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Fig.1 The process of making pork head bone broth
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Fig.2 Changes in solids (a), water—soluble protein (b), total sugar (c¢) during the boiling process of pork skull soup
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Fig.3 Changes in ash (a), sodium and calcium (b) and magnesium and potassium (c¢) contents

during boiling of pork head bone broth
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Table 1 Changes in coloration of pork head bone soup during boiling

[ L a b 2y
m m 20 min 4572 +0.091° 031 +0.164° 553 +0.192'  45.44 +0.10"
e T e 40min  4640+0.125° 020+0.12%  6.31+0.176° 46.03=0.117°
60min  46.83+0.051° 037+0.149" 7.13+£0.129"  46.35 + 0.047*
90 min 45420059 0.53:0.143 778 £0252° 44.66 +0.66°
120 min 429440043 065012  690+0.11"  42.53 +0.050°

PR RNG TR R R 4R A B E M2 R P<0.05,
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Fig4 Changes in particle size (a, b) and potential (¢) during boiling of pork head bone broth
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Fig.5 Microstructural changes during boiling of pork head bone broth
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DR R 2 R H RERZ AR,
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T AR DR, ARLFN AR 7 R 55 N TR ARG D R 43 0 o5

SRR &8 43% M 5T% A7, T IR I R
TR & B AG Z e, TR R 2K 90 min B 3k
F]T 15.96 mg/100 mL, iR 75 P8 15 Mg 7K F |, B
VAL [ e 07 O LA 0 b B AT — S R,
1E 20~90 min Y 5 2L L R b Z8UIR 1T IR
HRPAWITEE RN T, SRR, fEEE
120 min B H 5 5047 BT REAIG, AT R L IS B Ul R
IR BN (] B B R e i A T S R
PEY BT N0 R U R e B AIG, A RT RE  h
JE R OSURE Bl A AL T BT 2 Guan %15 Lin
IR R WA RIS, A Sk
%1 Y PUFAw6/ Y PUFA®3 N 6~7, WHO #ii%
FLAETE 5~10, 774 WHO B H,

R2 BEABIRATEDENRSET
Table 2 Changes in fatty acid content during boiling of pork skull soup

fig Iy B 4%/ (mg/100 mL.)

Jig s B2 % AR
20 min 40 min 60 min 90 min 120 min

C12:0 A AR B 0.1155 £ 0.0001°  0.1162 £ 0.0002!  0.1170 + 0.0002* 0.1185 = 0.0003* 0.1166 + 0.0003"™
C14:0 P’ 2 RE R 0.3007 £ 0.0031°  0.3232 +0.0040" 0.3240 + 0.0021*> 0.3816 + 0.0097* 0.3380 + 0.0038"
C15:0 + AR 0.0743 £ 0.0004*  0.0738 £ 0.0005" 0.0740 = 0.0004> 0.0781 £ 0.0011*  0.0767 £ 0.0002*
C16:0 A A BR 6.5322 +0.1407¢  7.4054 + 0.2026" 7.5875 £ 0.0894> 9.4866 + 0.2780" 7.9150 + 0.1665"
C16:1 AR AR ey BR 0.4168 £ 0.0084" 0.4537 +0.0088° 0.4580 = 0.0029° 0.5637 + 0.0184* 0.5094 + 0.0044"
C17:0 + g 0.1466 + 0.0015" 0.1485 +0.0022" 0.1521 £ 0.0018" 0.1755 + 0.0049* 0.1475 + 0.0010"
C18:0 B g BR 4.4180 £0.0298! 4.8150 +0.1243°  4.9236 + 0.0577° 6.3462 +0.1041* 5.2659 + 0.1087"
C18:1n9¢ k& 11.0439 £ 0.3123¢ 12.5253 £ 0.2750" 12.6778 + 0.0645" 15.9577 + 0.4504* 13.134 + 0.2346"
C18:2n6c I ith B2 2.8749 £0.0825° 3.3995 +£0.1056" 3.3528 + 0.0254" 4.1965 = 0.0917* 3.2977 + 0.0843"
C20:0 Ao R 0.2951 £ 0.0035™ 0.2934 £ 0.0016° 0.2964 + 0.0007™ 0.3159 + 0.0034* 0.3045 + 0.0032"
C18:3n3  a-Tihig 0.1896 + 0.0025¢  0.2131 £ 0.0007" 0.2059 + 0.0051* 0.2321 + 0.0006* 0.2008 + 0.0031°
C20:1 o A MR 0.4454 + 0.0058°  0.4869 + 0.0048" 0.4943 + 0.0034> 0.6086 + 0.0162* 0.5101 + 0.0054"
C20:2 =t e 0.2957 £ 0.0041¢  0.3225 +0.0044>  0.3321 £ 0.0052> 0.3760 + 0.0114* 0.3226 + 0.0060"
C22:0 —+ =R 0.2738 £ 0.0002*  0.2735 £ 0.0002*  0.2727 £ 0.0016*  0.2762 + 0.0013*  0.2752 + 0.0002*
C20:3n6 IR -8,11,14 - = 0.1628 £ 0.0008" 0.1614 +0.0019* 0.1636 + 0.0024* 0.1759 + 0.0019* 0.1722 + 0.0001*

B =R
C20:3n3  JA-11,14,17-= 0.1577 £ 0.0004° 0.1602 + 0.0004* 0.1559 +0.0001° 0.1635 + 0.0004* 0.1621 + 0.0010"

N i
C22:1n9  FFE& 0.2183 £ 0.0006* 0.2275 +0.0045*  0.2039 + 0.0032" 0.2207 = 0.0041*  0.2169 + 0.0023"
C20:4n6  F& A va M B 0.2703 £ 0.0014">  0.2618 + 0.0002° 0.2675 £ 0.0004™ 0.3090 + 0.0045* 0.3083 + 0.0014*
C23:0 —+ =8, 0.1555 £ 0.0001"  0.1554 +0.0003" 0.1554 = 0.0003" 0.1587 + 0.0006* 0.1586 + 0.0002*
C22:2 M -13,16 - =+ 0.1324 £ 0.0010* 0.1291 £ 0.0001* 0.1266 + 0.0017* 0.1297 + 0.0002* 0.1288 + 0.0007°

TR
C20:5n3 = + & & K B 0.0751 £0.0007* 0.0733 +0.0010*  0.0730 + 0.0004*  0.0732 = 0.0004*  0.0749 + 0.0001°

EPA
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e 5 75 1 8 4/ (mg/100 mL)
20 min 40 min 60 min 90 min 120 min

€24:0 —tws 04256 £0.0010° 0.4135 +0.0018" 0.4284 +0.0005° 0.4450 £ 0.0055" 0.4754 + 0.0030"
C24:1 = +wha 0.2081 +0.0017°  0.2080 +0.0013° 0.2135 +0.0006° 0.2309 £ 0.0037" 0.2530  0.0030"
€22:6n3 == # M 00930000000 0.0932+0.0004 0.0895+0.0003 0.0971 0.0004 0.0875 = 0.0006'

¥ DHA
Y FA B B B 203214 £ 0.6022° 327335 = 0.7414" 33.1457  0.2600" 41.1168 = 1.0111* 34.4523 + 0.6319"
YSFA  EAAREBE 1273742 0.1800" 14.0179 £ 0.3369° 14.3311 = 0.1501" 17.7822 + 0.4083* 15.0735 + 0.2864"
SUFA & RMf MBS 16.5840 04222 18.7155 = 0.4045" 18.8145 = 0.1099" 23.3346 + 0.6028" 19.3788 = 0.3455"
YPUFAw3 % o3 % R4 fs 05154 +0.0036° 0.5397 £0.0017° 0.5244 0.0043  0.5659 = 0.0006" 0.5253 + 0.0034°

s B Bk
YPUFAwG % w6 % 4 f= 33080 +0.0847° 3.8228 +0.1040" 3.7839 0.0275" 4.6814 = 0.0981° 3.7782 + 0.0856"

¢ B Bk
YPUFAG6 & 03 % 44 64172+0.1193 7.0826 +0.1705" 7.2158 +0.0068" 8.2724 +0.1647° 7.1918 +0.1168"
/Y PUFAw3 & 5 B2/ w6 %

A Ao B o B

TE BT AR /NG TR FOR L) Bof 322 57 P<0.05,

27 HEBEM
o o 0 R

7

WRREGETRMI, &
HW s ARG, B 3 AT BRAF &R K
k%@&fﬁ%‘ 120 min B BT R RELLSN , H B 2 5
gt A7 28K B ST TRD 174 SEE T 4 A R T HE g o
%Lﬁﬂ‘%ﬁo DAE G R E A G R | S SR AN B D
R R I RIS B ST M 2 R i A
2, BT LA LR SR 2 b a3 7R AN [R] 25 ) i)
B 2 G W o s sk SR [A] B A BT R
ik, XATRER H TR R & B Y ™ A4 S i
() R B, SR AT 25 36 48 B o, 07 4 v [ il 4
NP B RAE h RNH) Z — = O WHIE AR 55 4
BRI AT S WECR SR RERET,
Zead — B[R] 28 I O AR A R 25 A S HIC, /D
LIS 2 | S0 IR S5 /Ny 1 B A W AR
KR A oy i fE FHER Y R R R, S Rk 3
Fi7, R S B R 5 > R S B R 5 > B IR o
IR U Sk B 1 R OR AR AR B R | axX K
PR 0 AP W 5T 4l R — B, B R 2 R R A
i IR 2 5 T S ) I () 4 B P OR  [)Bs m A2
BRI SRR 20 L R T TN 2 R i ) 2 5
T2 3% figp 2 I AT A LA R PR R ) ot L 1, R TR

T2 686 ik 7 A R DXL A o S R R R
R AR S B, XS HEFITARES,
Al AESE T S B AL P A R A 5 T
T AN M b S R A AN AT DAy A 6 S5 1 3% ok
] DA A =2 T 2-PEfi | B 2 1F 3k nk
MR 45 7 2 P LA g Jo 21

MEFEMBE R, W kw7 R & AR
TR IR, 0 B e R R A Kk i 1 Y S — BRI
AR, B IREIEE R R H AR (0.88~5.87
mg/100 g) ik 58 #ESX BT WG Y
7 JHEA RS AR L S e — B0 Sk B S
AN RIS 7 B S TR O i 25 ORI
B BE T WHEZ K EAA/TAA {55398 0.22,
0.33,0.19,0.31,EAA/NEAA {3 % & 0.28,0.49,
0.24,0.44 , 117 5 3k B 17 7 20~120 min [ & 25 &
], H EAA/TAA (%) 5 EAA/NEAA (% ) 535
Rl 23 51 4 0.18~0.19 F1 0.22~0.23, LB
MR EFRMEIR TS . W E s M HE
RSk = 07k~ VW E R 3E B =NiNP Y DS = 8V7F VK=
R oA F 43.85~75.29 mg/100 g, T HFIE 5k
V) B 2 H R T K — R A VR Skl

TE S ] DA b i 2 1 A AN AL
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Table 3 Changes in amino acid content during boiling of pork head bone broth
S E AL ‘ ' i%ﬁi/‘a\f’@f/(.mg/loo g) . .
20 min 40 min 60 min 90 min 120 min

R AR 59.80 + 0.68° 52.57 = 0.08° 83.71 £ 0.81" 99.71 + 2.59° 72.28 +2.27°
B R 119.91 + 1.55° 132.67 = 1.11° 160.61 + 1.12¢ 191.87 +2.92¢ 179.64 +2.33"
Bk Uk BR 179.71 185.25 24432 291.59 251.92
EX 43 37.62 £0.51¢ 48.09 £ 0.71° 49.40 + 0.29¢ 59.50 £ 0.61" 61.71 + 0.45°
H A3 284.20 + 3.18¢ 377.60 + 7.01¢ 380.74 = 1.29° 452.04 £2.26 469.55 +0.61°
H BB 24.36 + 0.02¢ 33.96 £ 0.45" 29.84 £ 0.52¢ 3425 £1.02" 37.08 £ 1.21°
Tk 2 BR 177.53 +0.91¢ 236.07 +4.73¢ 233.60 + 0.95¢ 272.49 £ 1.24° 284.00 +2.71*
EEN 101.14 + 1.52¢ 134.04 +2.42" 135.92 +£0.88" 163.17 +3.30° 169.53 + 1.03*
Bk 2R R 624.85 829.76 829.50 981.44 1021.87
20 R BR 9.09 +0.32¢ 10.77 + 0.69" 11.26 +0.23" 13.98 + 0.20° 15.04 = 0.14
Hy RER 93.34 + 1.48° 113.06 + 1.49° 124.66 + 0.81" 149.17 + 1.57° 153.06 + 1.22°
B RUBR 9.47 +0.10° 8.96 + 0.16° 1235+0.11" 15.24 £ 0.21* 15.39 + 0.15°
R 33.03 £ 0.631 43.13 £0.92¢ 45.25 +0.34° 54.80 £ 0.78" 57.62 + 0.68*
R ABR 2.72 +0.09° 0.88 + 0.02* 3.23+£0.01" 3.42 +0.09" 587 +0.11*
575 AR 13.20 £ 0.28* 16.86 + 0.31¢ 17.29 £ 0.19° 20.32 £ 0.01" 21.92 +0.08*
7 AR 37.02 £ 0.61¢ 47.99 + 1.09° 4891 +£0.17° 59.14 +0.17" 63.14 + 0.09
ENSEY:d 27.00 £ 0.27¢ 35.65 £ 0.39° 36.28 +0.43° 43.45 +£0.79" 46.30 + 0.41°
AR 43.85 + 1.16° 52.11 £ 0.41° 59.81 +0.59" 73.03 £ 0.97* 75.29 £ 0.79°
Bk AR R 268.72 329.39 359.04 432.54 453.63
R AER — — — — —
b BB 190.27 241.33 251.87 302.38 322.26
ISP P 8.3 883.00 1103.07 1 180.99 1403.19 1405.16
ARABREFE 1073.28 1344.39 1432.86 1705.56 1727.42
EAA/TAA/% 0.18 0.18 0.18 0.18 0.19
EAA/NEAA/% 0.22 0.22 0.21 0.22 0.23

BT AFNG FRFORH N BA RE 2R P<0.05;“—"FRom R,

28 ZEBRSEWETH

A% R X B i 1) 7 R R o B A S S
P 4 SR AN [A) iE FR EE B )R 8 Skl b A AT R
B ERRE 20~120 min RS -AMP & &
e/ NG A BTN, 5’ -IMP .5’ ~GMP 5’ ~CMP &
s SR NS A BTN 4 I AE 40,60,40 min B
ik ) 5 KAH 0.65,0.79,2.24 mg/100 mL, iX J& iy T
5’ -IMP.5" -GMP & & W34 in 22 h 7 5 -
AMP ) #ARE ff 20 2 I & i ps /N il B R 50 -
IMP \5° ~GMP 1 23 7E IR BE T & AR A% 1 18 Mot i iR
J5 7 NGB 3 R 7 A WU 5 Yk B IS 28 9%
N 5 PR pH R AR B [R]85 DI AE G, Rk
T 04 AL 5 2 1 3 A 16 B T s B Y
11, 7358,5 -IMP ] 57K & h i HE 2%y
JoT G 28 BE R A5 R A RN 7 HE A R M R B,

BRI ST KB S ~IMP 1) B fift 7= 4 5 ¥ % 1k
JRUR oy o 5 £ (] EL A — 8 ARG PE 57 —AMP Al
5'-CMP 2 B & e F 8 T R,5 -
GMP 1 5°-IMP & & B4k, {H 5 -GMP 15’ -
IMP B HCAT AR Pyt F 1 s e oR 0CR (3%, Tk
AT DO R SE AR A R A 57 —IMP 1T L5 383 TP
AT A 2 1R B ) B (] 39 e 1 /R L5 —AMP 32 22
JERAR TR BB AECURE Y TR A R A R i,
KRG 5 -IMP & s, 8% 133.9 mg/
100 mL, % 25 & T4 Sk J b i & i vl alig
HWRRE 2R R %, SRS Y
RS NARER A G 0] PR RIR,, MR R 5 S
BRI, 2R v R I S i I [ S A B
BN T AR, BT LA e B A IR
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Table 4 Changes in nucleotide content during boiling of pork head bone broth

A% H B 2 F (mg/100 mL)

R
20 min 40 min 60 min 90 min 120 min

R R 5.65 +0.024¢ 6.65 +0.015¢ 9.39 + 0.033" 10.40 £ 0.082° 10.35 £ 0.077°

L3 0.38 +£0.012° 2.19 £ 0.032¢ 2.40 £0.012° 3.30 £ 0.126" 4.15+0.014*
5’-IMP 0.32 £0.015° 0.65+ 0.022° 0.33 £0.014° 0.46 +0.014" 0.22 +0.024¢
5’-AMP 3.53 +£0.562¢ 1.71+ 0.039 1.68 + 0.064" 2.12+0.110" 1.91 £ 0.046
5’-GMP 0.38+ 0.033¢ 0.76 £ 0.033° 0.79+ 0.021° 0.54 +0.015" 0.22 +0.027¢
5’-CMP 1.23+0.010¢ 2.24 £ 0.015° 1.65 £ 0.053" 1.11 £0.032¢ 1.139 £ 0.054¢

T BT A FNG TR RN I B 5 22 57, P<0.05,
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AN [ oy R 285 8 I 1] R 4 Sk i 1 1 H - S A
My 157 R 4 18 6a BT 7, TA/2 45 3k % A3 HLAL & 4 4L
S, H e N B A 8 O 7E 24 60 min B 3K 2] 5 K
B, ZJa 8 TRE , X 58 572 E N B E
PEA LIRS AT OC, PA/2 P30/1 I . &
e T 28 K B 2 AR A W BRI 2 60 min Al
90 min S, H g 1 (B b HE & 2B i RIS AIC, B v R
PR L TT0/2 R 3% 557 A T Ak A 1 BUsRe) R ) 2%
AT R Sk e A S TR S AR, 7E 60
min BF ik 8 5 &, U5 B 28 W AR 2R ok B
ERAREIA L AN LY2 BRSBTS

Q20 min
Q40 min
= - [ 1Q60 min
0.7 £ iu*] Q90 min
. % e 1 Q120 min
= -
0.6 | Z i TR
2
Z
=
0.5 o

O LY2Z/eCT

.g oo e,
e TR Sk 2 B

w2
e
i m Sensor names
L

ulliligll

7 T30/1 P10/1 P40/1 T70/2 PA/2 P30/1 P40/2 P30/2 T40/2 T40/1 TA/2
1 AT R K 44 TR
Sensor names

(a)

=]
-
T

A\
\!

LEPA(EE
Response value/mV

=]
(]

BEAR W2 5 S w2 AR O, o Ry (H 4 AR L 28
i, ATREJE AR G AR S AW XA SR
(R 77 A9 TR Ik DA F, - S B fH R 2 60~90
min 5 k50 KRBT T i S8R 1Y PCA
A3, & 6b i1, PC1 STRkE N 53.1%,PC2 Tt
Bk h 28.8% , BT Ti#k % °h 81.9% , KT 80%),
A DR ST 5 B o AN R 2R B )4 Sk i
D (SRR AE (L BE AL U 9 X 43, 2478 20~40 min
W% EZ A ATES 3.4 2R, 22 60~90 min /1
Doy RS 2 B PR, B4 120 min W% A 256 1
SR, Mi#E 60 min MZKE 90 min )17 AH I 1R
I, AN REAS BIAR &P X 43

* 20min

+ 40 min

e 60min

- 90 min

il < / | « 120min

PC2(28.8%)

PC1(53.1%)
(b)

E6 SEARENEXNELBIEFEMEERNIIE(a)k PCA S5 (b)
Fig.6 Effect of high pressure boiling time on e-nose response values of pork head bone broth (a) and PCA analysis (b)

210 HBFEmWEESH
A [5] FL 5 78 4R S X A ] e s 2 I R Y
Sk B e W AE, QL7 TR . R (SCS) F Sk i

I R R B g, ELEl T AR A s A B R
JRCoY B R T AR, AR S IR R AN B
BRI, B 60 min P& B I )T 7 64 i R



%24 4% 4 10

2 B A B 8] 3R Sk B FAL MR Rk e R4 %R

301

IR S o 1 {5 55, 8 B 255 60 min 1937 1) K
AR R A T R AR I SE E 1T PCA 4y
¥r,PC1 STk F N 88.6% ,PC2 TRk RN 9.4% , &
Tk RIA E] 98% , KT 90%, nf LI s KB4
B RES 5 S . #K 20~40 min A3 FEH 1.2

3 - [ 1Q20min
[ ]Q40min
[ 1Q60min
[ 1Q90 min o
[ 1Q120min E

<
T

L
Response value/mV

JDE L.

AHS PKS CTS NMS CPS
G AR R AR
Sensor names

(a)

1
ANS SCS

PC2(9.4%)

FIR,EAE 60 min M7 A AES 3.4 RIR, B
90 min MY EE A AMES 4 2, % 120 min
M RS 2 B8, U0 e 8 8 I ) o 4 S
AR SR ES A IRTE N

* Q20 min
* Q40 min
e Q60 min

Q90 min
e Q120 min

PC1(88.6%)
(b)

7 BEREARBENELBIEFEWMAEMNZN (a)X% PCA 247 (b)
Fig.7 Effect of high pressure boiling time on the response value of electronic tongue of pork head bone broth (a)

and PCA analysis (b)
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W 5 o, 3 5% TE 20~120 min 5 He %4
Bk, Ul 116 MIELTEY R, f R
e B AR RSB R DY R BT
AWy, SRR R Sk B T R R TS )
FhAEL 2 50~65 B, EAR BN R 22 AN K (AN R 2%
BEB TR EAEY RS EESENE, X5
A5 Bty 7 S PIFT Meng 85 PORIF 58 AN [W] 2538 1) [H] R 2R
T A8 AR R TR B R S AR A B — B
XOEH TR R TR B kA B It S B A S
1% 11 /IN IR P 307 96 5 R Al e 107, 3 6 2 2 Kk
PERBRAL B P00 B BOR IR, R B 7 & R A T
R A VAW R A B W R 5 AR L, R R
L EAW EA i, M G2 h T
RERGR M AR AT R AR R B 8 R,
1 20~90 min Z& & i P IR 2R BE2E | EESS T
JRA PR BOCHERT =, BRAE 2L 120 min B, B2
KAV IEA PTG A | Hop A FOM X B2 5 b
JEFNEAZE R 2, 43 i) 32 2k U5 IR U 18 1) W 584 5
22 Ry N TR U7 TR P A e i o {6 e 1Y 3 R

N UBR B AN K TR RS A IR L H e
PP A E IR D X T FR RV BT RS G
BERK,

W m %o 13 M, Hoh o pe
WE R TR P ERETE 20~90 min ZXAE T 1Y
AR, R TRl TR, A I TR,
AR B AN N, A T AR BRI 1 2 e G
J5 FEAR , Y76 5% 2% 40 min I35 B Kl . Bt
T e 2 e 1 B AN T BB R 5 R LG W B i e
b UUVE B 35 2 PE S R 30, OO PR R
e AN - WERE P AR TS IR R IR AR AR IR, 2%
K F TR I JRR R | IV 7 52 5 N T R g I R ) S Ak
R A , B 2 38 76 1R 3R IR 3 A8 81 60~70 CHE R 1 R
BV R [ figp e A SIS A A O 2 ) IO R R AR
H O | T R AR ARG & i3 v W Sk 5
SR BTHREL K o A< ST 8 Sk 1 R R R 2R A8 T
X, AT ECGE R R BB T A E] 90 °C, B
DLFE e 400 25 3 5 20 min PN, B A3 350 50 1R 17 TR 9% fit
PRI A MR R, w7 HE
A AN FEE 2 4N (B) -2—F s £, E-2,4-%% .
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Wl E-2-Z8 I A, W RENE 7 7 A ik et
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[IEE R o S 5] 5 [ =R 5 3
IR AL SR AN [F) 25 5 I [R) (137 vh 25 56 5 10 F
DLE SIS 3 R SIS I (A T AN 0 R T
B HBARIY | 1 -7 s -3 — P ] ply ST R % fie ™= A L
A BE i R AR A, 7E KA 60 min BT HE k5
TR ZEER N TRAG T HFIICR Y, &
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s i SRR AR A A, S X T IR 7 A — s S
Ba & ZE R, A, (IR,
5S)—rel -7 Al MEREE S 1—2F EAE o n] pe A
R AE, ZZ I E A 120 min B bR E
JEAT I i o DR R 1 — 25 Ak Tl AR R 2 I
F & 8 WL, E 2 A 20~40 min B} R 2 Fh e 55 /0 |
2R TGN, AT RE S R Sk g i XU R ) 1B
AR, 40 3 B B 7 20~120 min 26K 38 A&
YA K 2] | EHLAE 40~90 min FHX & A B H
AR R LR S5 T R 9 SR AT R XA Sk B
T R A — & 1 BTk

BB S E Bl R | A
IR, B 3B R IR I IO R R Ak e B
S R S B AR W /0N | SR T R R
AR IEAE R, R & o F 5,0 (-)-%

o 2024 4E55 10 1
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B8 RIBIRAITBEINELERKY RHMEE
Fig.8 Changes in volatile flavor species during boiling

of pork skull soup
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W B-ME M y—He M 3— B0 55 | Wl s 2 It
FER AL, EEBNNITFRA 2,4- 5T i
W 2- 56X ZH R T HB A, 2505 F 12 BE
B N Sk T KR BTRR R K, 53 AR R iR 2
TEA AN BT H] R A b H & ik, mlpese
PR R 2, PR IE EE SRS T
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Table 5 Changes in the relative content of volatile flavor substances during the boiling of pork skull soup

" v 2 S
20 min 40 min 60 min 90 min 120 min

RTE (R ARY) 1 1 1 1 1

[ SE S (S 1.275 1.263 0.684 0.652 0.664

V33 0.533 1.562 0.192 0.123 0.150

RS 0.170 0.164 0.173 0.177 0.197
(E)=2—+ 7~ Wi B 0.259 — — — —

S 0.932 0.838 0.808 1.042 0.774
(E)-2—F = ¥ i 0.320 — — 0.133 —

A7 B 2.369 6.486 1.554 0.952 0.474
E,E-2,4-% = Y i 0.102 — 0.117 — —
E-2-% Y — 0.136 — — —
Mo e B — 0.151 — — —

4-F R T B — — 3.529 2.890 2.077

+ — — — — 0.148
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(8% 5)
. rAF A E
ks &7 20 min 40 min 60 min 90 min 120 min

BA % W Ik )R K BR 2.613 5.200 3.582 4.458 2.676
% R 6 0.114 — — 0.119 0.085
Wk, 2-=whrTh)m 0.266 0.210 — — —
Wk 3K W R 0.194 — 0.338 0.358 0.345
I ¥ ¥ fi ) 0.122 — 0.079 — —
2—+ > B — 0.123 — — —
+ A — 0.084 — — —
2 & — — 0.169 0.181 0.211
2-(2-F A @b A )R T — — 0.197 0.242 0.228
X A% F — — 0.221 — —
2—+—&A — — — 0.193 0.350
11-2 S8 i & i — — — 0.076 0.046

S Az vt i B 7.682 2.143 1.675 1.317 1.031
A7k W 8% 1.944 0.456 0.325 0.273 0.252
- M -3-8% 0.306 0.368 0.147 0.160 0.139
QN it B 0.277 1.963 1.370 — 1.202
B K =2—3F Wi —1-5% 0.059 0.060 — — —
B 0.464 0.740 0.511 0.662 0.388
(=)—7F KB 0.230 0.586 — — 0.140
2,6-F = Hi-1,8-—#8 0.218 0.308 0.379 0.351 0.403
-k B 6.081 3.232 2.528 1.453 2.292
& B 0.432 0.619 0.295 0.156 0.273
Aot B 0.320 0.450 — — —
2-TA-1-F8 0.245 — — — —
-8 i B 0.140 — — — 0.109
3,5-F = h-2-B — 0.080 — —
(1R, 5S)-rel-% 7 & — 0.540 0.392 0.484 0.350
MR X A BE-1(7), 8-t —2-5% — 0.410 — — 0.125
ML A B — 0.152 0.068 0.069 0.174
Fif % BF — — 0.562 — —
i X A -2 8- = -1 — — 0.087 — —
E-2-W % -3 13—+ A8 —t-1-5 — — 0.065 0.695 0.677
13 8% — — — 0.128 0.138

B 12 (=)=3k M 0.636 0.597 0.419 0.351 0.843
R X, & A K 0.248 — — — —
AJ3-—FERTHE 0.424 — — — 0.356
3-% 0.086 0.080 0.179 — —
=+ =) 0.676 0.758 — — —
1-=+ @ 0.352 0.322 — — —
% % K 1.497 2.586 1.825 2.868 3.576
a-% W 0.884 1.647 1.160 1.821 2.481
P-Lri%k W 0.257 — 0.305 0.619 0.740
B E KW 0.454 0.798 0.503 0.821 1.038
3—+ — 0.149 — — —
B-Hi A K — 0.147 0.153 — 0.044
AB-=FHEXTH — — 0.370 0.281 —
y—Ai ot K — — 0.077 0.096 0.128
(=)—o— 3t — — 0.060 — 0.141
B-#Z#H 5 — — 0.236 — 0.243
N — — 0.082 0.176 0.218
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(8% 5)
% B4 : o e . .
20 min 40 min 60 min 90 min 120 min
(=)-B-7t A4 1 — — — 0.081 0.077
vt F K — — — 0.394 0.188
F Y K — — — — 0.048
(+) =R K AR A vt Hi — — — — 0.063
R 2,6,10-=% % +uwi 0.164 0.109 0.063 0.071 0.086
E+ b 0.150 0.288 — — —
+ =% 0.098 — - - —
E At 0.091 — — 0.070 0.047
R — 0.291 — — 0.158
E+ R — 0.241 — — —
+ = — 0.218 — — -
—+ Ak — 0.126 — — —
i — — 0.241 — —
Kok R — — 0.841 0.979 1.285
5-T R — — 0.107 — —
5-F R+ — — 0.118 — —
EZF R — — 0.298 — —
EF AR — — 0.114 — —
EF R — — — 0.189 0.238
2,6-=F ik +—k% — — — — 0.133
i — — — — 0.098
FEZE 2-THEMTE 0.376 — — 0.344 0.271
x4 M A A 2.406 — — — —
T A8 0.406 — — — —
2, 4-= 8T hE 1.166 0.922 1.021 — 0.661
5-24k-3,5-= W A% — — 0.359 — 0.054
Frt T R — — — 0.054 —
B % T2+ w A g 0.093 0.222 0.153 — —
¥ B < B 0.190 — — — —
AR AR B —2— 1 B3 By 0.910 — — — —
5, B 0.311 0.099 — 0.110 0.179
2-[(Z) -+ A HE-9- N B I Tk + o\ Bk B 0.271 0.191 0.193 — 0.245
4-V R H 3 F-7,8-= K =K Vi i — — 0.164 — —
EE — — 0.162 — —
12,15-+ A\ 8% = B 6 ¥ B — — — 0.112 0.047
Tk, + Z8k-2- e A — — — 0.122 0.141
(E)=10-+ -6 8% —8— ¥ B2 7 B4 — — — — 0.055
S 3—if-4-(4-F KR )-4-A T 8 0.386 0.488 0.352 0.363 0.345
3-(1-% A -2-F A A -5-F L3R T 4k )5/ Bk 0.321 0314 — 0.184 0.162
B -6t — 0.089 — — —
88 36 B — — 0.443 — —
re LR 0 0.641 — 0.571 0.530 0.607
% i 0.093 0.127 0.076 — 0.048
(6,6-="F % = 3R[3.1.1]E-2- 4% ) F B 0.601 — — — 0.582
2+ A4 (+FEAR)-1,3-=R )% 0.067 0312 0.069 — 0.063
3,7-= W R F -2, 6-=I-1-8i 4K m Ik — — — 0.150 0.337
o B2+ R AR — — — 0.149 —
168-#2 Jk vk v vk — — — — 0.068
P — — — — 0.091

[ N A
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A2 Z% I W) B AL 24 IR T 4285 N Ok I E A7 R
8 B SZ AR R AR EME . #E 20~120 min 1Y

|Gl N N W = I 7 Dl R R AR P7E N
RN PE 2 60 min B, BAT B8 (1 18 5 52
B TIA G I B RURIAS Wi 3 £ | ORI AR Bl K
I T 2 KT /) L £E 90 min i ik B i /M S
B A 4 6 S BT BEAIS, I 7€ 60 min J5
TR, SRR . 428 M KRR IE KA
90 min HI % & AWHE &, 7EZCE 120 min B A i
FEAR, e SR & e, BT 57—
AMP & B /S0 N G A B, R &
SEHETN G AT BTN, 7 40~60 min B 1K 3] e K AE
FL T & FF o IR (B S R 257 60 min A1 90
min (5 3k B ARFEERAT  IRR R R 7K 60
min (15 3k B 1 6 A Ry 0 o g 5 B S IR M
KRR B O EEELEREY R, RFEE
) FsF TE0) ) R o 7 2 XU 9 I o I S A T 5 i 2
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Effect of High—Pressure Boiling Time on the Physical and Chemical Properties
and Flavor Quality of Pork Skull Broth

Zhang Dongmei', Shi Miao', Chen Miao*, Yin Tao', Liu Ru', You Juan"
(‘College of Food Science and Technology, Huazhong Agricultural University/ National R & D Branch Center
Jor Conventional Freshwater Fish Processing (Wuhan), Wuhan 430070
*State Key Laboratory of Coal Combustion, Huazhong University of Science and Technology, Wuhan 430070)

Abstract To reveal the patterns of nutrient migration and changes in flavor characteristics of pork skull soup during
high—pressure boiling. The nutritional composition, particle characteristics and flavor components of pork skull soup were
determined under high—pressure boiling times (20, 40, 60, 90 min and 120 min) using pork skull as raw material, and
the sensory evaluation of the soup was performed using electronic tongue and electronic nose techniques. The results
showed that the contents of solids, soluble protein, total sugar and minerals showed an overall increasing trend during
boiling, and the bone broth had high whiteness and brightness at 60 min. The particle size of bone broth D [3,2] and D[4,
3] reached the minimum value at 90 min of boiling and then increased slightly, the absolute value of potential decreased
continuously and stabilized after 60 min of boiling. The microstructure showed that the particles increased during the boil-
ing process, and some aggregated particles appeared at 120 min. The content of most fatty acids and glutamic acid and
aspartic acid increased during the boiling process from 20 min to 90 min, and then decreased, while the content of other
amino acids increased. 5'~AMP decreased and then increased, and 5-IMP, 5-GMP, 5—-CMP content all increased first
and then decreased, and reached the maximum value at 40, 60 min and 40 min, respectively. The electronic nose and
electronic tongue data showed that the odor and taste of pork head bone broth with different high pressure boiling time
had large differences, and the odor characteristics of pork head bone broth boiled for 60 min and 90 min were better and
light fishy smell. The response value of freshness was the highest in 60 min boiling pork head bone soup. Aldehydes, al-
cohols and olefins were the main volatile flavor substances in pork head bone soup, and the types and relative contents
of volatile flavor substances varied among samples with different boiling times. The comprehensive analysis concluded that
60 min of high pressure boiling was the best boiling time for making pork skull soup, which had higher nutrient content,
more stable system and better flavor.

Keywords pork skull; flavor; boiling time; nutrition



