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&7 4 HPP AEL 32 /E /1 4 550 MPa, HPP &3 RAEPR/EATIE] 4 12 min, UHPH A4 32 /E /714 150 MPa, @itz T e P50
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Abstract: In this study, fresh donkey milk was used as the raw material, and static ultra-high pressure processing (HPP) combined with
dynamic ultra-high pressure homogenization (UHPH) technology was used to treat the fresh donkey milk. Taking indices such as the
sterilization effect, acidity, and pH value as the test factors, donkey milk processing was optimized by both the single factor and orthogonal
experiments, and the quality changes of the treated milk were examined over storage. The results showed that the optimal conditions for
processing donkey milk by Static-dynamic High Pressure-based Processing (HPP+) were pressure of 550 MPa and holding time of 12 min for
HPP, and 150 MPa for UHPH. Under such optimal processing conditions, the lactic acid level of the donkey milk was 2.67 °T, with its pH value
being 7.10 and total number of colonies being 8 CFU/mL. , The quality changes of the donkey milk treated by HPP+ were studied over
refrigerated storage at 4 ‘C with the donkey milk subjected to the pasteurization treatment (PAST; 72 ‘C, 15 s) as the control. It was found that
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the PAST donkey milk was not suitable for drinking and sales after 14 d of storage, whilst rancid odor and stratification were found in the HPP+
donkey milk stored after 21 d and 28 d, respectively. Thus, it is suggested that the best drinking time is within 7 d for the PAST donkey milk and
within 14 d for the HPP+ donkey life. This study could provide a theoretical basis for the application of HPP+ technology in dairy processing

industry.
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(High-Pressure Processing, HPP) S Fx &8 7K [k (High
Hydrostatic Pressure, HHP) $iA, HI7EZ R %M T H
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Table 1 Factors and levels of orthogonal test

HPP /£/) A HPP#/EEE B UHPH &/ C

A MPpa /min /MPa
1 500 6 125
2 525 9 150
3 550 12 175

BRI 22 A, ARG AfaFR, DA
A (HPP JE /7). B (HPP f&JER} (7)), C (UHPH & /7)
NEERZ, HIEE 1L 3 EXRK.

1.3.5 fxEheymlz
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3, SRICTE.

L4 $dE 2 A

fE 1 SPSS 20 BRAFXF 2 IR 45 R AT SEH A0
. SERMPEMEEARE R ZEROR, RS 3 X
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Table 2 The number of microorganisms in donkey milk after different HPP pressure and different holding time treatment

EH/MPa  PRERE/min - KWEAE/CFUML) BRE/% HEEH/(CFUMmML) HILE/%
AALFL IS 0 4.8x10*1 900 - 9.8x10°+13 000 -
5 3.1x10°£160 93.54 7.5x10%1 800 92.35
100 10 2.8x10°+68 94.17 5.2x10*+620 94.69
15 2.7x10°+86 94.38 4.8x10*£950 95.10
5 2.2x10*65 95.42 3.3x10*1 000 96.63
200 10 1.1x10*+75 97.71 2.9x10*£600 97.04
15 53050 98.90 2.5x10*330 97.45
5 30021 99.38 1.9x10*£540 98.06
300 10 270+8 99.44 1.8x10*£580 98.16
15 250+8 99.48 1.6x10*£630 98.37
5 22010 99.54 1.8x10*180 98.16
400 10 120+10 99.75 1.6x10*£280 98.37
15 <1 100 2.9x10*110 99.70
5 <1 100 2.2x10°£120 99.78
500 10 <1 100 320x10 99.97
15 <1 100 25048 99.97
5 <1 100 33010 99.97
600 10 <1 100 18+5 99.99
15 <1 100 1343 99.99
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2.1.1 HPP RE/E F1 5 RE A& A 8] 4L 22 37 5L
FEAR

B TR, K15 S E MR 450 R A 0Og
BEMAEAS— LB KT R s R SRR, beng
FRAL T, S PERADHIER TS, DNA SEEE )i
RRENES, REFERAERIET P, BRI
B 1 E 8. HPP AS[A K 1 5 [F AR B [R) b 0 L5
LA R AR R 2 fow, IPFLR R A
HREEE ST S BEE HPP 157 S5 R A 2E K
SRS, RAFY RS SECN 9.8%10° CFU/mL,
KIGH AR N 4.8x10° CFU/mL, 4% Jiis 3|
400 MPa. fRJERFIAAS] 15 min M2 LA B, KB #E
FIEHIEF] 100%, RIEEPFAAKE . k72
600 MPa. RN EJZEK ] 15 min B, B akA7
HSBACH 13 CFU/ML, BAEHRAEHE B 100%. 4
JEJIAHIFIRE, 5P LA B AR A o R B ] P S K
M, (HIE S SRR AR, HPP X3 FLrh e
YIS NA K . ORI [RAR [FR,  3PgL
A IBCR B TR TR TR . 3 S e RS
1] FH e v e R BRI LI T 5 SRR AR
2.12 HPP RE/E F1 5 RE A& AT 8] 4L 22 37 5L
BRJE 5 pH 1A T AL

EEPIIRRIE S pH B FT s LEE T 2 75 K AR TR,
RFLER AR I A AS 36 T i A 75 A TR A A
bis AT UAHISRVEAN S5 SR AR, 263 w4, o
FLE HPP AbHE 5, ORI [a] [ e, /785 500 MPa
(5 500 MPa) W} 5RAFIFFAAMLL, IrFLRRE B
= FF (P<<0.05), WIREEH T& R 2 55
FUH A TR R AN H R M AR RS
BAEIR 6 I — AR SRR 1) & R AR, F3K
i RE TR, 4K ) 100~500 MPa 2 A, 54k
HIPFARLG, BT R (P>0.05), ME7)
R, BEEOREREER, BR300 MPa AbERSF, %
JE AP AR AR (P>0.05), 300 MPa
J 77 A 3 0 7L i o e T 1) e K PR P 3 T s 1)
Jir RN ] 8 -5 2 R P s FH () SR A A VA T
R EA R, FEORZE K. pH AR/ T ok
AT HBPIRASHTEE S S T I0RE, R 3 R, I
L4 HPP Ab¥RJ5, 4E714 600 MPa, {RIEREA
15 min B, 7L pH HE RGP FAHLL B E %
(P<<0.05), HARKHAFEE I 5O/ [ A H# 5

pH H 5 RAEEIPFAALL, BARE FRERES, ERIF

TGtz (P>0.05),

%< 3 HPP NEIE N S EHRERESLIEIFFBLE S pH BT
Table 3 The number of microorganisms in donkey milk after
different HPP pressure and different holding time treatment

JEF)/MPa  ARERTE)/min  BRE/T pH 1&

AR F 0 2.13£0.00°  7.20+0.03*
5 2.13£0.00  7.20£0.02°

100 10 2.07£0.10  7.18+0.04*

15 2.07+0.10%  7.18+0.02°

5 2.13£0.00°  7.19+0.02°

200 10 1950314 7.20+0.02°

15 2.13£0.00  7.19+0.02°

5 1.95£031¢  7.19+0.04°

300 10 2.1340.00¢  7.19+0.01°

15 2314031 7.19+£0.04*

5 2.13£0.00  7.19+0.01°

400 10 2.31£0.31™  7.19+0.01°

15 2.13£0.00¢  7.19+0.04°

5 267+0.00°  7.17+0.01°

500 10 2484031 7.18+0.01°

15 2.67+0.00°  7.18+0.01°

5 248+031%  7.18+0.02°

600 10 2.67£0.00°  7.16+0.02%

15 2.67£0.00°  7.13+0.02°

Z: FAAARRFABIBEFHRATAALE LR
(P<0.05). F&R.
2.1.3 UHPH RFE)/EAZEIFILAHBR

FEFUBISATL, B EREY RS HIAE L A
Tt et AEEE, UHPH {EA—FES 5 s 171
FEIETOR, RIS TR P ERUALE 200~600 MPa [
JIFEN, G — A HFERIBIT 0, P2 AR
FEME AR, AR AR RIURL 32 25 (R BT 5] AN
Midi, OSSR, M HX 2R
i AP, FE s RY, 78 UHPH i f2H, B
LI B RURMA T 77, BI85 I 34 m,
SHMCEIR KIS R R R A, B4 UHPH A
HEFTRIR R IR 4, IR
% UHPH &1 Fmsd, 4475163 200 MPa
PLE (R 200 MPa) I, ARAEIPAL R oK R A
FLHILF] 100%, X5 Pereda Z50PYF|F UHPH Ab3
AR FEE AR AER Y s 73k #] 250~300 MPa
B, PRl I A A BTsD, (B 5E TN 100~
200 MPa IS J &R 1) 5% T 20 SR AH b 9F A 2 25
(P>0.05). 5AB AL RARRME, Addo %5 H]
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UHPH b33 7R3, K778 100~300 MPa B, 3P
WA A R S AR LA LR R R, HA T
ReFE 7 AR R EMER (P>0.05). Amador Z5P°
FIH UHPH Ab3E4 R4 L UAIR A 4 AL I K B 4%
1, WFF4E 5%, 24 UHPH J& /78 200 MPa, #k1]
TEN 55 65, 75 CHMFAFASE, It
YR KRR/, H24 UHPH JE 7734 %] 300 MPa,
BN 75, 85 CAAMRMFRA AN, WA Tow
4., AW Y, UHPH ALFREPSLE /74 300 MPa
B, EAR R K B, R S BN
200 CFU/mL, {HFFAREIA ST IIRER
2.1.4 UHPH RREVEAXEIIEBRES pH 14
g

L o T P e P T 2L A 15 B 1) — T B A

FRAEA- W i SRR AHEART IR+ A LR
SRR A AR, % s wa, s
UHPH 4B 5, M &I KT 150 MPa (37
150 MPa) I}, BRI A AL F G, B 2 E T+ (P<<0.05),
100 MPa AFRG 7, 5 A AL BRI EU R )G 5 2
A4k (P>0.05), JPALERE _FTHHIJE R AT g N4 UHPH
ARFRSE, P FLA s A AR A R R O T S ECY, &
UHPH 4¥ 5, 37l pH B BRACBRD L 2% B
(P<<0.05), HFH&F R )05, pH (EIZHT AR,
M AbHE 73k F] 250 MPa ivF, 3P pH {HiEa T Ha5E
SRR LS BRI, Addo ZPFIF UHPH 4k
AR RLERLK, AFEE LTI A5 R
A28 pH HITLEZEEZER (P>0.05), AlAERAH
NIRRT B 7L DA S AR ER 75 ORI B AN, S8k

FEIE TR AR I ] PRI 25 . IR (I WS AFE —EZ Tt
#< 4 UHPH REE DB F R PREYHE
Table 4 The number of microorganisms in donkey milk after UHPH treatment with different pressures

28 3 XMEA/(CFU/ML)  BeE/% HAEEHK(CFUML)  BHLE/%
PSR 4.8x10*+1 900 9.8x10°+13 000
100 MPa 1.3x10%720 7271 2.8x10°+7 400 71.43
150 MPa 7.4x10°+460 84.58 1.4x10°+6 300 85.71
200 MPa <1 100 9.7%10°+360 99.01
250 MPa <1 100 330+15 99.97
300 MPa <1 100 200+18 99.98

#2 5 UHPH REIEDIEPAGERE S oH EZL
Table 5 Changes of acidity and pH value of donkey milk treated with different pressures by UHPH
8% AKIEIPI 100MPa  150MPa  200MPa 250 MPa 300 MPa
BRE/ST  2.13£0.00°  2.13£0.00°  2.48+031°  2.67+0.00° 2.48+0.31* 2.67+0.00°
pHAE  7.20£0.03°  7.15£0.03°  7.13£0.02% 7.1240.01° 7.10+0.01° 7.10+0.01°

22 BHEELH

W R, 1R HPP AbHIFHL, JE /1A%
400 MPa, {3EHE] 15 min 5, A2nbipg i K m s
LB AR R, 175 225 /714 E] 600 MPa.
PRI 15 min B, 7 2 I SR T AUR
fEIP AL B 5 B BN 13 CFU/MmL. K] UHPH 4t
FROPFUN, JE/J=200 MPa, A] DAL ok
IEBE KR IRER, 1 77=250 MPa i, ZRgLH
% S H0N 200~330 CFU/mL, @ik A E|f#H HPP
IR AR . HAEMEGSE R KL, 250 MPa 5
300 MPa & /JAbBRIP L), AEMLEHAT IR L7 A AN ]
FEEEMIPUSE . fEAEF=RE T, KA (Al R R &% 7
RS TiglT, Tkt FELR TR B
PR P3G R T 4 e A o A F0KE HPP 5
UHPH #4546, KA F#zhm RG22 (High-Pressure

124

Processing+, HPP+) 33, RH HPP [£/1Jy 450~
550 MPa, {#JEW[E]A 3~15 min, UHPH /& /1N
100~200 MPa TR RIS RIL—FIATFE HPP
B SBR[ TR 5, A
FKINLILE,
22.1 HPPHEX HPP TF/EHAEIFILFHE
FHIE 1 A%, [ HPP fRIERSTE] 9 min, UHPH
J£77 150 MPa, %F HPP A[EH 17 450, 475, 500,
525, 550 MPa ZbF5P 7L, BEAFEE g, IrFld
RVE S BUE B2 TR (P<0.05), ¥WERKHE KT
WA, RESCREREN 525 MPa, K BULT|
22 CFU/mL. %4/E /KT 525 MPa itf, RESCRET
BET (P>0.05), BT, AL HPP+bHE,
S8 450 MPa B, BUEEA 99.91%, X5 H.4f
HPP AbFRIPFLE F124 500 MPa FrRHLH 3R
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U, M4k Hk# 525 MPa i, BUERCLREELT
100%, 1X1iH] HPP+A T, HPP & JJ4 525 MPa,
{RIEREA 9 min, UHPH JE7724 150 MPa i 4b# 5
FLANA R R AR 5 54l HPP A5 R R F
515w R ] Bal UHPH B R SRR = s
JIFTFRILH R TR BURAE 2

1200
1 000 |-
800 -
600 -

400 |-

W& 40 / (CFU/mL)

200 -

or

45|o 47|5 560 52|5 55|0
J£71/ MPa

E 1 HPP NEIE N EE S

Fig.1 Total number of colonies in donkey milk under different

HPP pressures
222 HPPHEX, HPP T F)/E A4 I LB E
B pH 1a 89 AL
[t 5 HPP {45 17] 9 min, UHPH J% /J 150 MPa,

K HPP ANJA]JE 77 4504 475. 500 525. 550 MPa
AERIP LR FE S pH (AR LR 6 WA, BEE R IH
FE, FARERE LB, HIFTEERL

(P>0.05), #EM i 5 7] Gy HPP-+5 304 HPP #H L,
A RIS —55E, M 450~525 MPa
Ab B 5 O FLIR B 5 AR AL BRDP ALAH L TG B B ARk Y TR
773k E| 550 MPa i}, JPFLRREEBRAHI LR
J (P<<0.05), WIREZFAKEE HPP IG5
AP IR R (FrERR S AR BRI
TRV & B m, I LR B T o 9P
% HPP+ALHLG, W% HPP AHE KT, B3
pH EHEIH B3 FREMES (P<0.05), XnHEe
B934 HPP 5 UHPH BE&40F )5, 49l pH
(ERNEHREE Sy IR
223 HPP+#EX HPP REI4R/AAT 1A 4L 32 3P 5L
FEAR

FHPE 2 m] %A, [& % HPP [ 77 525 MPa, UHPH J£

77150 MPa, Xf HPP AFERIERE 3. 6. 9. 124

15 min ALBREPFLNY, & ORI RIRISE N, 3Pl s
MR BE T EA (P<0.05), ARG KEHE
B, HoPREARHEN 9 min, HELSEH
24 CFU/mL, BUtE CTLMREEET 100%. PR R [A]
9 3 min B, BOEECEE] 99.98%, C4HHaf
HPP KRS LT /728 600 MPa, {REFA] 5 min ik
FII1 99.97%HIBEE AH 2 S ORI (A1 9 min B,
FEMROAEZE (P>0.05). X 5x|ERPFR
RN FREE L, 1K /74 400 MPa, {R I TEIAF] 20 min
i, TR FIEIERIEE] 99.91%, JFHAR LT
SERARRL, AFRREA TR HPPHGHA, 4
HPP J£ 7774 525 MPa, fREB[EIJY9 min, UHPH J&
719150 MPa i, BAERCLMREEL T 100%, X
b Balifdi B HPP ALFRLP FLIS BT 7 600 MPa, 4K [E]
15 min, $.401# ] UHPH 4357 FLE 7754 300 MPa i
BTl B R 2

200
150 -

100 -

B 5%/ (CFU/mL)

50

3I é é 1I2 1I5
LRIE 8] / min
[E] 2 HPP [EIfRIEFTEI AL ERIAFL R S 3
Fig.2 Total number of colonies in donkey milk treated with HPP
at different holding time
224 HPP+#EX HPP R EI4R/AERT A 4L 32 2P 5L
AR B pH 1A 89 T AL
FHZ% 7 AT %0, [& %€ HPP J% /) 525 MPa, UHPH &

71150 MPa, RH HPP AFERERE] 3. 6. 9. 12,
15 min ZLFRGPANT, CRERTEA 34 64 9. 12 min i,
P FLRR FE R AL BRI FLA W =y, HIFETE R AR

(P>0.05), LR AIEZ] 15 min B, FFFLRREER
KA EE FF (P<0.05), {HZ: HPP+AHES,
I3l pH MEHBEAE fR IR R E K 2 B E T B

(P<<0.05), 4fRERF AN 9 min B, Pl pH H5H
BRIEREAHIE TR EHZES (P>0.05).

#< 6 HPP R[EIE AR FLERE & pH EREL
Table 6 Changes of lactic acid and pH of donkeys treated with HPP under different pressures

487 P L) 450 MPa 475 MPa 500 MPa 525 MPa 550 MPa
BT 2.1340.00° 2.13+0.00°  2312031%  231x031°  248+031®°  2.67+0.00°
pH {& 720£0.03°  7.1240.01°  7.11£0.04°  7.12+0.01°  7.09+0.03°  7.09+0.03"
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F 7 HPP RNEMRIEATEIALERIPFLERFE K pH ERYZE(L
Table 7 Changes of lactic acid and pH of donkeys treated with HPP with different pressure holding time

28 %) F AL PRI FL 3 min 6 min 9 min 12 min 15 min
B E/°T 2.13+0.00°  2.48+031°  248+031®  248+031®  248+031®  2.67+0.00°
pH {& 720£0.03°  7.14+0.01°  7.13:0.01°  7.1120.00°  7.09£0.02°  7.09+0.02°

7% 8 UHPH NE]EIAIRIFFLBREE K pH {ERYEE(L
Table 8 Changes of lactic acid and pH in donkeys treated with UHPH under different pressures

85| R4 100 MPa 125 MPa 150 MPa 175 MPa 200 MPa
B2 JE/°T 2.13+0.00°  2.48+£031®  248+031®°  248+031%  2.67+0.00°  2.84+031°
pH 14 7.20+0.03 7.15+£0.02°  7.14£0.02°  7.09+0.01°  7.09+0.01°  7.08+0.02¢

9 BHEERANIEFEREMEER
Table 9 Orthogonal experiment results of combined static and dynamic high pressure treatment of donkey milk

R¥5 HPP/E/ A/MPa HPP #&/EAE] B/min

UHPH #)/&/& /) C/MPa & %% 4%/(CFU/mL)

1(125) 180£13°

2(150) 130+5°

3(175) 97+8°
2 744119
3 24+1°
1 39+4"
3 15418
1 25+4f
2 8+1¢8

81333

70.667

45333

36.333

1 1(500) 1(6)
2 1 209)
3 1 3(12)
4 2(525) 1
5 2 2
6 2 3
7 3(550) 1
8 3 2
9 3 3
K 135.667 89.667
K, 45.667 59.667
Ks 16.000 48.000
R 119.667 41.667

200

=)

E

E 150

L

s\% 100

09

B

= S50+

100 125 150 175 200
PRI 5] / min
3 UHPH REIE LIRS EE B 5
Fig.3 Total number of colonies in donkey milk treated with
UHPH under different pressures
22.5 HPP+#X UHPH RFE AL IF
B BOR
HHE 3 Al %N, [ € HPP £/ 525 MPa, R[]
9 min, &M UHPH AN[FE7) 100, 125, 150, 175,
200 MPa Ab¥EIP 7L, % UHPH JE )7, Gl
W B R B E M T REES (P<<0.05), BIRMHK
fawERE, L7189 150 MPa B R RO, TR S

126

#0023 CFU/mML, BOLELMRZELT 100%. 2]
=175 MPa itf, REBRCTLEZEEL (P>0.05),
JpA.% HPPHE A 5, [ HPP JE /) 525 MPa,
{RERSE] 9 min, UHPH J& /775 100 MPa B, L%
99.98%, CLZ&H] LUIA S| H.4l HPP 4b3 % /7 600 MPa,
{RIEIE] 5 min, #.45 UHPH 4% /74 300 MPa &b
HAERIIHRESER, 5k 2.1.1 5 2.1.3 FiE2
SIS AEB AR .
22.6 HPP+#EX, UHPH FF)/E 7 & 28 57 5LER
JE B pH AR 8 TAL

f# 8 A4, [E5E HPP [& /) 525 MPa, {fJEH[a]
9 min, KA UHPH A[E 77 1004 125, 150, 175,
200 MPa, AbFEIFFL, IPFLERFEEREE UHPH &7/
IR EFRES, HYET/NT 150 MPa (45
150 MPa) I, IPFLEREE EANA R A, HESK
WERIFFLARLG, R ER (P>0.05), M4k
713k % 175 MPa LA E (1% 175 MPa) K, HPP+3P3,
BRI IR E RE LT (P<0.05), {H5AH A
JI/NT 175 MPa AHEURS, 3P LRG0 B 35 VAR 1k
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(P>0.05). I'#.& HPPHEUANE UHPH J& /740 FE
i, BEEEAR LT, R pH (H 2 B E T
(P<<0.05).

23 EASL

it B AL, IRkt HPP SRR N
525 MPa, HPP ffELRERE]Y 9 min, UHPH feffAb
HEE 7104 150 MPa, DURRACR ATERR, 7EHRHEZEIK
e seat R ER Sl R A BRI L, 3T =R
ZACPIEASRIG BT, HL 9 e, Wit RS9
RN 9,

FHF 9 nJ%1, DL HPP+ACH S I LR S BNV
Mrars, &R EWRIGF A HPP 71 >HPP {3 (]
>UHPH [ 77, Rl HPP 4bHEJE 772520 HPP+IP 7L
BN F R R, HGE HPP ARFROREI[A],
UHPH #CEEE 752N, AR ZE TS H HPP+Ab
PR AN AsBsCs, BI HPP s fEAb BT 1N
550 MPa, HPP AP fELR KM [A]A 12 min, UHPH
AR ELE J18 175 MPa.

X IEAZ SEESAAC G ISP LN T L 2T I00E, 45
R, YRR KON (9+1) CFU/ML, 5I1EAgse
365 7 2Hik5 HPP J£ 77 550 MPa, HPP &[]
6 min, UHPH JE/] 175 MPa, %5 9 4% HPP [k /7
550 MPa, HPP {4/} /&) 12 min, UHPH % /] 150 MPa

SRR ENER (P>0.05), G&shrdr5
WATRFELIR, i HPP J£77 550 MPa, HPP R}
[f] 12 min, UHPH J& /] 150 MPa ALt T L.
AW T BN TG, KRG KEEE, &
%S 40CH 8 CFU/mL, BRAEEN 2.67°T, pHAEAN 7.10,
e (BERZE T irfE-BRAHP L)
(DBS 65/018-2017) HIEK,

AT R AL Hoph HPP 5 ¥l UHPH 4bFH
JG, WVRBEIRINEE K, (HERTEER ST
B (PR B (8] A BE 3 7L B 78 e ok B B A1
{H¥ HPP 5 UHPH ACPEAHS: &5 &I, HPP 4bHE
7129 550 MPa, {#EE 12 min, UHPH 4b3E 1
150 MPa A2 5 37 3 FH R 74 S 2035 LU Sk HPP Ab 3 T
77 600 MPa, {8 1A] 15 min 5 8.5 UHPH 4b3 /)
300 MPa JG 3P AL R S EUIK, XU, HPP+EE
AR, FHET DU R R A A TR S R ) R K
[AIZAT, AR i R 1 2% A FH i
24 AR R &

£ 4 C%MHT, AE K KHE (Pasteurization
Treatment, PAST) (72 °C, 15 s) Y yXHIE, %} HPP+

IPFLESEIE] (0. 7. 144 21, 28 d) fAEYHE.
TRIE SR E PN BT 52, 1k 10 Fir.

10 PRIFRAERPFLI A B m R
Table 10 Quality changes of donkey milk during storage with different treatments

PAST 47 3L HPP+37 3L
mi%i A -/i A vi
M/ g Eer | BeS®Y B gper A BRR A
BRJZ/°T (CFU/mL) RN il BRJZ/°T (CFU/mL) BB

0 2.31+0.31° 80+5° ¥a3La e, ark. HREF 2.67+0.00¢ 8+1¢ HAHa &, Ak, HEALET

7 3.20£0.00°  160+15° BRIe N L, HAET 3.02¢031¢  10£1Y B HILAE, Ak, HALEF
14 3.90£029°  310+23°  EEMH LF, FHERLR 3.73£0.00°  14£3°  ¥HIaE, Aok, HEAET
21 - - 4794000 212" B E, HRMEKAK
28 - 6.22£031°  25+3° N, EEBRIKAL

IPFL4 PAST AbFRJE, RETH KIERE, Bk
#0080 CFU/mL, FRFEN 2.31 °T, & (Ehheait
TrFRE-EL R EY H) (DBS 65/018-2017) HIZEsK,
BEE IS [ ZE K, PAST Lk BB SRR
R LTS, JRFTTEEZ PAST AT 7L R b
AN, BRI A B R eI T, 58
PAST 7Lt i ] 38K R i v, 56 14 d
WHEAF] 3.90 °T, BFFE (Bt brdE- IR
HY'F.) (DBS 65/018-2017) [HE K (<6°T), {HE
JE b PAST P CAE S B JEHEER
[MIAEK:, PAST Lz BIBIRW; LIz s, 2

%5 14 KiF, PAST O O EEN—ZBNZ, I
W2 500 BFRERN, ERREAL
i TE PET s igy Lz R B E A
AR EEE, FERARER PET MM EHIA R
P LA R LI RS S AR S AT R S5 B
FERMH, TR E R B L P O NS
MIRENTER FIFE RS — B Y E, SRR IR R AL
PR RENSEIE.

AL HPPHUGHE, REH KRR, Ve
¥0h 8 CFU/mL, RN 2.67 °T, #& (B4t
TrhrdE-E R FL) (DBS 65/018-2017) IR,
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VLA HPP-+Ab3E 0] LA U AR KA FLH A4 . B
N ] A ZEK,  HPP+I L B v s B 2 1 T,
F| 28 d P K ZE 25 CFU/mL, JE A AT REAE B T3
SRS, ARERCRBOIIIR, I 7
AEVIRETE, SEETE SEUEKECD . (H2E HPPHI
FLREAE Wk, (M RE, FRAE 23 EAMEH, it
JEUNT AR RN EE 21 d B, BPFLRREEAN 4.79 °T, BfF &R
b A T hRAE- T IR 9P FL) (DBS 65/018-2017)
FIESR (<6°T), HECLHRMIMG %R, &8
NEEESE R, FI5F 28 d I O ™ E RIS
R, HAEDTZIMER, RELE6.22°T, CAMTE

(BMzaet i fE-ERAEY ) (DBS
65/018-2017) IR . 735 R W] RS2 T BEAE I3
IR, BPFL S FE TR e, SRR
W5 TSGR B BRI SR B RR B T2 A, S8
HPP-+3P LR L - 1 S BRSSO H B

ST 4 CASHE T PAST YL &% HPP+5 '3,

T EE, Z PAST JPALT 7 d AR,
HPP+Y 3T 14 d Wik et

3 ZHig

K F HPP-UHPH W& Ab B . HPP+H AL #R S,
DR RCR RS, i R 2S00 5 1R A8 S0 e
HPP+AbFROP L i AR AL BE T 254 HPP % /7 550 MPa,
HPP AbFR 5 A E] 12 min, UHPH SfEALFE T 7
150 MPa, SZMaLPFLR B BOER £ X R A, HPP
JE71>HPP {# LR 8] >UHPH & /1, PLiZ T 2440
TIFIREEN 2.67 °T, pH A 7.10, HiEBECHN
8 CFU/mL. LA PAST Y3 A% B, X HPP+3FL7E 4 °C
AR NI SR, E 1 PAST Il tE:
YRBTEI 7 d N, HPPHEP FLEAE RIS T 14 d 9.
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