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Abstract: In order to compare the differences in typical characterization of bovine milk exosomes between raw milk and
liquid dairy products processed by different processing technologies, and to investigate the effects of production process
and gastrointestinal digestion on the characterization and transport capacity of bovine milk exosomes, this study selected
raw milk, commercial pasteurized milk and ultra-high temperature instantaneous sterilized (UHT) milk as research subjects.
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The gastrointestinal digestion process was simulated using the international INFOGEST in vitro digestion model. Bovine
milk exosomes were isolated using isoelectric precipitation combined with ultracentrifugation. Comprehensive
characterization of exosomes was performed by measuring total protein concentration with a BCA protein assay Kkit,
observing morphology by transmission electron microscopy, analyzing particle size distribution by nanoparticle tracking
analysis, and detecting specific protein markers (CD9, CD63, and TSG101) by western blotting. Additionally, the uptake of
exosomes by bovine mammary epithelial cells (MAC-T) and rat intestinal epithelial cells (IEC-6) was visualized by
confocal laser scanning microscopy. The results showed that the total protein concentration of exosomes isolated from equal
volumes of raw, pasteurized and UHT milk increased sequentially with significant differences (P<0.05). Exosomes derived
from raw milk exhibited significantly larger particle sizes than those derived from pasteurized and UHT milk (P<0.05),
whereas no regular pattern was observed in particle size changes induced by simulated gastrointestinal digestion. Both
production process and gastrointestinal digestion reduced the integrity of exosomal surface proteins to varying degrees, with
UHT milk exosomes showing only weak expression of TSG101 and CD63. All three specific protein markers became
undetectable after digestion. Fluorescent tracer experiments revealed no significant differences in the uptake efficiency of
bovine milk exosomes by two target cell types (IEC-6 and MAC-T), and exosomes subjected to processing or digestion
were still non-specifically internalized by these cells. This study demonstrated that production process and gastrointestinal
digestion significantly compromised the characteristic properties of bovine milk exosomes but did not entirely abolish their
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transport capacity, providing a theoretical foundation for the development of functional dairy products.

Key words: bovine milk; bovine milk exosomes; simulated digestion; targeted transport; fluorescent tracer
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Table 1 Preparation of simulated digestive fluid
% SGF(mmol/L) SIF (mmol/L)
KC1 6.9 6.8

KH,PO, 0.9 0.8
NaHCO, 25 85
NaCl 472 384
MgCl,-6H,0 0.12 0.33
(NH,),CO, 0.5 0
CaCl, 2H,0 0.15 0.6
6 mol/L HCI1 15.6 8.4
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Fig.1 Protein concentration of exosomes isolated from three
types of liquid dairy products before and after
gastrointestinal digestion
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Fig.2 Morphological characteristics of exosomes in three liquid
dairy products before and after digestion under transmission
electron microscopy
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Table 3 Measurements of exosomes isolated from three types
of liquid dairy products before and after gastrointestinal

digestion
g s SMIAMA AMIMARE JURL
pe TR W e geoes me
(4/mL)  (pg/mL)  (A/ug)
HEAFL 168.7£69.0° 1411 4.34x10°  4.57+0.02° 9.48x10°
EREL 127744120 1107 4.30x10° 4.88+£0.04° 8.76x10°
UHTZL  127.0451.3* 1014  1.15x10° 6.67£0.01° 1.72x10°
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TE: [Al— 5 N AN Al NG R R AR 2800 A2 A 22 5 .3 (P<0.05 ) [R5 A
TR S R AR 28 57 1 3% (P<0.05) .

SR AR LE, WAL ZH AN AR 3477 A
FAA(P<0.05), H H i AL S | a9 S h s Aok A
AR DL R . AR AR FLANMMA ST UHT FLAk
WA PR ATH AL BEALR, 1117 E2 FRFLA M AAH
S5z s A AR LA LM AL S PR B A S NIAAAE i R,
R X R BERRAIG, T UHT FLIHAR S UL A8 1k
MEEEA K. i T AL AL B AT BRSBTS
SIS ASRIAR AR T B A, TR 1 e S PR
X, M REERG Z 2R AT I NMARE i B SE
2.1.4 AT 2N B E A A FLANMBMAS IR
FIRsm =R S LI AL A BERT S SN ARIE S



% 47% S VFREFE | 5 WASELRIS AT T2 5 B AT i o A L MM R S 2 R T R - 133 -
A 4.0E+67 B 4.5E+6-
96.7
3.5E+67  141.1 4.0E+67
3 0E+61 3.5E+6-
—~ ~ +61
2 2.5E+67 E 3.0E+6
= £ 2.5E+64
< 2.0E+61 < 5 O+
= 15E+6 w205
® & 1.5E+6
1.0E+6 1.0E+6
5.0E+54 5.06+51
- (] A
0 100 200 300 400 500 600 700 800 9001000 0 100 200 300 400 500 600 700 800 9001000
Rt (nm) Rt (nm)
C 60E+6y 110.7 D 45E+67 |, ¢
5.5E+6 4.0E+6
5.0E+61
455461 3.5E+6-
- 4.0E+6 3 3.0E+61
E 3.5E+6 £ 5 5E+61
& 3.0E+6 <
i 2.5E+6 o 20E+61
& 2.0E+6 ¥ 1.5E+6
1.5E+64 LOE+6
1.0E+6
5.0E+51 5.0E+51
0N o r—
0 100 200 300 400 500 600 700 800 9001000 0 100 200 300 400 500 600 700 800 9001000
Fit% (nm) Fit% (nm)
E 5.0E+67 F 7.0E+6-
4sere] N 63E+61 (70
: 6.0E+6
4.0E+61 5.5E+64
_ 3.5E+6 _ Zggig
a ) ]
E 3.0E+61 é 4.0E+61
& 2.5E+61 & 3.5E+61
= 3.0E+64
i 1
& 2.0E+6 2 258+
1.5E+6 = 2.0E+61
1.0E+6 1.5E+61
1.0E+6
5.0E+5- 5.06+54
. g
0 100 200 300 400 500 600 700 800 9001000 0 100 200 300 400 500 600 700 800 9001000
AL (nm) Fit% (nm)
B3 =L AR R MM R RAR S A

Fig.3 Particle size distribution of exosomes isolated from three types of liquid dairy products before
and after gastrointestinal digestion
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