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BB A BT -20 CREAE , & .
.12 g alsn & g T0303-1G, JH#:
G9910-250MG  J#% 1§ & 1 il p6887-250MG . I i
fiff 1.3126-25G, 3 [H Sigma 2\ & ; B iR A — A
(K,HPO,) S Ak 8l (NaCl) | £5 2 (HC1) . — & H b
(CHsCL) . H % (CH,OH) , 5] 24 52 A1 4k 27 1250 A R
AN
1.2 BHES5ME

L A 3 5 A, LI A D 5 o RIOURORE £
WA, H A Shimadzu 28 7 ; Zetasizer 44 K0 HL v
1% Mastersizer I OGHLEE AL, Y E Malvern 2 A ;

Leica—TCSSP5 WOt 14 1 5 £ W 1 5% , 72 5] Leica
NI
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Table 1 Composition of simulated digestive fluid storage

ﬁmi‘ﬁ@ﬁi . AR B E RS
& i (¢/L)
" AAL4A NaCl 2
E HCl 7
7 b - K,HPO, 6.8
FALAR NaCl 8

F2 BHUSN R TERES
Table 2 Configuration of simulated digestive fluid
working fluid

B R TR AR o2
H (SGFWS) B & G B 0.001 mg/mL
AL & (SGF) 20 mL
A LW (SIF) 20 mL(% % SGF)
i (SIFWS) e 3k 0.05 mg/mL
W& & B 0.003 mg/ml.
R o Bl 0.25 mg/mL

1.32 HPZILE miE RS LA Bourlieu 5520
38 1 2L E FB I AR AE I 2 B] Liu 20 5
i, AL S [ 24 BURC ) S R A Tk AR
i

1) BWMEH (SGF) L2 g NaCl, il 7 mL
W HC1, F 0.2 mol/L. NaOH ¥ pH {EJH % 3,
EBETFKERZE 1000 mL, A EEA M
(0.001 mg/mL), ¥ T F IR WL, =R T #E 71 i b
20 min, B SGF,

2) MR B Al (SIF) B 6.8 ¢ K HpO,, JIA
250 mL K f#, 1 0.2 mol/L. NaOH ¥ 77 mlL,
% 500 mL 7K, A 0.2 mol/L. HCI 5% ¥ pH {E
P % 6.8, M AHEL (0.05 mg/mL) | Bk & 11 A
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(0.003 mg/mL) . JI§ 7 /i (0.25 mg/mL) & T L R %
W, 1 S0 FE 20 min, BIK SIF,

3) BEEAL 125 mg FEA A 25 mL 7K
BT 37 CKMER, A 25 mL SGF, 76 18 i #2
IR 37 °C, 120 r/min, 53 )78 1L 30,60,90,120 min,
Sy, —=8 3 0,98 pH (R 7, fEEEEEL,
NS, 5 M 4L 30,60,90, 120 min, i34
10 min, {f 2R 7%, —=L 3 4
1.3.3 RIHHHE (Zeta L) AFFLIE MFG 1
2% B B IE Ak 7 ) 2 i L # (Zeta HLAL) B E , T
Filh (25°C) FRAZIECHUN AL E AL Zeta
Nano ZS M &,
1.3.4 KRR AFEZLIE MFG 14 B
BOHAL =R AR FORLAR S A, FR A [ bRk B 4y A
BOEAT L (GBIT 19077-2016) , T % i (25 °C)
R SR AR FURLAR 43 A (PSD) . SR E SO
T IO A Mastersizer2000 #E4710 4 .
1.3.5 BOWZStME  RNREIFLIE MFG 19 45 B B
TH A ™ 9 SO 45 4 SR O 19 A e 2R A W B
(CLSM, Leica—TCSSP5) W %% , He—Ar & i 4%,
HI10x B 53 F1 60x 71 452 VLI AE i A i rb 79 i Joi 3
| mg/mL R ANAN oA S i e S G <)
TROULEE ¥4 P81 R T LAS X R Ab 31
1.3.6 fMefEd e AFZLIE MFG 7 1H 1k B
BLi BE f R e i pH A Bl UE Sk 2 h
PRSI/ T A B2 P NaOH RO RE TS 00, BERS
15 min W& 1K, M EMERR 7, 8740
FFA (5, RS R A (1) IH5E

M= V (NaOH )xm(NaOH) (1)

v

A H .V (NaOH) A NaOH 7 fb i B v 78 4

NaOH BJ&FL mL;m & NaOH A9 ¥ & | wmol/mL;
v R /NG B BESEFL AR R mL,
1.3.7 ARz B 200 L AN [R]FL U5 45 4 B
Bemy LAE I & W be s HEE (11, V/V) I 1
mL, R HEHE 30 min, &0 HL 300 wL 2R A3
L5 mL 08T AR T A 0.5 mL & A Ak
R BE W, R E 30 s, 7S 10 min, 60 CIK
0.5h, % #5, A 0.5 mL IEC %¢, iHE 30s, T
4 °C,13 000 r/min #5.0> 10 min, HL 200 pL b5
PR/, 4T GC-MS Kzl

2 ZHR55W
2.1 Zeta BALH R

WH Zeta HLA I 46 XEER K, 26 % 4 @O
RIFEMERRLS, BVA R N RORL AR 2 5 KR
RAE I H MFG 2 1 1 L far o, 5] 4% BB 08 S e FL7E
HALE # T MEGM 41 i 22 1k, AR ZL IR MFG
TETH AL A WY B Zeta HUOZ FEELINIE 1 7R o ER
ZAHALET, EFL MFG (9 R 1H {—HL AL 248 X5 {E b 3
T A FLA B FL MFG (P<0.05) , 4 i H: J5 P4 AT g
JE SRR MEFG (125 [ R ST S R, R IG5 i)
T MFG 1] ) #5 5 g s ) 57 BEL, DT 400 o) JH: &
AEREMERED, 28 HAE, FAMFZ MFG
FM Y ¢ —F A 28 X0 (B 5 R I A6 AR LGt B G/ AR
b, X TR S MFG Z5 k58 A ¢, eAbh Bl E i
HARBRYE(pH 2.5), 1% pH A & % X T MFGM
FEAMSE S, T MFG 2 0 9 5 1 16>,
b /NaEALIE A LR MFG R4 HA 5K
1) LA, 268 X, £ — R 7 PR O AR S 1 55 R AR
S R, B MG 41858 4, 5o ) AR Ak Ji
HATREUN T 1) BT AL S 7= 9 02t B AL IR
b WEES NG W R (FFA) A 2 KR & 16 A 0 Jie 44 &5
¥, 64N 1 2 FRCR A 7 MFG BR B A1l il
HopE AR SR 4K T3 MFG oW1k 52 4, I Ik
C—HL A 5 XHE 348 K ) FE R Tl Ak FE vp i
R TP R 28 T AL B B 1 R 2 T i AR 1l Y VR
RS, 43 B TR R R T S A 45 g
FEH RILIL A RN LS 5 3) M IR S5 A T
TR 5 IRER 25 B 40N D AT ST, DA e B Fi o7

a

X
(=)

H,
Electric potential/mV

o N b O

B BH Jo i

B /NG R [ e R ALBOH 22 5 1835 (P<0.05)
1 AEZEMFG EEUZEN RN -BALEIE
Fig.1 Absolute values of zeta—potential of MFG from

different milk sources at different stages of digestion
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JEMFG 2k 8§ g 018 Ak A 9 09 25 1 T i
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K ACE  MFG F ¥y hi 42 KN AR FL>E A>T
A, A FE A A MEG K /N 22 53 0] B 23 X8 17 1)

AL R > 20 B s 4 E
FLH MFG b2 X300, B MFG 833 R /K fi | il
fift RN BE DO AE B IR, K43 W T 4 i, i
MFG 5oy i AE B 400 T AN ERE , I &
B e — AR, BIEA S R, 5431 MFG
MF MFG 5, B8 3L MFG K742 I 3 3/ (P<
0.05), KHARERIEFL MFG 76 iR L Fn 8 & 1
A FR G T8 UK BERL , 1S MFG 2544 58 AL,
AT S SO A2 B R RS R [RFLTE MG i B
WE AW WA B, T MFG B
JT BB ST LA K ot AN [ 34 2 5w AR/
T AL BE A T A ) A RE | B 2 i Ak R
fife WO LR MFG AR e B AT bt A v 1y
e Sy AN =R N2 i O 3 i e e 2P U
filf ¥ VE L, MFG. 5 4 35 7 53 ifk > 43 —F F1ml MOS0
W, W T H = BRI AN S 9 oE e s AR, Rk
MFG H 20/, F AN 2 T 2R

®3 FEEIEMFG EHLEN RN TEHHE

Table 3 Average particle size of MFG from different milk sources at different stages of digestion

i 4 5L 09 F 3 442 /um F 3Ly -F H A Z/um Be 5L a9 F ¥ 4242 /um
RFH(RI) 3.83 +£1.32° 3.26 +1.25° 3.16 +£1.33°
B H A 1.60 = 0.28* 1.42 +0.35® 1.21 £0.14
)R-l 0.75 £ 0.04* 0.66 £ 0.07* 0.46 £0.07"

T AN RUR bR /NG B 7R 7] 51 Bl 22 57 i 35 (P<0.05) .

2.3 WMEN

4= FREFL MFG ORI N 2 frs
TEAR AL FL AP 9 MFG LA [R1 R AR 24 2 4 43 1
IR R T, ¥ MFGM Frr 60 22 & R BROIR 1%
45 5 Et-Thakafy 5P F 5T 45 R — 8, 4 8
HALE ,MFG RLAR B /N, —F 731 MFG &4 T R
B RG M E RSB T R MFG, & A X Fh
55 B0 B B R ] B MFG 78 & A K i o 7 rp 2 1
i FFA FUH Il (MAG) , NI AR 25 5 45 & Bk & E
FEff MFG I 3R16 , M ITTREAIR MFG 2 [A] 9 26 P il
Bk, JF H AT R pH B85S E R oA I A X
AL AR #E T MFG B REA, Hk  MFG HfE7E
g 25 M 38k, 2 2 b i AR TE/INE MFG T (9 45
358 25 0 1) F A O R I A5 R 3, Xt 2 F 3K
MFG &A= AR, 3 FpELiE MFG £l iH kG R &
e AR TS AN AR, X FTRES MFG "Rl or %

0 min

120 min

120 min

TE BB LDR IR B W40, £LAR 0.75x i A% £ 20x

2 AEZIE MFG EREM R
Fig.2 Microstructure of MFG from different milk

sources at different stages
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P00 T DR AT R 2 i T L 2F ik MFGM 1 B R )2
A REMSUE A, FF K fit TAGP, [t 25 1 1k s 8] (14 ZE
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P AU i, A0 L DR AT B R B A IV vk
FER O LR SR B e i R G P | A D il 4
AW 3] S AT K AR A IR AR AT DL R
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AT 35 0 g 9 1 4 f T AR M9 4R 1~2 h B
FFA BRI N2 18, e 208 THE o eI H
AT BESR + 1) SO AS W AT 25 RS2 T FE I 7 1l , A
Ui 85 i I e A B H e — RR AR TE M 0T,k S ) I
W 2 W B FE MIFGM 2 T8, DA I 000 461 7 ) 355 114105 2)
MFG & 1 B 58 Sk A ik ™= 4, DT 5 B30 1 36 )
TN, BEACAR e o e ek, R 1 3 n] A, T AR 45 R
W, A FEFLIR MFG 19 FFA B Bl i . F 5> 0%
FU>2R 3L HE D N AT eSS R LR Y MFG 3

120
105 PR

- 4

FFA Bt
FFA release/(mol/mL)
o
S

45 FA

30 — B¢H,

15

0 ! L ! ! ! |
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Fig.3 FFA release kinetics curve of MFG from different

milk sources per unit volume at small intestine stage

T 75 37 40 0 ) 2H B LA B ) i AR TR 25 L i
A [ FLIR ) MFG 28 18 6 Bt B i i FFA 23 7E
25 5
25 AREABREHKEHENERBRSE
AT, B HOE C4:0 & C10:0 Rz N4
BERG iR (SCFA);C12:0 = C17:1 FRZ A h &k
R (MCFA) ;C18:0 % C24:0 FRZ R K B g Wi ik
(LCFA), n6 n3 S5FR A Z A AR (PUFA) , Gngk
4 fir7R 3 LR MFG Hh3 AR K 2] C4:0 (4 i i
Az, AN E R AT RE S C4:0 AR W R A B Ik,
M T RGN R B L 2L MFG A i e 6 BE 1 R 1 2
T H B MR FLIR (P<0.05) , Hidh 2412 (C10:0) /5
b 5.27% , %8 195 2 2 = ZL b B R AR B 10 2, AN A
W T Ll Re 4 B R B U EE I AR DY R
THACHT, BEFL MFG " i F A4 AR I i A A A T 1R
(C16:0), ikt 29.33%, W5 T HE WA FL I
(P<0.05), ZH8 Wi R AALAE Sy M5 B LAY 3= 2 fig
SRR, HOA T I A B0 AR AE DL R B b 25 5
A B, 7R KA AR R T, AR FLIE MFG
BFEES, FASTEES, WA S EEA, KiE
JIg 107 T 6 =5 ] BB 2> 7 15 WA rh S METE AR, R
AR S FE MFG 1) DHA (C22:6n3, 3 F1
oG 85 4 ) 2 T LT PR LR % s T )
TE R R = 8 R HA B e, I HLOAT DA i 2
DI S i = B S NTTI= I N [ B R
MFG & 5 6% A 10 2 & s /b, A B g iy iR AT
B ZAE RS Kula ZV0 5T 45 R — 5,
WEMRER TR, BWHAESETILTPALE
KA, FEEAENG TP RIE AR, R [FEFLIE MFG 24
1t W T A JS R R XS AR I IR & AN 5 PR, &
HALE , FEF MFG Wi+ A i h K EE R
RS k3 T E PR ELIR , XA R R 3L
MEG 45 i AT G 23 %l 40 a] JIEL 1 7 f 0 AL o A1
T T[] Pt 7R ST R 3 hin 2 40y L g 3 S 2 T fE
HEZE ' B HEZS i) (B BT B pg s matel ) 5 R 4k
25— 50 BRRIMBR (C16:0) i H 43.10% , 175 My B¢
FL MFG AW ) F4K, I TR ISR & &
HCHE N 56 2L MFG /8 Jin AT fig 25 55 m i 2 22 40 )L
KB RE B TR, BEAR, BEFL MFG H (AN 1
i I e A L e W R L YR 1 DHA & 405
THEWIRZLIR, 225 R 0T 58 23 45 BC 7 W 1) il
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75

milk—derived MFGs when undigested (% total fatty acids)

x4 AEZEMFG REUMHBENERERSE
(% BRI )
Table 4 The relative fatty acid content of different

x5 AEZIEMFGEELEHNHENEREBSE
(%R RAER)
Table 5 Relative fatty acid content of different milk—derived

MFG after intestinal digestion (% total fatty acids)

Jig Jor BR. TSRk FELMEM R FALMEM R fig o BR. TSk FSLMRmER R SLARM R
C6:0 0.08 £0.007" 1.72 + 0.06" 1.75 £0.13° C6:0 0.10 £ 0.002° 1.48 £0.026° 1.33 £0.007"
C8:0 0.18 £0.004" 1.26 £0.023* 1.24 +0.072° C8:0 0.15+0.001° 1.63 £0.114* 0.90 £ 0.024"

C10:0 0.28 £0.002° 5.27 £0.041* 3.12+0.083" C10:0 0.22 £0.001°  5.78 £0.164* 2.62 +0.043"
C12:0 1.17 £0.002°  2.96 £ 0.006" 4.03 = 0.081* C12:0 0.99 +0.017° 1.98 +0.016" 4.23 +0.103"
C13:0 0.12+0.014* 0.08 £0.011* 0.12 +0.004* C13:0 0.08 £0.012"  0.05 £0.001° 0.15 +0.002¢
C14:0 15.26 £ 0.486* 7.67 +0.176° 10.38 +0.375" C14:0 14.38 £ 0.334" 6.09 +0.128° 15.03 +0.271*
C14:1 0.86 £ 0.006" 0.12 +0.008° 1.24 + 0.008" C14:1 0.51 £0.008" 0.09 +0.0004° 0.87 +0.01°
C15:0 1.28 £0.012" 1.19 £0.007° 1.58 +0.019* C15:0 1.14 £0.043*  0.86 +0.029" 0.94 +0.025"
C15:1 0.32£0.001* 0.16 £ 0.008° 0.26 +0.011" C15:1 0.24 +0.004* 0.13 £0.004° 0.18 £ 0.004"
C16:0 29.33 £ 0.426* 20.98 +0.148° 25.94 +0.599" C16:0 43.10 £ 0.675" 23.38 £ 0.509° 28.45 +0.224"
Cl6:1 9.23 £0.088" 1.70 £0.011* 1.93 +0.103" C16:1 10.01 £0.009* 1.05 +0.025° 1.27 £ 0.096"
C17:0 0.79 £0.037" 1.72 £0.055* 0.88 +0.029" C17:0 0.69 £0.019" 1.15£0.008" 0.54 £0.021°
C17:1 0.56 £ 0.025" 0.96 £ 0.034*° 0.26 + 0.014¢ C17:1 0.50 £0.001" 0.64 £0.047* 0.25 + 0.026°
C18:0 11.64 £0.116" 12.32 +0.184* 11.98 +0.235" C18:0 10.25 £0.139° 13.58 £ 0.189* 11.69 = 0.549"
C18:1n9¢  17.08 £0.148" 28.90 + 0.443* 23.12 + 0.286" C18:1n9¢  10.39 +£0.122° 32.50 £ 0.566* 25.78 + 0.794"
C18:1n9t  7.34 +0.036° 7.42+0.454* 7.30+0.516" C18:1n9t  2.51 £0.045" 3.42+0.084* 2.34+0.048"
C18:2n6t  0.24 £0.014°  0.52 £0.047*° 0.36 +0.046" C18:2n6t  0.23 £0.021" 0.38 £0.020"° 0.15 +0.007"
C18:2n6c  1.85+0.018" 3.03+0.091* 3.08 +0.071* C18:2n6c  1.70 £ 0.013" 3.26 +0.110* 1.56 + 0.064"

C18:3n6  0.02 +£0.004" 0.05+0.012* 0.06 + 0.006" C18:3n6  0.13+0.005* 0.10 £0.009" 0.07 = 0.006°

C18:3n3  0.45+0.018" 0.59+£0.031* 0.18 £0.015° C18:3n3  0.30+£0.007" 0.58 £0.029* 0.20 + 0.001°
C20:0 0.53 £0.029*  0.31 £0.049" 0.14 + 0.004° C20:0 0.24 £0.003*  0.27 £0.012* 0.14 +0.001"

C20:1n9  0.28 £0.009* 0.15£0.014* 0.07 + 0.004° C20:1n9  0.24 +0.008* 0.16 +0.008" 0.11 +0.001°
C20:2 0.31£0.011* 0.17 £0.015* 0.06 + 0.006° C20:2 0.26 +£0.031*  0.12+0.003" 0.12 £ 0.002"
C21:0 0.07 £0.003" 0.10 £0.011*  0.03 = 0.001° C21:0 0.11 £0.002*  0.10 £ 0.002* 0.06 + 0.001"

C20:3n6  0.09 £0.003" 0.02 +£0.004° 0.14 £ 0.006" C20:3n6  0.16 £0.001*  0.09 £0.001* 0.15 + 0.002*

C20:4n6  0.16 £0.009° 0.18 £0.003* 0.23 + 0.004* C20:4n6  0.20 £0.002" 0.26 +0.007* 0.20 + 0.005"

C20:3n3  0.02£0.003* 0.02+0.002* 0.02 +0.005* C20:3n3  0.15 £0.006* 0.09 £ 0.000° 0.08 + 0.004"
C22:0 0.10 £0.005" 0.14 £0.002*  0.06 = 0.001° C22:0 0.14 £0.003* 0.17 £0.019* 0.08 £ 0.003"

C20:5n3  0.07 £0.007*  0.07 £0.007*  0.04 + 0.003" C20:5n3  0.16 £0.001*  0.14 £0.002"  0.09 + 0.003°

C22:1n9  0.07 £0.005* 0.08 £0.009* 0.03 +0.001" C22:1n9  0.16 £0.002* 0.11 £0.000* 0.08 +0.001°
C23:0 0.04 £0.005" 0.06 +0.008* 0.03 + 0.000" C23:0 0.12 £0.001*  0.08 +0.001" 0.07 +0.001°
C24:0 0.08 £ 0.006" 0.06 +0.009* 0.05 +0.004 C24:0 0.15+0.002* 0.08 +0.001> 0.08 +0.002"

C22:6n3  0.09 £0.004* 0.02 +£0.002" 0.02 + 0.000" C22:6n3  0.14+0.012* 0.09 £0.001" 0.10 £ 0.002"

C24:1n9  0.03 £0.004* 0.03 +0.007* 0.02 + 0.008" C24:1n9  0.15£0.001* 0.09 +£0.002> 0.08 £0.01"

SCFAs 0.55+0.015° 8.24+£0.175* 6.17 +0.348" SCFAs 0.47 £0.001°  8.90 £0.123* 4.84 +0.012"

MCFAs 5891 +0.347* 37.49 +0.416° 47.11 £ 1.249" MCFAs  71.65 +2.786* 35.42 +1.243° 51.92 +2.231"

LCFAs  40.54 £0.156° 54.27 +0.035" 47.22 +(0.889" LCFAs  27.84 £1.423° 55.69 +2.186" 43.23 +1.792"

PUFAs 2.98 £0.094" 4.52+£0.106* 4.06 = 0.225 PUFAs 3.29£0.591"  5.00 £ 0.461" 2.60 + 0.2553¢

i

ANIFE b /NG 78 2R R 5150 22 5 8 3% (P<0.05)

AN RUE bR /ING R R R 51 Bl 22 57 i 35 (P<0.05)
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In Vitro the Digestive Characteristics of Milk Fat Globules from Different Milk Sources

Wang Yulin', Baoyinchaoketu?, Jirimutu"
("Ministry of Education, Key Laboratory of Dairy Biotechnology and Engineering,
Inner Mongolia Agricultural University, Hohhot 010018
*Animal Husbandry Workstation of Sunit Right Banner, Xilingol 011299, Inner Mongolia)

Abstract Based on the simulation of gastrointestinal digestion in infants and young children, particle size distribution,
zeta potential and laser confocal scanning electron microscopy were used to observe the differences in the physical prop-
erties of milk fat globules (MFG) from different milk sources (bovine, ovine and camel) at different stages of digestion,
Gas chromatography—mass spectrometry coupled to a titration method was used to study the changes in free fatty acids
and lipolysis rate at different stages of digestion to refine the changing law of lipid digestion. The results showed that the
particle size of MFG from different milk sources tended to decrease with increasing digestion time, which was consistent
with the observation after laser confocal microscopy staining. At the end of intestinal digestion, the mean particle size of
camel milk MFG was (0.46+0.07) pm, which was significantly lower than that of cow milk MFG (P<0.05). The abso-
lute values of potentials measured by dynamic light scattering potentiometry showed that all milk source MFGs had strong
negative electrical properties after entering the gastrointestinal digestion, with the absolute values of potentials at the end
of the intestinal digestion in the order of goat’s milk > cow’s milk > camel’s milk from largest to smallest. There was no
significant difference in the rate of lipolysis of MFG from different milk sources during intestinal digestion, whereas
camel milk MFG had a significantly higher (P<0.05) content of palmitoleic acid (C16:0) and a lower proportion of long
chain fatty acids compared to the other two milk sources at different stages of digestion. The results of this study provide
new ideas for the processing of camel milk products and the preparation of new formulas.

Keywords milk fat globules; digestive properties; milk source



