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Abstract: As a medicinal and edible homology material, swim bladder remains underutilized with
commercialization predominantly limited to primary processing. To address this, we developed a
novel swim bladder glue (SBG) by integrating traditional E’Jiao (EJ) preparation techniques,
involving prolonged simmering and concentration of intact swim bladder. The changes in its
physicochemical properties and Maillard reaction products during preparation were systematically
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 of gelatinous
traditional Chinese medicines.
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Bladder Collagen, SBC) KFi[fiz (E’Jiao, EJ) #HATXFLL. #EONEEGFHEifA (OVX) /h
BABEAY, I AR E 9 (Micro-Computed Tomography, Micro-CT) #4725 14
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fi £ - 85, TR LK SR T o BT 1 Ll 2R AR BT BT A PR A &5 S A b
(Eiga) WEMH T AR ERA R BERIZEMRR (s, SRR (A%
ai) W E FEEAERE R AR IR (ke EEE Sigma AR 4%2 K
HEE (o3 #rafD W E 3£ [E Biosharp 2l SKBE E KRV RA R 2000 H A
FO IR A IR AR Bi= (Gikal) WE EREHERHAA R A A .

Kjeltec-8400 Pl K& BT EH P12 FOSS A ]; RF-6000 %566 iE A B H A
Shimadzu A 7]; DGD22-22EWG HUMISRIE H |~ AR KBr A AR A F; DHG - B50V7 A
K% . DHG-B50B8 FLEEN I B )™ AR /D BE LSS I A IR A s LGI-10 AR TR B
JEE AR XA R B A IR A HH-4 SR AER/KIB S B LR SR 2 S RA
Cary 60U V-Vis % #3 Y6 6 1 1260 Infinity 1T 75 OB (2138 )04 E 26 [F Agilent Technologies
AF]; STA 449 F3 Jupiter [R5 #3436 H #8[E NETZSCH A wl; TSKgel G3000SWXL X
~FHEBH (413 %) B H A Tosoh Bioscience A ] ; JSM-7610F #4437 /& 8 434 .4 H A B PRk 2
tt; S433D 4 H AR IER 5 AT AU H 4 [E Sykam GmbH /A &) ;Micro-CT F 4t H i £
SCANCO MEDICAL 4 7]; TENSOR-27 {8 AR 27 #5158 H #8 F Bruker A 7]; FW-
4 JE B WL E R TR A 24T IR A 7] 5 Agilent1100 R0 (43843 W H 56 [F Agilent A ] ; DFY-
1000C #2#E S v 25 LG B R0 KA ZHLA PR A F .

1.2 SEHE
1.2.1  Ff L&
1.2.1.1 AR (R 1) % 7 3 B H ) R PRI A B

A R RS P 1) % e L ST fse i) % 1) 7 2R G SCEA T 21 o BB 1 £ DR A )5, 4Z0RRR L
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B, NI, SRERGEEEARTIE AR CEE 1.35-1.40 glem® ), HEIRGERGR . TS
IR ZE-80 °CHilih 24 h 5, HAZARGT IR 48 h, 13 SBG M, -20 °CLRAF.

7E SBG ZX & M 216 h I FEH, 7r BITEZRZ BTN 24, 48, 72, 96, 120, 144, 168, 192,
216 h BURFEASI . -80 °CTili% 24 h J&, EASWIRT 1% 48 h, 20 °CIRF& M. #1743 SBG &
BES 2 6 48 SBG24. SBG48. SBG72. SBG96. SBG120. SBG144. SBG168. SBG192.
SBG216.
1.2.1.2 R 5 1 PR ) % 7 %

o B B T PR PRI B R S P VR B AT . R i S R T S R T
JKEL 1:10 Cw/iv) B B AR LLIR G o 12K BIRIAE 80 °C FAETEE R HE T 1E4T 2 h (FGRHEL
RS IR SR UGBS P R TC R 20 A g, DL BRANE TR B WE R AR E IT
Jie s 28 AT B2 A LB D W TR AR, SR JE VR T 48 h DASRAS B 48 11 i fise J5 25 1 (SBC) .
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REHRAF T HRERN AR, DRSS
1.2.2 B B o 2 e 4L sl
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HEAT R IR 4 ) 2 Y
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1.2.3.1 HAFHE T BME L

KHOIR BI PIERZ) 2 mm X2 mm Y)EE, 5 SBG. SBG #rBiffdh. SBC —[F[EH &+ 5
HRG R T, £ 400 FPE W4 A0 IR 10 kV) J5, KA E T BB 100 XK
KAEHC N WG i O S5 44
1.2.3.2  JpF&E5 A il E

HHE GB/T 22492-2008 KK ) 2, KA RHGHAHEE (Agilent 1260 Infinity 111D
1 TSKgel G2000SWXL JUFHEBH 2354 (7.8 mmx300 mm, Tosoh Bioscience) 43 #T SBG.
SBG 7B, SBC K& EJ Wiy F&ES . AN 0.1% (viv) =LK, 20%40, it
N 0.5 mL/min. SRS Ah-1] L3 Y66 BEVELE 220 nm AM NP i 2% . €03l B o T 2
PRUERIZE (y=—2.4942x+24.464, y: 1gMW, x: Hf[H], R?=0.9863), i% Hi&kfli fl 24 M E 4>
TREME AT bR HED T o IR B bR UE S 1) TR0 R B E (5754 Da). FFEIK (1412
Da). HAMR-HEE-BEAR-FEAR (354 Da) MEm-Ham-HaEk-H&i (75Da).
1.2.3.3 A HLHARHR LT AP 1 2 A

18 FH 8 L AR B 2T A BE AU AT 20 T 454« B SBG. SBG 4 BEFf . SBC M EJ 5 KBr
MARLL 1:200 (wiw) IR SRS, SREFE0E, FAERHLETER . KA 4cm 4y
HEZe A 64 IXREZHHE, Jikya v 4000-400 cm .
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WRE, #E 10 mL E0%. A SmL0.01 M /e (84K, WiEk%IES) 1 min,
/KB 30 min. 10000 X g B0 10min (4°C), B EEW: JHIREET 4mL0.01 M £hiR,
EFEHEE 5 min (40 kHz, 100 W), [F 24 &0 )5 &H IR LB, €% 10 mL. i 0.22
um K RIEME, IR, HX 400 pL AN BEAHRE SO, B R R E 37 G
1.2.4  ERAEF=Y) 5
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mg/mL, 7E i N 98650 Je e T T 2 R G IE 4 - S 80 E UK 347 nm,
R I 370~550 nm.
1.2.4.2  5-F MR mE A
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JEREIEATIE €, R Agilent C18 2354 (250 mm X 4.6 mm, 5pm) {EA BN, Hiahtd
KR NIE-/K (5:95, viv), HEIRIEHIZE 30°C, FEBEN 1.0mL/min, Kl K %EFE 284
nm, BEEEEA 10 pL. brifk fI 28 /2 y=59.415x-8.1843, y: WETHI A, x: 5-F% H S MRS VK B (pg/mL),
R2=0.9948.
1243 REREEHNE

R 1| 22 54290 )73k, FREX 1 g SBG SBG 7-BXkESh. SBC M2 EJ, ¥&T 50 mL 225
FKA, 4000 r/min B0 Smin, HU_EJERT 420 nm KA EWOEEE, SREZEAR 1 it
B RERE SR,
AX0.1%x50
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W RE o
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H (SBGM), fERREFIEA 6 R (SBGH). /NG T E% & Ak A7 HE B 45 24, tafl
AR . BRI TIKEN: 0.75 g/kg. 1.5 g/kg F1 3 g/kg. Bl 4N 62 i [ 2R 1
M TIRIEN 1.5 gkg. BTFRAF OVX FBIH 73 HIHE B 45 TSN K. DLEJH
INRBERGB A —IR, L 12 . BASHE, BUHSH/NRAMB B FFITHZ, 515
HLH IR L, 4%% T ] e i R AR 2.
1.2.52 WA ENLWZ

KA E AL ZE 9 (Micro-CT) Xz vi T g T R B AR, R e
N 10.4 pme YCHRGRE R E N 55 kV WEAEAT 148 pA. i CTan B3EAT /N BB 55 B (10300 5E
1.2.53 JiE HE 3+t

JFF I 4H 2R 8 3ok It KR A BRI ) 1y i iR 46 o V) P 0 A TR B — R 2R 5 TP s A
I AR BE S AR AN RO G B K 3 Fr s 1 400 X B AEE T Hr RS2 .
1.2.6  Hdfibr

SE A AT = IR, AT 3ME £ bRk fi 2 (SD) &R . SR H SPSS 22.0 # 4 (IBM Corp.,
Armonk, NY, USA) H [ B[] 5 %290 B CANOVAD BEAT Gi i EL i . G i1 38 25 1 58 XN P<0.05.
F CTan BAFHEAT /N BB B2 B 0 5E

2 GR55¥r

2.1 Fleh 2 A A R
2.1.1  HEHERASS T

KUK ERENE BJ. SBC & SBG MEAM&E (K 1, iR R=FEAMSE
SR (83.76+0.20) %, (98.23+£0.17) %F1 (98.80+£0.17) %, FHI=FH K LLE AR
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NE. AR RRE, A, PR A EASTESHAN (98.00%+0.19) % (97.60%
+0.21) %, FEICAEN, 3P Tid AR AR Ak R T, AR S ET RARS ER
TR A

& 1SBC. SBG Ml EJ IR EAEE
Fig. 1 Total protein content of SBC, SBG, and EJ.
e B AR REFROR LR Z 7 2% (P<0.05)
2.1.2  GEERRA ST
FrilFea S & 17 b RAEHEL FEAER (R D, HhHER. HaR. 82K, W
AR FEERA KL E IR N E By SBC M SBG MRIEFRALMANLL, 55 & 7K sk =B ()
A S AR BRI ) i SR B A R R R A AL . BT RS S CRIE g R — 3 1Bk
IR EARFETE R, AR b S B H R A il = R 4 itk —HIESE B SBC #1 SBG
BRI 1 S H K SR i R AR . k4, 5 ET AREL, SBC 1 SBG IR M7
B EIH) 125 M11.26 1, R—4REEARSEER
# 1SBC. SBG 1 EJ B FEMRA L
Table 1 Amino acid composition of SBC, SBG, and EJ

TR &8 (g/100 g)
SBC SBG EJ
H& R 24.17£0.13 24.50+0.07* 18.54+0.11°
i 13.12+0.10° 12.2940.18° 10.81+0.18°
BAE 11.4740.10° 11.5940.15° 9.3240.08"
SN 10.59:£0.28° 10.400.23 7.19+0.11°
= R 8.66+0.04° 8.66:0.05° 6.48+0.07°
KRR 6.34+0.05 6.38+0.05" 5.06+0.05°
T R 3.96:0.03 3.95+0.04° 3.36+0.05°
227 R 3.37+0.04° 3.35+0.0* 3.14+0.05°
DA 3.16+0.05° 2.980.06° 1.7120.04°
R 2.67£0.05 2.63£0.05 3.06+0.05°
KHEER 2.57+0.06" 2.7620.05° 2.05+0.04°
SR 2.34+0.04° 2.45+0.06° 2.3720.06°
BEERK 1.81=0.07* 1.67+0.06° 1.44+0.07°
PARVE
FA R R 0.81:£0.07¢ 2.13+0.05" 1.1320.04°

HE R 0.72+0.04° 0.86:0.05 0.78+0.06™



PR R 0.63+0.06° 0.53+0.04° 0.450.04°

% = R 0.38+0.07" 0.48+0.07° 0.74=0.07°
B R 96.87::0.29° 97.72+0.19° 77.40+0.46

T BAPAFE TR AR ZEREZE (P<0.05)
2.2 FAERE T
22.1 REIEEGE DT

2 SBG. SBG #BiREf. SBC & EJ MRHEHASRE
Fig. 2 Results of surface morpholog for SBG, time-segmented samples of SBG, SBC,
and EJ
¥: SEM A3 R: 100 pm.
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73 BORE i KT AR 35085 0 BOTR i S5 8 R 1 b B A0 e A Dby ACTR UL, LT 0 I 7] 5 N [1) 45
TBETINIR, 12X — ISR A] B RIS A Hh IR T 3 R 7 A S S 48 S S ) W [R) A A % AE
FEE T, SBC. EJ MIZKA 1 24 h IR, SEIMEOVECE .. AR HREEA S,
YRS % AR, MR BUR BiAa e I ZOIR G o BEAE ZR & RO Rk AT, X —450 0T
URBETIN, JRAES: SRR YRGS L TR, T YR IR HERAR T A i, AR
DL R A 4R G5 K o G HIRE, SBG FE i) 2% 1 A2 o R WU AROWL 45 K AN TR, T EJ
A SBC RFFEECHA ML
222 TR

B ZAE N AT, S 3 B TR AW R, K7 T2 X (MW <5kDa)
BE GRS LT (R 2). IXRUIKI (A5 & 2 (0I5 2 E 7> T S5 B W iR, 70 i
NN, SHEOCRIEG SRS RAR T FBCT 283 216 h R4 EHEAT K
AR, SBG TEMR A FEIX I (MW <5kDa) & LA, 1E K5 F&IXIH (MW >10kDa)



i UK o X AT AR S BT AE AR RN G R o, SERLAE R RIE AR B T K 2R RS S = oy
TREAY, WM T SBG K0 TE&AMBY. REBREORAHIIEHES —ENAEDE
P, Eend 57 BARTE Ky FE XA — ¢ A L, (5 SBG 4L £ 2 LUK 4 F &k (MW
<5kDa) HFE. XMHBERAEH TR BA —E M AEMIEH:.

BRItz b, 5 EJ#1 SBC A8, EJ 1 SBC (M4 FEHEHE MW>10kDa, 1fi SBG 1%
FRESME RN, HERS FRXEE —E . Hi, B MarEllEgRER%EN
M5E S RANTFE P8, Song PR ARK, K FEIK (MW<S5kDa) HA L7 IEIE
PE, HHEAHEEMEYEME. Li FUOBARE, 7 RE 1kDa £ 3kDa Z MR EEH
IK AR I B LR B AATE Y . BRIk, SBG A g B B 9B K BT B BB E A

Zi L, SBG TEERZIIFEF /0 T HIBD AL, J5 SR 4E Il 0 B ok 56 F 48 S5 b A= i
B TERAY, SEKSFEXEN g, EAUKs FEKNE. 1 EJ. SBC 45T
BHEPT RS TEX, SBG FMKS T&EIK S b BT Re R A S hifl s v, BN Ja SC8 g
B TE D) RE R I B8 e 45 F Atk

# 2 SBG. SBG #FB#Efh. SBC K EJ I FEMMGER
Table 2 Molecular weight distribution results of SBG, time-segmented samples of SBG, SBC,

and EJ

50 400 Da<M<5 kDa/% 5 kDa<M<10 kDa/% M>10 kDa/%
SBC 0.3540.01 0.6740.00 98.98+0.00
SBG24 2.5540.09 5.2140.04 92.2540.11
SBG48 5.9440.02 11.0640.01 83.0340.01
SBG72 9.1840.04 15.8140.01 75.0240.04
SBGY6 12.8940.01 20.2340.01 66.89+40.02
SBG120 16.7740.06 24.0340.01 59.20+40.04
SBG144 17.3440.01 23.1140.01 59.5540.01
SBG168 59.8040.02 13.8540.01 26.3740.00
SBG192 62.70+0.05 13.8140.01 23.5140.04
SBG216 66.45+0.04 13.4540.01 20.1240.06
SBG 63.7140.00 12.8740.00 23.4640.00
EJ 5.9240.00 8.1740.00 85.900.00

223 A EHAR LA S B
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Fig. 3 Fourier transform infrared spectra of SBG, time-segmented samples of SBG,
SBC, and EJ

224 HEAEREES N

SBG Hiff BB EMRANFE, TERSMAMIEFERERANRLEAR . HER. 7R
2. RN EIRGEE 3-6). Hl&idfEd, SBG MEER S EEIEE LI, 454
TR E SR, X — G nT VA R T A ik AR A A iR B B D B AR /N TR B K
il A2 R 2 i B R AR - BJ BRATETIR . TR AR A EE IR, Al S R T
F{KT SBG; SBC MR#AIR. WA, HRIPEZFMKT SBG, H - #HWHEARREETE
KT SBG.

B i B R AR R S AT AE AN T & S R R, B B 2 nEREMEM) . ARHTE A
Frill#] SBG. EJ 1 SBC B & A HEMK . Fo® R WRIRSEEAIUE TBAA S22
FERU0), SBG M2 A B & EAL I & fEp 2R FHES, HEESHNEI 17
f5F1 SBC 1 33 fi5, X$E7~ SBG AR BA AL PUE FUBAAE N HME . A, R |
Pt B AN I R 1) 5 2 BRI T R R s, SR BRI 2RI Je T 5 % 5 T i ah ks
fE, SRS REMSER BN A K. O TR I Z IR 1 58 b 8 s B =) A P4
Pl T D E A S AR, a0 Oh SEARF SR I, HH A R AN - FUBE 1] & 1 S hr
18 )2 R F2 ) Lys-Gal MRP B — @ Pt #AER . Bk, w&3HEN SBG Hi & fEH mr e
BRSNS R AR R N 2, TR T SBG SRR A= s Mk o

4 LTk, SBG MBS AR A A B 5 T B fI SBC, Hal# iR akmal &
AR 5 I 5 B A B S S LA S B DA 9% . SBG MY E T ELA PUE BB AL I 14 O 24 20U
FEIR, L) 2 R R AR B S A S N PR ) IR AT BE A SBG AR W 1 A B[R] DT AR



# 3 SBG. SBG ZEBFEEf. SBC K EJ M B EXEMRSE (g/100g)
Table 3 Free amino acid content (g/100 g) in SBG, time-segmented samples of SBG, SBC, and EJ

AR SBC SBG24 SBG48 SBG72 SBG96 SBG120 SBG144 SBG168 SBG192 SBG216 SBG EJ
Asp 0.0620.01  0.10#0.00 0.5140.00' 1.0840.01"  2.3440.019 3.2940.07° 4.8820.05° 6.1940.02¢ 9.0340.14° 10.9540.11° 11.3940.12%  0.2140.01
Glu# 0.0720.00' 0.0940.01" 0.1540.019  0.21#0.00"  0.2820.01° 0.33#0.02¢ 0.4040.02° 0.4240.04° 0.4940.01° 0.5040.01*  0.5140.01*  0.10+0.00"
Ser# 0.0420.00' 0.0740.00  0.1620.000  0.25#0.00' 0.4420.019 0.5820.01F 0.76#0.01° 0.90#0.01¢ 1.1530.02° 1.3240.01> 1.38#0.01*  0.350.00"
His 0.0020.00¢  0.00#0.009  0.01#0.01"  0.0240.00°  0.03#0.00¢ 0.0440.00° 0.0420.00° 0.0540.00° 0.0540.00° 0.0540.00°  0.0820.00°  0.03=0.00¢
Gly# 0.1440.01' 0.2740.00 0.6240.021  1.05#0.00'  1.9440.049 2.4940.037 3.2840.03° 3.73#0.03¢ 4.8140.06° 557140.04° 59940.04*  0.9540.01"
Thr# 0.1440.011  0.27#0.000  0.620.02'  1.05#0.00" 1.9440.049 2.4940.037 3.2840.03° 3.73#0.03¢ 4.8140.06° 5.5740.04> 599+40.04*  0.9530.01i
Arg# 0.0320.00'  0.04#0.000  0.0640.01"  0.0920.00%" 0.1640.017 0.1720.08" 0.32#0.01°  0.40#0.009° 0.4720.02° 0.6620.01>  0.7640.022  0.1320.001
Ala# 0.0940.021  0.0940.000  0.17#40.00'  0.2540.00" 0.4320.019 0.59#0.02f 0.760.01° 0.8940.07¢ 1.1020.07° 1.2140.02>  1.55#0.00*  0.43+0.00"
0.0320.00"  0.04+0.009 )
Tyr : . 0.0620.019  0.0940.00" 0.1640.01° 0.1740.08¢ 0.3240.01° 0.89#0.07° 1.10#0.07° 1.2140.02*  1.5540.00'  0.4340.00°
Val 0.0820.00° 0.0940.01° 0.06#0.02° 0.0640.03° 0.0940.00° 0.33#0.15* 0.1640.04® 0.2040.05% 0.2740.09® 0.2720.06® 0.2640.04®  0.0620.04
0.0940.00°  0.1740.00° 0.43#.012  0.5940.022 0.4340.002
Met# 0.0940.02¢ . . 0.2540.01%¢ b b 0.7620.01®®  0.8940.07¢  1.1040.07%® 1.2140.02%  1.5540.00% b
) ~0.1920.01¢ ) . .
Phe 0.0140.000  0.02#0.01 . 0.2240.01%  0.1340.01"  0.0940.02"  0.2640.02° 0.1640.00°" 0.2740.00° 0.1940.08%  0.3540.02¢  0.1240.01"
) ) 0.4640.02¢% 1.9640.04%  2.0240.02¢ _
lle# 0.0520.00' 0.13#0.011  0.2840.01" " 0.8440.02"  1.1040.02¢ 1.3740.01°"  1.3940.01*  1.7540.03° . . 0.2249.00'
) 0.180.01¢
Lys# 0.0020.00'  0.0540.00" 0.0740.019  0.10#0.00°  0.1640.01° . 0.3320.02°  0.1940.01¢  0.3940.012  0.2440.01°  0.3940.03*  0.1240.01
Leu# 0.0320.000  0.03#0.01  0.07#0.02"  0.0940.00" 0.20#0.027 0.2440.01° 0.3020.02¢ 0.35#0.01° 0.4530.01® 0.5140.02¢  0.50#0.01*  0.16+0.049
0.01+0.00° 0.02#0.00¢  0.01+90.00°
Cys 0.0020.00¢  0.0040.00¢ 0.000.00% 0.0120.00¢  0.0620.04>  0.0240.01%  0.0240.02*  0.0340.02°  0.3340.00°

d

d

d



0.1140.01° 0.3040.03¢  0.3040.06°

Pro# 0.0340.00¢  0.080.01¢ ] 0.140.04¢ ) ] 0.6940.05¢¢  0.3140.07° 0.930.07%¢ 1.0040.03%  1.1040.17°¢  0.2340.02
2 gk , 10.8749.15

= 0.5540.04  0.8840.03F 1.8240.05° 2.7520.05" 4.4840.059 57340297 7.5940.14°  8.4940.31¢ . 11.9740.2>  13.2440.05° 2.7040.13"
FILR = \ 13.1740.46  15.4040.85 20.7630.75 ,
_ 0.7540.09'  1.1740.09k 2.6840.21 42740220  7.2440.299  9.6940.62f . ) . 23.7310.57° 25.3240.60° 3.6040.18
B

E: PUHPURAMEA N AR RO R AR, 24K, HER. AR, HaR. WEKR. ZAR. RUaiR. BEaR. w24k, WaiR. 6 AR R
TR A L IRTE P<0.05 K-V EAFERZEER: n=3
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2.3.1  RAAEFC )

FELAE SN H1— ZR BRI S BIAE R, e B B I 9O R G P il 5 R A AR
FERRASIRT i FLAE 1S T R B A AR A W S S HE R ) R B FR A1) . SBG il & 1L R o,
SRAE SO B S BT, WA BOUN R, RN PRI TS (4D, [
I, VRO AELLRE, UAE R LR R, SO A RRAE AT AR ALY, 2R, ET
MIPOE RS R IR, RS SBG Bt M 25t SBG Midh SO M) & &
T EJ, #EMA EY SR8 R B CARE T BON £ T, SOOI IR B N R B SE 4 7),
SEE M R EFKS). SBC 76 Y& Bm KT SBG, FIREREK Y SBC LHifl /%
SRR LA ISR, R R AE ) 2 S R P SRR A S S AR s BT FTRE AL TR
BB, T SBC 1 I 8 S N FERLAR

B 4 SBG. SBG 4;BFtf~ SBC K EJ HISER R N2 Yl 245 R E

Fig. 4 Results of Maillard Reaction Fluorescent Products Determination for SBG, time-
segmented samples of SBG, SBC, and EJ

232 S5-RHEEESES

S-FEHHEERE (5S-HMP) {EAHIAF=RARR, R In#in TR £ 2 Fhfr 5 A0 o 241 771
LR L SR o AHF AT R IR, 7E SBG #A It FEh, AW 144 /N AR H 5-HMF
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Fig. 5 Results of 5-HMF Determination for SBG,and time-segmented samples of SBG
VE: BRI RERR AL 2 R 52 (P<0.05)
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Fig. 6 Results of Melanoidins Content Determination for SBG, time-segmented samples of
SBG, SBC, and EJ
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Fig. 7 lllustrate the results of quantitative analysis of BMD of mice femur in each group
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Fig. 8 HE staining microscope images of liver
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