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Abstract

With the development of aging society, the incidence of osteoporosis is rising. At present, the
research on prevention and cure of osteoporosis mainly focuses on drug treatment, ignoring the
adjustment of the overall metabolic state of the body, which generally has some side effects. Therefore,
it is of great significance to find some bioactive substances with little by-effects which can well prevent
osteoporosis. The research purpose is to study the effect of yak bone powder with different particle sizes
on physicochemical and digestive characteristics alone with anti-osteoporosis. Finally, the optimal
particle size and mechanism of yak bone powder for anti-osteoporosis will be verified, which can also
provide theoretical and technical support for the future development of functional food with
high-activity from yak bone.

In order to reduce the degreasing rate and improve the quality of yak bone powder, the ultrasonic
assisted organic solvent degreasing method was investigated based on the thighbone of Qinghai yak in
this paper, and the nutrient contents and physicochemical properties were analyzed comparing with the
traditional boiling degreasing method. Results suggested that ethyl acetate was the optimal degreasing
solvent with optimum degreasing conditions as follows: ultrasonic power is 500 W; ultrasonic time is
30min; the ratio of liquid to material (v : m) is 6, under which condition the degreasing rate could reach
92.00%, while that of boiling method is just 71.25%. Meanwhile, the loss rate of protein and collagen
were 8.11%, 11.05%, respectively, which were dramatically lower (P < 0.05). And there was a serious
loss of Na, K, Fe and Mn in cooked yak bone while the loss about Fe, Zn, Mn in ultrasonic skimmed
yak bone was slightly. Moreover, no significant difference had been observed about the chemical
structure and calcium release of bone powder (P > 0.05). In conclusion, the ultrasonic assisted organic
solvent degreasing method could remain more nutrients with the higher degreasing rate.

Secondly, the effect of different median particle sizes (19.92 pm, 49.94 pm, 76.65 pum, 96.73 pm
and 128.37 um) on both physicochemical and digestive characteristics of yak bone powder were
investigated. The results showed that there were no significant differences in the contents of basic
nutrients (protein, fat, water, ash and carbohydrate), total amino acids, hydroxyproline and minerals in
bone meal with different particle sizes (P > 0.05). Besides, different particle sizes made no contribution
to the chemical structure change based on the fourier transform infrared spectroscopy. However, the
brightness, protein solubility and water holding capacity were enhanced as the particle size decreased.
The digestibility of bone meal with different particle sizes was studied by digestion system in vitro. The
protein digestibility of bone meal with Dsp of 19.92 um was 28.53% after intestinal digestion, while that
of bone meal with Dso of 128.37um is 16.10% which was significantly lower than the former (P < 0.05).
The free amino acid contents of each digesta were different, among which that of tyrosine (Tyr),
phenylalanine (Phe), lysine (Lys) and arginine (Arg) were much higher, while all increased with the
decrease of particle size. However, the relative contents of peptides with molecular weight less than 0.5
kDa declined with smaller particle size as well as the calcium and phosphorus release which were 3.27



~ 3.84 mg/g and 1.34 ~ 1.65 mg/g, respectively. Above all, the particle size affected the
physicochemical and digestive properties of yak bone meal to a great extent.

In order to investigate the effect of yak bone powder with different particle sizes on the
anti-osteoporosis, three median particle sizes (19.92 pm, 76.65 pum, 128.37 pum) were used to feed
ovariectomized rats. The results showed that the apparent absorption rates of calcium and phosphorus
reached 53.37 ~ 55.12% and 55.26 ~ 58.51%, respectively. Compared with the model group, the content
of osteocalcin, alkaline phosphatase and tartrate-resistant acid phosphatase in serum of yak bone meal
increased significantly (P < 0.05). However, there was no significant difference in both bone density
and trabeculae between experiment groups (P > 0.05). In conclusion, yak bone meal showed
anti-osteoporosis activity in ovariectomized rats, but the bone meal with different median particle sizes

from 19.92 um to 128.37 um did not lead to significant difference in anti-osteoporosis.

Key words: Yak, Bone powder, Particle size, Digestion in vitro, Osteoporosis
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W Tk 5 L PN T i O B IR T 2 e AL E AR I, B B BRARE A 4 822 T ). I
TR, FE A N B BB FAAE SR BB R 210 23%, Horh 60 2 DA AR 14 R0 15 36%,
HEM A 2050 4F, REEFRGAAE B E K SIE 2.12 12, B FRFAE SO R R, o
RS PSR AR 3 A, BONE A AR HAT, 69T E BRSO ) 2500 T Y
AT AR LA RS, BRI TS T8 B Vs S M 5, i R R 2 4= 4k
FIARIN, HREEZZEATE, S EANRER RULF TR, AU 7855 EE A RERE N & 3 . (R,
THRENERN S TR A AR FUaEJEEE . I8 (HURARA) 108, $Bhd “4hh,
HAEBE” , Bl Dokt &4 SRR e AR RE R ST E M IR —, A REE A
W VR GEREEFMRFE, A NRAGE R BT DL A A AR
s WHFEARDL, Fe P E RTINS HEEE, B RS SRR . (B, R
AR % TER %, ERPURE., PR A ESFH A, BRI — ST U
FAE ML AN BB, iR e BN DO RE B T A S Mk AR P SR A T IR SCRe AN BRI 32
o Dk, RACE RS T, ME SRR RLAR I e W R PR AR ] A R L.

1.1 BRENERRIER

Bt SV R N 2 A N RN, B BN AE OO — A B IR ) A3 AR L. P4t
th, SRS LR B AL ARG KR AR 10 ER] ) 0i5 A 15%A1 20%, 40 % LA B N BBRALE
KIRFTT L 24%LL 1, 60 2 DL NHER A U0 3 5) ik 36% (214, 2018) , KR TEH I ™
W o FAT, 7B BRASER 2SRRI Z, I B s AR IR A EUFRSS IR B R AT A 5%
HMSRZGIRYT 2 N B RIRYT, DOEE T B A T AU R AR A, i B — 2 I EIE
H, B iEAE . WUAE BRI 51 E A O I BRSSPIk, SHREIER /N 7T
IYIRFH (AT R eV I B ¥ 1 oA I I AE S IR

111 BRGRAE

HRERAASE (Osteoporosis, OP) DA %5 5 B AR FI B T4 A Ak o - BERHAE, BAAIRITIE, &
BRI , AT B 1 2 A0 XU KR 2 T (Kanis et all., 2008; Eastell et al., 2017; Yan et al.,
2019). HRESKB T, NeE A S AR P E/ER (Chen et al., 2018; Furuya et al.,
2018) , 4E WIS TR R A (AT B BRI, B 5 2 P (0 2 R PRI, B 2 U R AN W %
A, T I A 4T 00 XU - S 8CE . B R B AARE B — B “ R IRATIR . B
EAGHEBEI A SHIUER, EIRR RIS . IR, arE . HEAKREET.
HHRE REIEN EEER, W REBUTERSETE. SRR, AR AR AR AR R )
IR, g 7R LT BT P A 2 4148 (Song et al., 2019) . 45T, At ARMGELS
890 J3 il ¥ 2 FiE BRI FARE 512 (Cruz et al., 2018) , T A J& FEUCH 7 (0 XU 7R 39 % 60-82 A
/10000 % &[4 (Velde etal., 2018) o ‘B JiBAARE S& — Fh ML AR (1) 2 AF P 5000, FE i 36 m Bl 4F
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W HGATITANWTHE I, FE BB A F TR R I S BLTEBOE S (Pietschmann et al., 2009)
Ho i RN, B85 L MERORRIEGE IR B ZRN DSE N, & B RALE Bk
THEMRVEBR IS 3 AL, HEEO MBI BRI, BONHEFE W 2 &0 (HEERE, 2018) .
RGN E R DN — DN E AL LR, ET A AN, THRZEAMEL )L
PEREIR

1.1.2 BRRAERNSIE R

B FUBRAME R D 3R AT N LR LR AR . Wi RER . o IR R AR
LAEMA RS CORM, 20100 o EFRE FEBIAER ZRARSCRER T, PR E e R,
X LMEREAEIC N 2 . T 2 R R NGRR3R, H AN AE A A2 BT 3
F (WHO, 2003) . fFi¢BFIFERmE NRED &8, E%, BHEMAE 20 ¥ EATKSEE, 1t
JRRHERE TR 1% /a4, HE0A 80 X L L, ~RELEAE T IR 5 R 461 40%/2 45 (David,
2019) , 1M HIFHEERAKT TR, 80 % Lh L Lo MR BT U T 100% (SCRHK, 2010 -
WAL RIR AR R 2, BIIngEA 3R D ZARFED . MERCGR AR SRR SR UoE HEAE . BEAh,
B IRIRDUAN — L8505 K 25k B AR AT Gt Re i, ISk = G frds . e K D, BHA RS
VRGO . Wt FURBRIE . BRI . FROCEERm, A RO A P vl R A e R A SRR
R FR, BAEKE R RER (David, 2019) .

1.1.3 BRRMELGYATMRIETER

H GAARE T B BT WSO B T ik A, S 80E EAK, B3RS (Rodan & Martin et
al., 20000 . @I RIERENLEIIAE, G IR B BB AARE BT 6 25908 (22 B TR 259 i) & i
Wi e Z EEHAY). BT TERYD . FURSS BRI R, ] BRI 2,
VI E AU AL . PR R SE . CRIVR YT SR B N B SR T R, SR IX S i) 7R B
B E R, AR RIS SR TR, I — e R L U . AR,
UL FLAET I R e 7 A — Seip S I AR A AT S MR BB A (Reginster et al., 2014; Renders et
al., 2014) , FH-TS3 FFOIR 55 I BcaR 40 WA AR B B o i AA RE 2 AN Ak 7R, R 51 EECE NS IT
1 (Fitzpatrick, 2011) . XL B A H A GRRMRYE, KT 238 B mE H i, &
E A0 LA 25 XU (Daneault et al., 2017; WHO, 2003) . £ HEAEH W) X EHEF. VD f
HH 2545 (R AR IS S 2 TR FA REF T 2509 70 45, 2011; Wang et al., 2019) . 7E3d 25 JU4E, 35 [ (Kim
etal.,, 2016) FIRKM (Van et al., 2017; Kanis et al., 2017) B B EAGEZ5 Y0 (048 B 20>, HA
F B TR R AARE 250 6 F B S AN T . e [ 2008 4R LK, SEE —ERR R A & F F4IA 50%.
DRI, R P Al 24 B 1 T ) A TR 1M AR V6 T SRS e s ZU A, REA RS A4EE R D SR AR
FICH SR TIRIT B RGN AE . B AT T R85 77 32 B BRIRAS . FLIRES M IR A A HLAS
&, (HERAAAETBCERMC. BIEE . RAAFERER. EHABEAER. O sk m. Hk
i, —H% 200mg 45 CaCOs 7% 316~632 mL (1) 5 BRBEAT4% 3 T4k, 1 IEH AR/ H
2 B &N 1500~2 000 mL (Wang et al., 1992; Hansen et al., 1996) , H & ¥7E B {5 B4 INF )4,
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PIARMERE R . 443 D th R d BWA ZE R EHRR . B31kR%, KPRHEESR
FeHEREE (57548, 2014; McClung et al., 2003; #H%%, 2014) o Btok, HEEITEBEYHT
B RBANE , W6IT 70550 AN B AN B . ANE R ANEE I . PMVERIIAE (2014)
R N B UK T T SO A DR B, R IR AT G I AR, PR E T A SIS R
ANERE I T 245 o Al R A R BE AR RE G2 A BBANAE , R B AR DR KR (R %,
2015) .

1.2 B4R ERMARER
1.2.1 E4%R

e (yak) & B AT i AR &l sl X, kT ik 3000 KL E, ]
DU B e UM, R AR S RSO B A I L3 (BRNZR4)  (Wiener et al., 2003) . 4E4+H
RS W, AR4ERIRRL, FERR ARG TR R HEAER] (Cai, 2003) , A “FHHZA”
2R XL A B ARGt VAR R IO IE R 5T, JLpisth. SR mT. Ml T 4
W (Zhang et al., 2015; Hou et al., 2013; Jie et al., 2018) , HRAHEN “FR2w” , HIREEZ
Fo BRPE, b WRED. BEwSEEFEAETE. s, REDAREAET 1600 7,
FEAMETR VU Filg. HoNSE, 25 SRR 95% (Zhang et al., 2015) , [
It 5 AR A AR 2 (O R AR X RO LA AR A I B B A P2 AR Bk, B
AR A E RIS AL

i CERBRA L) SR AT B, a4 B K, B RE AT @I« g B A E B 9 E R (Yak
bone, YB) . FRAZi4h, HEFEHHRREBE ALK EFREMN. HTEFERD . KN ER.
AR RER A BRUNER AL R BB BN 44 BN R A . SR, KRR SRR T
ST A BE TR AR I P LR RE DL LB AR OR I 2 A T (R, 2017, R
HIX—RIFEEE IS0 2BE . AP FRLE KA TR S sE TS R IR R, R RS2 B 25
FEGG Y, DR [ AT AE BT 55 (Zhao etal., 2019) .

1.2.2 BEBEFRS

YN E S BRI — A S SR 20% (SR4E, 2017) , 355 40 MR R R AL,
I H 258 o ) = 2 ol DA SR R A T SA TR B IR A A IR IR B A . (JE RIS, 20100 o 44 H
R T EARREA. . B CngS. B B DURGEERSGHARE RV, E5ERIR
HE. RRCE RS0 EWEEY R . JEHEA T R IR 20 1, K527 ARSI )
BB, AT B AERIE R R TR, R RAREIR (@M, 2009) o FAERT4ERT,
CPUFBER L) S5k e 5 S b G SR A Ve 97w B B AR L B R AL IR AR (ISR,
2013) .
1221 EHR

HAFEARGESS, UREEANT. RIEEAS T=SIA 300 kDa, H = kkEE A F
MRS G (ST, 20090 , gitgfasE, —MEIn L7 sUER HME A L, MOmTAE LA A
WCWSCRI A RIS, 20160 o HBEFL, AR S B ERA A LT 2 L5 8 /R4 ) & s 2 1 22 IR
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A DU SR E A il A AR 2, IR AR T B B IR EE 1 (Fahnestock et al., 2003; £f
3052, 20100 BT REAREERIVEDE R TIRE, TRV PRI G L AR ThRE, IRAER,
B IRIE S EGEE ST KA R AR . BIRIE R AR T2 18 MEERA R, HaEmR ]
R EEERR 13, BV SRR, (AIEFNEN AR /N (B, 2017) .« WU, BIRIEE
K AT 200 vA B R B E (Kim et al., 2013; Li et al., 2010; Watanabe et al., 2009) FlE 557
(Moskowitz et al., 2000) ; f5 R3%%E (2013) N &I A K AT A2 38N B 45 F I, 8 e )
% Kim % (2001 NRIFHGEBGHE. B ESEDRE.
1.2.2.2 ¥R

AR ZN B s AL 2 By 22 SRR, (HERCATEHU P 3, TEB 4 mT ik 70%. 1 3
IR A AR RS = T T 98%, HARNIZHEHEMMEITE (B, 2017) . H4EH
VIR A S e sh a8 — 5, Bl TREMK A SRIER AL G, LIRRERE,
MR . S8, BB S B, ik 25%~30%, HIKA P, Na. K (ZERA, 2002) ,
THNEER 40 KA T REREERICE. ARRE (2010) @6 HEEEAE I E G
R, K. Na. Ca. Mg. P. F &A% PRI — FERr: 1R5TERSE (2009) KILHE
M ZGHEA B Zn, Fe. Ca A i c&sUmE, 1M Niv Cd. Pb &84 F 1R 7o 2 W52 ma A AR
fiko HbAh, BFEE (20100 JGEEXTERE . FTHE ., S 7 DA R S F R AN R A g4 T
WA NE, KIVERE RS TCR GBI R, F BB AR T HAR AL i K 2 2
TR G EWEE R, FN, 584E. BEUSCERAL, BEETHRT TR SRR .
W R NMEAE KK B AT B E TR e R, nRBURE . MR 3. IR
o Bk, HE4E B ) fE B AR R A E
1.2.2.3 BERA

IRk, BT B UL B A B SR T 2 AAE, R R T R ) 2 R i i 51 S 1 RAR
MR JEIRkIE, sha i mle FlBRA A E, M T, s E & A &k 50%LL 11
THER, FrPRAREER . TERER 0 o5 20%F1 19%7 A7, 1 I R 1T A N Al 75 Mg W BR AR A 5% LA
b CIREEHRK, 1994; FhiziH, 20060 o WEFUKIL, HBAE I ELGNIR A C18 1 1n9c. C16:0 %%
HE R E SRR 47% . 17%, AMURIAEWT R & WA AR IIRM 2 % (XISC%
2016) o UbAh, Bkl (1987) KR T ARE M AE E o, I E I B R R B LA RN AN
FERBAw e, EFRNEENEE . EETRE &S, KEMWET B0 0k 5 SR, A4
K XRFIE EY) (Derouchey et al., 2004) , [N, HgWi KAEEAKT & B Hhwe, HEE
B A 0B TC 3R RIS, R R B B AR K (%S, 2016; Fekete et al., 2009) . [tk
— R R AT AR AR R, n LA ETCRI A .
1.2.2.4 HEMR

LR E N, BHLESHTFZE 2. X2l T 30 8% s i St e 2 43
B TR S g T BURIEE BB, TR %%, 2007) o Rl 3cEH i,
MR E =R EFEE. W, IEwTh e GFEMgEER, wngiEx A 445 D 414
# Bi. By, B% (%, 2006) .
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1.3 ERIMARITIR

WA, BN EAEE FE, FERIEE AR AR, Bl . DhRek.
HH S B BERS (XIFE, 2016) o HFEEXE SRR R EN, FREHA. EH
LEK, WFEFERAITRI TR a5, B E, —SE I, AR S IE R T
FRGmE, wHANSER S EEERA RS (FRPF, 2009; Morimura et al., 2002) . [ 4bxf
B RFIHRE., HAhPpRAE A 70 FARRATE TAEEANR. HAXNES
R RREHE. BEA. 5% 5R%E, CaFEE, HRARRENEE. ERE, BT
BIFYIEE M E TR, FFEZ T, B LA 80 R4 MBI HEZSUITH AR (A
2011) o {HBEE T EX B R =0 TR R EAL, A OCH S K WS AT o U B
INTAURABEI . BAr, EN¥EEZ ORI THAITREEABMEAR, &8 WHinE
DA FLL56 ) FH 2R ATD AR AR AR o

] A A T4 A B T R B, ST At e R AR th e TR E . BEAKEE S (2008) ACRH
WA B AR IR B, R T B 0 LI R R A S = A 1) R AR s 0SS (2013)
NBHFL T A E LM T2 T H3E K A G . thsh, XI5 (2018; 20160 AF| G
fiiil e TR B IR 2K, HR R 2 IR A 53T T AT R (2007) AR (2017)
LNV B AT B BER AT A i K R SRR SR I N % . SRR B E N — P e 37
MERRATCIS TR, B 250, BAEENTAE L.

1.4 FIEI0)E

Yertot b ) il T B BRI A SE i R SR (BT R A A
H & TR, EFRBURTE ., P R A E BRI AN FERAR e B b AL
THACRFE S LU SS9 AN R -

1.5 REMAREERAS
1.5.1 AREBEEREX

Wt B R RE L AN, RGN RE AR SR P BB T . RIS A5G B o R R
FFRBEPEGYIRIT b, BT WA BARRUPRA %, HiE A —erllEH. FHik, 3
AN B REWE BA B FUs A O DI REN) IR A B2 S AU S AU ALAE A B ki % L,
8 3 5 ST AR S 1 TE VAR R AN Bl S 0 T AN DAL AR R 2 B A5 PR T AR T S EL TR TR
BAMER, BIBREEE B R DR AL 1 B kAT . ARAIF TR A DA A P SRR SR R
ANFRAR A B PR BB AA VR F S0 TR R AR X I RAGRI & . md te H E R U E
FAEVEDIRE R B TR SIE A X SE e M (R X A e R B R e BT BB
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o [ Ak S B B - 2 B i o
1.5.2 iIxAAR

1A B T2

AR P MR R ST A B A R, X BRI AT IRk, IR AR AR TR
DA 2 Dy b i I w52 D20 R P B MR 24 GREFE T T i Ta) SOBURkEG ) EAT0AK, AT
e AR PR (e S H. BAh, DAZRRE AR IR, X b i AR e A= B R . B 1 B
RAER BRIHEARRRRR . EEYYIRAURR WO EATIE 28, X 2 PR e
R EATRAR AT . WO . RS S TOR IR EAT M, AT E— 2D ISR A S A
L%
2. AN[RPRIARRE A E M BEAL KR S T AL T 5T

PRI i kL, R P A B LR S P i e e AT 2 sk B v oxe LB AT SR o 1
F3RAT 5 A F L RAR IR B Ry . 9 BRIAR S B4 BEAG R PR RS20, 12070 1 Se Xt A AR
BEBREARR Y SREULREER . EET YR SRR EEATIE, BT A E E B
M2k OB . Rk SBE BUE ML LS BT oMo LAk, AR i ) F A4 At
PR G AN FIRARTE AR PEEATRIE AL, 2 B0 S A BOH AR k> TR I RS
AN BERE B AT INGE o Fe 2B RE AN FRLAR R 1 b R B R ATV AR
3. A FPRARRE B R DUE BRI AT

PRI SERE UK. b m MRS E R AT . REL 7 S B MEE Wistar KBRS B BB
IAERIBEATZ LSS, r AR TFARA B, IPEXTIRA, segedl (1. 1. 1D . sy
B R SIS BRI R L B TR A G Fa b S LTS AR AL FR bR 5 B 2 1) IDRLAS X B 20 B P o
BAA A R

p=i)
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FIE RIFBEREIZMK
2.1 5|8

YEA R ARV LE T E S R R R e —, FRAEE G IR S AR 13, B S IRIEEA .
BER. RS, B 8 PSR RLHBEIRR GBE, 2010; 5KFE, 2015) , Hrp
IR SRR 1 o B R A B 35% ~ 40% (Fonkwe et al., 1996) . WFFE &£, B h & AR B4
IRTEE FRME (Chiesaetal., 2011) , A8 i J5L 8 IR RE S A A4 B2 JER TR . (Matsumoto et
al., 2006) , R KB E R EH RGNS M | BRI & A AR K ERIE (Tsuruoka et al.,
2011) o UkAh, EHEEH Ca: P HEIERLS 2, S ARS8 A Lo 5 (ZRFKER, 2008) , {H
% DABEIR P L AP AE TR i Wik, AR RO BBk an 5 IRIRE A4 &, M
PLASEI45 %R ] (Olszta et al., 2007; Morimura et al., 2002)

Xof BRUREE HEAT AR AR R ) A5 T AT P2 . B EEENEE (2007) B LR IGEA-E#) (yak bone
powder, YBP) RIIGINE &L, JERARE MR . (BHEEE T Sa REmE, Hm 6
W 2 SEAL BRI, 77N | AIAS ER (Derouchey et al., 2004) , FZur~ SIRE R, faEH
A&fiEE (Balogh et al., 2015; Fekete et al., 2009) . [, ARG IAEAEANTT &@HE—2wE, M
TG E PO A P s SR BB i SUE AR OKEEI . (B8, 2016; Fekete et al., 2009) .
GBI WA T B, BRIE . ZRBILRE S AL ESE (ZEmE, 2012) , i@
AHVEFNEBR 5, (AAEEFREN K AR SR BREAN D8, e s in LI HlA
s BRIBE S s, (B GG A EFRIR, SR, AREZ U ERES EAENE,
EENERAR, A= AR R, DG s TR Ak .

7 7 I I A ) P P B 2 A FH B L AR R RSO AT R 5 s yeh g g soRni - Cxl
SCHE, 2018) o AR ASE FH R 75 Ul B ALV T AR I I o £ B BRI A v R LRI . AT
Xof e P U B A WLV TG T AT Ak, B FESR i M 28 11 [ I DR 87 B 2278 R a3 BAS e 72
JREANFRE T, GRS & E BRI L L 2R IS %

2.2 MIEMEL
2.2.1 R

JFRFE . BENLEBCE BUES: 6 2k (2~3 %) , BREBILKRE HIRECE . R S A
D), MEZE 5~10 mm {517 T-20 °C4 H .
SEIG A a2 2.1 Fioss
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2.1 SKBEFRFRIA

Table 2.1 The reagents for the experiment

A4 R e EIIES

Tk B CH3sCH20H 244 L 22 R A BR A
Ecke CeHu4 I 244 b R A PR A A
2 CH3COOCH:CHs 244 L 22 R A PR A
WA H2S04 I 244 b R A PR A A
o SR HCIO4 I 244 b R A PR A A
SR (CHs)2CHOH 244 L 22 R A BR A
TR HNOs I 244 ML R A PR A A
TooK LB CH3COONa 244 L 22 R A BR A
— KA R CeHsO7-H20 I 244 ML R A PR A A
A CH3CH2CH20H 244 L 22 R A BR A
T C7HsCINNaO:S 2454 L 22 R A PR A
X R R R CoHuNO I 244 ML R A PR A A
S Laz03 I 244 ML R A PR A A
BRER S CaCO I 244 ML R A PR A A

HE AR (1200 U/lg)

H

PR B AR A IR )

2.2.2 FEHRE

SEUG FIT R AX AR B IR 2.2 P

*22 LWRFE

Table 2.2 The Equipment needed for the experiment
X FE 2R Uik K
HINMPC T T6 Jb st b i A AR PR STE A A
e T BER AL FW 100 KEZIRHCE A R A A
17 B R BE X PM200 i A N EA AR B A IR A
[ 2 L A Eiko IB - 5 HZ Hitachi A
Wy RS PR  T S Quanta 200 FEG JentE R gk AR
AURE 0L Allegra X-12R 24 [H Beckman Coulter £ R 2 &
BOEH R TR e B T AA-6800 FIAS 5 A )
I i A SER148 EORF| VELP A H]
4 H LK E R KJELTEC2300 FH# FOSS 2 #]
A LI 2T AP 1 73 A TENSOR 27 Hi 1 Bruker A ]
3R AR IRCK R R LDZX-50KBS g YT AR
S I 550 A Helos-kr 7% ¥ Sympatec /2 7
PG Ve YQ1001C i 5y R PR A AR A PR A
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2.3 A

2.3.1 BEBERETNE

NEWT & E: RIRHIE, I GB 5009.6-2016 #4T. K&&: HETEE, KK GB
5009.3-2016 i#47. K& &: Sl mEimlkes, KR GB 5009.4-2016 #47. HEAM S E: Il
ERE, WK GB 5009.5-2016 #17. Fffizie & &: WK GBT 9695.23-2008 # ATl €. Ca &
BIGE: JOGE FIROEIEE, KB GB 5009.92-2016 #H1T. § ¥R A ElE: B A %E T
R, K GB5009.268-2016 4T

2.3.2 B ERESHMNLER

2321 filiETZ
HEFE BUETE: FEAE B - A BRI SRR PP (5~10 mm) —FRFE— 5 BRI
A€ FRTBURF ELVR 15 — B 75 T B Ak B — 35511 R U — 38 “Co& 1 Tl T 12 h— 05 7 B Mg s 2

1=}

HHo

HREMIRNE (4L, 2015) = HEAERRE-RIBRHE . NSRBI RE (5~10 mm) -k
FEFETIA 2 min RV T— ik B A AR (118 5C90 min, kHELL A 1:25) -k -2
TR I T—75 °Co& A4 F il KT 12 h,
2.3.2.2 BRAEAFIAITHIE

TN [ Bt A R FLAR A S R R 26, AR A R I K 2B . I RE . 1
Ot LR CERVENBIGVER, EHATIZ 300 W, kL (mL:g) A 2. BFEA 20 min 1%
PR CHERD S4B AT ARG, W BRRTEHeAa R & &, LEE YRR AN R 5 )
LG RCR, THEBEZE .
2.3.2.3 BERIWEIT

£ 30 POEE KR AR A SRR R AT R P R B DR R S, S R AR Ay
IR 300 WL JREAERTE] 20 miny REHEE (mL @ @) N 2. SRR NBEE N IR,
200 W. 300 W. 400 W. 500 W. 600 W; Jiilgif[a: 20 min. 30 min. 40 min. 50 min. 60 min;
WORHE (mL:g) = 2. 3. 4. 5. 6. FRRECRH S —ARE, #ATHRRFRE. DUEAE b
RNV RS, BARREZ L 3k, WE LS RIBCFAME .
2.3.2.4 Mo HSEL& T

7E LR 2RI 25 SR AL A 1, HR4E Box-Behnken [ Oo 2 AR IR LT IR B, A ThR, i
JEIN ] WBOREE 3 AR AT HAE X IR A s me, e D 3R KK it WA 2.3,

10
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< 23 N EIEITEZERKER

Table 2.3 factors and levels of response surface design

S 7K Levels
Factors 1 0 2
B T &
Ultrasonic power A/W 300 400 500
JEB 7 I ]
. . 20 30 40
Ultrasonic time B/min
R A . A

Material ratio /(mL-g™)

2.3.3 R, REEAQASERRELFITE

PG R A B S g BEAEUEZF 1, RIE GB 5009.6-2016 Xif H g & B AT I E, i 3 VT
17, BCUPIE, BRI SRR A
m —My
m,
A ROAWEE: mo R B T IRIIT B BT s mo A IRAEA- B h IR o &
IR EEEERTTE: B100 mg BAREEAE, KIE GBT 9695.23-2008 i Hf2 /i & 1k & itk
ATIE, 83 UCEAT, BOPIME, RIEEA S B R KBRS A

R= x100%

W = Moz~ Mumagrn | g 0004
Moy sk 11
Kb m BHERARHRARMAE: I NREEATRE: WAREEARERE: mKEEA
AE RV IR R B AR m RS AR B IR R E AR, 6.77 RIEIR S
JReJE AR 1 2 [ 3 S R B (B 2R 5, 2013)

2.3.4 B4BEMHIE

2% P I A B P il T BE R REN L RE 45 s (15 s /A%, L3 70 , F#i4r3k15 60~100 H4E4:
FHEH, AT B R S B & (1%, 2015) o 240 E: 350 rimin, 4 h, BEERE
%4 10 mm.

2341 EHEMRE D REMMASNE

KRG AR KL 204 % CAMSIZER X2 5, -8 PR % ) rh i kA
Dso KR o

WA FEE R EMHNIEESE Yi 25 (2015) Wik, RAARMEENE, hnE
HL A 10 KV,
2.3.4.2 B4 EMUEERS RS S FRBENE

11



AR BB AT LA AR S B MR EES B T2

eZEERY T LB HT52% Boutinguiza 25 (2012) W55, H FT-IR ZL4Meis i
30T, BEEEEHETE R 600~4000 cmt,

5 RGN . FREX 0.25 g B4R E T 50 mL B0 CGRERRZE 0.001 @) » JIIA 25 mL
WA (H HCIHAZ pH A 2) , WmINBEAE (60 UmL) , 125, HO. ¥ EREOERE
37 TGIRFEARFSEEL 3h, 100 r/min. $EHSE S, 7E 4 000 r/min 244 &0 30 mine B FiE e
FHEA S 100 mL A2, FRE 100 £ 5 H SISO G TR (Zhang et al., 2016)
i 3 VAT IR . Hats A 2.

c = Mkt 1000

Mg o
AP C AT E TR : m e N EIERPES IR E: m wae NFEES AR & .

2.3.5 HIRA IR E

iz SPSS22.0 B one-way ANOVA X #4777 243 M RIS FIH Duncan ¥ &t 22 k53
AT R EVERI, K B R —fatrh AR RRoR 2 5 2% (P <0.05 8¢ P<0.01)izH Origing.0
YEE; FIH Design-Expert 8.0 44Xt mi [N T A 50 #E 4705 25 AR 1k (81 V3 594

2.4 BHETHL
241 4 EEARDESER

w24 REBETERNAE

Table 2.4 Main components of yak bone

%7 Raw bone T3 Dry bone
/K43 Moisture (%) & Protein (%) figli Fat (%) K5y Ash (%)
15.04 £ 0.26 2490 £ 0.67 25.15+£0.59 5149 +1.64

VAR B REAR S SRR 2.4 Fn. EATEN 24.90%, @& TEE. Eih4. MHAd. &
NAFEIRALE A S . BB & E A 25.15%, AR TE R0, Hrs k5 AL,
B IRE  (MEEE, 2016; Fekete et al., 2009) . XEH, 44 BRE S EIFMENE
i & B, DR o B A AT BN A

2.4.2 BERHIBIATIRESBMHERSH

2421 BEZFRWER

HiPE 2.1a ATBVAR H, 1R OB 2R Z R AR ORI T 0K LBE RIS T, 38 Z 1A T di
FZE4 (P >005) o Wb, LR OBREA REFHE M. R0, ikl FrEADN, Z2—F
5y T IO [ SRR RN E S0 VR P B AN 7). PR e die 4 R 2R 2 BB A 9 s i FB R ¥ 711 o

Hi P 2.1 mT DA S F B AR 5 B P DR B I, Al RE T2 K S ECE
REAMHUBR A G 58, A I REE MBSV ERE 170 70y e (ZEiE, 2012) , Mot i

12
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REFIE . B Th3% N 400 W B, HBREZR Y 76.8%. (H MR DhZR BT 400 W B, g 248
%, X ] REA BT IR AE VS ARV AR ae /1 & T, 400 5 500, 600 W (138 7 Th2 5t i i
RLREER (P>005) . Fit, HEEL 400 W Ay 5% RdAT 5 85405 .

B 2.1c FTLAE HY, A 2 B e 7 B JR) A KO i B2 v o 7ERE A BT IR) 2 10~30 min B, e
A B, TE 30~60 min N, MARZI IR . BERE R R 0OME R L, HOE N, A
[ BCR AR (Zhao etal., 2007) o [k, EF|—Em )G, BERG A %, Ui
FE A 8 AR B NI, RS KIS (B AN 22 B2 AR s o 24 B TG IR (8] 49 30 min B, it
AZ AL 78.2%, H'5 40, 50. 60 min Bf i AERCR L% %R (P >0.05) , Ktk 30 min
N S B 1) Bt A B 1]

HE 2.1d /TR, WOEHE A 2~5 I, BilE G BOR LI K2 ETHES . X2 T
T BRI AR UL, VAR B 1Y 0 2 BRIV 7R i IR iR B, I N A S5 v R el
TR T 25, Mm% SN 134 (Lou et al., 2010; Tian et al., 2013; Spela et al., 2003) .
IR A H B RR — e R EE, PR RGHIE Ol ., A ERRSE I, iR
gz, WATMEHEE, AlIERRRORE A 5 1E A G SR S0 i B 5 Ao 4iokRHEL N 5 I,
Hiife%5 6. 7THMERCLEEER (P>0.05 , filli#n]ik 84.5%.

100 — 90
90 =
L 85 |
80 [ a
= [ 7 b a
s 70 e = S0k ab a.b +
" e
£l ’ E b D
=6 ]
= i 75 b
= % 7 /
. =
3 B
& Sl
5 40 g0 7
7% &
o, o res
E 7 oz es) S
=] 7 =
= n 2 E? = .
10 %
S
::%5:
0 - p— . 5 I 1 1 L L
exane 7.8 Z. 88 Ethyl acetate 0 00 0 o po.
itrifl] Solvent 1% Power/W
30
90 ~
85 | 3
& ab Ll o a
@ ab ab . @ L a a
Z 0 T R a6 |
S b — | L —
g /l EET S T
- L - ]
o =3
g E ol
=1
2 ek ¢ g L b
§ 30 b
= A
ol 65 2ok
s _r e—
G0 = &= 76 =
=S
N
55 L
50 : : ’ . _' L 70 1 i 1 i L i 1 i 1 i 1
10 20 30 40 50 60 2 3 P 5 P y

[ 1] Time/min SEEHE Liquid-salid n;liu.:" (mLg")
i ARNEFRE (a~0) FRARGHBELERERER (P<0.05) , FH,
Note: Different lowercase letters (a~c) indicate significant difference ( P < 0.05) of different groups, the same below.

El 21 AREBREER. BEE. BENEMRRE TS B s R R0

Fig.2.1 Effect of solvents, ultrasonic power, ultrasonic time and ultrasonic temperature on degreasing rate of YB

13
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2.4.2.2 Box-Behnken iR I&i& it 545 R
e 2 T e A 17 MRS L AR 12 AN TR AL 5 AR RS . S5 RWEK 25 s, Rk
N R
i1t Design-Expert 8.0 F A X E AT 204, Bifle3 (R HHEADIZE (A) | @A (B)
FCRIEL (C) Z Ia) g7 ik B AR AL A R R
R1=80.36+3.83A"+1.29B"+2.70C'+0.524 'B’+1.154 ' C’+1.19B'C’'+2.03A"%+0.89B"%+0.81C 2
< 2.5 MO TR LR

Table 2.5 Results of response surface design

it g %
RIS No. A’ B’ C’ Degreasing rate

Ru/%

1 1 0 1 90.58
2 0 0 0 78.96
3 0 -1 1 82.36
4 1 0 -1 78.11
5 1 -1 0 78.98
6 0 0 0 82.09
7 1 -1 0 85.51
8 0 0 0 81.90
9 -1 1 0 80.00
10 0 0 0 80.36
11 0 1 -1 79.37
12 0 -1 -1 78.65
13 0 0 0 78.48
14 1 1 0 88.61
15 1 0 1 80.54
16 0 1 1 87.83
17 1 0 -1 83.55

2423 BFFREEZM ST

NHE G A B, TR B E LSRR 2 WA BAE, % EA 57 FR 4T
ANOVA J5 Z 5 HT, 455 a13R 2.6 Fin.

ZAEA P <0.01, F=14.29, il e, KAWL P > 0.05, Wi H R Z0 Seie 2 AL i)
SR, B AEREAN ] X IR A S S 8L R2Adj-R2Pre < 0.2, U BB AT 7873 Ui ] T 255
B (ZFF0, 2015) o FENHTEE BRI, ZEA 5RI0 AR EIE B, REIR LI S e H % (A
KEBERZ MR, @i P EMKRESERED, M —KITA, CH P <001, XM
WA, PRIE LS B G R B M S 2, T — R B YR A2 FR P < 0.05, 3 BH X i Hig 2R s
F. W F AL A LA R TR R IR RIRORE R A e R A — e s, HR T o
BRI ThE > BREE > BARE, (HHZHEEAARE.

14
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+T 26 AENHE

Table 2.6 Analysis of variance table

JEAR FIA 1z 5777 F i P i
variance Sum of squares df Mean square F value P value
%7 Model 226.48 9 25.16 14.29 0.001 0**
A 117.20 1 117.20 66.55 <0.000 1**
B 13.29 1 13.29 7.55 0.028 6*
C 58.48 1 58.48 33.21 0.000 7**
AB 1.08 1 1.08 0.61 0.458 9
AC 5.29 1 5.29 3.00 0.126 7
BC 5.64 1 5.64 3.20 0.116 6
A2 17.35 1 17.35 9.85 0.016 4*
B? 331 1 331 1.88 0.2124
c? 2.74 1 2.74 1.56 0.2521
% % Residual 12.33 7 1.76
Lfii%ﬂ : 147 3 0.49 0.18 0.904 6
Pi?;%ir 10.86 4 2.71
éifﬁiil 238.80 16
Z 3 Coefficient R2=0.9484 Adj R?=0.8820 Pre R?=0.8306 Adeq precision=12.834

T YRR E (P<0.01) , * ®REE (P<0.05)

Note: **represents highly significant (P < 0.01), *represents significant (P < 0.05).
2424 InNEESFS%S

R 14005 B B LR 25 R AR A1 IR R (s, 3 2 A DR OGP 2 O I 5 ] i S
TS 2RI, RS RE P 2 R Z e P IR R IR &, [E J34h 1 AR, 1E0”
HKOP AR . 1B 2 D98 DR A TLAE P F i L A 2 v 2 1

SR BRI EZ R R, RIOVESLEE. MLBEE, mNAEREER; k2,
SR ARG« WA NL RO T, MARAE AN (B, 20170 o DRI E TS DA 5 TR R
Xof Wi SAE ISR . A>C > By 2 IR (R3S AR RS .

HI T JC i EL AR M L T L 2 e LS8, HEAMA] Design-expert 81X ] )5 75 R itk
—B . HREIGERE, EBRAERAT 1%L TkFRARKNRETLZSH. BEYE
499.86 W i I [A) 30.7 min VBUEHEL (v i m) 5.99, BRI FINFE %A1 F 1R i g %20 91.02%.
NUSUESIR T SENE, 25 8 B LR AR PE AT A (f) A, I0IE T ZE S HUB IR0 HEA )% 500 W
HEAIF ] 30 min, WORHEE (vim) Oy 6. 3RERIIER, 53SEhrBAE#H )y 92.00 £0.20%, %
R 5 TN FOAR XS R 72 09 1.08%, RIRBIIGUE(E SR P S AR, LA R B A W SEtt.
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P o
Drepreasing rate s

AE -
Liguid-solid ratio/{mL -g) e Ultrasonsc time/min

"

T

L

Ay P
Ultrasonic time/min

135 0175 T
Ultrasonic power W Liquid-solid ratio{mL g*) Ultrascnic power W

2.2 AB. AC. BC ZEfERMHE4ERAERHNFMN
Fig.2.2 Effect of the interaction of various factors of AB, AC and BC on degreasing rate of YB

2.4.3 NEIRREEARER ST

2431 BEfh. EARMRKEEAQS S ST

YU 40 ) R FH R 78 s AN 28 A VAT IR Ab B, SRAS 45 Rl 2.3 BRI E AN 28
BIEFTRAS I B RIS B 92.00%. 71.25%; ARk HLE, 48 aEn BA A
FERERGR I, FE BRI Z8 ZE R R F 1N 8.11%. 13.28%, L RJEEE FIU R 24 5l A
11.05%. 18.40%. 2 FhAS[EALER I VLA e T B E PG I — e R R, FRE AR
WARFLG, i SERA G 0 E A RS R A TR s PR SERRG AR A,
HHEAEE D BRI AR, JF B e R AR T R O SRR R, RO,
FUBA B B O TR R I N (B 2R, 2016) .

25 = 5 b

C
20 - N

o
A

AN

i 77 #{ Percentage/%

RO e

HEN Fat 1 Protein )5 819 Collagen
b5 Indexes

2.3 FERREAEMEFETERSE. RERASEURKREEARENHE
Fig.2.3 Effect of different degreasing methods on fat, protein and collagen content of YB
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2432 WYIREELRDT

I F FEL R B S5 S AR TS A BRI O IR AL B B IR R R Py Ca 2% 12 MRS =
MWig, SERWE 2.7 Pn. EmERZMIESEH Na. Ko Few Mn ZnRiA @ H, &1
B EAFR R F I ATE 19.00%. 58.95%. 14.32%. 20.86%, XAt T4 B4 & Ei
WERfE, Mo E A, BHSSRERN 2L, YA LR LB TR i R 2K H
(ZE/1H, 2017) TS LA A S, Fe. Zn. Mn E0RIMEERKRIME, MAK
431N 18.66%- 2.18%. 15.04%, XTREL LR AEREAE —EEMEE RN AR, H2 M
FEARHEA -+ Py Ca. Mg. Cu. Se. Mo. Sr&E RS ERE TS ELHEZER, XREHT
ZRLRAETRER KA A SEAREELSS, RS TREEE R, Hik, S8k
AR, T WTEE R R K i R E (P < 0.05) , RS HEKAR BEHLOR B B ok A
JRIGE

R27 BEBUWREE
Table 2.7 Mineral contents of YB

& Contents/(mg-kg™)

WA
Minerals RN 7R Pl 2 AN
Raw bone Ultrasonic degreasing YB Cooking degreasing YB
P 89 653.10 £1 262.752 83209.23 £ 16 161.282 84 597.92 + 3 250.302
Ca 180 239.99 + 4 076.372 182 719.95 + 3 439.332 185 979.29 + 5 456.89?
Na 5289.13 + 126.33° 5319.92 +61.93° 4 284.67 + 76.362
Mg 3207.31 + 34.642 3255.34 + 33.232 3237.32 £62.122
K 354.39 + 3.09° 340.18 + 4.82° 145.48 £ 3.672
Fe 27.13 £3.95° 22.01+£2.35% 23.24 £0.672
Zn 61 255.93 + 884.68" 59 919.20 + 652.352 61 271.02 + 448.54°
Mn 0.472 +0.052° 0.401 +0.0142 0.374 = 0.060?
Cu 0.223 £ 0.031#2 0.214 +0.3002 0.203 £ 0.0172
Mo 0.143 = 0.005% 0.137 £ 0.0042 0.139 = 0.008?
Sr 174.90 + 6.482 17752 £2 432 168.81 £ 2.712

Ee GRCCFEHAMEZE R R, a~c NARFERIFEREZER (P<0.05) .

Note: Results are indicated by mean + standard deviation, and a~c indicate significant differences between different samples at 5% level.

2433 BA4BRYGSDH

WA FTTEA B e B, IR LB SRR 1 2 3R> G5 BEAT EEB M, F 3 L
SURIIE 2.4 PoR. 22 2 FORERBE S, FAE AR BRI, HA MR ARG
s ZAl. el BIEAAE S, —Jr oA E S T IR, AR FLIF SR IR
EHIR M,y T B AR R AN A U IR S, B A e iR, FLER
BN, 2B ILE, BeE RSN, B oA — e R, X TR T
IRATWr 7 R F 7 7 WA = 1R ie 45 4R (Amoczky et al., 20000 , FFit—BIA 15
W4 & (Shimpetal., 2008) , X AT BERIE R 7T & R ™ H A IR 22—
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b BRI . ARIHE

Irasonic degreasing YB c. Boiling degreasing YB
a BREK

a. Corpus ossis femoris

. AABURIESH
c. Boiling degreasing YB

b. Ulrasonic degreasing YB

b. lR&%
b. Caput ossis femoris
2.4 REIRRAE 5 AT 4 B MG 1ERI R0
Fig.2.4 Effect of different degreasing methods on microstructure of YB

2.4.4 A RIRABERAFIEEMNERD

2441 BMRRSTHRMURSR ST

FFRLEE S AR 28 2 Fh 5 10 A 3k 46 (B 26 B Ry AT RLAR 70 AT LU AT, 45 RNl 2.5a
TNe GEREEIG, HE BUAREEA B R B RIAE N 35.84 £ 0.60 um, 90%HRL /S AGLE 75 um LN 7%
BMREEA B R TP E AR 11.73 £ 0.29 um,  90%SURL 43 A 7E 40 um DAY o 25 & B 4E A H Mkl
RERZ/NTEE RS E, omuEfEs, XeF S Ea GRS, Hailz|
WK, AAFEENERIAZFL, NI SER TR 2T (4L, 2015) .

X4 2 FhOTERAC BRI RE A= B R AT R LB A, 45 R AN 2.5be PR . 28 BUIREE 8
KRB, sy mSEas), K2 LOMEETE, TEARTEAIN; & IR kLA o A Ya FE ™,
AFAETEARA I (8 R ARORE o 548 245 471 4 P 5 L DR AR 4 A PRI 45 2R — 30
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*r —— 12 # 84 & B 4 Ultrasonic degreasing YBP

—— AL HER S B Boiling degreasing YBP
21

i

18 -

15 b. EFERIEEF B (X200)
b. Ultrasonic degreasing YBP(>< 200)
12+ K3 e
\\ ¥ il o RS

Y olumel%

- \
| |

\!.
oliu Ll I WPk |
1 10 100 1000 d
#% Sizelum Vo
a  fESWE . BEREEFER (X200)
a Comparison of particle size distribution c. Boiling degreasing YBP( X 200)

2.5 RABHRE N RSB S

Fig.2.5 Comparison of particle size distribution and microstructure of YBP

2442 BMUEEM RSB TRBUEDHT

8 B2 A1 B 2 W] A ALK 40P 22 e B AR FR S0 X (600~1 300 e ) ATE fE [X (1 300~4 000
emd) o FRAUX ] e MR AR IR SRR TR S, WIS R A T AR AN [E) T A 2 S (R RO,
2015) ; HREXAEAX, B SRATI B Be FIAR 2 AR (Al 2013) .

X4 2 FhAS[F A SRR A Ry AT A B 2D a3 o, 45 R 2.6a s . 872 cmt
& COs? )25 HIHR BN SC UG , 2y COR2 HE N F2 BB K A7 i HUAX POLS FRFIE i (Yin et al., 2015;
Bre%24, 2017; Khoo et al., 2015) , 1450, 1 512 cmt /2 COs> i fH Rz l% (Bonadio et al.,
2013) , 1026 cm™ 2y POz X FRA4TRS) (fEAl, 2017) 5 1238 et J@FEAZ IO 4T, J& C-N {4
RN N-H TR, PAACH 2R 8 R EE F-CHo W E-T- I R84 B R3O RFAE R e s 1
600~1 700 cm! Z ik 8% - C=0 h4EIRsh, 1647 cm™J@EEE | HRULIE; 1743 cmt g2 C=0
HZEIRENIE, B MR E (Br22E, 2017) 5 2 854 F12 927 cmt (MRS C-H A5 HLAF
PRBN g (T 2%, 2017; Boutinguiza et al., 2012)

HE 2.6a 7713, 2 FBLAREEA BB L G5 AR AR, B DABERR SR AR o0 3, S H D&
IR B IR W7E 1743, 2853, 2922 et AbTE W R IR, X AT AE R i T Ha g 2%
Progde, Mz B b i IR T A, L U

IR B R B TR AT, SRR EEE TR TLREZESR (P>0.05)
(tniE 2.6b B o WHFEY] 75 pm BB B A5 B T REUE KT 100 um BB ES R ()RR
2016) , {H/NT 75 pm FE2RE M AN R RLAR 2 R 45 125 - RR IR S A7 AE 22 5 i R DL AR o AN T,
YRR 2R TR AN 2 B R S A% 2 FROBUIE B R 0 TR ERLAR 40 S 35.84 pm AT 11.73 pm,
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FOPMGEEAE . ZEEANRN, BN S B S T RS E R A RE (P > 0.05) « X—4
TR IFIRE R B R FH 0 8068 75 B i 1 25 A B 1) 2% TR B 2R B M RS B AR KT 28 B B MR B A Wb 4%, (E
HA BELE S TRIE (P > 0.05) , BEHHERIBNE LZRARATIE. 5i5h, ZREBEYE
A BB RN 5 R (8.81% + 0.65%) 3% iy TS i e/ B (3.16% +0.03%) (P <0.05) ,
B v R B M O] R 2= AR B IR, AN SR AR S TR R A R EER (P >
0.05)

100 b —— EF BT EH Ulrasoc degreasing YBP 0k
’ — ZZRIEE$EH Boiling dsgreasing YBP L
0% - 35k e e e
=
090 F £
. EEY 7
2085k z
= =
£ =50
Zowr = L
= =R
E 075 | .-j
ol fg‘ 151
=
063 :: ol
060 - =
Sk
055 L
| - L L 1 L L L 0
500 1000 1500 2000 2500 3000 3500 4000 EERERLTER EERERTER
% Wave number/cm-! Ultrasoni c degreasing YBP Boiling degreasing YBP
a {EEM IR Sh I ER b 4B T ERE
a. FTIR spectra of YBP b. Calcium release rate of YBP
2.6 4 EFMUFEMRSE FRERERNLR
Fig.2.6 Comparison of chemical structure and calcium release rate of YBP
+
2.5 /J\én

ST I P TV T AR A e 7 IR S AT A, IR AR BT T IR N 2 A i T
XTI E R R, R DU SR

D) 7 B le S E A % R 20 e 28 RS2 a5 - B RS D28 >VR0RE LE > A (e, b
FE D ABORE LT G 26 A 2 2 e, (EPR RN SR A G A HARH . A IR s e S 4
AT 500 W, A IA] 30 min. WCREE (vim) N6, FEIESME FHLAEZ A 92.00 £ 0.20%.

2) WA EREEETRZENER (P<0.01) , WARBAEA LLE KR EEAR. §
VIS8 R (P <0.01)

3) R R i A5 TP R AR (35.84 +0.60 pm) =T 288 i I 1 75 F DR AR (11,73
+0.29 um) ; FRE R LSS S RS AR R E ER .

SERRW, ZHERIRAL T R AR T L, PO SGERE A A B EE ek T A
FA ki R S %
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EE RS SIS RS R 5
3.1 5|8

HAl, RTERRARMT T = BEEREaE .. REWMER. Wu 5 (2012) AR -
RIMBSHEZ S TR T 6 MR FIRAS S ¥y, HORAR 328> 500 pm, 300~500 pm, 150~300
um, 75~150 pm, 50~75 pum, 7.65 pm, BFF0RINEL TR AR DL A B TR TR B BE R A I
/NG R Tao (2016) I FH TFEER BEVEANEIEBR B 40 Al #1453 1 HhERAR 24 1.75 pm 1 115.3 nm
(BB, AR BRI AT Y IS B R AEE I B s 25/ A (2017) AN DAS i MR KLER FIE
i P4 T TP ERAR 20 0N 236.01 pm. 65.92 pm. 21.89 um A1 502.52 nm ) 4 FhEky, 455R
R BAFAEZE S HRLARBNS B TR RO 2R AREE (2017) AR IR ER
VRSB, R IBEER B I [R) I, FLUHT B9 G R DL B A B TR TR T S D i3 . — ek,
B RS EN, HALBRZ . RO, JFRA TR B mgve (91, 2015) , #afi
KGR G SRR fe/IME o 2 BT B B R G 2= 5 AN 6] 1 BURORL IR AR 1, G P 2
INRSFREON . R SE (Augustin & Oliver, 2012) o SR, # ik B F T 1) 45 4 K 15 5 1 78
BREBE S TR I E TR, FRAE i A, AR B9 KR, FEGF (2009)
H i B8 8- AR & 1 13 um B ER . IFH, DMESRE ARG AR &R, A
REFS M B BN AS BRI . S TR B 52 B AT, (22 T 3R R 7T, SR T AL
FREIA BT, CHOCT R B R Ft, H AT A oE . AR5 B ER A R R AR e 4
AR B ERAG R AT AR

3.2 WIgw Rl
3.2.1 MRI5i7

SR BENLIRELE AL 6 3k (2~3 %) , B GBI E (BIRHE . A . HEd:
e A 5~10 mm /47 T-20 °C&H .
SEIG R G a2 3.1 B

=

),

#* 3.1 SERFRERIR

Table 3.1 The reagents for the experiment

AR (= CVEIEE S

BRIR SN NaHCOs 5] 245 4 A1 2 1) PR 2
S AL KCl 5] 245 4 A1 2 1) PR 2
HALAS CaClz IE] 245 4 A1 2 1A PR 2
AR MgCl. ] 245 8 A1 244 PR A )
EhIR HCI ] 24 8 [ Ak 220 A PR A
Vi CHsCOOH I 24 82 A 2 3R A B A )
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(8% 3.1)

A4 R [ EIES

AR H2S04 I 244 ML R A PR A A
N, HCIO4 I 244 ML R A PR A A
B (CHs)2CHOH [ 2454 B 22 G IR A 7
]z HNOs I 244 ML R A PR A A
TooK LHREHN CHsCOONa [ 2458 B 22 A G IR A 7
— KA R CeHsO7-H20 I 244 ML R A PR A A
IETA CH3CH2CH20H [ 2454 B 22 G IR A 7
T C7HsCINN:O2S [ 2454 B 22 G IR A 7
X R R CoHuNO I 244 ML R A PR A A
LB Laz03 I 244 ML R A PR A A
BRIRAS CaCO I 244 ML R A PR A A
o SN EE (A3176) %[H sigma A

BEAM (P688T) %[H sigma A

JERE (P1750) %[H sigma A
JHYT4RE4) (B8631) F#ME sigma AF

- I3 B F#ME sigma AF
MpEzEC F#ME sigma AF

1N % sigma A

Pk GGYR %[H sigma A

=}k GGG %[H sigma A

3.2.2 (UHEE"RE

SR T e A AR LA 3R 3.2 i
R32 LWHAFRE

Table 3.2 The Equipment needed for the experiment

AXES TR Uik K

BHMPOET T6 JetE s AR IR 5T A H
T T RERY AL FW 100 KRR A IR A 7]

17 B A RER A XQM-2 KRB R EARA R H]

[ 2 L e Eiko IB - 5 HZ Hitachi A

Yy RSP LT AR Quanta 200 FEG BB E KGR A

AURE 0L Allegra X-12R 24 [H Beckman Coulter £ [R 2 &

AR 5 LA X-12 3 [ D150 B P R R A )

B T YQ1001C g 5 il AR AT BR A

I i E A SER148 EORF| VELP A H|
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(8% 3.2)
XA TR e ERIRE R
4 H LK E AL KJELTEC2300 FI# FOSS A+
(L S URAR YD e aE e TENSOR 27 Bt Bruker A ]
IR 7T L8900 AA H 4 Hitachi 47 fR A F
WA A% 1200 [ Agilent A ]
SIS I 2 A Helos-kr 155 Sympatec A F]
RAMESTE AL R GI20 TR NI A #]

3.3 A&
3.3.1 FNEIRRREMHEIEZIZE

YRR E - AR VP e (5~10 mm) —FREE— 8 i g AL FE— 75577 )i —38 °C4%
T IEXTHE 12 h—HR e (60~100 H) —BHO#E .

3.3.2 BEBMRRESM. BUEH. LFEEHURBFESR

KLRE MR SR B L 20T R HELOS-KR S8 2 4G 5, B8 (T ki1 K
FHE R AE Dso Ko

WOUIEAS %715 2.3.4.1.

W ir 8277715 2.3.4.2.

OFE T REBTIRSHT.

3.3.3 T EINEFEHESFMELRRKSTNE
SH )51k 2.3.1.
3.3.4 #HKIME

FeAK1IE 2% Wu 55 (2012) (7715 BOEFRE my, FEA me, %88 0.05: 1 48K,
60 °C/K¥% (10, 20, 30, 40, 50 min) , HUHFA/K+jE 30 min, 4500 rpm &0 20 min, 7
J:‘PHE, ﬁ'\%%‘ ms.

HHEARN: WHC(g/g)=(ms-mz-my)/m;

3.3.5 EERBHEENE

T ARB AN E 2% Wu 197715 (2012) ¥k tefsl 0.05 : 1 & FRE T 0% (1 9/20
gwater) , E%iRA], RIHRHELZE, 94-100 °C/K¥% (10, 20, 30, 40, 50, 60, 70, 80, 90, 100
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min) , JI/KAN SRR ZRAL, A7k VA %1 30 min £ %05, 4500 rpm &0 20 min, H_E7E KR AR AR
WiE# T Ea S ElE. AW T:

PS(26) = Si1 %100
io

Horr e A BISWAIE B S E(mg), cio N YBP (Q) T EHE A SR, PS N YBP HEEN
TR o

3.3. 6 IRSMRIU B IEH AT

HRHE SIS ERAMNE L R S GI20 #3H1T, S %04 B 2% (Infogest, 2014; Minekus et al., 2014;
Lotti Egger et al., 2017; Chen et al., 2018)[f1 /715, T T —2B . BIARINHEIL R G2 AR R
ENKE EE AR dE, G0, B BB, rTEBER R, R H R 3.3
FiR, BhARINEIL RGUSITSHUIR 3.4 fin. O B0, B 7 51 B 1E 2 miny 90 min.
120 min, RS o SR BRIR FE N 250 UimL, B SRyl 28 B 8 R > 2 000 U/mL,
i T A A IR 2 A B B SR B B 243k P 43 328 1 mg/mLs 10 mM, VAR 1) B R F S 40
mL. A FEARLE 37 °C 24 FHEAT, FFLL 85 rpm (135 41 3 P A0 nEL WG A1 5 iy 8 05 s A 4o«
SRR, B 3 e diE b . AR 3 IREH

# 3.3 JHILRECHIFR

Table 3.3 The composition of digestion juices

ZP pH fiig vl

NaCOs (144 mM) , KCI (21.1mM) |,

Buffer 1 7
CaCLz (1.59mM) , MgCl2 (0.2 mM)
Buffer 2 2 HCI
Z. %, NaOH, CaClL: (4 mM) ,
Buffer 3 6
MgCl2 (0.05 mM)
Buffer 4 NaHCOz (1M)
Z. %, NaOH, CaClL: (4 mM) ,
Buffer 5
MgCl2 (0.05 mM)
A 7 o VEREF (250 U/mL) Buffer 1
B 2 BH &AM/ (2500 U/mL) Buffer 2
JEHE (2mg/mL)
i C 6 Buffer 3

BB (20 mM)
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*® 34 RINEURESHER

Table 3.4 The parameters of digestion system in vitro

IS 8] L] vl Ji%/Flow rate Gkl
time (min) Description Reagent f&FRMolume Glucose
0 IESNEE 2 A 10 mL/min
EHE L 4mL
2 SR 1 B 20 mL/min
EHR 1 16 mL
90 TSR 3 Buffer 4 0.3mL
SN 10 mL/min
90 IR 1 5 C 20 mL/min
HHEE 1 20 mL \
105 J
120 Xl
150 Xl
210 J

3.3.7 EERHLER ISR RNE

HEPHE (PD) 25 T4E (2008) W%, JEMfEREN. EAEREARTREARLT:

PD (%) = i 100
m

io
Hrmg A EEREARSE (mg) , moN YBP FEAFSEE (mg) .
227 Y in Z5 (2015 1K 77 500 F 0 EA T 45 B R TR DU 5 o 5 Bl 8 T8 B8E 43l i % CR(mg/gvee )
PR (mg/gYBp) o

3.3.8 REAMRSIHFEREARNE
22 Sun 25 (2015) )5 €0 1 v st R i P ) S R R 3R AT N 5
3.3.9 Ky FENHINE

Koy FENEZ% [ Irvine 55 (1986) W77k, KA EHURISIEM: G2000 SWXL 300 mm x 7.8
mm , BN ZIEOKI=/ 28 (30/70/0.1, v/Iv/v) , FEEE N 0.5 mL/min, JEEHA 37°C,
HEREE N 20 pl. 0 TEARHERIZE (Y =x +0.5323-7.4538, R2=0.967) I FHlb5dEfh34S: 41
THEAEE (66 446) , Ut C (12355 Da) , #ifikkE (6511 Da) , VUK GGYR (451 Da)
M=k GGG (189 Da) . 73t R H &R IZE Lk B At
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o [ Ak S B B - 2 B i F R R B LA T S (L T T
3.3.10 BB L

w3 i 7k 2.3.5, FFizH Origin 8.0 1 Heml 1.0 {E &,
3.4 HFETL
3.4.1 NfENH., BUESRUZERSHT

AR SEBGR] FHAT B SRER B AR R R 8 5 TR AR B 2R B A (60~100 HD HHATEBHb . NRF
RLAE XA BRAG R I DL BT ARAVE S, AR SIZE8 1 S6 I8 I 73 #7400 rpm 103 (viv) BSR4
TNEREEAS RIS A B R R, R 5 RPN R EDR AR B R AT R 2. S5 (T 3.1A)
ROVRIAEBE I 1A ZE KB HTR N, IF H 4G EREE 8 /NI K th B RIA2 7T IA 9.96 + 0.37 pum, BN E] 2
— K FHTLEZEZN (P>0.05) « &4, &AL 0. 1.5, 3. 5. 8 /M 5 AN [] sl & &
¥1, 536 4N Dons Dishy Danv Dsny Den Fifb ¥y, HA{ERi424 74 128.37 £ 0.64 um, 96.73
+0.57 um, 76.65+ 0.49 um, 49.94 +0.41 um, 19.92 +0.34 um, KifE/ A& 3.1¢c fis. - HHE
BRah Ao, HERRERN, BRI RS — . B, KR AR AR, X SRR A R 4G
R85

IR FERLAR N PR BB A 25 R 75 77 AR 52, 7E 400~4 000 om 5 BBl A X 7 B b 1304748
H AN ERE N, RN 3.1B AR .

559 cmrt Al 604 et A E R PR AR B A H POs (1S RS WU, 870 emt & COs? 125 ith
PRBN IS, gy COZHENFR BB AT S A HUAX PO TRRFAEM Wi % (Yin et al., 2015;  Khoo et al.,
2015) , 1456, 1549 cm™ & CO> HIHi iR s i i% (Bonadio et al., 2013) , 1022 cm™ 4 PO5™?
ORI AE 4R 2N 1240 et JBAIZ LAY, & C-N Mgzl N-H 2 Hi#Rkzh, LA H 2R F 5
I BRI BE E—CHa FFE-F [ PR FR IR BN A RAAE R IS s 1 600~1 700 e £ ik £ | C=0 44k
3l1, 1662 cm™ J@mEIE | w5 1747 cm™ NS C=0 MZadRanE, v mRilicid; 2853 fil
2 924 cm (PRSI C—H A HLA R (3R 20 U5 l%  (Boutinguiza et al., 2012) , 1fij 3 308 cm 4t
(8 W S Ry R K Y 5o SRR, ANFEPRLAREE A1 K L0 AN B 0 g 47 B AR —5,
TEBREE LR P =B I,  RIR IR B M TEAL 2 450 I 2 bk
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>

Median particle size (gm)

Transmittance

0.0 gz 04

o 560 1[I'0l:l 1500 ZD.EIO ZSlEIO JOlCIO ss'un -1I]IIJEI 45l00 0.01 0.1 1 10 100 1000

Wavenumber {cm ']

Size (pm)

E 3.1 WiEDH. MNEHRLEEN
Fig. 3.1 Analysis of particle size distribution, microstructure and chemical structure

3.4.2 BFSH

R B R 1) B EAR AR — o AR SRR R B R s, AR d i T R
BRI EAE L Z0EEMA a* e brBAT /0. 4R 3.2 s, BEERASHECD, ERLL
FEME (a*) « B (b*) R RS, EE (L9 AW b, HARFEE R R
BAEREEZER (P<0.05) « HAd, 58 Den i L*HE . a*fE. b*{E 57 87.36 £ 0.18, 1.98 +
0.06. 8.70+0.16, SHTHMAITAEREEER (P<0.05 . ZFIFH, REMSELTR
SR AR, RARERDN, R e R R, ZLREAE AT B RN . R T R B VR
I —ANEBEFEFE, T R PN B s B E B,
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[ 3.2 K&K EIFNZIN
Fig. 3.2 Effect of particle size on color of YBP

3.4.3 EEAMSEENH

NERFORAE X R E B S A S B, BB R AN FDRAR A K . AR B, K
I B EYILL BRI RRREAT TIE . SRR 3.5 Fon, 5 A Bk EEk. Rl
Koy WK EREAFEREEER (P > 0.05) , FfsEBRESI A (1) K ARAR 1 9R)N ,
b BRSO AT AR, XS R AN SR B BRI A R be G
B, PILHE DN & EfE e d PRI E S . @WERI, AFEEH P ERHERN S &
BEAR—H, TNE 2.6% /44, KRN FERIHEAR A AR E LM (P> 0.05) o tbAh, Zikfl &K%
R BRI A RO 4% A, TR SRR, ik 30%/A 4 .
® 35 TERERTEVELARSZTER

Table 3.5 The basic component contents of YBP with different particle sizes

WKL E) FRIH AR
K5y A Jig 17 Koy :
. . Carbohydrate Hydrocyproline
Moisture(%) Protein(%) Fat(%) Ash(%)
(%) (%)

Don 2.97£0.132 30.15+0.212 4.00 +£0.08° 60.06 + 0.15° 2.83+£0.142 2.62 £ 0.062
Dish  2.99 £0.08° 30.17 £0.342 3.96 £0.132 60.16 + 0.08? 2.72 £0.478 2.56 £0.132
Dan 2.97 £0.228 30.49 £ 0.062 3.87 £0.052 59.95 + 0.15° 2.73£0.252 2.58 +£0.092
Dsh 3.00 £0.20° 30.31£0.30° 3.86 £0.112 59.98 +0.29° 2.86 £0.502 2.62 £0.15°
Dsn 3.07+£0.31° 30.08 £ 0.272 4.01+0.122 59.42 +0.52° 2.71 £0.60% 2.53 £0.102

e HIRCSFHE £ REEIOR, a~c ARFERMAAFAEREZER (P<0.05) , FH.
Note: Results are indicated by mean + standard deviation, and a~c indicate significant differences between different samples at 5% level, the same

below.
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NIRRT FRARRE A B R ER S B ZESR, Al 2R 0 O 2E4T 7 20 #r.
RN 3.6 Fim, BAMR KNEIRLAGEIRAE Dan B8 & UK, HA B2ZCTEH Don
Disn (P <0.05) . HEEER RN A, HERIER SR S Mk B e ER

(P > 0.05) . HAR B &R & B A B AR . Ah, BAER T EHER

R BRK. REEK. HER.

3.6%LL L, HEAIRIKL .
UbAh, XTER . 5. AL BEL B PR BRL . BRSE 9 R R EERTWIBUEATINE, 4
(R 37 RYIFEH T EET YR ERLEZEZR (P>0.05) , RIRIKARZMAIS E 8 k.
BhoOBAL BE BE.OBRL BRL BR. BRSERTWIBUCER AN, R LR R B I R P R O A S

HRR. HER

HEEAT 1%, HPHR

AR, Tk

E
* 3.6 FTEINEESEHEEBRIER
Table 3.6 The amino acids contents of YBP with different particle sizes
SHER & & Percentage(%)
Amino acids Don Dush Dan Dsh Dsh

REER (Asp) 1.244 +0.025% 1.217 +0.009? 1.180 +0.100? 1.270 +0.100? 1.167 +0.043?

JEM (Thr) 0.458 + 0.0142 0.446 + 0.0012 0.440 + 0.040° 0.450 + 0.050° 0.432 +0.024?

7R (Ser) 0.670 + 0.025° 0.654 +0.0112 0.653 + 0.050° 0.657 % 0.060° 0.629 + 0.0512

BEER (Glu) 2.392+0.052%  2.338+0.018*  2.260+0.100° 2507 +0.110° 2.222 +0.084¢

HE® (Gly) 3.949 +£0.073° 3.874 +0.005° 3.760 + 0.100° 3.943 +0.3672 3.626 +0.168°

NAR (Ala) 1.711 £0.0312 1.681 + 0.004? 1.653 + 0.068? 1.753 £ 0.110° 1.589 + 0.069°
R (Cys) 0.053 +0.003? 0.051 +0.0012 0.048 + 0.008? 0.050 + 0.010° 0.043 £ 0.0042

g (Vab 0.579 + 0.0012 0.567 + 0.006° 0.573 +0.0312 0.597 + 0.045° 0.546 + 0.049°
FIRZR (Met)  0.188 £0.003? 0.191 + 0.0012 0.177 + 0.006° 0.187 £ 0.0212 0.177 £ 0.008?
FrrEmR (le) 0.387 +0.0012 0.382 + 0.008? 0.373 + 0.006° 0.380 + 0.036° 0.370 + 0.003?

SRR (Lew) 0.887 +£0.0132 0.866 = 0.005° 0.637 + 0.055" 0.907 + 0.060? 0.842 +0.030°

BRI (Tyr) 0.360 + 0.006° 0.347 +0.008? 0.340 + 0.020° 0.360 + 0.0172 0.339 + 0.003?
KNEM (Phe) 0597 +£0.0122  0576+0.005%  0.567£0.012%  0.593 % 0.040° 0.550 + 0.002°

AR (Lys) 0.835 +0.019? 0.811 +0.0012 0.800 + 0.0442 0.840 + 0.061° 0.778 £ 0.0322

I (His) 0.218 + 0.005° 0.215 + 0.003? 0.203 + 0.006° 0.210 £ 0.0172 0.209 + 0.005°
AR (Arg) 1.537 +£0.0112 1.502 + 0.005° 1.527 +0.038? 1.600 + 0.100? 1.414 +0.069"

% (Pro) 1.919 + 0.0222 1.874 +0.002? 1.843 +0.040? 1.920 +0.144? 1.814 +0.049?
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Table 3.7 The main minerals contents of YBP with different particle sizes

)i & Contents/(mg-kg™t)
Minerals Don Dush Dan Dsh Dan
P 110543.30 + 110730.72 + 111 620.04 108 534.73 £ 106 448.84 £
577.792 396.562 179.842 933.09? 124.492
Ca 223 197.62 = 222 262.02 = 221 267.64 = 219352.29 + 227 857.39 =
3235.742 1359.13¢? 491.342 3126.832 685.98?
Na 6 296.86 + 49.10*° 6 347.48 £105.55% 64 87.40 £+ 16.65° 6 361.65 + 49.392 6 382.89 + 20.692
Zn 85.01 + 0.402 85.82 + 0.202 87.58 £ 0.36% 85.88 £ 0.50% 87.28 +0.412
Mg 4 465.45 +50.46* 4 506.17 £ 48.842 4582.42 £17.942 4 469.87 + 42.562 4 457.65 + 26.692
K 841.89 + 14.342 844.31 +17.23% 853.00 £ 9.052 838.09 + 5.692 840.74 £ 0.202
Mn 0.389 £ 0.023? 0.358 £ 0.033? 0.381 +0.0162 0.417 £0.0112 0.411 £ 0.0012
Al 2.30 £0.202 2.32£0.182 2.27 £0.672 2.27 £0.13? 2.29 £ 0.052
Fe 43.30 £ 10.932 46.93 + 2.162 45.01 +0.58¢2 43.40 + 19.332 47.88 +0.232

3.4.5 FKk P Hh

HT 2R RN KER, & & Eaif g R E S EIK 1. WK 3.3, @
HTE 60 SRS /AU AN RIS [A] A3, /INRLAR B Ry 23 HH B A He K 1, For B K Den FIWRK ) 2
EETHEER (P <005 . XAREHTHEMEE B, POk bR AR, RS ER
T e AR, HARIVEUR A T RIZIRAR L, R AR e ERIIE . shak, BEE T,
kR Sk, R T EAKE, BRI E R R, FWE R R K ) B R LT
e, Ho B Den /K 10 min B, 357K 7174 0.973 g/g, 1 247K 50 min B H R /K J Ak 1.10 glg,
{H247K3% 50 min B, “E¥} Dons Disny Dans Dsn Z M CEZFZS (P>0.05) .

1.15 -
1 +D0h+Dl.5h+D3h+D5h+D3h
1.10 -
1.05 -
1.00 -

0.95-

0.90 -

Water holding capacity (g/g)

0.85 -

0'30 L L] L] L) L
10 20 30 40 50

Time (min)
3.3 TEINEESBHEIFRKD
Fig. 3.3 WHC of YBP with different particle sizes
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3.4.6 BARAMED

IR FURLAR N B K B VA AR RS, ARBRTE 100 S8 X FE S KIS I ddv— s I 1]
It EIE TR RS BT E . SR 3.4 R, RLARERN, BRI ER 1 R VA R
KA INFA 10 min B, B Den 12 RIS RRE N 7.71%, 171587 Don 1 & E RIE AR FECH 4.47%,
AERESTEE (P <005 . XA[fed/MNiAEm b REALR, EAREKRHAK, MmN
oy KM S EOLA R S A, BEE IR TR A AE R, AN 0 B VAR & B
fa, XATREH T AR EHK A TR, KGN E B A0 %E 100 min B, 8 Den (& 1
JRIFRE S 12.3%, RERmTHEEH (P<0.05 , HARIFMEARIGHEE.

1.15 -

#—D, —e—D D,,—v—D,, ¢ D,,
1.10 -

1.05-
1.00 -
0.95 -

0.90 -

Water holding capacity (g/g)
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0'80 L 1 L 1 L
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3.4 FENERFBEMINEBRARE
Fig. 3.4 Protein solubility of YBP with different particle sizes

3.4.7 EBBGHILESH

A BE AR AR I E AR R bR, O E S EA R Y. A
FLERERIEXS 6 A RPRAR B8 8 1 B AL AT TIE . S5 RE R (B 35) , BEERAR
A, EAFEARPET S, HE. EEASRG, 58 D WEAMBHF EEE R THE
Hh (P <005 , XAgERREMD, RENAHAERRS, JHRAAE LRI,
RIS B B AR, IR E FRVE AL . il B AR IE S, AR AR T BT,
XKML T AIE AL BB R B 3 RHR S CAE B 5E . MEHEA AU, ¥ Don I8 HTTHILER
N 16.10%, TfiE ¥ Den IEE FABTHALEAIIA 28.53%, ZE5ER M, KRB/, H8 A B3
R o
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a
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- 25 .[
< 1 ab l B
g 20 4 b I CD pgc
S b D —F
2 45 b ="
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] ]
c
'S 10 -
e ]
o
5
0
Doh D1.5h Dah DSh Dsn Dﬂh D1.5h Dﬂh Dsn Dsh
Gastric digestion Intestinal digestion

F: ARNGFRE (a~c) FoRAFEMMTE B MEHEEPFAEREZR (P<0.05) ; REAKRETFE (A~D) FRANERE A EHEL
W EERERER (P<0.05) , T,
Note: Different lowercase letters (a~c) indicate significant difference ( P < 0.05) of different samples during gastric digestion; different uppercase

letters (A~D) indicate significant difference (P < 0.05) of different samples during intestinal digestion, the same below.
35 TENERSBEMHNERRALE
Fig. 3.5 Protein digestibility of YBP with different particle sizes

3.4.8 {EHEETEIE SR

AER I A SN B R TE AR B FIAS FDRLAT B8 (S BB IS R 4T T IR AL . & R IR
(83.6) , 5 MASFIRLAR B4 FROES 15 R TBORE MRS T5UE B B 15 A3t A\ fi & W 7+, ELRES
KAz g K2 LTS . B EHE R, B8 Don 1085 & T MIBERE U B B2 & T e h
(P <0.05 , MBAMEE, HZEEIZHED, B0 2B RSB &S . 1XA]
AR REE BRI (B S, B RARIZde/ ), 8 A BURE o B, RV RE T, |AMRES
BRLh IR I, TR MIBUR A ORAR B b 8 1 BB e RN B0 7 o 2 B TR AR N K
PRI s ok R o ER R B A ENIE SR, SR A RGBT, BV BRBANTRE, O
BN T AR 2. E M ACE G, Bk BRI N 1.34~1.65 mglg, M5 25
TREBUZ R BERE ) 2.33~2.44 15, £905 3.27~3.84 mgly, 5Fkn 4 o & & LU — .
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3.6 TEINEZRFFMIEBFUHLE
Fig. 3.6 Protein digestibility of YBP with different particle sizes

3.4.9 KO FEDHI

NRAANFRARE B ME S . A SER, A A =PI AR X 7+ B A AT
Tohr. K 3.7 Bon, & BMMGEEL, SHELY s E/T 05 kDa KB
X B BB E R R NI BRI, HAEEH Don Dusn WAL= P0 R FIAEST & & B B & T8
3 Dsh~ Dgn (P < 0.05) , {H I8 W5 44 45 o J5 HAE BB Dons Dashy Dan Z [A] 70 5.3 % 7% (P > 0.05) ,
FFAIE 66%LA [ 4rF&/NT 1 kDa [k BU XS & & &) 2B E AR N T FRR e s, HAEE
¥ Dons Disnv Dan VA=W AR & B 7E 15 BT A0 45 RS 035 = T8 Dsny Den (P <0.05)
{ETE il WA 45 R 5 HAEHK) Don Disns Dans Dsh Z[AICEREZ R (P>0.05) , FfiAF] 89%
PAE, RSB0 2 SOm s N e —J7 T, /INRLAR B R B TR I A0 v BRI A T 1 R R
S50 ey, EAH IR B FE TRV A PP G 78 23 B P] 5 B0 7 F IR B & B A 53— 9T
INRLARE R R BERTESK S, G IS, R A R RIR 2 A R e 7 o S i
T A, TREAE BRSNS, B O OB, S e R A RN
KBS B 28 S IR BB/ o oAk, S EiEA = &/ T 3 kDa IR B & 2 O
EZES (P>0.05) , HMEALERE AN & EIE 96%LL b, Hit N%iE )5 Joi S8 .
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Fig. 3.7 The relative molecular weight distribution of YBP digesta with different particle sizes

3.4.10 BERERERST

Nk — IR FORAR S T AR E R e, ARIG X B2 B, i s = 17
P S S B IR & AT T 00, SRAZICON polgvees SEAWIE 3.8 UR, EMPRAREEDN, JHAL™
Vi S E AR S ERE, XA/ E R RBENEAZ, T 5SEAMR R,
B R EERR . ARVEAAT S AR & = A E, (A B AN mEE, SRR,
He, WA TPERER (Tyr) KRR (Phe) . BEER (Lys) « MR (Arg) FERK
w1, EH Den TEMIE T A Z5 G 06 T 3X J LR S B BR 1) & & 43 i v 15 6332.62 pg/gver. 2931.18
ug/gver~ 2742.98 ng/gver. 4624.93 pglgver, & WE T H BRI (P<0.05) . HiEHKER
JG, SRR T E R 2 FE Tk 1658.59 pg/gver, EAREINGEEE; HAMK (Thr) o Z%[%
(Ser) « BEM (Glw . NEEK (Ala) . HEmi (VaD . HEEAR (Met) WS ER/N, /7Ai
£ 139.65~623.69 pg/gver ZI181; I H, FrA B A=A S LR ERR (Cys) « A2 #R (His)
FHER (Pro) o Aok, SERMEFHRZR (Me) . BER (Tyr) . FFNER (Phe) KR
TR B, Ak 50%LL b, #iEER (Lys) FUFEERE (Arg) RZ, & 30%LL .
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DOH Dtsh Dih Dsn Dsn

Asp

Thr
Ser
Glu

Met

lle+Leu

v T —

Phe

Lys

arg .

B Intestinal Digestion
DOh D1.5Il Dsn DEh DEh

Asp

Thr

Ser|

Glu [V 1/, e
6000

Gly 5200
4600
4000

Ala 3500
2000

Val 2500
2000
1500

Met 150
500

lle+Leu 450
Tyr 350
’ i

Phe 200
:ss

Lys 80

&0
g ST .

E 3.8 TENER;BEMHLRNFEEERSE
Fig. 3.8 The FAA contents of YBP digesta with different particle sizes

3.5 IhG

ARG X 5 A A A AR B AT B Ay . B PE DL R AR 2 S e A
LU 48

D KRB A SRR B P AT TR CGRERL JEl. Koy K)o BEER.
FEIH IR AL YR s, BB by A A 5

2) RAREUN, EOR SRR KT FRURERE T, R B B

3) BERLARID, Bk ERE AR B BT, TiE A S R e AR & BRIk 28.53%;
AR S R SRR N TS s &/ T 0.5 kDa A1 1 kDa (I fk BOM X & & kA
N B, HT 3kDa KRB &R RF 2R (P>0.05) , Ak 96%LL I
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4) HRYESBEREBUSE BE A RLAR D N T AR, IAIEE A RS, BTE B S BEREIUE 2
7 3.27~3.84 mg/g. 1.34~1.65 mg/g 2 [il.

SERRE, RLARERN, EoR AR R AR R AR . SR R S S A R O B A
RAS, RSB VRS A o 8 AN FRARSE Ak S FR8UR, IE TR AT 3 S5 m LA
BIE
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BME FERZEE BB R ER SR
4.1 5|

AR, “HE IR ER ) SRS, AR E X B A SR R RS
FIH. fERE, FPEE R AR 2 RO, LR AR N JEORHR 783 3 B R o) % e
JR B P A F AT O S A X RER (2007) A R BB AR E M AN B A T8 v O 2R WL
WEIEREI I K B2 B FRIOF (2009) FIFHAEA- B M O e A B 8 b MR R, 7R R B AT
BEWINE S, FHFASHIME AKP. TG, CHO /K F; Bifl (2017) K IR B I R & 1 ik
ART ANESE I ALP RIAF (L EEH= I I, 7T e gk AR S s gu . i T4E2R
ER B TIES T, R IARARRE, PR FURLAR X 08 B Aa IR F T e S AR A Y T
A BB AR 3 FAN [ A E AR B R 22 R SR, DAERTORLAR R B4 f i
H A E FH BRI o

4.2 RS

SEEG AT A K 4.1 Fios .
4.1 THFRERT

Table 4.1 The reagents for the experiment

A4 R AN EIE

0.9% S A4S NaCl I 244 AL 22 3R A R 2 ]
TR HNOs I 244 AL 2 R A R 2 ]
[ HCIO4 I 244 AL 2 R A R 2 ]
AL La203 I 245 5 A 2 ) A PR A ]

4.3 UH/5REF

SIEHG T i A3 B AR 4.2 P
F42 SWABRE

Table 4.2 The Equipment needed for the experiment

RE EYS RS AR

BERE AL Allegra X-12R 2 [H Beckman Coulter A &
H R A S B T AN 7700X £ Agilent HAH RAF
I CT FH#HX Inveon 74 [F SIEMENS A ]
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4.4 I FFE

4.4.1 R 5ERE

FAC LIS ORI SPF 2% 7 IS Wistar #EPE KRR 48 Ko 1 FEN AL R G, BEALE
N6 BEFARL (SHAM) | A4 (OVX-M)  PHEEXIRAL (OVX-P) . ke [ 41 (OVX-
IO R ITAH (OVX-11)  RIGIIH (OVX-III)  (Erfanian Aetal., 2014) .

G E X 6 AR T UL T FAR: RFEARAE KR IR E MV RN, #7486 5
R KRB VIBRPMOR S, 486 MM AR R UIBRMMIORE, 485, w58 1 HRRIBR MmN
B, 284 W TAXRBVIBRMMOPE, 246, KR RVIBRMMNE, 4. FARKEM
B ES TERL 6 A A5 S i Biks  (Erfanian et al., 2014)

4. 4.2 =Hh¥iEIRIA e

WE IS RGBT AR FIA H AR 12 s BHPEX HRZ 2% Zhao 5 (2011) 5
IR SN, PMEIERE R B ME I (50 ng/kg) 12 A W6 T4 iR T AR T4
PR ERAR T B R DR R AR, HBRE (EETK) . WHEAES% Beata
&5 (2018) [ITIEHAT . BEAPR—IRIAHE,

RSBV EMKYE GB 14924.3-2010 BEATACH], %S5 &80 0.07%, 70 A INBR R 5 «
HH Dons HH) Dans ‘B Den S S E A 1.2% /47 (Beataetal.,, 2018) , B4 Al N FERb iR
R T . AR AR R R

4.4.3 #mNEE

MEEE R G, BT —RACERRLS, 10Ra s, WER. 75 . MERKB RRAASE, WL,
B JBAN'E s B AT RRE . OO B, ZBR I & SR, 1RIT 10%#46 /R S AR [
WOFE 4 B NiEfFE (Madaetal., 2017) .

4.4.4 BFEE. BINRMBHINGEENE

B B/NREE RS RN E 2% Parfitt 25 (1988; 1983) A Zhang 2% (2018) K77
EN AR CT H A E . Bk 80 kv, HLIL 500 uA, BEJGH[E]2Y 3200 ms. FH#4E A K
i Inveon Research Workplace %443 #7

4.4.5 FERRIEEUNE

RS TEE CRAERTHRLE . BiRtL. ARLESE) KINIE S Zhe 55 (2017) HIJTIER#EAT.
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4.4.6 FEEERIIRUERNE

R (CAAD | BEFR UL Z (PAA) B E 27 Zhe 55 (2017) FlI Erfanian 45 (2014)
W7k, RS HHEARWT:
CAA= ( TR, —FE4T) / $E 5% 100%
PAA= ( TN —256%) / B\ TEx 100%
Horr, AL (mgld) =fklhis&E (mg/d) xfaiRE & (mgld) , 645 (mg/d) = %%
RS &E (mgld) xF(FHEH & (mg/d) 5 SBT3 1L A4S .

4.4.7 MEFEELIEFRNE

i OC. B-ALP. TRAP Fl S-CTX Wil € 2% Peng & (2017) Wi777%, KH ELISA ik
N EIFAT I E

4.4.8 BIRAIEFE

B I7iE R 2.3.5; REMETEAH =48R M Inveon Research Workplace {44047
4.5 HIRTTE
4.5.1 FESHEFBBSH

TSR B AR E AT I, 45 R R & 2K R A B BRI R AN . RIS RS RS
OVX-M. OVX-P. OVX-1. OVX-II. OVX-III 5 21 2 5P 54 K B3 240 0k K 2R 43 71 A 80.71%
83.66%. 90.91%. 87.17%. 85.87%, ¥ T SHAM 41 (59.84%) (P <0.05) . XAlfgd TV
B P L5 M KRR, SRR E SN Ak, KR 2 R AN S R R E P A R
I LA A6 T0 Sl 25 F R B ) AR

KBS, B B O BEATRREIH RN AR 8. NEAR4EH02 320 H 1w H
PEANFEAR o TR I %5 10 &8 5 4 5 1) LU A EU AU E , (B4 Ge e s, Seai I =5 & n] LUK AR 0,
WSS TR B 2 R . — MR, RS REOY R, RORNERS ML KB A B RS R
B/, FoRMERS G0 R HARAT SR . AR SR, 5 SHAM AL, BB EmeZe i)
O IE AN R 25 S B A (P < 0.05) , (ERIAR 22 53 AN & B 48 07 A R 52 m (P> 0.05)
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4.1 KEMERAEERIEHE

Fig. 4.1 The body weights and visceral indexes of rats
4.5.2 SERERMRURER 51

AR IR & 2K SR AT AR, IRFC T A R R RS B A (R B, 453
WK 4.2 . ERER MR —8 X 0T REH T A BEE &4 DLBEIRRES 1 A7 e, #EIR
B AR, o, ALK R R R B B K TR AR (P < 0.05) , IXATEEH TR,
B IR B0 S5 MR KRR, A I WIS i SRR A o PH o HE LN Tl M2 S5 AR R 2 A L
BHA LT, EAFAESTHE (P>0.05) . FH, FHEEA (OVX-1. OVX-1I. OVX-
D ZMELREEWZESR (P> 0.05) , BIRARZE R AR AR ISGE B0R & 5 m . R 4
(4G BRI 437l AT ik 53.37~55.12%. 55.26~58.51%.
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W AFENEFE (a~0) RRAFRSAMMGAEREESR (P<005 , TH.
Note: Different lowercase letters (a~c) indicate significant difference ( P < 0.05) of different groups, the same below.
4.2 KERSSHRIIRUE
Fig. 4.2 The calcium and phosphorus apparent absorption of rats
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4.5.3 BEEDH

NRFEA FRLAR B R O PUE BREAR AR, R R BB AT T R, 48R ER (K
43) , BFRAXREEEEEGTHESA (P<0.05 , REEFRBMERE R, HE
EINEHA B HELREZER (P > 0.05) , RVEEAEH0 T8 B AA A K SR H AT I 2k

FHEEER .
:
~ 12004 ! . Tb p
b % T [ I
I 1 [ l
1

LAY

800 4

6001

Bone mineral density (ing cc

400 4

200 4

0

SHAM OVX-M OVX-P OVX-I OVX-II OVX-II
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Fig. 4.3 The mineral density and microstructure of rat femurs
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