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Preparation of Fish Swim Bladder Glue: Physicochemical Properties,
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Density-Increasing Function
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Abstract: A novel swim bladder glue (SBG) was prepared with reference to the traditional processing technology of E'Jiao.

The changes in its physicochemical properties and Maillard reaction products during preparation were systematically
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analyzed, and compared with unprocessed swim bladder collagen (SBC) and commercial EJ. An ovariectomized (OVX)
osteoporosis mouse model was established to evaluate therapeutic efficacy, with femoral bone density assessed via micro-
computed tomography (Micro-CT) and hepatic histopathology examined through H&E staining. Results demonstrated that
SBG predominantly contained low-molecular-weight peptides (<5 kDa), with disrupted microstructure, altered secondary
structure, and increased free amino acid content. In contrast, EJ and SBC exhibited dense microstructures and higher
molecular weight distributions (>10 kDa). In terms of Maillard reaction, during the preparation of SBG, the contents of
mid-stage Maillard reaction products (Maillard fluorescent substances, 5-hydroxymethylfurfural [HMF]) and late-stage
product melanoidins all showed an upward trend, with a marked increase, particularly during the concentration stage. The
reaction process was dominated by the mid-stage Maillard reaction. In contrast, EJ contained a high level of melanoidins
and was mainly in the late stage of the Maillard reaction, while the Maillard reaction degree of SBC was low. SBG
significantly increased femoral bone mineral density (BMD) in ovariectomized mice, with the high-dose SBG group
(SBGH) exhibiting the most pronounced effect (206.44+17.65 mg/cm®). Moreover, SBG significantly alleviated liver
inflammation, whereas neither EJ nor SBC significantly increased BMD or ameliorated liver inflammation. This study
systematically analyzed the evolution of physicochemical properties and dynamic changes of Maillard reaction products
during the preparation of SBG, and evaluated its bone density-improving function. The findings provide a theoretical basis
for promoting the deep exploitation of swim bladder resources and elucidating the material basis of the medicinal efficacy
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of gelatinous traditional Chinese medicines.
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s B ER (A al) iR AR A FR A E
Kjeltec-8400 HL G & & M F+32 FOSS 2

H] 5 RF-6000 %< ¢ 1% {X  H Z< Shimadzu 2\ A ;
DGD22-22EWG HJfR ) ZRRERE &G BRA
A]; DHG - BSOV7 AN . DHG-B50BS8 HLf#Gd" |
Z/NEEHL BRI RN F]; LGI-10 B 2SR T AL

AEEANIRAE R K R AT BN Wl HH-4 20 e i
KR RIBERIRREAERAA IR F]; Cary 60UV-
Vis 4835636 1260 Infinity T /8 SR AR (.35

ZE[E Agilent Technologies Zy7l; STA 449 F3 Jupiter
[ A # e M 7% [E NETZSCH 2 7] ; TSKgel
G3000SWXL JRHHERH (i H A4S Tosoh Bioscience
5] ISM-7610F #U7 & 4 s H ASHL F1E
ozt S433D 4 A &AL ST HT #EE Sykam
GmbH 2\ 7l ; Micro-CT & 4 #i = SCANCO
MEDICAL 2\ 7 ; TENSOR-27 {8 B 728 40 4T 4%
X fE[E Bruker 2 F]; FW-4 JE F HL KT +a
AL FEAT FR 2N 7] 5 Agilent1 100 K AH (%18 £ H
Agilent 2 7 ; DFY-1000C 7 #2 5X /85 3t 245 8y e HL

TR RABLGHIAT R A
1.2 SEWHE
1.2.1 FEshdlE
1.2.1.1 B ik Koh R R i $E e fa
B T 1) T B e FE B Jg il 8 118 7 VSR s b A 7Y
Bt £ £ BEDRY A S, FERHR L 1:30 INA S8+
K, BT T ek T . RO S SO K HERE
80~90 °C [HIRIZHE, £ 4 h ¥ 7B T /K EWILAIA
B SESRERAE 216 he HUB IR, FITAS Wik 400 H
07, ARECHEBOR, FEHCR I ARG P U T84 . F
PEHUR R K G BRIk FIEA, Fefa Bkl it
HEY 2% B INVKYE, R 46 228 U 5 2108 B I R
PR, B AT T . BES I 2% 2 7o d e,
JINKIIMFR, AR dn 2T AT 7 St AR O 1.35~
1.40 g/em®), A3 BRAAIEIL . AR 480 °C TR
24 h J5, BEESV IR T 48 h, #1175 SBG il i, —20 °C
LRAT S

7 SBG ZLE MY 216 h i F v, 43 Sl AEZGE RS

F7 24,48, 72,96, 120, 144, 168, 192, 216 h HUkE
K, —80 °C T4 24 h i, EH 25 ¥ % T 48 h,
—20 °C A7 . H15 SBG 43 BERE S 43 Bl av 44 N
SBG24.SBG48.SBG72.SBGY6.SBG120. SBG144 .,
SBG168. SBG192. SBG216.,

1.2.1.2 MERERE Al T mEER R E M
AR B IR R 3 85 AR IMe Gt 7. s
PR 0 BEEARE T 5 2 B TR DL 12 10(w/v) I EERHAFR L
R ZAKETEMAE 80 °C FAEIEEMPE F#4T 2 h
PRI . $RIUS HTR S K UG 1 P )2 e R 2b A
LU, LIRS MR Y . 55 3 IBORGEE o iE
LRI T B A Uk AR IV VS FIMAR, SR/ URT 48 h

DISRAS R A A s 5 2R P (SBC )

1.2.1.3 B TAbEE X EJ AL f TR ekt
B, B AL SBURLEE IS F] 100 H BOFRIE. B
) B By 28 BHAAE Tk e gsas b, DIgsIast
SEu -

1.2.2 ol 3R 0 M S PR 4 el . MK B/ GB
5009.5-2016 CEL il ZE 4= [ SARUE £ b h AR P8R ]

FEYXT SBG. SBC 1 EJ #4178 M B I 2, K
i GB 5009.124-2016 & St &4 E AR &b a
PR I YIS T 2 IR L s 2 24

1.2.3  BRARARREENE

1.2.3.1 HfE 7 2MEWNEE  HHek BT U1k
2 mmx2 mm JYJEE, 5 SBG. SBG 43EXFE i . SBC
—[F] [# 2 T PR AR T, 28 400 s BLAs5 M4 A0 FE (i
HWHLE 10 kV)JE, SRR BAEETE 100050k
AT SRR IO 25 44 o

1.2.3.2 SpFisp gl K GB/T 22492-2008
SR T RMY Y%, 2R FH v 20 AH €203 ( Agilent 1260
Infinity I11) #1 TSKgel G2000SWXL X~ HEBH (1, i3%
#E (7.8 mmx=300 mm, Tosoh Bioscience) 43 #1 SBG.
SBG 4y BeRESL . SBC M EJ W4y T B30 A6 . shAH
M 0.1%(viv) =F PR, 20% L, ik N 0.5 mL/
min, SRAEESM-TT WA EEERTE 220 nm AN
MiHRZR . s 4 F EArHE LR (y=—2.4942x+
24.464, y: 1gMy,, x: B [0], R>=0.9863), iZ Hh £ (i H
B ST T B E H R ARARE ST . IX bR iE
a4y EDANCR - R ) 3R (5754 Da) o AT B K

(1412 Da) . H 2R~ H 2412 - 1 24 1% -4 24018 (354 Da)
FITH2e- H2iR- H 2 R- H 22 (75 Da) .

1.2.3.3 (HHEMARHLIINSCIE 58T 8 AR AR

WELT AN CHEA ST F45F8 . ¥ SBG. SBG 4Bk
i, SBC M EJ 5 KBr #RKLEL 1:200(w/w) By BT EE LY
WEnRG, SR T, R Pt . SR

4 cm ' SIEEEEA 64 REE S, GIEVERICA 4000~
400 cm' ',

1.2.3.4 PSS srbT  ARYE T sEre ik,
B SBG. SBG 43 EFESh . SBC & EJ 0.5 ¢ THRAH
SRS, #5A2 F 10 mL 25045 . INA 5 mL
0.01 mol/L L% (BB 4li/K), IR EIRTH IR 1 min,
WK 30 min, 10000xg &5.0> 10 min(4 °C), HL
WG DITER E T 4 mL 0.01 mol/L LR, A8 H HEHL
5 min(40 kHz, 100 W), [ &8O e A IR ik
W, B 10 mL. i 0.22 pm 7K R IERE, IEIER,
HX 400 pL o A BNRAREE SO, 2258 A s b
ASEMSE o

1.2.4 SEhifEr=Y)5Hr

1.2.4.1 EPFEZSCTY I E  MRYPE Lertittikul
2= 1y 5 v, ¥ SBG. SBG 4 BrEE L . SBC Mz EJ
MR REWET N 1 mg/mL, 762 IR AP 05
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FOCEETHHATHOCR I I . SO TR TR
£ 347 nm. KHFEA 370~550 nm.
1.2.4.2 S5-3I IMEREMIGE RIS S SCEEPY 1
J7e, K5 FREL 1 g SBG. SBG 43 BEAE S . SBC &
EJ, IIA 5% NG, EFSE 10mL, 15 2]k 52
100 mg/mL IFREIEIR . B, MSWEEST 0.22 um
T FL Dk B BE AT o U8, SR Agilent C g 2 1% 41
(250 mmx4.6 mm, 5 pm)FERFTESA I, TshAEiR &R
R ZNE-AK(5:95, viv), FERFETIAE 30 °C, WEE N
1.0 mL/min, M%7 K68 284 nm, BEEEEA 10 1198
PRl £R 2 y=59.415x—8.1843, y: WETHIFH, x: 5-F5HH
FOMEIE R B (mg/kg), R*=0.9948
1.2.4.3 ZEBFEEEIIME ARSI 235 197
¥, #REX 1 g SBG. SBG 45 BiEEAL . SBC X ETL T
50 mL 557K, 4000 r/min B0 5 min, B_E1FR
F 420 nm AL EWROGEE, ARG H A (1) T
SR ISR
VAR

oA A SHEE R AE 420 nm I K AL A TR O R
0.269 NIRRT EA 0.1 mg ZETREH HIGRE
1.2.5 Zh¥scus:
1.2.5.1 sh s it  EARUGE b, 42 e
C57BL/6 /INEL, AE I TE 7~8 JE Z 0] o AR i 5k 7 B
JriEBELIEHL 36 H 7~8 JEMETE CS7TBL/6 /NFREST
FINHIERITFAR, 6 JEF AR/ NEAL VI Z B G
Wio ARJGIRTE 1 JE, 45 0 T34, TR A4l 5 R
FTRIZH 6 H(OVX 4), bafjiedl 6 H(EJ), S F &
FH 6 H(SBC), faE i ILFI & 6 H(SBGL), fi
63 s Hh 35) d2H 6 L (SBGM) , £ 8 i 75 37) 4 48 6
H(SBGH) . /PRSI TFAGXT 25 el b4 1 W 45 2,
G L R ) R L Ay I 4A TR E M. 0075,
1.5 Fil 3 g/kg. BAMSLH AN fa S0 5 AR I 2H 45 Tl
1.5 g/kgo BF-ARLEAFN OVX BIEIZH 4 BIRE B 45 T4
IRFR 2K . LA A4 /INRREBE R 45 25 —IR, Sk
12 JH . 25855, B 452/ BRZE A B A IE
ZHAL, R E L 2 E B R LE 2, 4% 22 3R HH sl
B HLURTE A Z
1.2.5.2 ARG HEALW)ZEH SR AL
JZ2F3%# (Micro-CT) X BB 28 ot T B s iE4 546 25 Ik,
1%, KSR K 10.4 pm. SEHRTRERE R 55 kV
WE(E AN 148 nA . FH CTan F4EFT/N U535 BE 1Y
ME o
1.2.5.3 JIFE HE 4ett, AR ioKiZ g . &
WA R e E RS . VIS AR R s
TR AP | RIS K BRI, MU IR AKS R LT e ik
oK E -, T 400< BAMED FHARIEL .
1.3 BRI

REEEAE AT =R, PP EEbR R ZE (SD) &

KEFES E(mg/g) =

No K SPSS 22.0 #ft(1IBM Corp, Armonk, NY,
USA) H Y 5w 5 225501 (ANOVA) i F 148 T Ee s .
Geit W EFMEE X o P<0.05, FH CTan #4347/
JIR B8 BE I E o

2 FERESH

2.1 FREmEARLERNE

2.1.1 HEFRANRST  RAYLIRE R LN E EJ.
SBC M SBG My & (&l 1), 5 R WoR =35
R & HE 4 B 83.76%+0.20% . 98.23%+0.17% Tl
98.80%+0.17%, R =FH s DIEH B N . Fb
A P BT R A, A P BB A S E A
98.00%=0.19% Fll 97.60%=+0.21%, P L HHEI, B Kz Jin
TR RS T, TR B EI AR
P AR R A

150
£ SBG [ SBC &4 EJ

£ 1004 2 .
iz . .

Xt
E< .I . I.
IO 50 e

0 e

SBG EJ

1 SBC.SBG Fl EJ & &
Fig.1 Total protein content of SBC, SBG and EJ
TE: BrPRRRon AR 22 57 28 (P<0.05), & 5~ 6 [F].
2.1.2 FIERAUNSIAT  PTIAESIE S 17 R
FAR AT AR (R 1), Hoh H &R | AR . A2

Z% 1 SBC. SBG Hl EJ 4 JEFR41 Y,

Table 1 Amino acid composition of SBC, SBG and EJ
o— T (g/100 g)
SBC SBG EJ
HaEmR 24.17+0.13° 24.50+0.07° 18.54+0.11°
i 13.12+0.10° 12.29+0.18" 10.8140.18"
AR 11.470.10° 11.59+0.15° 9.32+0.08°
WER 10.59+0.28" 10.40+0.23° 7.19+0.11°
R 8.660.04° 8.66+0.05" 6.48+0.07
REHR 6.34+0.05° 6.38+0.05° 5.06+0.05"
R 3.96+0.03" 3.95+0.04° 3.36+0.05
27 W 3.37+0.04° 3.35+0.0" 3.14+0.05"
piX=N i 3.16+0.05° 2.98+0.06° 1.710.04°
SR 2.67+0.05° 2.63+0.05 3.06+0.05"
KNER 2.57+0.06° 2.76£0.05° 2.05+0.04"
N7 2.34+0.04" 2.45+0.06° 2.37+0.06"
AR 1.81£0.07° 1.67+0.06° 1.44+0.07
T it 2R 0.812£0.07° 2.13+0.05° 1.13+0.04°
HEm 0.720.04° 0.8620.05° 0.780.06"
SRV 0.63+0.06" 0.53+0.04% 0.45+0.04°
[LEE=Nivy 0.38+0.07 0.48+0.07° 0.74+0.07"
sk -g-sir 96.87+0.29° 97.72+0.19° 77.40£0.46°

TE: [FATAS ) BEROR 2 1) 22 57 {35 (P<0.05) o
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2 . TN 2R A 2R AR &R S 24 . SBC
1 SBG MY IR LH ARAHILL, 57257k BRD> 00 frég WA £ 652
P A IR I A P SRR AH AR L . BT AOZ SRR
RS CRIE I ZE R —3Y . VR R R 2
FLIR, B b e S H 2R A R AL — AU
5 EJ. SBC F11 SBG MFFG I i 2R 11 S HoK Sy iy
AATIRAERY . teAh, 5 EJ A0 L, SBC FIl SBG AU 3L
1% 0 o f e BT (9 1.25 F1 1.26 4%, iX —45 5 585 14
SRR R 3

2.2 ISR

2.2.1 REIJEELMHAT K 2 BIR, SBC N EH 4,
B HUR [EAR, SBG MR O, 1M BT A R4S
EHOR AR, BT B IR, XX —25 5 1] fe 5 2 s
S HERRAH G, Bl Z A BT R A, SBG 43 B¢
i AR 1 B8 I BRI 52 A R T iz 2B Ak
A AR, LB (0 56 1) #5 B) Te] FRE S s g, 31X
—ING ] GBS HE R P B R AR K i S P A
SO PHREIVERTA OC . AEFHEE T, SBC. EJ FlZK
BT 24 h JERIIETE, SRR EUE | AR RIS
LM, LR 4EHED SR HEE , A B 288U lifase
FIPRILAIREGEAE . BEAG B RS T, X — &5 LR
BRI IR, A S | SERE LT RS A BT Wy
24, LYk 2 8] I AR AR AN, AN TSR B B Y )
AR GERE . RIS, SBG ZE il £ 3o B v 22 LRI
WS A AN W W B 2, T BJ F1 SBC (R s %A )7
MITEAS .

SBG72

SBC SBG24  SBG48 SBGY6

SBG144 SBG168 SBG192 SBG216 SBG EJ

SBG120

——

8 SBG72 SBG120

SBG96

SBG144 SBG168 SBG192 SBG216 S E
K2 SBG. SBG rEekhn . SBC I EJ KM ASR
Fig.2 Surface morphology for SBG, time-segmented samples
of SBG, SBC, and EJ
##: SEM 5 X: 100 pm.

222 SRS BEEZRENAIRE R, fa
SR AR TR AW A, R T i XK (MW <
5 kDa) % Hk 7 Fedsps B3R 2) o IX SR [a] 2%
B ER 53T S5 HTREIR, S0 A B )N
09, SRTSCGRIANE AL RAR B/ UE . AH
BT AR 216 h RNNFPEHEA TSR 10 JEHL, SBG TE
RS> X (M <5 kDa) 5§ LEEEAIR, 7RI X

(M y,>10 kDa) /5 FEASK . X AT RESE B T AE ikt
AR AR, SERIAE N IR AR BT R 2 NG AR
AT REY, NS T SBG Y 4r ¥ & 45
PO, 2R F A WSS IE I B — o A TR T,
eande R P, BARAE RS F i X3 —& W LE, (H
SBG 114 2H B A) 35 22 DI 43 F B K (M <5 kDa) oW
o RN ASE T e B i A e

# 2 SBG. SBG 4rBeHfi . SBC M EJ 19433 4 24
Table 2 Molecular weight distribution results of SBG, time-

segmented samples of SBG, SBC, and EJ

415 400 Da<My,<5kDa 5kDa<My=<10kDa My>10kDa
(%) (%) (%)

SBC 0.35+0.01 0.67+0.00 98.98+0.00
SBG24 2.55+0.09 5.21£0.04 92.25+0.11
SBG48 5.94+0.02 11.06+0.01 83.03+0.01
SBG72 9.18+0.04 15.8140.01 75.02+0.04
SBG96 12.89+0.01 20.23£0.01 66.89+0.02
SBG120 16.77+0.06 24.03+0.01 59.20+0.04
SBG144 17.34+0.01 23.11£0.01 59.55+0.01
SBG168 59.80+0.02 13.85+0.01 26.37+0.00
SBG192 62.70+0.05 13.81+0.01 23.51£0.04
SBG216 66.45+0.04 13.45+0.01 20.12+0.06
SBG 63.71£0.00 12.87+0.00 23.46+0.00
EJ 5.92+0.00 8.17+0.00 85.90+0.00

S = 4, BJ 1 SBC 443 T &4 1 My>
10 kDa, 1Mi SBG 1443 F 54341 S Ny 438, HAEARSS
TR XA —E G . Hrb, B Y E gk
55 BRI AEDS (i 25 RAHAT 5 . Song 450 W5 SR
B, 5 T K (M <5 kDa) H.A7 85 411 77 15 38 155
PE, I HEA &S AEEM . Li 5500 IR, 4
FHITE 1~3 kDa Z 8] 14 AR /K iy 22 0 HY I e
FIBTE RFAA TG . PIY, SBG Rl gEE A HimAYPL

B IOFANE TS P
25 b, SBG 7ef& Bt b TR IZ AP, Jnsk

WG Gl BRam ) SE PR I AR i E A RS
Yy, S EORSr1 Xk  Eeg i, 45 LIRS AR
S i EJ. SBC gy HAE T T R4 F i X, SBG
RIS FE AR 5 Be s BT RE &A= SR fE RN, 5ok e
SCHE I R T REFE N BE e S A S
2.2.3 HEMARFR LT AN EIE T B 3 BN,
B T A 3= B2 X0 . CN 8t i {4 IR 20 . Tk ke gt b
NH (WA TE R 8l DA K H 2 =450 i 2208 ) 6 1)
CH, #Rzh*", B FEH, MERE 11 5 W2 WMo i 5 5
1450 cm™' WERYTRE F(EBRERIE 1, SRR RE =
EHE L5 AR Bk SE B 5 EUAERRATS, DU 255 Fa e IR e e 142
SBC A BRI (4 Jie I 1 — R4S M ARENE . AL
I, SBG. EJ R Zhillid # v i) ey Y 2680 AN [T R 3
IZE PR IR, Hidh SBG FUBE AR B3 5 T EJ, H.
Fifi 25 258 B IR O SER, —IZUiE S M B W IR . Tk
B% A 1§(3500~3000 cm™) i NH 1 OH 2k H (19 frh 4
PRSI A, 5 SBC Fl EJ #HLL, SBG BIMEI: A 15
Vi O 5, 3 I LU BV T s, H AR A
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SRR AR bR —3, XTI A F SBG K4 F i
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1500 cm™', X7 N-H 25 i 5 C-N 4a R 3h) 4RIk
PRBNIX M2 B A%, IX B R EEH A T TG
PR, B REF T A b2 s R A s ™, 2,
Y] SBG FEfil it fR b, a5t E s T R
AW, —IRHELA BTN, BY 1Y 2R 4544 R
e B IR, (H S s AH T AE A BT SBG I A
5, SBC E A MUY ) JiRg i 85 1 — BEIe S5 A4 W SCRFAIE o
I BERe 1
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Fig.3 Fourier transform infrared spectra of SBG, time-
segmented samples of SBG, SBC and EJ

2.2.4 m?%‘ FmgE BT SBG iR AR
AR, i = Y Hiﬁoﬁ?%“ﬁ%%ﬁik g, H
RR . INEIR . S A RN AR (3R 3) . hilsid i
1, SBG M FELHR & % JLE%AJ_ﬂ“ﬁ_;é“(P<O 05),
Zh 5 PN A5, 3 —E0 G AT A AT 2

TR s SR R, B A R R/ N BIK, R K A
S 220 B A LR . BJ R4 . 2R . e
iR RN AR 2 IR A1, LU B8 2 FE MR 1) i L T SBG
(P<0.05); SBC REANMENR . TR, /mtjr\wz%&
F SBG(P<0.05), H. — 35 I 55 &0 3L 16 i & i IS
F SBG.

B it S A R K AT AR AU T £
RERUR, BB Z on R E . AS B gE A I ]
SBG. EJ 1 SBC ¥J &% A H &M . Fo2 iR . TNERR
SFEAADUE BTG 2R R, SBG
MR LT & BEAE i A R P S B 2 kA,

EESrACh BT 19 4.91 f%5F0 SBC 19 24.07 £, iX
&7~ SBG 1] REEAT L AT B BT B AL SE N FH A
{Ho WEAh, SR A e R 0 & B e T SRR
TR, RPN S s 2 IR VU 2 0k Se T H s B T T %
SRR, SR AR ST RERNSERIFE R NV A . A
FE R EIERR () EPAE I R~ BAA bk . Préafb.
VEIT 0T D A A AR AR Y G ERS . AN Oh A8 M 5T &
B, HH A SR AN LB 2 104 SERLAE SN P ) Lys-
Gal MRP HAT —EMPLRAEH . B, vl & B
SBG & Bt nl geAE B HAG R YIS SR A
REF7), INIRT SBG U8R iA1= 9% 1

ZE TR, SBG 11 B8 2 S & B i 3 e T
EJ F1 SBC, Hutfill & iod 2t v i 2 S 1 sh A AR b 5 e It
T B S R B R Y B VIASE . SBG MY E 7k
Hhr 'J??FM‘{%@E’J%%Z”EL%M,,\%J%QL?'FEEF'EEJZ
Y SEPTAE RN P IR AT BE S SBG B i P HR AL
PrIF] BTk

#3 SBG. SBG 4rBhdh . SBC Jz EJ il 8 2 55% 2 1t (/100 g)
Table 3  Free amino acid content (g/100 g) in SBG, time-segmented samples of SBG, SBC and EJ

AIR SBC SBG24 SBG48 SBG72 SBG9%6

SBG120

SBG144  SBG168  SBGI192  SBG216 SBG EJ

Asp  0.06£0.01% 0.10£0.00° 0.51+0.00' 1.08+0.01" 2.34+0.01% 3.29+£0.07" 4.88+0.05° 6.19+0.02° 9.03+0.14° 10.95+0.11" 11.39+0.12* 0.21+0.01/
Glu#  0.07+0.00' 0.09+£0.01" 0.15+0.012 0.21+0.00" 0.28+0.01° 0.33£0.02¢ 0.40+£0.02° 0.42+0.04° 0.49+0.01° 0.50+0.01®® 0.51+0.01* 0.10+0.00"
Ser#  0.04+0.00' 0.07+0.00° 0.16+0.00' 0.25+0.00' 0.44+0.01¢ 0.58+0.01" 0.76£0.01° 0.90+0.01¢ 1.15+0.02° 1.32+0.01° 1.38+0.01° 0.35+0.00"
His 0.00£0.00¢ 0.00£0.00% 0.01+0.01" 0.02+0.00° 0.03£0.00° 0.04+£0.00° 0.04£0.00° 0.05+0.00° 0.05+0.00° 0.05+0.00° 0.08+0.00° 0.03+0.00°
Gly#  0.14+0.01' 0.27+0.00* 0.62+0.02' 1.05+0.00° 1.94+0.04% 2.49+0.03" 3.28+0.03° 3.73+0.03¢ 4.81+0.06° 5.571+0.04° 5.99+0.04* 0.95+0.01"
Thr#  0.14+0.01° 0.27+0.00' 0.62+0.02" 1.05£0.00" 1.94+0.04% 2.49+0.03" 3.28+0.03° 3.73£0.03Y 4.81£0.06° 5.57+0.04° 5.99+0.04" 0.95+0.01’
Arg#  0.03+0.00' 0.04+0.00' 0.060.01" 0.09+0.005" 0.16+0.01" 0.17+0.08" 0.32+0.01° 0.40+0.00° 0.47+0.02° 0.66:£0.01° 0.76£0.02* 0.13+0.00%
Ala#  0.09+0.02' 0.09+0.00' 0.17+0.00' 0.25£0.00" 0.43+0.01¢ 0.59+0.02" 0.76£0.01° 0.89+0.07¢ 1.10£0.07° 1.21+0.02° 1.55+0.00° 0.43+0.00"
Tyr  0.03+0.00" 0.04=0.005" 0.06+0.01% 0.09+£0.00" 0.16+0.01° 0.17+0.08¢ 0.32+0.01° 0.26+0.01° 0.26+0.00° 0.29+0.00" 0.035+0.00" 0.12:0.01"
Val 0.08+0.00° 0.09+0.01° 0.06+0.02° 0.06+0.03" 0.09+0.00° 0.33£0.15" 0.16+0.04™ 0.20+0.05" 0.27+0.09" 0.27+0.06™ 0.26+0.04™ 0.060.04°
Met#  0.09£0.02° 0.09+0.00 0.17+0.00" 0.25+0.01* 0.43+0.01% 0.59£0.02* 0.76+0.01*° 0.89+£0.07* 1.10£0.07* 1.21£0.02" 1.55+0.00" 0.43+0.00™
Phe 0.01£0.00' 0.02+0.01' 0.19£0.01% 0.2240.01°* 0.13+0.01" 0.09+0.02" 0.260.02* 0.16£0.00" 0.27+0.00° 0.19+0.08% 0.35+0.02* 0.12+0.01"
Ile#  0.05£0.00" 0.13£0.01" 0.28+0.01% 0.46+0.02" 0.84+0.02° 1.10£0.02% 1.37+0.01° 1.39+0.01° 1.75+0.03" 1.96+0.04* 2.02+0.02° 0.22+0.00¢
Lys#  0.00+0.00' 0.05+0.00" 0.07+0.012 0.10+0.00" 0.160.01° 0.18+0.01% 0.33£0.02° 0.19+£0.01¢ 0.39£0.01* 0.24+0.01° 0.39+0.03* 0.12+0.01°
Leu#  0.03£0.00' 0.03£0.01' 0.07£0.02' 0.09+0.00" 0.20£0.027 0.24+£0.01° 0.30+0.02¢ 0.35+0.01° 0.45+0.01° 0.51£0.02* 0.50+0.01° 0.16+0.042
Cys  0.00£0.00° 0.00+0.00! 0.01:0.00° 0.00+0.00% 0.02+0.00° 0.01=0.00°* 0.01=0.00% 0.06=0.04° 0.02£0.01° 0.02£0.02° 0.03+0.02° 0.330.00"
Pro#  0.03+0.00" 0.08+0.01° 0.1120.01* 0.1440.04* 0.30+0.03* 0.30+0.06"™ 0.69+0.05* 0.3120.07*> 0.93+0.07* 1.00+£0.03* 1.10+0.17* 0.23+0.02
IR IETR 0.55+0.04' 0.88+0.03" 1.8240.05° 2.75+0.05" 4.48+0.05¢ 5.73+0.29" 7.59+0.14° 8.49+0.31¢ 10.87+0.15° 11.97+0.2° 13.2440.05* 2.70+0.13"
FHMREE 0.75£0.09' 1.17£0.09% 2.68+0.211 4.27+0.22" 7.24+0.29¢ 9.69+0.62" 13.17+0.46° 20.1240.21¢ 27.35+0.23° 31.52+0.17" 33.89+0.23" 3.60+0.18'

TE: YU BTBAAE 298 SR AT A AR . 2220 . TR JREIR . FEIR . MR IR, o ZMR . BEmR. se 28R . IER, 7ERT LHRR . W)

ﬁ/ME] F$ﬁ+ﬂﬂﬁx&ﬁi’%ﬁfP<o 057K A77E B35 22 55 n=3,
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Fig.4 Maillard reaction fluorescent products determination
graph for SBG, time-segmented samples of SBG, SBC and EJ

2.3.2 S-EEHILMERE SRS HT S-FR LB (5-
HMPF)YER =g AER, SR n#in TR #& Z F
B AR 2RI R R WL RS R . AR ST A
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Fig.5 5-HMF content for SBG, and time-segmented
samples of SBG

il £ o B R AR A Y 5-HMF 2 i T 3 s e 452
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Fig.6 Melanoidins content for SBG, time-segmented samples
of SBG, SBC, and EJ

RN, BY MZEEAS SR W25 T SBG(P<0.05),
254G RIS RE B SR AR R Rl =4 1 5S-HMF & 50
RE LS, B H SR AE S 0 M I HERE B SR AL I
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Fig.8 HE staining microscope images of liver
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