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Advances in extraction and identification methods of milk-derived exosomes
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ABSTRACT: Milk-derived exosomes are nano-scale extracellular vesicles in milk. They can not only be used as a
drug carrier but also promote intestinal development and immune regulation. Milk-derived exosomes have great
potential for use in infant formula and functional foods in the future. Low yield is one of the bottle neck for the
development of milk-derived exosomes. At present, there is no uniform standard for methods for extraction and
identification of exosomes, so it is very important to select appropriate methods for the extraction and identification
of milk exosomes for subsequent studies. Based on the above research progress, this paper reviewed the current
methods of extraction and identification of exosomes from milk, and discussed new methods those had not been
applied to the extraction and identification of exosomes from milk. It is expected to provide a theoretical reference for
the research and development of milk-derived exosomes.

KEY WORDS: milk-derived exosomes; extract; identification; development

1 23 = WIEAR KPR W A IRC S . SNBIRE 2 . IR
W WER L FLIT . SRR KSR A b B AR

SMBR AN R — b, HS A RS EA FLIT AL s Y s s g sk U, T LU L 304
miRNAs LA mRNAs SEZFNZY) . 1983 45, SNBMAE X IR, He e thm . SRIETIZ, AR RUAR AR
TE AL S0 1 OUAR A0 L A B £ A0 ) e B BEAE X SN TR AW S, K BLSMIBMA K RNA WY
BEEDEITIRA, RIS AT (5 E s8>, S AR DR T N IR 5 B, 8 T AR R IR AT, 1]
Py A EEAE, RN TR TS, N2 WA= LA A B L RNA AT LAAE A A4 B A e i 4 510

EETA: FHZEHE LS AT H(2018YFC1604305-3. 2018YFC1604302)

Fund: Supported by the National Key R&D Program of China (2018YFC1604305-3, 2018YFC1604302)

HERLEE: ZE, B, LA, SPRr AR AEYBOR . E-mail: yihx@ouc.edu.cn

*Corresponding author: YI Hua-Xi, Professor, College of Food Science and Engineering, Ocean University of China, Qingdao
266003, China. E-mail: yihx@ouc.edu.cn



55 14 3]

e T, S FLIRSN ISR AR IO M Oy IR W 4583

P, AIIRGEXE AL 2 RSN AR AR i FLA M R
Titge. FLrh AR, BB, B, v iR
EZR, LIRS A m S BRI, AR TR
SR )@ FLG R A AR FL PR BCA IR D ER (milk fat
globule, MFG), X MFG /28 [ i FIHHE A W E 5
SR BTN, R AR AE — 2 5 A A AR AL B P 5
FAe LA K RARAE, MM EAERE R, B
A, AT FAMBR AR BOA A — G — bR, & Fl
SR R F AR BR A

ASCERR T T KA 70 LU T 2N AR 32 H
R Tk, A G LM TE 5T R B Bl

2 FLANBARRYIRER TSR

2.1 BEREILE

AR H TR BN AR L IR
Tk, WA S S A B B < 8 s i 0 1%
AR RE S A AN A L BRI SR ST D R R R 1Y
B3 1 11 b 2 N 1 O =0T -0 N T30 5 o N
TEVEATAES o ANBAR I B R AR R TR0 ) g,
W5 TR | - [T DL R BORS BE U 56 o MK
W, [ R A TR AR K R, bR
HELF 04 B AR, (R I AR I i 5245 20 S i A
ATENCHE UL, MRS RE L AEAE, DIEERE LR
Bl B AS B SN AR BRI D o re-TH AT DA i A
Y BLBR AR, T8 Al SRR S B (B R], RA/INES S B
k- B, s-TURE R BORAG B IMBARTTIE BT s ], wf
DX AN () S92 6 5 SR FH B4 8 0 A PR a0 A e e A oA O
R BE 2 SNBSS, A
R T 0 T A TR WA IS, T R R R i R B
XU Rk 36 A B NI AR RN e 5 g U1

R B O TR IR T, W B DR AR IR, XF
T iR TR RSN ARSI, A B 0P, B
SCH R A, AR 2R A, H 28 U AT B
FESMIMRGFIE H B 2 XM 3R 3 o R DR 0 iR 3R R
MBI EEA BRI R B 5, WP B0 BR R AL P AR
WiER, SRR, FRREN SR IEAT B0 5 Bk 25 2L i 1 2 1
DLR AR, WATEsE 0.22 pm 8 ik — 2 WP RE S AT
1LUE, EBRFTIMARR/ NI A BRSO A R0 Y
FEARJETE>100000 g .00 71 T 850 1~2 h, WIAE15 RSB,
T PBS WD, MRS S50 A R T R PR S 2
B L FSNIBA . Cheng ZEP12IF ] SWAIT A S-45 71
110000 g B5.0> 2 h REUEFLIMNBIER, &I FLINBIRITAE
FEEM miRNA, FRIEILINBLE S b R 40 3
o Tzumi Z£27E 100000 g, 90 min £514F T AT 505,
F1 PBS 2515 e AT 2 4 FL AN AR -8 5 5 0 S0 5 R B,

AFLAMBAR T miRNA Fl mRNA REGSBE K (1 1 40
k3

R 0o AR R R B NI A < 8 S A ofE,
[ B AP AR AN I o Zead AT A A PR AR RS 5 B — S K Y15
e, e Hofh 2 i, MH AR R,
FRREAE R (R A4, A4 2L R R R R R S ivE
XoF T I3 43T I A K A o A (1 2 1 N o, A
SN AifE AT, S, AESMNBRE (A, kb,
R 2 A B B LA 0 1 B A T AT R X AN A
B, Xl AT v R — s s
22 EEHESDLE

B TR R B0 W — R AR IR T S o B 0k, 4
O S O R O T R TR R XY 0 o S PR A B B
JESLTAE B O T A R B R A T RN R
BRI RSB . TSR B R IR B S Wi i o R
ViR 78 o3 J2 3088 BERR BE A b, R4 T F B 3 50
TEIR . FERGINES O ST, FE S AR SN TE N 17 T 1
S SR DX I 3o B AR A RS ), B O AR
TR R, T A o X . 5 S M B O R
[, S 285 T I O VR AR B M A A S e - e AT 1 5 HAth
JO A 3 2 5, TR DK B DI JEERR S E h X I 3k A
R, ARV A B HAT AL B (R R INAS [ [ 41
WA AR, DR ALAE S IMACTE P R BRI ST 5 K T
FEA BT BB, BT AR DO B i B B A, A T
B 11 AMIMATILTE, AR B O RSN A 1o 2 B A 1P

I FH %% B0 BE A o A . IOV RS, VB R
R B O TR R S, 5 BE R B B 000 AT DA BR A [ 2
BB (R AR, 193 i Al B LA i A, (R ILAETE
SRR R e, BRI o 5 B T SR RS A A 11 T A
FEAS S 5 R 0 PR AR — B, (RUJEE>100000 g 5.0
SERUR, TR A A5 B 0 I A i 2 E A TR, A
100000 g ZEA B0 R Bt —aifh, Sh ks B e
1.13~1.19 g/mLP*, W BN A2, 5 4l Ak 15 31 i 21 i A
7T PBS ", HATTEET X FLANBIAZE [ 4124 5T,
AU i) T o0 R R 2 R M R AR 0 Ay e LB vk R
Reinhardt™ /7 2012 454 4 FLAMB AR [ T4 24001 T 5%
B BRI 1, e BB BAMBIA TS, KE 80%.
43%. 35%. 5% 4 EEMEE AR T 0 16 h )5, 1E
43%/35%)2 1% N 2405 A FLAMB A
23 WERREE

A UUTE T R IR A W UUTE I, e 2 i 78 %
SEAH ) —FP MRS O, LR i 5] AHEKER
&, % Z i (polyethylene glycol, PEG)E!, K7+
GEOAE R, UG SO, T AR AR Y 2 4
MV P HE P, P R B, SRAR SR TTE Y



4584 B dn 2 4 R R I A 4R

F10 &

H R 434 M AR U R AR &R AL F e . 1k
FEUIER RN AR B B A B B2 A 2000~12000 g
N o R WSl = ST R ) S AT v e 2 51 D |
0.45. 0.22 um M E, FFUTIERIIN AR R 35w+,
FE 4 CEAM TR 0, i B 8 BN AT Qi 451
FIA ExoQuick VITER G BEEZLAMNBA, FHUF S
A A B B EAR LI miRNA . Lukasik 254 FHTCTE L
R GARBO A FLANAA, IFXT I miRNA BEF 7404, %
IR LB FLA M AR P A7 AR & RIS miRNAs . Rani 251
A TRIRE A i 15t A 2F 7L SR BN, 3l o) 7 —
FOBT B RSN AR DL K A0 S 36 36 B, A= FLAM I AR SR
miRNA %52 " H Akl 2, IF FUe1REME 28 1 i Bt s
VLR B M AEIE . SRAF AT B

TR SE S b S INe e I R aE | S D= WA
VREY 53, TR A R R alifbad R AR o B2 UL
E AR A I A BT i RIS ), LR TR B, (RLBR IR
SR A T E, ROATLTE R R AT A B A AT
WHARTE YL ) — R ITNE, BIINE IR AY) . I 2 gl
BTG 5y PR . AETS B AL BR AT B An B ke, 4
NEE I, 5oL BT LIS Sephadex G-25 #12:FR
REW. WA, FIREIRER:, RS PRI 4,
WA PR & 5 BT AR A R A PEG, 1 PEG /&
FEARAFH R LT HREF2Z— e R F IR
BFANHIR, eSS R 44 37 2P Ve R AR
KNEV R, PEG Al B - LR 45 i, (H7E3E T BhsOb @k
B RATHH R A A R, 2 15 Y BARAEDS P, X
FEOLT, PEITE AR E A oT e, AT DA SRR P 1L
o At R AT I RE SR A, TN A T T
MG F S A0,
24 R~THRRE

RO HERH 2 SRR BEE 2 AT 2 I 3, & —FiA 4 S il
PRKINF A A T o B AR U . B, FFRSE
HEBH I SR ICFLAM A 22 158 1 B O I AR S A, Sl i &
BRFLISIER . A0 MLRE R S8 o, TR g 3 B 0o A5 31 A0
A, A A EA T 4l A1) Blans 2512 F R~

HEBHAE B AU A L R 23 AR 6 1 19 3
I AR A PR 0035 1 D0 T SR At RO HERELI,

HAridE AL CDY, CD63, CD81 FikEE &, Vaswani
SRR PR B O RS A RO HERRL I | v VD A
IR FLAMIBAR, 455 RIIR B 456 RT HERH LR
A LN A R

RTHEBH 2 1 F- B0 R R B . & ARk . &
PG DL B RE S AR RE AR . BeAh, ROGHHERH L AR SR
(R 378 B0 A S AR R 1 4 s AN, TR I g % 345 HL AT L
MR B FERE AN A . (B, A X R dh R e P

Hl, —MBAR 0.5 mL, —EFREE FFEALT AMB AR SR
B, JAh, T AN A A SRR S e E G g, —
el AR 3 POMTR R, X BRI T A RSN AR
B T R FEOL,
25 RBREIRE

SN UMARTR 1 BT 2T R B, AN AR BE AT 3 5 A7
IR O, WA YRS T, W
RGP B ARG, PEILTT & T A I AR 1) G s il
o HAMIMAR) RS A VFZ R AR S, Ak B g
EHZE CD63. CD9, CD81 sl (417, Al Ll 5[
AR L iR SR R R B S A, AT s #)
rEANBRRY H . BT, s d 3R LA FhaR] & e
KA F AR R & 2R A ELISA
M G dRE TR S T R ) SR TE AR AR R S MM RS AR
it Bk 4% 5 W BF 35 (enzyme linked immunosorbent assay,
ELISA)&F 4tk Bk (an CD9 B ) pl il fLa, ik
1 AH B A 5 R A 0 AR B IR AA o B % i 2R R R
CD9., CD63 AR Bl & X PR REER SR AI 7, %
FEA P &G X0 B | RSN AR IR I IR s R, 5
ELISA fHFLARAH b, WEERMEEMMZR AR, AT MIMBI4&
A . e A,

SRR LB 5, BROSARAE SMIMARIE B O
B Rk R AN AR, Lol (HESZRRIEA T
BERERL [0 B (R AMBR, RS A REFEAR AR, HA
BB, Ak, ELISA 555 S ik it BUd B h R e 2K
Yelk, D& AN . H R G R R Bk
WA TE AL, 25 BB FURE ST I S 2R, X FLRE A
FIAT AL PR A AL B T8 AR, [ B S B e R A AN
FREFE ST, AT ] LU R ZLAE S AT H S
AT AR, TR R IRER
26 WRIERA

TR AR B SR 4 B AP I AR A AR T L, BB . &
T A FURS 5 b A BRI AR R AR R AR . B
I F OB AR TINMA R A B R 200 3 2%
HETRS A8, T REEEMN GBS E.

FF R A S IR J3 3 24 3 8 A & AN oKL B AR,
K ZFLIBE AN AR 51, 3 0 A A AR e o e
TR AGE B R EEIE o MRS T W B, SRS
Bl R A SR b, IR B4 B ORI T s o
I N IAMAR P 43 B 7 vk T B 5 G e A AR o B A M U R 1) TR
FRARLL, T8 A P A A8 o o 1 2 T ol e R e S AN U
SRR, RIS SR A T WU AR B 4 g M A . AR
S AR H R E AL BT AR, B A AR
oAt s ety T o B0, 2 I T R/INRI G 3
JI 4B kR R A B S, — LB Y . AT R



55 14 3]

e T, S FLIRSN ISR AR IO M Oy IR W 4585

VRSl 1AM T 4G & B A B ROR (R it DUREBR |
ARG AT AN RS 88 o X5 IE AT LU N <3208
BTk

B AT ¥ 5 FHTT 2 68 B SN S O M L,
PR B EAR T =, (HR BRI AR SE F T/ MATR
FEASNIBAR R 388 . BT RO BRI 1k AR PT LS
RANBI BTSN, AN 32 AAE DA AR 1 R i 1 38 9 Y
1o 0, (LTRGBS A 4 20 S Bl A T 0k 5
BT W AN RSERE, R RESN B SR 1 AN A . Bl
Ay BT LATE S B9 IR S B MIMA RS 4 51k, (H %
VX L PR T 23 B SR A e B

3 FINBEBEERE

HAl, 2otk o &pln H 4k
Bt . RSF AR MRS R A BObRIC SR B S e Y S
5 R FIFR AL AT SR R — I A 55 . HETC TN
A S 5 A T s SR AT LU LR
31 HEBELETEE

H 4% (electron microscope, EM)BEAS B WL I WL A1 ik
G5 H . TBAHRAR RN, 27 0 %8 SN MR A 1) B 4%
WG . BAE A BEA R ES . SRR, WIREE,
Horr DL S BN o 5T R BV VR B B R R AT ARG S AT
B BAR SR I 3 B FL B T SN A 1A T 2 s ) S B 2
BV, —FORE RGO . MR B AR I ik
T, KI5 PRI | 5 19l S5 el Xof ) ) (i TR H2 ¥ ) - g 1
WMARHE TG, TS BB TS . AR SLE = S
PREAER M P 1 min, FIFIEAKEBRZAMRIRS, T
i SRR T AR AS BR P A e 1 min, EBRZABHEESTE
AARRAT T, 76557 BE T 15 B 10 ILES 3 2MFTIRIE
BRSNBE, 5 —FoOr BT Rk VIR IR TR EERI IR
T AR O AN I AR T R, SRR T A
e Mg, fEMAM LA, AIRERRY) A S 58
i W22 31 58 22 N 5 W R A 4 0O LRk R L A v, 7R
eGP A Z M B2 SR b M3 i —Fh, Ik
Ty A AT R F AN AR Y S
3.2 SIEZENEEE

B35 B35 1 (western blot, WB)if i X #R A | AH 4%
SR HIE TARIE, BE SNBR R . % R RSN
P55 AR G2 TR G 38 0 AR (A A R VS VR B T W

fiK, ATRASEEA R AT Wi n, PS5 ERZ iR &),

I 5%/ 12% 0 e AT ot S 7 15 M- 58 AT s P e
TR E N, T AR 5 ST S, YER S A
F 5% BSA #E17EA]. —Pi 4 CIFH R . PR IRIEE,
e Ja B AR, WA B SRR IC I . B AT, FL

SN H A FRICE 8 TSG101, CD9., CD63. CDS8I,
Alix ZEP851 RSBy = F F WB AR A= FL A EEFLAT
WMARY TSG101, CD9, CDS81, Alix #4TARC, ZEHR %KM 4
FhEE IFEAER N 25, (HARZLAMIMA T Alix A4 AT
B, ARG H A T 38 5 T 4 Ty 1 AN T B A T
TIRA— 1 B E o
3.3 mESELTEE

25647 81 (dynamic light scattering, DLS)F 4k
WA AR B2 B DL RO B LS, S5 R Rk,
AR AR SR i ¢ AR R R T Y S N NNTT DA AR s Y N 1A
BRI ATIEDL . DLS X FAIHE — 4 RPRL T, 45
B A, ABLERTIAS [ R E A MAMARE i ) RS 2 AT s
HERR ARG, X BB R RT3 70 32 8 /0 s 3 K Bk 1
I, RIORL AT 5 e AT S0 kA DLS i i 45 R
W2 R HTRA IA FAEEZE S .
3.4 YRR FBERSHTE

AN K kL T 3B B 43 BT 7% (nanoparticle tracking analysis,
NTA)/Z 1] L[] B FAE A3 A v J32 RO B2 43 A1 1) 2 R T
38 B B8 U S AR O AR F B,
CCD MM ILRHEAEFHTFHHEE, HE
Stokes-Einstein J7 R 1150k 1 K/NVFIVR . NTA HAREKH
HREA LD PRI B | FEEEAE S0 | RRIRIEZNUMA TR IR TR |
I S RS s e Yz I P AR R R AE . (R AR HE
ST, A BUREEA L 5 BA MGz 3h i s
IRRERS T, TR 1128 AR D 2 Bk 1R A BEHERR
AR A U A T b ok i 421
3.5 RAMAEREA

A EE R (flow cytometry, FCM)J2& 4 i Fil/Nik:
FE PRI RE T R AR A A0, T T AN AR R SR ) v
WPEA B EE = o T A I AR SR R R AR S a0 CD63 .
CDS81 SR FTIRHEATARIE, AT LA I 2 4l S A 58]
PR FRak, MM SCELRT SRR Y e it T2 AR A L
PR, &G e, FLAT A BT R A RN SRR
(Rl AT A A AT AN ARG, 24> HM AR 5 1
E— IR S BRI S, R FEREAIR . 1t
Hb, W T AN AT AR, BRI T A SRR
S JERO S H T, M A A AR AR KRS I $ AR 7E 100 nm
IR B9SMIBA, BT L2 I A G OK 4 J0RE 1S i S A 11
AR AR A RO, AT T B A K A 1o o R X
AN 2 Re X i R A T B AL SRR S AT o

3.6 BEREXSRIEIR

T e e 1515 WB R I — 2, R HTIAR G peisAL
B S ARGTAR, 1 OISR &, BP — PO, Uk
IR BR BRI AR LA oY, P55 AR 15 D0 ) B e iR 2



4586

B dn 2 4 R R I A 4R

F10 &

G, TR -BE R hUA L G, S WRERE, m
AR AT B A, FRER OGN E WG, e 2t
AN SRR X WB SR, BEER e
SCEXT AN AR R A . AN, FURTET B
£ (atomic force microscope, AFM)A] AN HMBAA 1 2 11 45
FA AT T AT R T A R8s bt BEL ek v A7 ST LA e & i
PRV JEE R RN

4 B 2

IET LRI B0 LN 00 5 B LB i B S £
R U A 52 A 9 OB AR S AR, (L
SR RBFE A R A T LA

(1) FLESREE T AT A2 X FL A — R BI5E I o
RN . SRS F T AT FLSN A —SE OB, e
G A R R A R P DR SR B SR R

() FLANURAOHLIC T - ARSI B LA
R LA, (R TILRANR AL, (el
S LRSN3R I, 75 225 B i Ak B 2 Bk
S B I R A

() AU b, A S L,
L 18 A BEARE B — I X SN EA T RE P . AEXS A
WA T U, RPN LA bR EAIE, LU i
RESMIB UL T 2

() AETUSMI R LS A R BIR L, o7
55 RO VAL MO, LB MO 2
A

SE 3R

[1] Johnstone RM, Adam M, Hammond JR, et al. Vesicle formation during
reticulocyte maturation. Association of plasma membrane activities with
released vesicles (exosomes) [J]. J Biol Chem, 1987, 262(19): 9412-9420.

[2] Zempleni J. Milk exosomes: Beyond dietary microRNAs [J]. Genes Nutr,
2017, 12(1): 12.

[3] Nakamura A, Watanabe K, Ojima T, et al. Effect of maillard reaction on
allergenicity of scallop tropomyosin [J]. J Agric Food Chem, 2005, 53(19):
7559-7564.

[4] ZEFnES, IKRUBUE, WKBHLZTAR, S5 SN (1 Il S I 45 v A 4
1. R EEYH AR, 2017, 30(8): 872-877.

Li RW, Zhang JJ, Ouyang HM, et al. Role of exosomes in immune
regulation of leukemia [J]. Chin J Biol, 2017, 30(8): 872—877.

[S] Azmi AS, Bao B, Sarkar FH. Exosomes in cancer development, metastasis,
and drug resistance: A comprehensive review [J]. Cancer Metast Rev,
2013, 32(3—4): 623-642.

[6] Abramowicz A, Widlak P, Pietrowska M. Proteomic analysis of exosomal
cargo: The challenge of high purity vesicle isolation [J]. Mol Biosyst,
2016, 12(5): 1407-1419.

[7]1 Raposo G, Stoorvogel W. Extracellular vesicles: Exosomes, microvesicles,

[10]

[11]

[12]

[15]

[16]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

and friends [J]. J Cell Biol, 2013, 200(4): 373-383.

Affolter M, Grass L, Vanrobaeys F, et al. Qualitative and quantitative
profiling of the bovine milk fat globule membrane proteome [J]. ] Proteom,
2010, 73(6): 1079-1088.

Fitkz, Rake. iR NFLAOINRE KX BEZLRSR]. s S FTEEZY, 2002,
9(11): 23.

Jiao QY, Song BH. Talking about the function of human milk and
breastfeeding [J]. Chin Rural Med, 2002, 9(11): 23.

Sonia M, Bijaya U, Ezra M, et al. Milk exosomes are bioavailable and
distinct microRNA cargos have unique tissue distribution patterns [J]. Sci
Rep-UK, 2018, 8(1): 11321.

Lopez C, Olivia M. Human milk fat globules: Polar lipid composition and
in situ structural investigations revealing the heterogeneous distribution of
proteins and the lateral segregation of sphingomyelin in the biological
membrane [J]. Coll Surf B Biointerf, 2011, 83(1): 29—-41.

Witwer KW, Buzas EI, Bemis LT, et al. Standardization of sample
collection, isolation and analysis methods in extracellular vesicle research
[J]. J Extracell Vesicl, 2013, 2(1): 20360.

Pin L, Melisa K, Han LS, et al. Progress in exosome isolation techniques
[J]. Theranostics, 2017, 7(3): 789-804.

Jeppesen DK, Hvam ML, Primdahl-Bengtson B, ef al. Comparative
analysis of discrete exosome fractions obtained by differential
centrifugation [J]. J Extracell Vesicl, 2014, 3(1): 25011.

Izumi H, Tsuda M, Sato Y, et al. Bovine milk exosomes contain
microRNA and mRNA and are taken up by human macrophages [J]. J
Dairy Sci, 2015, 98(5): 2920-2933.

Cvjetkovic A, Lotvall J, Lasser C. The influence of rotor type and
centrifugation time on the yield and purity of extracellular vesicles [J]. J
Extracell Vesicl, 2014, 3(1): 1-11.

Momen-Heravi F, Balaj L, Alian S, et al. Impact of biofluid viscosity on
size and sedimentation efficiency of the isolated microvesicles [J]. Front
Physiol, 2012, 3: 162.

Savina A, Vidal M, Colombo MI. The exosome pathway in K562 cells is
regulated by Rabl11 [J]. J Cell Sci, 2002, 115(12): 2505-2515.

Lisser C, Eldh M, Létvall J. Isolation and characterization of
RNA-containing exosomes [J]. J Vis Exp, 2012, 59(59): 3037.

Lobb RJ, Becker M, Wen SW, et al. Optimized exosome isolation protocol
for cell culture supernatant and human plasma [J]. J Extracell Vesicl, 2015,
4(1):27031.

Chen T, Xie MY, Sun JJ, et al. Porcine milk-derived exosomes promote
proliferation of intestinal epithelial cells [J]. Sci Rep-UK, 2016, 6: 33862.
Chen T, Xi QY, Ye RS, et al. Exploration of microRNAs in porcine milk
exosomes [J]. BMC Genom, 2014, 15(1): 100.

Izumi H, Tsuda M, Sato Y, er al. Bovine milk exosomes contain
microRNA and mRNA and are taken up by human macrophages [J]. J
Dairy Sci, 2015, 98(5): 2920-2933.

Dommelen SMV, Vader P, Lakhal S, et al. Microvesicles and exosomes:
Opportunities for cell-derived membrane vesicles in drug delivery [J]. J

Control Rel, 2012, 161(2): 635-644.



55 14 3]

T,

A FLURSNI R SR USSR I TR

4587

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Reinhardt TA, Lippolis JD, Nonnecke BJ, et al. Bovine milk exosome
proteome [J]. J Proteom, 2012, 75(5): 1486—1492.

Van-Herwijnen MJC, Zonneveld MI, Goerdayal S, et al. Comprehensive
proteomic analysis of human milk-derived extracellular vesicles unveils a
novel functional proteome distinct from other milk components [J]. Mol
Cell Proteom, 2016, 15(11): 3412-3423.

Reinhardt TA, Sacco RE, Nonnecke BJ, ef al. Bovine milk proteome:
Quantitative changes in normal milk exosomes, milk fat globule
membranes and whey proteomes resulting from Staphylococcus aureus
mastitis [J]. J Proteom, 2013, 82(8): 141-154.

Chen T, Xi QY, Sun JJ, et al. Revelation of mRNAs and proteins in
porcine milk exosomes by transcriptomic and proteomic analysis [J]. Bmc
Vet Res, 2017, 13(1): 101-114.

Yang M, Song D, Cao X, et al. Comparative proteomic analysis of
milk-derived exosomes in human and bovine colostrum and mature milk
samples by iTRAQ-coupled LC-MS/MS [J]. Food Res Int, 2017, 92:
17-25.

Leberman R. The isolation of plant viruses by means of "simple"
coacervates [J]. Virology, 1966, 30(3): 341-347.

Zeringer E, Barta T, Li M, et al. Strategies for isolation of exosomes [J].
Cold Spring Harb Protoc, 2015, 2015(4): 319-323.

Kim DK, Nishida H, An SY, et al. Chromatographically isolated
CD63'CD81" extracellular vesicles from mesenchymal stromal cells
rescue cognitive impairments after TBI [J]. P Natl Acad Sci USA, 2015,
113(1): 170-175.

Qi Z, Li M, Wang X, et al. Inmune-related micrornas are abundant in
breast milk exosomes [J]. Int J Biol Sci, 2012, 8(1): 118-123.

Lukasik A, Zielenkiewicz P. In silico identification of plant miRNAs in
mammalian breast milk exosomes-a small step forward [J]. PLoS One,
2014, 9(6): 99963.

Rani P, Vashisht M, Golla N, et al. Milk miRNAs encapsulated in
exosomes are stable to human digestion and permeable to intestinal
barrier in vitro [J]. J Funct Foods, 2017, 34: 431-439.

Keller BO, Sui J, Young AB, et al. Interferences and contaminants
encountered in modern mass spectrometry [J]. Anal Chim Acta, 2008,
627(1): 71-81.

Scheerlinck E, Dhaenens M, Soom AV, et al. Minimizing technical
variation during sample preparation prior to label-free quantitative mass
spectrometry [J]. Anal Biochem, 2015, 490: 14-19.

Zhao C, Oconnor P. Removal of polyethylene glycols from protein
samples using titanium dioxide [J]. Anal Biochem, 2007, 365(2): 283-285.
Tholey A, Glickmann M, Seemann K, et al. Proteomics sample
preparation [M]. Hagen: Wiley-VCH, 2008.

Ramachandrarao SP, Matthias MA, Mondrogon CK, et al. Proteomic
analysis of urine exosomes reveals renal tubule response to leptospiral
colonization in experimentally infected rats [J]. PLoS Neglect Trop D,
2015, 9(3): 3640.

Yang J, Lin M, Rau C, et al. Altered exosomal protein expression in the

serum of NF-kappa B knockout mice following skeletal muscle

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

ischemia-reperfusion injury [J]. J Biomed Sci, 2015, 22(1): 40.

Blans K, Hansen M, Sorensen L, et al. Pellet-free isolation of human and
bovine milk extracellular vesicles by size-exclusion chromatography [J]. J
Extracell Vesicl, 2017, 6(1): 1294340.

An MR, Wu J, Zhu JH, et al. Comparison of an optimized
ultracentrifugation method versus size-exclusion chromatography for
isolation of exosomes from Human serum [J]. J Proteom Res, 2018, 17:
3599-3605.

Sedykh SE, Purvinish LV, Monogarov AS, et al. Purified horse milk
exosomes contain an unpredictable small number of major proteins [J].
Biochim Open, 2017, 4(C): 61-72.

Vaswani K, Koh YQ, Almughlliq FB, et al. A method for the isolation and
enrichment of purified bovine milk exosomes [J]. Reprod Biol, 2017,
17(4): 341-348.

BB, RIETK, GRS . SNBIRST B R DR TR R ). R
ik, 2018, 30(3): 319-326

Gong CM, Xu YF, Zhou JC. Advances in exosome isolation and
identification methods [J]. Life Sci, 2018, 30(3): 319-326.

Mathivanan S, Simpson RJ. ExoCarta: A compendium of exosomal
proteins and RNA [J]. Proteomics, 2010, 9(21): 4997-5000.

B, VRESL. SNSRI B B S g ST RIT S HE R[], Fh ARSI
53R 2%, 2018, 32(7): 718721

He J, Xu PS. Advances in exosome extraction and identification [J]. Chin
J Pract Diagnos Treat, 2018, 32(7): 718-721.

He M, Zeng Y. Microfluidic exosome analysis toward liquid biopsy for
cancer [J]. J Lab Autom, 2016, 21(4): 599—608.

He M, Crow J, Roth M, et al. Integrated immunoisolation and protein
analysis of circulating exosomes using microfluidic technology [J]. Lab
Chip, 2014, 14(19): 3773-3780.

Yang F, Liao X, Tian Y, et al. Exosome separation using microfluidic
systems: Size-based, immunoaffinity-based and dynamic methodologies
[J]. Biotechnol J, 2017, 12(4): 1600699.

Van-Der-Pol E, Hoekstra AG, Sturk A, et al. Optical and non-optical
methods for detection and characterization of microparticles and exosomes
[J]. J Thromb Haemost, 2010, 8(12): 2596-2607.

Lee Y, El-Andaloussi S, Wood MIJA. Exosomes and microvesicles:
Extracellular vesicles for genetic information transfer and gene therapy [J].
Hum Mol Genet, 2012, 21(1): 125-134.

Munagala R, Aqil F, Jeyabalan J, et al. Bovine milk-derived exosomes for
drug delivery [J]. Cancer Lett, 2016, 371(1): 48-61.

Sun J, Aswath K, Schroeder SG, et al. MicroRNA expression profiles of
bovine milk exosomes in response to Staphylococcus aureus infection [J].
Bmc Genom, 2015, 16(1): 806-815.

Hoo CM, Starostin N, West P, et al. A comparison of atomic force
microscopy (AFM) and dynamic light scattering (DLS) methods to
characterize nanoparticle size distributions [J]. J Nanopart Res, 2008,
10(1): 89-96.

Dragovic RA, Gardiner C, Brooks AS, et al. Sizing and phenotyping of

cellular vesicles using nanoparticle tracking analysis [J]. Nanomedicine, 2011,



4588 B dn 2 4 R R I A 4R 5510 4

7(6): 780-788.

[58] Filipe V, Hawe A, Jiskoot W. Critical evaluation of nanoparticle tracking 1?%%{}
analysis (nta) by nanosight for the measurement of nanoparticles and
protein aggregates [J]. Pharm Res-Dordr, 2010, 27(5): 796-810. FET, MEHRE, TEHRAE

NAREDER,

E-mail: haohaining1994@163.com

[59] Rafal S, Monika BK, Jakub Z, er al. The methods of choice for
extracellular vesicles (evs) characterization [J]. Int J Mol Sci, 2017, 18(6):
1153.

[60] HW, AN, BRIC, S5, BRI IS T A0S A Y 43 B RS E (D).
1B T 4niEZ4E, 2016, 6(4): 236-239. ST, HiE, BLHRE, TEHS

FEALBEIEAR,

E-mail: yihx@ouc.edu.cn

Xiao L, Bai J, Chen W, ef al. Isolation and identification of exosomes from
umbilical cord mesenchymal stem cells [J]. Chin J Cell Stem Cell, 2016,
6(4): 236-239.

WAL 4 #hERLT)

P IPIPIPIP PRI P I PRI P I P I P I P I P IP PRI PP P I P I P I P I P I P IP PP IPIPIP

B

“BFERBLTER FRRMRE” THRIR

(B RZEFTRAMR ) ZENIMATFRITHS AR, 22EEAEFTEREESRRIEMR S K%
ARBIT), E4HERE /IR FOBARBIFRAKTHR S . WO EREAZO R 22 EBSCO. HHE (&
TR BFERAR S ) (FSTA) . P (SCifizaE ) (AY) . JEE E PR -5 45 PRk 5T 0 (CABI) L P E 2 AR #3145
MUEE ) (CNKI). 7 7 BCs-0 7 A A FIRE 45 1 P9 S 24 500 R IR

£ HUR R A B RV A R, W NEERAIA A, B85 120G A 7 5l S5 A Bk —E 2 E K
X, 5 R, AANES DB R ERER, MEMmEeR ANREBNRRE, BEEREMT/AENE T ZH,

YT, TR S ARG SRR R 2 IS ZaL R, 40T 2019 4£H1 2020 £k %K, NEREEN
HE— 2 AR R TR R R R SR S R

ARGEH U AEFERAACER PMEREE N EEEH, %8N OEMBRYSEEMECHR, QEN
M TR UE . REERLRRT LG, 2 M E, X EAESCRHIF R LR S T AR, FRRE R R R TR E)
Bek #0E BIRR HATEEES. R HUHE 10 5.

FAH 1 ESBIRSEED S ERAR, 2019 4 8 A 15 HEF, 11 A6 AR

B E 2 B P AMEI kb . IR RLRIXT EE, 2020 4F 8 H 15 HARRS, 11 A AR,

A ES5 BREHBZEXETFMEFO BT HRER LCH TS 08 HRR RS EAAR L BRI
BRI AL RS Fa i, B S s

=

W3 : www.chinafoodj.com(EFHEFHIRZAELE PHEMHELEELH)

E-mail: jfoodsq@126.com(i: I #EFRARELELLE PMBMRRLLHIE)

(RS20 AN FIRD G



