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ABSTRACT: Objective To explore the optimal aging time for high-quality beef. Methods The longissimus dorsi
muscle of Wokin black cattle was selected as the experimental material. The beef was aged in a chilling room at 4 °C
for 12, 24, 48, 72, 96, and 120 hours. Comprehensive analyses were conducted on the beef’s moisture content,
pressurized water loss rate, tenderness, inosinic acid, amino acids and fatty acids. Principal component analysis was
performed on tenderness and flavor composition indicators under different aging times. Results The moisture
content of beef showed no significant differences among different aging times (P>0.05). The pressurized water loss
rate gradually increased with prolonged aging time, reaching its maximum value of (34.84+0.39)% at 120 hours.
Tenderness gradually decreased, reaching its lowest value of (24.42+5.04) N at 120 hours. The inosinic acid content
peaked at (185.2+10.3) mg/100 g after 72 hours of aging. Umami and sweet amino acids reached their highest levels
at 96 hours, while bitter amino acids reached their lowest levels at 12 hours. The content of saturated fatty
acidstmonounsaturated fatty acids, Methyl stearate (C18:0), and methanol oleate (C18:1n9¢) were highest at 120
hours. Principal component analysis and comprehensive factor scoring results indicated that the tenderness and
volatile flavor compounds of beef aged for 96 hours scored significantly higher than those aged for other durations.

This aging time was most conducive to the formation of volatile flavor compounds in beef. Conclusion Aging for

%16 &

96 hours is beneficial for enhancing the tenderness and flavor of high-quality beef.

KEY WORDS: Woking black cattle beef; aging time; tenderness; flavor substances
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GRS E Nz, B, IRERACRMRER RS
FRUR, RIR G A SN R i s

A5 0 5 UL PR 0 ek R A S L A R T = TR
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FFRAMEIRE TR E . B 12~13 MR KL, 2%
Holk, #BRLEATM2E A 4 CORFRIE TR A, 24
4 HOIRIETR 4 °CI, RELRUAR 12, 24, 48, 72, 96,
120 h, W& HERR 12, 24, 48, 72, 96. 120 h J5 194 N HL
I S 56 % SEA TR

16 Pl SRR TS AR M S (A BE 99.9%, 78 [ FEF Ui/
F1); 37 FIE 05 R PP VRS FR o (AL 99.4%~99.8%, M
PR A B AT FR 2 wl); B (SRR 99%, i 2
RWAF]); ZHACH B RN 15%, K& LA
WA, BB Orirel) ., sERee T4, =Gy
Mrafy, Al pTal) . oK 2Rk Tal) . ok
Al IECEE(EIELl) . FER(EISsh) (RS SR
(TN
112 BES5%%

XS105DU Hi, TR F-[B= 0.0001 g, HEHE-FEF] 24%
PR A E; DHG-9123A HL B KT 446 (g —
TR A g A BR A F); RH-1000 P& K SALO™ MHiE i)
IR AT PR ), HSC-24B UMk 4 B4 A (R L IE B R A
FRAF]); S-433D 4 H sh& LR 4 Hr A (T8 1= 2 R 12 w));
8890-7000D A A, 33 - T 3% 16 FH AN (32 E L HEMR A D );
DB-Fast Fame {4341 (30 mx250 pm, 0.25 um)(3E E 22 HEE
N,

12 75 E

K54 B8 GB 5009.3—2016¢ £ 5h 2 2 FE ZhriE £ dh
HK A RIIIE ) H RS — R TIE IR R K I E
I NY/T 2793—2015  WAE A BE TN )
AR 7 ik AT I R ;. L IR H2 BR T/NAITA 003—2020 Il
WAL WU BRI E SO CTE T ) A AR 75 i
WMIE; BIEERRIE IR GB 5009.124—2016¢ £ 5h 24 E AR
B RS INE ) A DU D E

NEWTRME: 20 GB 5009.168—2016 { £\l % 4
FhrE AT BRNIRR AW E ) A ik T KA . 4R
B, WEsfb, SAHE@BESAME: HEEED 280 °C, HEEERE N
A5, DB-Fast Fame A 3i4:(30 mx250 pm, 0.25 pm), &
FEREV AN 1 mL/min, {20005 N 280 °C, HAHTHEF
JFoh: PIIRME 80 °C, FAFF 0.5 min; B BE — i E N
40 °C/min, % 165 °C, {RFFHTE] 1 min; B8 3 %K
4 °C/min, Z 230 °C, {44%F8] 4 min.izf TN E]25°4 23 min,
JEIBFTRBE R 260 °C, BF[K 5 min, FUiESc:: HFaeE
K70 eV, YEFIZERBIE] N 2 min, iZ4THFE]2 1 min,

1.3 HIBAIE

BRI R A SPSS 22.0 AT 40T . HESHT. E
WA, 225 8.3 R Duncan ) Tukey 1EZ E HL4R, 45
R LIS £hR W 22 K8, P<0.05 RREFRFE,
P<0.01 FREFWEE.

2 HRESHR
2.1 TR ESAAS . MEKKE. HEH

T

H1¢ 1 AT LA, B HERR T ) 14 S 4 2 R K 43 e 2%
fE3Ein, ) 96 h 2 T, 24, 48, 96, 120 h 4=k
AYAHH 2 0] 25 B R 1 35 (P>0.05), 5 ILAHERR I ] K 4> =2
[F) 22 5 8 3 (P<0.05), 2 AHER ML Bt 12 h B &R
IR A% (20.38+1.19)%, Bl# HEBR T a] (14 4E K it e 2k 7K
RIS, HERR 12 h B AR e KR HERR
24 | 48, 72, 96, 120 h JNERKRZ A5 2E Rtk B %
(P<0.01), XJ&HFAHRRME 72 h, 4 RAFEERE,
AR E B KBNS, FEONE R K EA B K
PRARMEZ B2, HERR 48, 72, 96. 120 h iRk % AH
A2 RN B3 (P>0.05), HEFR 96 h IR R KRG
Fr B A, HEBR 120 h BN 2k K s B & R
(34.84+0.39)%, {HJEHERRZ 96 h 5 120 h Z 6] 22 A B2
(P>0.05), YIS JE 4 WA EEE AR, fRKET
W, il . BBV PRk e BT, (H G it PR AT,

T3 ELY)E PR BT 04 55 Y 0 06 A B A PR 7 B L,
BYU) TR0 AR RO 0 e S AR, BT V) B,
U JUL A b it 2 TR T 14 22 K 2 TR R B ) g S PR
WrR MR B, HERR 12 h WA A B O R R
(59.17x16.18) N, HEfR 12 h it 24 h 4= A BS Y] f 2 (0] 2%
SR (P>0.05), HERR 48 h i} 72 h B 2R A ST ) 22 )
% SN B E (P>0.05), #| 120 h B 874 7 3k B & AR
(24.4245.04) N, 5 HAHERE A 18] 4= D750 90 4 HOAR 2 35 1
I(P<0.01), TEHHRE A HERRI ] (B, A HERR B VE 1k
SREFECNL, AR EIHERR 12 h 3 96 h iE LS ELHH A5 Fads
12, RIS TR LRSS, HERR 120 h BFEANLA
BB, WLPZRHAER . B T g, WANG 2
FEFRIANLA P PR S A P IR B DDA DG, SRk M, A
PR DR BRSPS R R e R, AR R
WUR A RERESE . AR, KRS, SEUREEE R TR,
2 HA 8 3 HERR H AR T BT UM R M B 2 A IOBE
Fz 1 TEHEEFTEFAKS . MEKRKE, HYHTHARE

GEEETR, n=6)

Table 1 Changes of moisture content, pressure loss rate, shear
force during different aging time (wet base, n=6)

HERR B 1] /h K53 1% TR K 2/% BYIJI/N
12 70.51£0.81°  20.38+1.19°® 59.17+16.18**
24 71.69+0.07°  28.91£0.07°AC  57.00£15.10%A¢
48 71.83£0.09°  31.95£2.90™*  50.00+8.94""
72 72.78£0.01*  32.02+£3.05®*  49.61+18.38"5E
96 71.76+£0.06°  31.93+£1.89™*  41.39+10.79°°
120 71.24£0.49°  34.84+0.39" 24.4245.047

H: W —1 bR, A FHERR B A R 7 88 22 5 R 835 (P>0.05),
INEFREARIFER 25 B2 (P<0.05), £ 2~4 [[]; KEFRARZE
TN SR 3 (P<0.01), 2. 47,
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2.2 AEHERES[E) 4R HER L 2 AEIHBETE) 4 P EER I AR CEEEA, n=6)
WEAESE, [ A A0 it T L 4 7 2 P R KU (i T Table 2 Changez oifnin(t)isrir:lee(lxgzlg];::sr[:zt)e during different

FRATORSE, WEICHN, 150 B PR SR A0V o T =rmrrran

WL R R AP 55 2 T T AR 8 A Jo B A e T 22 1) %35 T A ” 77 a1 4%

PR, % 2 TR, HERRI DY 72 b i LA o —

A B {H(185.2+10.3) mg/100 g, i3 B 4E K HE iR 5 ] 24 167.4205"

AT LA R PSR RRUE, {EL 72 h 2 5 FEAE K HERR 48 1784+1.5%

I 1) LT R o W S 25 (P<0.01) R R, W] fi 2 F ok i 25 sl 72 185.2+10.3"

(B HEK ATP FE L, ATP 7E ATP B I/EH T A= 96 117.5+4.3¢

W2 IR 17 (adenosine diphosphate, ADP), ADP 7t JJLFR 184 ¥ i) 120 119.9+4.9€

Y€ FF 45 i A2 B — W5 BR B 1 (adenosine  monophosphate,
AMP), AMP 7E [ R I 2 BE1E T T I 208 UILE IR, (H2

23 TEHERE A4 AERERT
B2 ] ) 404 A RN /K SR, AT i AR i s _
WUHF RR I VE AR IR, JUUHFRR S i R W 220 B, AL N 3 T, NIRRT, B HERIN Tl 0 A

O RO I, Ml 72 n sy, SRR SROCR R SRR RO

F3  TEHERREF A SRR T LAECEEER, n=6)

Table 3 Changes of amino acids during different aging time (wet base, n=6)

BEER/(2/100 g) HERR B ] /h
12 24 48 72 96 120
REHA R 2.17+0.11° 2.24+0.04° 2.130.10° 2.09+0.64* 2.16£0.04* 2.13+0.29*
FAA BHAR 3.59+0.17° 3.71+0.10° 3.66+0.08" 3.71+0.05° 3.81+0.04" 3.76+0.11°
R 5.77+0.29° 5.95+0.14* 5.80+0.21° 5.80+0.11° 5.97+0.08" 5.89+0.14°
ThATR 1.00£0.05° 1.03+0.03* 1.03+0.02* 1.03+0.02* 1.07+0.01° 1.06+0.03%
2254 R 0.90+0.04* 0.93+0.03% 0.92+0.02% 0.93+0.02% 0.97+0.01° 0.97+0.03°
Ha 0.92+0.05" 0.94+0.04™ 0.98+0.02% 0.98+0.01* 0.98+0.00* 1.00+0.01°
R 1.25+0.06 1.29+0.04* 1.29+0.02* 1.30+0.03* 1.34+0.01° 1.3440.04°
HE R 0.940.04° 0.98+0.03" 0.97+0.01° 0.98+0.03" 1.0120.00° 1.00+0.04°
SWAA gy 0.78+0.02° 0.80+0.02° 0.79+0.05° 0.84+0.03° 0.80+0.03" 0.84+0.04°
iR 1.03£0.02% 1.07+0.02% 1.05+0.03% 1.05+0.04% 0.99:0.00° 0.96+0.02°
AR 0.55+0.01° 0.57+0.06" 0.54+0.02° 0.56+0.03 0.58+0.01° 0.56£0.02°
=R 1.89+0.10" 1.95+0.06" 1.93+0.04* 1.91£0.04* 1.96£0.01° 1.9240.01°
K AR 1.38+0.06" 1.4240.04* 1.41£0.03* 1.41£0.03* 1.43£0.01° 1.41£0.04*
R 9.70+0.40° 9.99+0.34* 9.94+0.21* 10.01+0.25° 10.12+0.10* 10.10+0.29*
fili 2R 0.78+0.02° 0.80:£0.02° 0.79+0.05* 0.84+0.03 0.800.03° 0.8440.04°
EERY 1.03+0.02% 1.07+0.02" 1.05+0.03" 1.05+0.04" 0.99+0.00* 0.96+0.02°
B 0.55+0.01° 0.57+0.06" 0.54+0.02° 0.56+0.03 0.58+0.01° 0.56£0.02°
SR 0.98+0.05" 1.00+0.03° 0.98+0.02" 0.98+0.03" 0.93+0.01* 0.90+0.03"
SRR 1.77+0.08* 1.82+0.06 1.79+0.04 1.81+0.04° 1.84+0.02° 1.82+0.06
BIAA it = R 0.78+0.04° 0.81+0.02° 0.79+0.02° 0.80+0.02° 0.81+0.00° 0.79+0.03"
KNA R 0.88+0.04° 0.91+0.03" 0.89:0.02° 0.90+0.02° 0.900.00° 0.88+0.02°
2152 0.94+0.04* 0.98+0.03* 0.97+0.01°* 0.98+0.03 1.0120.00°* 1.000.04*
AR 1.89+0.10" 1.95+0.06" 1.93+0.04* 1.91£0.04* 1.96£0.01° 1.9240.01°
K AR 1.38+0.06" 1.4240.04* 1.41£0.03* 1.41£0.03* 1.43£0.01° 1.41£0.04*
R 10.98+0.45° 11.32+0.35° 11.16+0.23* 11.25+0.32° 11.25+0.08" 11.10+0.36*
TR B 20.81+0.94*  21.47+0.64 21.16+0.30° 21.29+0.50° 21.58+0.20" 21.35+0.61°
SWAA/TAA/% 27.73£0.54*  27.71£0.36° 27.41£0.51° 27.24+0.78° 27.66+0.45° 27.59+0.49°
BIAA/TAA/% 46.61£0.58°  46.53+0.84° 46.98+0.81° 47.02+0.86° 46.90+0.91° 47.31+0.74°
FAA/TAA/% 52.76£0.94"  52.72+0.52° 52.74+0.58" 52.84+0.49" 52.13+0.54 51.99+0.67

H: FAA W2 3R (umami amino acids); SWAA J &K Z FEHR (sweet amino acid); BIAA R 7% IR Z( LR (bitter amino acid); TAA &%k

fiR .5 (total amino acids).
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HERRET B R 96 h B, SRR B R T HERR 12 h i
(P<0.05), HHERRITA] 7 96 h, 120 h i, 228 MRAGSiE B3
= FHERR 12 h B(P<0.05). 4HERRATE )y 120 h B, 2R
B& i B THERR 12 h B(P<0.05), HHERRI A7 96 h,
120 h i, PIZERRAY 3 THERR 12 h (P<0.05), 44F
FRAFIE] A 96 hy 120 h B, 42008 0 & i 2 = T HERR 24,
48. 72 h (P<0.05), JHARK AR A HEMRET F) Z M9 24 55
S RN EP>0.05),

WESE R, SR I Rl 28 S & it 5 1A o R XUBR S5 %%
FSG . TERILMR UL rh, SR S IEIR | Rk 2 LR e
HERR 96 h B A B i mfH, 5 IR R TE 12 h B A F 5/
fH. BERREIEIR . BRI IR . TR & IL IR 75 HERR I ()
Z A TR & i 22 R B3 (P>0.05), HERRJA 4= A 4%
AHERR B 18] 22 8] ) 20 L R B 1 25 5 R JB 3 (P>0.05) . &3
REFPZE . SEEEEWERNOREg, AEAREE
T EER IR, — I A EAR S B, RERm K
HEWSER, BEERME, BFIRRBERN, E4TmT
AR E b, AW HEBR T ] 96 h B 4% R 7 bt
B AR . KA. TR EENERE R, HER
96 h B ETIR S SEM & i S o 50 SR A S IR AR T IR L
LR b 5 b, B HERR B R A, R A SRR AR 1k
W, NICHERR 96 h A AL FIAT 035 A PR XU TG R 11
W
2.4 A EIHERRY B 4RI BR AR ER T 1L

i 07 ok DA A R PR 2K XA ) = R Y 24 4
B a2 A R PR I B G . TEIR & PR AR
JeRGH 29 FPRBIIER, (U35 11 FhitAIAE TR (saturated fatty

acid, SFA), 18 R A AIIE i R (unsaturated fatty acid, UFA),

Hodr 7 b B S 48 0 S U5 B2 (monounsaturated fatty acid,
MUFA) LK 11 Flr 2 A1 FBG D5 B2 (polyunsaturated fatty
acids, PUFA), 13 4, JRIWTR S-S EEHER 12~24 h &
R, 255 W3 (P<0.01), EHERR 24~72 h T Rz i/,
72~120 h il FRBEE A, X EES A RPK AR AL
IR & A 51 L R HE R i R i i AL 24 56 IR
U P 5tk AR AR IR A SO R AR 2 —, FIE— e R b
B R 22 7 R RE S Bt HERR IS 1] (R SE K, R
R fr i IS, VABATEHERR 1200 INF A HAT B0 10 220k
O AEB WFE RN SFAYMUFA (& =i, )
HOBEE | Z2 7 TPE AN XU B, T PUFA 5 fk 3 v DI AR i ),
SFA+MUFA (1) i 7EHERR 120 h A3 i e, (5 B0 R
MY 93% 2540, PUFA S BI%, BEBAHERR 120 h AR
R AR E SR E— i H PUFA 5 SFA (1 LB
(PSR, G B E SRR = 0.457), HERR 96 h I
PUFA:SFA fi&5 0.39, Ban T 55 HE .,

UFA. PUFA (& ®RIE 96 h ik mE{H, SFA,
MUFA 7€ 120 h ik 35S {E. SFA B & & o i = i 2

ek, WFITE B, B R ER R (C18:0)JE AR IR AR
i =2 Y HERR 12~48 h T3 SR G (C18:0)3% Hii /]y,
48~120 h i l6 2 H 5 (C18:0) . 3F 1 K (P<0.01), HEfZ 120 h
ek RIS TR FF TR (C'18:0)i5 ) e e L, 100 W i 2 HE R T[] 114 4
KIFR MOk iR 51 . MUFA & LUHER F BE(C18:1n9¢) &
HiRE, HER 12~24 h, AR ER(C18: 1n9¢c) i 2 i PR AIK
(P<0.01), HEFR 24~120 h iR H EBE(C18: 1n9¢) & 1 . 1 K
(P<0.01), HEA2 120 h BFYHER HER(C18:1n9¢) & e A Bl iR =
B WFFERW, IMER(C18: 1n9¢) HI i & A s, n i 1A i
Rk IR (C18: 1n9c) FH BE BN 2 IR Ak e i i 2-B%
IR . 2-RIRIE . 1R - R B0 R A R0
1E PUFA hEZRIAEAE R P ER(C20:0)0 F, &&im s TH
fll PUFA; HEBR 12~48 h, {64 % R (C20:0) 7% & o & % AIG
(P<0.01), HEM2 48~120 h fEA: 2 FHE(C20:0) 7 f R B i 2%
W HBR(P<0.01), IEIRFIZORE, JET -6 B PUFA £ 3
A, AI-8,11,14- — 5% =512 B F8 (C20:3n6) . S il iR
HER(C18:1n9t) . iR H BE(C18:1n9¢), w-3 & PUFA 4
3 Fh, 491k T RK B G (C18:2n6¢) . SV JEK R HF MR
(C18:2n6t)., JIi-5.8,11,14,17-— T FL 11 FH 15 (C20:5), T
JR 2 ' iR (C18:2n6¢) 6 770 3 3 IR & $R I, W R R P IR
(C18:2n6¢)FEHEMR 24 h BHARIEAME ., 45 LAk, g
FIiB(C18:0). YR FFME(C18:1n9¢). SFA+MUFA K5 &N
SEMRIR 4 PR KUK I AR AR, HERRETIA] 120 h B A
KBRS

2.5 A EHERRE TRMMX S B4 RME . NIKY
RSB ER S 1R

Fifi s HERR A (R AU SE G, SR 4 A U . KUY
JT R A4 bR 25 S JO W] 0 AR, O ik T e Ao A I A5 A
SRR BTILS, BistrE s, Rk E 2R A i
IR EE AT o SRl G AN 25 S E T3, ks, A
MOEE . DUHFER . InFRRKSE . EREER . SRR
TR IR . TE AR R (C18:0) . R B lE(C18:1n9¢) .
SFA+MUFA 45 10 M&1R, K SPSS 22.0 % &dli ik
IR HEALAL B, A T 2 R R 4 =, e 2R bR
R DR A TR AR, FEREMR R RS FR I RTAF R, H
PR AERREO S, AR AL R R4S SR L 5. R
BARIATAR AL AL BT, A5 35 00 IR 4 T A 4 TR Uk 4 ot
BT FEAR BT HRAE(E T 22 DTSR RN R ARy 22 TR
W3R 6. PRI AU IRIE AR R T | sl Rt 25t
BRFERT 85%, ICETHRINCY) 3w Redi R 550 i A5 BT
BT IS OMESS . 3 6 FIR 1. 2 W50, K808
s 2 s XS (R B [R) HERR 2F R R i B, AN IR HERR s [] 1) 4%
BT TEARERLE 95% EHAR X P o [RIE, = U4 Rl o 4
PR Z BIETEAR M o HER AT 3 B = 22 5Tk 51k
51.645%. 28.330%. 13.438%, RFUFZETTHRRN 93.413%,
FRIEM A 51K 5.165, 2.833, 1.344,
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4 TEIHELET B4 P AR BABR T (L MU CT R EAE, n=6)
Table 4 Changes of fatty acids during different aging times (wet base, N=6)
X HERR IS A)/h
JEIiER/(mg/100 g)
12 24 48 7 96 120
T =R H R(C13:0) 0.07+0.09* 0.05+0.01° 0.120.00° 0.06+0.01* 0.04+0.03* 0.07+0.06*
P E R B (C 14:0) 1.34£0.02"" 0.600.01*® 0.210.02® 0.97+0.03"" 2.97£0.57* 2.45+0.10°P
N E BRI ER(C14:1) 3.50+0.07" 5.08+0.10°¢ 3.60+0.06" 2.78+0.10°5F 0.84+0.15° 6.36£0.59**
T IEERR A ER(C15:0) 0.2120.01% 3.37+0.00% 0.050.00% 0.12+0.01% 0.49+0.10°%¢ 0.68+0.10°°
J'm'lo'tgﬁff@qaﬁﬁ 1.86+0.01%" 3.10+0.00°* 1.91£0.02"® 1.04£0.02°® 1.27+0.47"® 1.00£0.03®
F AR T iR(C'16:0) 11.02+2.13%® 43.26+8.90"* 3.68+1.10™ 4.64+0.03% 26,667 1148 24.16+2.14™4°
FEHHBR T ER(CL6:1)  21.6320.51°PF 27.74+1.74™AC 12.09+1.23° 21.92+3.56° 25.6242.07°%  29.46+0.21*
TERHFER(C17:0)  1241.29+27.66™%  1173.42+17.39"%°  665.69+4.98°C  851.36+10.52°C  2256.49+282.94"* 1314.09+151.56""
JIFi-10-BER HER(C17:1) 2.08+0.11° 5.07+0.12° 6.24+0.87° 1.57+0.37° 2.94+0.80° 2.57+0.25
TR FH R(C18:0) 17.13+0.03%BC 16.15+0.64"8¢ 8.560.03°C 19.72:£0.29°5P 24.83+1.69™%  31.13x4.42"
FOMBRHER(C18:1n9t)  22.63+0.15°5C 16.38+0.035¢ 10.08+0.01¢ 29.49£0.46"¢ 40.5742.68°>  76.67£10.61*
THER H BR(C18:1n9c) 21.39+0.07"5¢ 15.07+0.97¢ 9.74+0.52¢ 26.57+0.93"EC 33.98+4.04"B° 55934693
FOTIHAR HIER(C18:2n6t)  25.304+0.28%4P 34.17+0.13* 26.64+0.78"8 14.52+1.92° 14.58+2.86™ 28.17+4.73*8
WIMARFFEE(C18:2n6c)  18.3240.59°P 23.90+0.31* 18.57+0.38™%  11.92+0.73"® 9.11+0.78%® 16.16+1.25%°
S FRERHER(C18:3n6)  19.06+1.80% 28.22+0.24° 9.54+0.12° 13.72+0.21° 16.562.07% 27.0746.06™
WRFRHEE(CI8:3n3)  23.13+£0.627 45.47+0.13* 20.96+0.03""¢ 5.04+0.12¢ 12.22:1.58%¢ 28.19+5.548
FELE IR FPTR(C20:0) 85.36+2.07"8 51.96£1.37" 86.03£1.87"*%  70.80+0.75b"® 110.17+11.44™8  136.25£30.39™
-1 1;(33‘%;1)%@&%3@5 0.85+0.52° 1.3740.08° 0.78+0.03° 0.90+0.69* 1.06+0.21° 1.30+0.58°
JR-11,14 :(CJZZ’%?%MWE 555.27+25.89™ 63.87+17.75% 592.41+14.73"®  284.25+13.25%® 1326.12£16.37**  254.97£11.29°5P
TABERRHER(C21:0)  1545.84£123.44%  3216.66+45.59" 1647.19+58.62°  762.41+35.47° 823.16£63.17°  2849.52+404.47"C
08,1 1%;(5;2%5%%‘2%3 1.06+0.03¢ 1.23+0.02¢ 1.110.01¢ 1.99+0.01° 0.99+0.03¢ 2.89+0.33%
Wt lgﬁlﬁz&otﬁ;%% 1.56:0.06™ 1.60+0.01%® 1.41£0.01*® 1.58+0.01*® 1.93+0.09°3 3.49+0.43®
=581 IEZCIZO;;F WL 3.19+0.09" 4.17+0.03* 3.17+0.00%° 2.57+0.01¢ 2.53+0.09° 2.69+0.17¢
T B P ER(C22:0)  769.22+12.69 290.47+5.65%P 426.38+23.19°C  338.83+7.59°P 209.75+46.40"  602.74+68.80™
FFERHR(C22:1) 6.53+0.16" 4.99+0.17* 5.68+0.15° 4,70+0.93* 2.34+2.05° 3.00+0.44°
JR-13,1 6'(%225)@%:%% 15.59+0.22% 1.61£1.14¢ 0.98+1.32¢ 0.80+0.26° 11.30+0.96°
T ERRIRITER(C23:0)  72.1743.76°% 10.35+0.84" 41.03£020°°%  70.47£1.57"° 117.51£1421"  52.13£10.93*°
AR BHETR I R(C24:0) 4.39+0.11* 2.4120.11°4¢ 4.63£0.00° 3.72+0.02% 2.90+0.13° 1.06+0.00™
P2 R B R (C24:1) 1.99+0.33* 1.89+0.57* 1.7240.10%48 1.8420.01%4¢ 0.80+0.08"" 0.80+0.02°8
SFA 3748.03£124.56®  4808.64+87.14™¢  2883.56+184.25® 2123.09£214.29"  3574.97+321.59°" 5014.23£365.56"
UFA 729.35+45.26" 298.92423 .54™ 727.26£32.05™®  427.40+54.26% 14942542149 552.04+32.56°
MUFA 82.45+15.24° 80.70+8.71° 51.84+6.12° 90.83£9.06" 109.42+7.16° 177.10+5.48°
PUFA 646.90+69.79"C  218.23+45.56% 675.42425.56"  336.57+18.59C  1384.83+359.26™  374.94+65.21°¢
TUFA 4475.40+245.21°  5105.68+184.26  3609.10+154.48% 2548.65+256.56 5068.42+96.25™  5565.47+326.25"
UFA:SFA 0.19£0.01° 0.06+0.01° 0.25+0.02™ 0.20+0.01° 0.42+0.03° 0.1120.06®
MUFA:SFA 0.02+0.01° 0.02+0.02° 0.02+0.01° 0.04+0.02* 0.030.02° 0.04+0.02*
PUFA:SFA 0.17+0.03° 0.050.03° 0.23+0.05" 0.16£0.03% 0.39+0.06° 0.07+0.04%
SFA+MUFA 3830.48+65.58° 488934111424  293540+38.94° 2213.92+74.15° 3684.39+69.45°  5191.33+248.25°

HE: -FRTCILEUE, TUFA b B A1 FLIg D B2 (total unsaturated fatty acid).
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Table 5 Standardized data

0.13438F3, N4 AN R HERR A (8] 52 i IR 4 B8 A 4 P RUBR 4 I Bl
YRR S B AR AL A B A BIR A Fi~F5 R
B, BRI F o, BRI BR R HERR B [R) IR 4
AR KR T A R SR A Sy, R TR, HiR s
TR FAEMK, Ui HERR I 1R] BEIR 4 TR AR 2R = AR Y
R T dc i . 2% 8 AT, ARHEAS 2 K/ NXHIR 4 BA AR A
REATIEMY, HERR 96 h 157 ferm, HEMR 12 h XK B4R

J5h7 He  HER  HER HER HER Hw
12h  24h  48h 72h  96h 120h
X, K5y -151 007 026 153 017 —0.53
X PR 096 079 024 021 -044 -177
X UHR 0.66 031 067 08 -131 -123
X JESRAKE 190 -022 038 040 038 095
X ffREIAR  -1.09 102 -074 -074 125 031
XofRaIEie  —182 009 -024 022 095 081
XoWRERRE 159 116 -014 059 059  —0.62
Biin =3
X BEARTR IR 032 044 -142 002 068 149
(C18:0)
v 7 b
Xo TG T i 035 -073 -105 -003 042 175
(C18:1n9¢)
XioSFATMUFA 004 097 -076 -139 —0.09 124
+ 6 EMSIFEEMTEE
Table 6 Eigenvalue and contribution rate of
principal component
WIHRFFAE(E HPEHOE 5 FIZRA
B sy JEOBBUE L Uik RBUDE
PUUOmmRe st O BORR% SRER%
1 5165 51.645 51.645 5.165 51.645  51.645
2 2833 28330 79.975 2.833 28330  79.975
3 1.344 13438 93.413 1344 13.438  93.413
6
5
4
g
3—1\_3 3
2
1
0
1 2 3 4 5 6 7 8 9 10
HATEL
B A
Fig. Rubble map

A5 BB R 7 AR an A =X (1)~(3):

F1=0.026X,-0.172X,-0.174X5+0.144X,+0.138X5+0. 170X+
0.057.X;+0.162X+0.160Xs+0.095X,, (1)

F,=0.332X,+0.059.X,+0.097X:+0.185X,+0.060X5+0.166 X+
0.299.X7-0.124X5—0.141X4-0.199X; (2)

F3=0.187X,+0.28 1.X,-0.092.X5-0.197.X,+0.494X5+0.000.X;
+0.312X7-0.119X5-0.248X,+0.407X,,  (3)

K Fi~F; FoR8B 1~3 A F 804 BO4FAE ) 5 A
X1~X1o Fem AN I HERRES ] B2 MR 4 T 224 P KU ot ok o
FEARI & B bR AL S 25 5 L LA 204 X Iy 22 Bk
R RCE, AR AR 43 R L AR et AR s
B E WA ZEE BTN F=0.51645F+0.28330F+

HHEA AT

S

PC3 (13.438%)

5L

2 SRR
Fig.2 Diagram of principal component analysis
*1 EMPETRBIENE
Table 7 Principal component score coefficient matrix
b R
1 2 3

X, KA 0.026 0.332 -0.187
X, W% —-0.172 0.059 0.281
X, ILAF iR -0.174 0.097 -0.092
X IERAKFE 0.144  0.185 -0.197
X fRE R G L R 0.138 0.060 0.494
X GHIER S FE AR 0.170 0.166 0.000
X TR IR 0.057 0.299 0.312
X 1515 1% F i (C18:0) 0.162  —0.124 —0.119
X, iR H R (C18:1n9¢) 0.160  —0.141 -0.248
X0 SFA+MUFA 0.095  —-0.199 0.407

®8 EIRABAMEGEERES

Table 8 Principal component score and composite score

ﬁl?ﬁjk ) F, F; F Hep
12 —1247  -1494  —0.028  -1.071 6
24 -0.093 0.447 1.718 0.309 3
48 -0.718 0.585  —0.407  -0.259 5
72 -0.258 1128 —1.130 0.034 4
96 0.899 0.257 0.470 0.600 1
120 1426  -0.935  —0.619 0.388 2
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R BT 520, S BLHERR I 18] 120 h B, BORE SR, B
B K (24.42+5.04) N; HERRIHA] N 72 h i, KUBR&LF, AL
TFER{H 1% (185.2£10.3)mg/100 g; HERR 96 h I Bk 2 FER |
EH M RIS B B e (i HERRA IR 120 h B, UM AR TR
T g2 FH B (C18:0) . AR E(C18:1n9¢) . SFA+MUFA (1)

R .

i 3 FE AR AR R RVRRAE [ B0 A, R BLHERR 96 h
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