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Abstract

This research evaluated the nutritional composition and texture of rabbit (male, crossbreed) liver
as compared to those from pig (barrow, L x Y x D) and Hanwoo (Korean cattle, steer, Bos taurus
coreanae). The liver from rabbit had similar fat, protein, and calorie contents to those from pig and
Hanwoo. Vitamin A, niacin, total amino acids, nonessential amino acids, and essential amino acids
contents were not significantly different among livers from rabbit, pig, and Hanwoo. Rabbit liver
had higher (p<0.05) total unsaturated fatty acids and polyunsaturated fatty acids (PUFA) proportions
and lower (p<0.05) n6/n3 PUFA ratio as compared to those from pig and Hanwoo. Moreover,
linolenic acid proportion was more than 4 times higher (p<0.05) in rabbit liver than in those from
pig and Hanwoo. These findings suggest that rabbit liver may be more beneficial to human health
than those from pig and Hanwoo in terms of fatty acid composition.
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SHSARG YRR w22 A7 (APQA, 2018, 2022)0] wEH, 2021 =) 7] 9 3k E2T
T 27 1,8385 9 799k v R X 5z A%t 9F 10 9 6%4 ST o= Qlaf S]]
9 2 317] AARFE 2016G5FE AB oF 23 D 7.8%% F7I5t] 202010] 109 7 £ I 24 Tt
Eoll Go5om (MAFRA, 2021), FARE AJAleF A oid 3718k Aos S4Hc) FAES
A #e, WY, & 9 71s 5O BRI, W S 72 SiA19F ek 19l oF 1.8 2 6.8 kgl
A, Z5lA1E2] oF 1.6 9 1.0%0] SidEl= oot (NIAS, 2020; NIAS, 2021). E7] 7H] A4k
g 19 9F 80 golH, EokAlE (2.3-2.5 kg)2] 3.2-3.5%F AHA[RH.

7k 735o] Hlsl 7H4o] AHsht Heat v 2 Tl HE ofd, A, HE A 5
JoFEo| EHSE 5EA AEo|t} (Doornebal & Murray, 1981; Marchello et al., 1985). T3F 2R
WS Z Aok R3S HATATIE 71eS 7L Qo] $71EE0] YRE ol EEE 1
o (Walstra, 1993), sfielofAl= 7H& o83t S7R5E 0= 7F AAA|9} o (Pat)7} 7 Hol
A=A QlTh (Li et al., 2014). SRR FHollA= A, =4k &0 52 98 ARt ol8Fy n
S7MSEO R0 S8} uje- Ut E5], E7] 71| S tiFE AFo s S8R Kol w7

>
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1 9t

A F A 7H] 8k FXlof| et A FE Tl 24 2 7RAA T8 (Nuckles ef al,
1990; Rivera et al., 2000), 0]3}st4 &2 9l JoRJE. A} (Devatkal ef al., 2004; Kim et al., 2008;
Lee et al., 2004; Li et al., 2014; Seong et al., 2014), 7+ AA|A], oHe] @ AZH = 7 (Agregan
et al., 2008; Echarte ef al., 2004; Kim et al., 2008; Pateiro et al., 2015) 50 thal 5= At oA
E7] 219 B4, JFE 9 7HEE Lol tist A= AY gl Aoln, T AFoR EiE
£ SXI5P7] S8l £7] 73] thgt 712Ak=7t F sttt webA & Ak E719] TR 2 247
= 5] Aol A 2 R 7} Bl RARS AA[SIRIH:

I M= 2 AH

SA=

E A3]o] 0] 83t BE7] (47, D), WA (AA, L x Y x D) Y Sk (AA, Bos taurus coreanae)
2 Ao 2 RE Z47F 20524 Fsto] o]85lth 10522 URdE &3 &5, HIE A,
Yol 9 ofolicAl §5, AN 248 BRSO, UlAS Za7 240 ol8stsict

a
9 chlg] Sleke 22 9)4E587] (FoodScan™ Lab Type, Foss Analytical A/S, Denmark)
£ ol&dl Stk 2T A= AR 100 gF g0 = ARESISIH:

OlLAx] B
ol %] g2 Korea Food Codex (MFDS, 2021)9] 1o w2t chald 51 A ghefol] FAO it
A= (427 9 9.02)F B °] & AR ghoz AEsislt

HIEF2I A B

H]EH A 372 Korea Food Code (MFDS, 2021)0] &alo] EA15}3Ict. A|&2} ethanol 30 mL,
10% pyrogallol (in ethanol) 1 mL & KOH €9 3 mLE &35t & 95C water batho]A] 3057+ 714
stttk 71EAE 7 uE ARE A6 S5F 30 mLE F7Ist 2270 &7 v
petroleum ether® A} &3} T}. 0|% sodium sulfate anhydrous® B4511, 7-7]-&0E 40T
A 79t AASE the ZEE} isopropanol 1 mLE S55193T}. SuFire™ CI8 column (4.6 mm x
150 mm x 3.5 pm, Waters Corp., USA)0] A2HH HPLC (1260, Agilent Technologies, Inc., USA)]|
ZQ5te] BEAgon, ojnff XX & o] 5ARS ethanol:water (95:5), excitation wavelength= 340
nm, emission wavelength+= 460 nm°]3]t}. FZ 2= standard curveZ 0]-8510] A& 100 g HE]
= SAIF (retinol activity equivalents, RAE) pygO & AMRE3Itt.

LIOkA Btk

Yo} (niacin) THS Korea Food Code (MFDS, 2021)0] &3lo] BASILE AEE 5 mM
sodium hexanesulfonate-0.1% (w/v) acetic acid 29}of &o]11, 3087 221} &3t T 0T, 9,000
rpm (Avanti JXN-26, Beckman Coulter, Inc., USA)o|A] 3087F QAR Z5IIch Eaw AFSHL 0.2
pm syringe filter2 o{2}S}al, methanol¥} SHTE A&50=E F3HAIX] HLB 7HEZ|X|of| 0¥} 10
mLE E3A|A YopAld} LolAlotu|E (niacinamide)S SZAMA|F L) n-Hexane 2 2 7IEZ XS A&
Sk, 80% methanol 2 &3t the REMo| 2742 H7I5H9IT) o]F Capeellpak UGI20V (4.6
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mm % 250 mm x 5 pm, Shiseido Co., Ltd, Japan)°| %2 HPLC (1260, Agilent Technologies, Inc.,
USA)I A= 10 pLE FYst] 24Fem, ojff Z4%2H F oI5 A (5 mM sodium
hexanesulfonate-0.1% acetic acid):B (5 mM sodium hexanesulfonate-0.1% acetic acid: me-
thanol[35:65])=100:0 (3% 5-A]) — 3%/& — A:B=70:30 (75 3A]), 5 1 mL/min, column 2%
+= 40T, wavelengtht= 260 nmo]Qit}. ZZZT+= standard curveE °]-&31] A|& 100 g oAl
%F (niacin equivalents, NE) mgO & ARE3}L}.

OOt B

oAt gEF2 Korea Food Code (MFDS, 2021)0f 5o EA453itt Al&2} 6N HClE 2315t
3L 110TOJA] 24417 52t 71235t £ 40T oA %) S5313Ieh HClo] 2293] AlAE o 02N
sodium citrate buffer (pH 2.2)°f] +°]1% 0.45 ym membrane filter2 53T} A2 HPLC (1260,
Agilent Technologies, Inc., USA)O] F=5}to] EA519tE XE A= standard curveS 0]-8-3}0] A
& 100 g3 g2 & ARESilrh

K|t =

AN&E9] Z1A-L Folch 5(1957)2] ¥P¥o] wle} 223190t} 24, A|59} chloroform-methanol (2:1)
< homogenizer (T25 Digital Ultra-Turrax, Ika Werke GmbH & Co., Germany)& 1,296 x gof|A] 157+
44511, 0.88% KCI-& 718 & 2T, 3,000 g (Avanti J-E, Beckman Coulter, Inc., USA)OA] 1027}
QARSI AENS A ASI 5F5WS filter paper No. 1 (Whatman International Ltd.,
England)0 2 o1}t Tk 38ColA] AATIA =7] (MGS-2200, Eyela Tokyo Rikakikai Co., Japan)
2 {71805 AASIA s=H AZ2 David 5 (2003)2] ®of 2Js 0.5N NaOH (in methanol)
T} 14% boron trifluoride (in methanol)= methylationd}ith. 0% ZF4 5 mL9} hexane 2 mLE
o3kt 3 2T, 3,000 gof|A 5E7F YAHEESH oS 1 pLE HP-Innowax column (30 m length x
0.32 mm id x 0.25 pm film thickness, Agilent Technologies, Inc., USA)°] #A2Hg] gas chromatography
(CP-8400, Varian, Inc., USA)O] F5}to] BAI519Ich ojuf B4 AL inlet 2% 260T, split ratio:
1/10, carrier: He at 1 mL/min, oven program: 150C for 1 min, 150-200C at 15/min, 200-250C at
2/min, 250C for 10 min; FID 2% 280C0|Qith EA% Zk2+9] A|uAL peak= HZEA (47015-U,
PUFA No. 2 Animal Source, Supelco, USA)9] retention timeX} H]x E FA3H & & Z|HFAF peak

HA O] MBS (%) 2 ARSI

2243 (texture profle) 275 Boume (1978)2] Wel Wet AASIGIT ARE A% 248 A
T Ejogdl Aol Y1 80T water bathol] @7} F42E7t 77CE EET W7k 7HEgE o
A2 Bof 6417 52t B7H WSIRICE ofF 1 % 1 x | o2 W TS X7 4 mme) eylinderical
probe7} A2 universal testing machine (Model No. 5543, Instron Corp., USA)C.& A|=2] Z54S
| mm/s9] $E=2 AR $£0]9] 70% $F7HA] 23] AAeit F A¥= BT (hardness, Nim?),
234 (cohesiveness), Br24] (springiness), A4] (gumminess, N) 2 R3]A] (chewiness, N)O.Z A&
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31 ofulA] FaFS Blst AT Table 13} Pk, PR
£7] 709 52, A 2 S RS 242 7496, 368 E 1967 /100 golR0m, HX] B FS
29 48, A 2 T ik 2 HolS Holx] gglet. oluA S E71 o] 1718

72 2 123.45 keal/100 g2} 5-2]& 9] 2}o|& LENA] LYY
£ Aol 71, S 2 T 71 o) el olrk LA Gt ol Tl A
o] Aolrt gigh] mhEolct

2

HIEHTIA S LIOKM SlEF

E7], A & 39 74e] vjEtgl A 2 YobAl FekS H|wEt Aik= Table 29 2t HIER] A
slEkS E7] 710] 710.76 ug RAE/100 g2 FA] I 3RS 71o] 708.63 & 709.17 g RAE/100 g2t
A3 Aol HolA| ket E7] 7] Yol e 8.51 mg NE/100 g0 & =7 9 3he- 719
9.78 & 9.10 mg NE/100 g} 2 X}olZ eRA] YIt}. Majchrzak 5 (2006)% FA], 4 2 712%
7o) Wl A Rtk wlw et A, SFE1t00 FoAQl Aol7t gllrtal & Ao 5US s
SHh

ofo|icht Blgk

E7), A 9 TR 719 ofm Al Al Bl W Rt A= Table 37t 2t} & ofH|ieAl, H[BSoh]

%]

A B gepopu it 2 E7 ho] 217 14.98, 8.83 H 6.15 g/100 g = HA] Bl k¢ 7He]

Table 1. Comparison of proximate composition and calorie content among livers from rabbit, pig, and Hanwoo (Korean cattle)

Liver
Items
Rabbit Pig Hanwoo
Proximate composition
(g/100 g liver)

Moisture 74.96+0.24 73.08+0.61 72.70+1.24

Fat 3.68+1.54 4.87+1.71 4.97+1.02

Protein 19.67+0.75 20.32+0.56 18.41+0.69
Calorie (kcal/100 g liver) 117.18+12.13 130.72+11.08 123.45+£10.52

*These data are indicated as means+SD.

Table 2. Comparison of vitamin A and niacin contents among livers from rabbit, pig, and Hanwoo (Korean cattle)

Liver
Items
Rabbit Pig Hanwoo
amin A
(ug R\:];rln(;g g liver) 710.76+48.37 708.63+64.92 709.17+49.23
Niacin
8.51+£3.21 9.78+0.57 9.10£1.30

(mg NE/100 g liver)

“These data are indicated as means+SD.
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Table 3. Comparison of amino acid content among livers from rabbit, pig, and Hanwoo (Korean cattle)

Ttems Liver
(¢/100 g liver) Rabbit Pig Hanwoo
Total amino acids 14.98+1.69 16.55+8.43 22.62+3.96
Nonessential amino acids 8.83+0.95 9.36+4.75 13.054£2.15
Aspartic acid 1.55+0.17 1.76+0.84 2.40+0.43
Glutamic acid 2.38+0.33 2.48+1.37 3.55+0.70
Serine 0.65+0.06 0.79+0.34 0.9940.16
Glycine 0.96+0.07 0.94+0.43 1.26+0.11
Arginine 1.10£0.12 1.18+0.76 1.68+0.24
Alanine 0.99+0.10 1.03+0.55 1.42+0.23
Tyrosine 0.41+0.07 0.50+0.19 0.61+0.14
Cystine 0.09+0.02 0.07+0.09 0.1840.04
Proline 0.69+0.04 0.62+0.26 0.94+0.12
Essential amino acids 6.15+0.74 7.19+3.68 9.58+01.81
Histidine 0.47+0.05 0.67+0.19 0.71£0.12
Threonine 0.75+0.13 0.83+0.54 1.13+0.25
Valine 0.87+0.08 0.97+0.50 1.32+0.19
Methionine 0.16+0.05 0.07+0.13 0.28+0.15
Phenylalanine 0.68+0.06 0.82+0.38 1.07+0.17
Isoleucine 0.73+0.08 0.89+0.66 1.1140.20
Leucine 1.33+0.14 1.53+0.76 2.06+0.36
Lysine 1.1740.17 1.40+0.73 1.91+0.42

"These data are indicated as means+SD.
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1655, 936, 7.19 g/100 g & 22.62, 13.05, 9.58 g/100 g} 2-0]0] xjol2 Wolx] Qolch E3l
aspartic acid, glutamic acid, glycine 5 H|=Z=0}1]1At 927} histidine, threonine, methionine 5 4
oR|icAt 8F9] 7 o JA| Al STl 1AL Alol7t iRlet. ol 7o Tl o=
$2119 ol 2olx] gigh] o2 AREL S BE Tl % ofv]ieAt 3 Werohole
Aol AR5 HlEo] 41~43%= ARt 7171015 A6k Li 5 (2014)2 Wagyu x Qinchuan W3¢
% 4 709 Werolulidl VS oF Bk Husilc) B AT AT e Zofuc ot
E2 FAE Ho] 8101, o]2gt olf= F51tol o] el Ao wekEH.

Xt 24

E7), A & 3RS 7] AR 245 Bt A= Table 49F Dt & ZSPAHPAL (saturated
fatty acids) 5:80] %71 % 5} 71°] 4205 % 078%2 - 719] s349%c OO
Lehd 9Hd (p<0.05), & EXZSAAL Hle-E B7] 2 HA] 7Ho] foFor B $AE HAi
(p<0.05). Zu|EHAL (C16:1n7), AL (C18:1n9) & 229 T7HEESIAAE (monounsaturated
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Table 4. Comparison of fatty acid composition among livers from rabbit, pig, and Hanwoo

Items Liver
(g/100 g total fatty acids) Rabbit Pig Hanwoo
Cl14:0 (Myristic acid) 0.54+0.17 0.58+0.26 0.84+0.07
C16:0 (Palmitic acid) 23.48+1.30 19.57+2.00 17.06+1.61
C16:1n7 (Pamitoleic acid) 0.68+0.14 0.70+0.21 0.78+0.23
C18:0 (Stearic acid) 18.03+1.03 22.63+3.62 35.59+2.89
C18:1n9 (Oleic acid) 12.68+2.17 18.86+3.81 16.91+1.95
C18:1n7 (trans-Vaccenic acid) 0.02+0.01 0.08+0.01 0.02+0.01
C18:2n6 (Linoleic acid) 34.36+1.08 19.44+1.02 15.0442.45
C18:3n6 (gamma-Linolenic acid) 0.06+0.08 0.32+0.19 0.13+0.06
C18:3n3 (Linolenic acid) 1.99+0.18° 0.41+0.18" 0.29+0.09°
C20:1n9 (cis-11-Eicosenoic acid) 0.27+0.15 0.19+0.03 0.08+0.01
C20:4n6 (Arachidonic acid) 6.86+1.03 15.30+2.52 9.94+2.14
C20:5n3 (Eicosepantaenoic acid) 0.07+0.01 0.18+0.04 0.19+0.06
C22:4n6 (Docosapentaenoic acid) 0.82+0.33 1.26+0.42 3.13+0.79
C22:6n3 (Docosahexaenoic acid) 0.1440.02° 0.4940.15" 0.00:£0.00°
SFA" 42.05+0.82° 42.78+1.89 53.49+3.22°
UFA? 57.95+0.82° 57.22+1.89° 46.51+3.22
MUFAY 13.65+2.39 19.82:4.00 17.79£2.11
PUFAY 44.30+2.27° 37.3942.24° 28.7243.71°
n6/n3 19.2242.03¢ 34.25+7.18 61.46+17.44°

**Means£SD in the same row with different superscripts differ significantly (p<0.05).

USaturated fatty acids.
DUnsaturated fatty acids.
YMonounsaturated fatty acids.
YPolyunsaturated fatty acids.

fatty acids) H]-&7} & S7FEESAHIAL HR-L E7], x| L k- 71of| 2 AJo)7} YehtA] otttk
TR ESRHRAL (polyunsaturated fatty acids) E7] 719 2]&34L (C18:3n3)T} & et
AR BIgo] ZH7} 1.99%2} 44.30%= EA] E TR 712 0.41%, 37.39% H 0. 29%, 28.72%%tt 5014
o7 =A YERTE (p<0.05). E3], Sl=di H1E&-S E7] 7ho] HiX] 9 $k- 7tHch 48 2 69HHE
04210}7%] F2 deS Hol 3t E3 E7] 9 HA] 719 EJ_/\}O“/\M]&_AP (C22:6n3) H]- &
7JEE} FAH o =A Ut (p<0.05). 2H7H6/ 2713 AR Hl&2 E7] 71o] 19.222
FHZ] 9l 51O 710] 3425 9 61465} AATH] WS 222 Ho] 29It} (p<0.05). L FlS9
L3 XIHW AFgo] Sofdol uleh A} Fictd (A2F) S0l ZUI5kaL 9lom, o]t
A Aidsh] HsiMe AL 35S £0l1 RS ARS: S8{oF St} (Lenighan
et al., 2019). U= 7HSAFE 39 G tdyto] w2, LA AHF 2 1%S trFE s
oF gAFe o, NGBS BALL 8% £ 4= Juhi 3t (Zong ef al., 2016). E3F TlER
S & Ak Qo)A oflo]AREIER] AL (C20:5n3), EHAFIA]| AL (C22:6n3)2} 2
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Table 5. Comparison of texture profile among livers from rabbit, pig, and Hanwoo (Korean cattle)

Liver

Items

Rabbit

Pig

Hanwoo

Hardness (N/m?)
Cohesiveness
Springiness
Gumminess (N)

Chewiness (N)

327,159.53+104,753.49

426,410.80+129,773.97

381,675.67+62,503.44

0.63+0.06 0.68+0.06 0.65+0.04
15.66+5.83 9.74+3.67 16.38+2.92
2.58+0.84 3.62+0.99 3.1440.59
39.78+16.46 36.31x17.57 50.58+9.15

*, . .
These data are indicated as means.
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2 Qu7B AY WHEESHKEHIe] ALAZ o]8% ™ (Calder, 2017), PPARy (peroxisome
proliferator- activated receptor) A= 43} 52 535t I3 A (Zhao et al., 2005; Kumar et al.,
2016; Pauls et al., 2018), ALZA] gAMLY TiA} SAS 22 &5 G AA| (Yu et al., 2017),
03-14—*1]& B2} protein-1 @ TNF-¢ 7445 B35t A1E3A3E A (Winnik ef al., 2011; Barbeau et

. 2017) B35 7HAAL Qi SHH, QE7h/QE713 AHMAE HleZ ofE|lEd g A #olth
(Carleton et al., 1991). ERISL Qu|7le AupAtal Q713 AHMES 1112 78 YA HAFPd
QA= o2 10:12 ]S E+FoHA AFotal Tt (Eaton et al., 1996). Y=+ Department
of s (90 B0 2 R 20 79 AT S ot
AU 452 Yo} ek BT o 9ick. v B AT Aol A @ g 7io] e
e RS 8 St 1%01 7 Qullg/enizl A Hlgo] Ukd B7] o] B84
Ages A Azl © folg Aow wok

E7], HiA E ¢ 71 A7 B|wet k= Table 59F Zth Bk (hardness)= E7] 71o]
381,675.67 N/m*= A & k& 7] 327,159.53 L 426,410.80 N/n’@} 3-2]22] 2}folE& YERf]
okofrt. Halb ollz}, 3% (cohesiveness), BrEA] (springiness), 4] (gumminess) 2 434
(chewiness) B H] Z35710] 2 o] HolA] isleh. @A) Fufeld ABET. Sl THASY
£ KS QIZ7]% (MAFRA, 2019y A1E9] Ak (N/m’) Helol wet 37] vAZ Eqeict ezt
50,000-500,000 N/m’2] ®#elof &3t A9 uFA} Aol HHT & Y 19AZ EFi,
20,000-50,000 N/m’*Q] H1Q]= Q10 g A5}t 4 9l ybA |2 BEE5k) 7281 20,000 N/m? o]5h
Y B §2 AR o Y= 3R ERS) & AETelA E7] 719 A 19A0] £330

, OIF Tl & 4|, E7] 72 Xotz F&3] A3 & e E94 42 7KL e Ae

(o]

= =0= M A=
QF XA
ETN]\E]‘

“ l-N

Ol

V. 2 <

E_FG—Z_) 7]-9] oﬂobﬂlﬂ

ol e

At BT (5 ZA7FE 7] sl =HA (AAL L x Y x D)
% (AA, Bos taurus coreanae) 7t} W] staA} ST E7] 719 A, whaid Sker 9
g A 9 R 7H} fARSHA Ul E7], =2 E R 7] BlEH A, Yo, F ofrl
u]lé o]-u]h__/\]- ol 4 o]—n]i/k]- ml%:_O_ = x]_o]a Eo]x] 0101-1;1r 57]] 7 EHX] o1 o]—O 7HH
% BRI ‘3—l CFEESEA M4 Bl go] =9kl (p<0.05), n6/m3 A4 HIES ottt

R Me

N
Nand

41



E7N|, oK ¥ ol 7to] FYME 3 A& HlW

= =

HI

(p<0.05). 5+ ofjeh, BhsalAt (C18:3n3) BI&S E7] 1lo] 45 o} ket (p<0.05). whebA] X%
A 24 ZHolA] E7] 7io] A @ @S 7huct A Aol o 9F Aok uE:

V. AL A}

2 e 28 S AR ATAR] (A PI01433002)9] A€o 2] o]F
A

VI. E1E
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