY 2
EAQE FH3T §9179 Hdriges €4 7Hedt
A& A

olel g EUZ B v 2§F9 AP #FL
2Fo w} g £F02 AZHY EA47HA TR
L AFEFE FE L HA, B FFLNFA QB R
17} gRoln 4% 890 AW 244 HAE I
o) P B BAL nEFF Aol wA £
AFME 71E9 T8 tF EX3E Aoz ¢y
A F8 AR Awde o FFE AL A,
29 9 Ao ©E WElRolg HPozH 53
ZEF A 249 B4E 7R LA ST

Nz A U

BAKE : 28 HEP 9%9 715 ¢ YAoE =4
ZA ARG AAZEE FARY2Y FL 5FEE
3,59 ¥ Ad g FEIAS

Al M2l : 24% AW 2& Folch ef al ™9
S WY3gT) &, A58 #A3to e (Merck, Ger-
many)®} &2 2 ¥ &(Merck, Germany)& 47 713t wh
7] (Takmar, USA)Z. ¥ 3}o) FA3H¢ b o F(What-
man, England)3} %t} 3 ¥ AFEL gL 822
E89 Fa(1:2, vWeE MAste oda} A2 0.88
% potassium chlorided 7}t F&Ach FE Y4
A Heed F559 E9(1:1, vwE ¥ 23}
g wisn 222¥ESE 2 g4E €
Z2YESL HAZFW5%H7|(Bichi, Germany)A ¥
A7) 2EA2E FFEY FHEYELE 71314
QY ¥ f=AHHA

Agael £4 : n& AN 220l E T HZ(TSP, USA)
E o] 83t A E2F F2 APAte] peak aread AN}
HEZ 349 BEAFIHY FALA A Ao
HEE Aasg
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BEE8Ye| XN I BFEHFIJMC| A4 : Myristic
acid, palmitic acid, stearic acid @ linoleic acid(Sigma, USA)
o REEFE HHNEYEL H] 242} 048, 047, 056,
049mMZ 233 FEAMNE ¥ F=oAEE 4
#9221 FEUE peak aread A& de FEAFIN
& A48 oL FAYALAYE T4

Chromatography : A&%¢9 A%4H-L Spherisorb
ODS-2 column(250mm X 4.6mm, Alltech, USA)2 2 £ 2]}
How o]FAL FGHNEUERY FHTE grdient
A & 8} ${ th(Table 1).

REHE : RF2ATG AWt 3&4-E 0.05M potassium
hydorxide2 % 31§ ¥ 2mM kryptofix 222(Merck, Germany)

Table 1. Gradient conditions and time programs for analysis
of fatty acids in muscle

Time events Flow rate Mobile phase composition(%)

(min) (ml/min) Acctonitrile Deionized
water
0 80 20
20
50 100 0

E A73te S0THA 1083 AR BHEo] gEEH
A P4 A&eA 483 22uM 4-bromophenacyl
bromide(Sigma, USA)E 7}3te] 80TOA 1587 A=A,
FEANE g Adoz ALHT FEAZSE A
A 249l 22 7|(TSP, USA, UV 250nm)E o] &3}
o BFH3

EAME : FFTER 2HF AL F Aol & 2A}
Hl 233 4F a9e BE A& B4 g ¢
44 3 2 3 (General Linear Models Procedure, GLMP) 2. &
FAHEAE AA%Y f94& FAAA 2™ Duncan
testE 3 £3E APY 249 A4S AU

i oo

£3Y O3 Fo XYY HY:FEY 28AFE
FAsE F8 XRALA &, myristic acid, palmitic acid
9 stearic acid®} E-X3FA|LAF linoleic acid?] £Fd
UFEEE Table 28 20} FAE 239 24l & pal-
mitic acid®} §Fo] 439 ABAF M & FEOIA
1 myristic acid® V|9 § FAolRoy FFo g

Table 2. The contents of fatty acids in muscle from various species

Farty acids(pg/g)
Species
Mynistic acid Palmitic acid Stearic acid Linoleic acid
Cattle 80.15+21.53 420.48+79.00 240.15:+91.80 168.90+66.91
(48.34~128.74) (279.46~572.44) (67.20£435.59) (69.03~301.17)
Pi 91.68+34.40 690.91+166.35 177.90+80.14 534.82+225.22
g (32.43~196.09) (416.11~1054.50) (62.73~386.99) (177.27~998.60)
Horse ND 73375137841 190.03+64.99 609.06+343.81)
(176.15~1936.61) (79.72~337.17) (120.61~1790.20)
Chicken 251.73+£73.55 1245.11+25091 305.301:165.68 571.64+157.35
(97.48~393.51) (834.29~1715.59) (108.33~843.50) (280.88~829.45)
Duck 82.54145.24 382.981+139.03 187.43+102.79 228.194132.84
(14.63~169.32) (138.77~618.24) (71.91~437.42) (61.37~466.26)
Do 142.231+37.25 398.24+83.88 583.161176.67 302.44+67.72
8 (101.66~196.52) (320.04~513.63) (333.38~888.08) (239.88~386.54)
Shee 233.49472.30 1396.92+142.55 480.471£163.74 270.69+80.79
P (151.85~327.72) (1205.54~1544.54) (276.18~615.04) (168.78~363.62)
Goat 35.59+£11.54 193.88+80.30 61.20+11.16 21.76+7.30
(19.52~46.82) (135.18~305.56) (44.75~69.44) (14.33~31.13)
Turk 75.391£16.27 331.44£75.31 146.431:50.79 165.93+71.39
¥ (57.04~88.04) (247 54~393.21) (100.52~200.98) (101.77~242.84)

The results are represented as mean+SD. Figures in parentheses are range. ND : Not Detected.
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tad Aol At FFE AL BFL myrstic
acid9} palmitic acid®] 34 3t 4 453 &4
Weo] T S&ME myrstic acid7t HEHA W5k
. B3 7)) 2K E stearic acid7} T $ ISP
X389 linoleic acidd] $FE T TRoA
609.06+34381ug/g 0 2 71 w3kom AWLIFL 2176
+730pg/g 2 &%) gl AAE FFA )€ AAY &
AT FH BY 28E 439 At $Fo] 1=
A g uhd Aiige M E BF ¢ FE0)
A

£34 28F FL XYM g 2£F AP
o BAANE EGE RE 712dA Hud oF
o2 AEHI FFL F93Q FFAl7L g AL
2 o) 25 & palmitic acid, stearic acid, linoleic acide} 4%
3Hau|§ A& 39Y w} linoeic acids} palmitic acid] ¥]
(L/P) ¥ linoleic acid$} stearic acid®] ¥](L/S)e &3 5]
7} B 2% 83 B4c). £ palmitic acid$} stearic
acid?] $FH|(PS)E oA EAFo2 e FEoY
t}(Table 3).

£ZY KN OE SRS FAAUYM R : L F
5%9 71&¢ Yoz 9% g TEE 2%F AL

Table 3. The ratios between contents of fatty acids in muscle

from vairous specics
Ratios

Species  1inolcic acid/  Linoleic acid/  Palmitic acid/

Palmitic acid Stearic acid Stearic acid
Catde 0424020 0884077 2034095
Pig 076+022  386+266 464216
Horse 084+026 3154122 3824134
Chicken 046013 233143 438191
Duck 058+024 1414076 2244053
Dog 076£002 0541013 0713017
Sheep 019+004 059020  317+1.02
Goat 011+001 0364010 313095
Tukey 0504017 1311096  242£095

The results are represented as mean+SD.

e 2 W E A Z 3} Table 4, 5 R Fig 13}
gt 29 B8 oYU FEYTE 2KF stearic acid F
Fo] B3 L2k 439 AP FFo] BF 4P

Table 4. The cffects of age on the contents of fatty acids in muscle from various species

Fatty acids(pg/g)

Species Age

Myristic acid Palmitic acid Stearic acid Linoleic acid

Y 80.23+22.76 445.57+74.13 323.421+92.69 191.201£63.47
{48.34~102.48) (367.75~540.61) (209.44-435.59) (100.94~266.16)

Cattle 2 79.27114.32 471.631£80.05 166.92139.10 146.27 +40.19
(68.41~99.27) (357.44~540.14) (108.53+191.03) (108.01~198.08)

3 88.15127.69 467.75+120.82 183.44+34.81 118.87+32.37
(68.71~128.74) (318.15~572.44) (139.01~218.45) (76.05~145.57)

60D 81.18+17.91 877.92+120.68 131.45+33.27 778.68+143.19
(55.59~95.73) (707.05-979.86) {104.85~176.30) (573.44~903.87)

Pi 90 65.68+38.24 698.20£146.16 140.821+35.40 615.75+163.63
J (32.43~110.86) (512.19~847.28) (108.39~188.84) (482.77~841.06)
105 80.78+£39.07 746.82+87.50 128.16+17.62 747 87423271
(33.34~122.82) (642.70~856.49) (105.27~147 49) (465.72~998.60)

&Y ND 760.01+230.41 217.43+40.15 553.23+209.54
(479.55~1035.65) (173.64~278.41) (283.99~869.00)
Horsc 6 ND 1193.15+£741.30 263.281+84.08 1066.41 +661.30
(454.02~1936.61) (171.29~337.17) (493.78~1790.20)

9 ND 620.38+415.18 173.00+81.71 443.54+288.23

(176.15-998.61)

(79.72~231.93)

(130.84~698.59)

The results are represented as mean+SD(n = 4). Figure in parentheses are range. Y: Year, D: Day. ND: Not Detected.
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Table 5. The effects of age on the contents of fatty acids in muscle from various species

. Fanty acids(pg/g)
Species Age
Miyristic acid Palmitic acid Stearic acid Linoleic acid
30D 242.38160.79 1465.90+£233.94 395.02139.85 733.461+93.17
(157.39~293.65) (1204.71~1709.55) {341.62~430.30) (594.48~792.79)
Chicken 60 292.76+81.42 1250.37£200.80 216.67128.12 570.84+166.27
(196.16~393.51) (958.48~1416.97) (187.73~255.24) (398.74~714.32)
% 293.29+48.79 1171.44+153.50 181.38::16.90 504.00+82.13
(232.63~338.28) (972.82~1332.76) (163.76~204.35) {435.59~612.65)
35D 50.10+35.80 286.48+136.01 123.78 1 45.65 205.66+132.26
(14.63~89.28) (138.77~432.79) (75.44~169.43) (61.37~320.77)
Duck 50 115.00+14.19 432.52+53.59 157.37+18.01 387.50+57.45
(99.58~133.29) (356.86~479.29) (132.44~174.92) (321.94~459.14)
&7 138.32+41.67 516.24188.27 195.44+30.33 394.47+69.09
(77.09~169.32) (402.79~618.24) (167.39~237.95) (306.31~466.26)
The results are represented 2s mean+SD(n = 4). Figures in parentheses are range. Y: Year, D : Day.
Table 6. The variations in contents of fatty acids according to part in various specics
Farty acids(pg/g)
Species Part
Myristic acid Palmitic acid Stearic acid Linoleic acid
Loin 72.19+18.33 405.02+44.36 264.69+90.08 158.37+69.25
(49.00~96.52) (363.86~480.27) (193.32~393.09) (102.17~267.73)
Rib 71.96117.04 393145044 271.64148.92 184.621£88.58
53.86~96.83) (341.19~474.51) (217.07~323.63) 72.34~281.46)
Cattl
attle
H 80.23+22.76 445.57+74.13 323.421+92.69 191.20+63.47
am (48.34~102.48) (367.75~540.61) (209.44~435.59) (100.94~266.16)
Chuck 68.72+20.35 426.05+68.48 296.23+76.40 149.12.+47 49
(50.38~96.26) (364.89~517.49) (206.61~412.67) (69.03~182.93)
Loi 89.21+21.37 550.18+92.26 198.96+.72.99 293.80+£41.52
n (72.30~119.42) (425.37-631.06) (101.41~264.50) (266.46~354.27)
Rib 119.274+30.47 692.09+251.30 236.92+92.43 453.041169.60
Pi (85.05~161.87) (436.07~1054.50) (113.04~333.77) (341.1~737.84)
8 H 129.37+49.98 587.361+121.46 297.80+63.28 308.51+159.96
am (76.83~196.09) (456.01~691.25) (238.75~386.99) (177.27~532.38)
Chuck 93.04129.06 584.421148.08 185.251+79.29 351.51+61.75
(56.91~136.90) (416.11~732.63) (82.60~276.94) (277.34~430.91)
Loi ND 624.711308.26 162.72+58.20 495.051+263.28
n (233.83~974.47) (80.31~217.32) (120.61~737.68)
Rib ND 790.09+486.33 222.43+63.14 636.98+482.83
- (446.51~1510.94) (153.75~306.08) (223.49~1134.13)
orse
Ham ND 828.171238.73 235.28+41.70 660.231181.81
(567.25~1035.65) (195.18~278.41) (536.68~869.00)
Chuck ND 662.16:+240.59 179.87 1+ 54.64 580.22+285.88
u (362.81~950.56) (108.32~231.31) (223.34~912.38)

The results are represented as mean+SD{n = 4), Figures in parentheses are range. ND: Not detected.

gt Frlete A% RATHp0.05). EE 23} 3
B AYNE AR P dad] AFL AU F 9 KA PSE 29 oA dF ol BE Aojs} &
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Fig 1. The effects of age on the ratios between contents of fatty acids in muscle from various animals. «: p ( 0.05.
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Fig 2. The variation in ratios between contents of fatty acids according to part in various animals.
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AHUL 2 359 AW Pyl BF dFEE
Aol 33 eHp ¢ 0.05).

34 7O OB 2K F2 XYL BY 2 ¥
AR TA, A AE R LS AP {ol o)
Nz FAS oY g3 e E 4 B a1 5
ol Hol¥ FHolner e #Hd v dEgig
AR el A Uehskeh(Table 6,7). &2 LSS} P/S
7t #ANE AojE BT WEd & 39 AP

e F4lo #A%l0 Y FEE FARAG
(Fig 2).

3% 4N0l HE 2RE F2 XYY &Y 2%
% stearic acid §F& 29 HolA ¢5o) BE FoF
Zol§ #AT F YN 2n(Table 8) 29 B4 FHo|
323.42:+92.69pg/goll ®]3H] FRL 125.90+52.7Tpg/g o
Z A8 o g 038 319 $Fo] A Y
Bt 2 & BATe(005). AWt gFuE 29 &

Table 7. The variations in contents of fatty acids according to part in various species

. Fatty acids(pg/g)
Species Part
Myristic acid Palmitic acid Stearic acid Linoleic acid

Breast 218.59+41.20 1208.74+108.97 566.82+187.21 513.00+67.10
(184.71~278.09) (1111.94~1339.99) (431.53~843.50) (428.55~587.80)
Chicken Thigh 242.38+60.79 1465.901+233.94 395.02£39.85 733.46+93.17
(157.39~293.65) (1204.71~1709.55) (341.62~430.30) (594.48~792.79)
Win 100.58+4.38 841.14+9.69 240.89£0.47 298.19+24.48
g (97 48-103.68) (834.29~847.99) (240.56~241.22) (280.88~315.50)
Breast 734012823 436.98+168.46 291.68+154.82 137.81+45.85
(47.90-~111.56) (236.92-618.03) (100.55~437.42) (81.84~187.18)
Thigh 80.33154.99 382.13+144.31 230.67£113.07 166.54+108.46
Duck (35.50~165.25) (186.47~583.59) (73.58~371.54) (66.30~310.49)
Wing 49.26118.85 260.80+52.35 108.49£26.40 137.78+54.28

(26.19~70.61)

(178.83-318.97)

(71.91~139.15)

(82.98~218.55)

The results are represented as mean+SD(n = 4). Figures in parentheses are range.

Tabie 8. The effects of sex on contents of fatty acids in muscle from various species

Fatty acids(pg/g)

Specics Sex
Myristic acid Palmitic acid Stearci acid Linoleic acid
M 107.41+15.02 337.25+73.70 125.90+52.77 231.92+83.46
Carth (92.73~126.74) (279.46~444.90) (67.20~192.55) (115.39~301.17)
attle
F 80.23+22.76 4455717413 323.42+92.69 191.20+63.47
(48.34~102.48) (367.75~540.61) (209.44~435.59) (100.94~266.16)
M 70.88+27.33 778.24+186.84 149/19+57.70 602.67+143.13
) 36.62~101.47) (523.66~967.69) (94.21~206.08) (406.12~714.07)
Pi
& F 88.44+15.69 729.35459.15 116.96:+65.71 727.841125.36
(69.61~105.58) (668.80~801.28) (62.73~212.60) (545.02~830.10)
M 242.381.60.79 1465.90+233.94 395.02+39.85 733.46193.17
Chick (157.39~293.65) (1204.71~1709.55) (341.62~430.30) (594.48~792.79)
en
E 2871912044 1331.11+£342.75 198.811+60.71 673.641127.32
(263.48~310.24) (882.75~1715.59) (108.83~239.97) (517.61~829.45)
M 50.10+ 35.80 286.48+136.01 123.78£45.65 205.66+132.26
Duck (14.63~89.28) (138.77~432.79) (75.44~169.43) (61.37~320.77)
u
F 80.33+54.99 382.13+£144.31 230.67+113.07 166.54+108.46

(35.50~165.25)

(186.47~583.59)

(73.58-371.54)

(66.30~310.49)

The results are represented as mean+SE(n = 4). Figures in parentheses are range. M : Male, F: Female.
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Fig 3. The effects of sex on the ratios between contents of fatty acids in muscle from various animals. »: p { 0.05 .

oA P Aol B WEE BHoH(p(005) e
2FANE 529 Aol7t gATH(Fig 3).

ZERE FQ XYM ggo mE F 0|4 : Mynistic
acid § 429 F8 AW §FE FFER Fo| @ +F
o2 Y FELY AolE §UY & AMoH 2§
% stearic acid®] FF dFolu ¥4  Jdd ot
WX o| 4385}t Myristic acid $%& 7]% 2 Duncan 3
AL B3t F Sol4 e BT 2H &3 AFHA), A

®), 94, 28, & ¥ A2 232 AALED)
24z EYHQ growpd FAHFN &, A R ®#E
linoleic acid o] € &F3 AT Xol& Bl AW
A 249 E4E AT F Yotk £ palmitic acid
3 dgn & 293 dAg TN 44 §FHY
FEoluth Agatel ¥l e Lsst PSY B+ 4F
294 g 2 $Eo] 7HEHoIR oY LPE A2 o
Y FE& FABHE B ofT $F B2 79

- 497 -



Table 9. Analysis of variance in contents of fatty acids in muscle of various species

Fatty acids Species grouping
Miynristic acid Chicken Shecp Dog  Pig  Duck Camle Turkey  Goar
{71.32%) A B C D
Palmitic acid Sheep  Chicken Horse  Pig Cattle Dog Duck Turkey Goat
(43.25) A C
Linolcic acid Horse  Chicken  Pig Dog Sheep Duck Cattle Turkey Goat
(18.67) A B
C
L/P ratio Horse Dog Pig Duck Turkey Chicken Cattle Sheep  Goat
(16.91) A C D

B

«+: F-value, significant(p { 0.01), difference between underlined treatment by Duncan's multiple range test(p ¢ 0.05).
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