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ABSTRACT: Milk is a nutrient-rich substance and an ideal medium for the growth and reproduction of
microorganisms. The quality of raw milk is a key factor affecting the dairy industry chain. With the development of low
temperature storage and cold chain transportation technology, the growth of most bacteria in raw milk has been
inhibited. However, the growth of psychrophilic bacteria are not inhibited, and gradually become the dominant bacteria

in raw milk. During refrigerated transportation or storage, psychrophilic bacteria can still grow and reproduce. The
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proteases and lipases secreted by psychrophilic bacteria are also resistant to high temperature and remain active after

pasteurization or ultra-high temperature sterilization. Therefore, it is of great importance to understand the diversity of

psychrophilic bacteria and their enzymes to improve the quality of milk and milk products and reduce spoilage and

waste. This paper introduced the contamination status and spoilage hazards of psychrophilic bacteria in milk and milk

products, in order to provide background information for the risk assessment of milk and milk products, control the

waste of psychrophilic bacteria on raw milk from the source, and ensure the quality of milk and milk products.

KEY WORDS: raw milk; psychrophilic bacteria; contaminate; proteases; lipases

0 51 &

IR —FEFRRS T EENYE, SHEAT. IE
107 . FUE . B DL R e A, HA R B SR E, 1
Hotb JERUE R R ORBEFR3E, Wb 5 R IR, Nt S
AL L FUA AR A — A T R e it AL
) J i A2 s M L i M A ) S B R 2, B IR A7 A
PR B AR R R, AL R A Al B A A K 2 B,
RRWD T AFLRIR 2P, SR, (R A F T g% A4
KIFRZENMG, I 4B P SR EY, ek
W, AFLAEVS e 1 d J5, BV TR A B0 RGN £ T T R
f9 50%, ¥ 2 d J5 ATHE AN £ A S TR 90% A BB

TR AR T AR, H B A K R 41,
SRR E A D RAIE T, XM EGE R KRR
20~30°C, {HIZZKHAE 7°CHUE IR P REA K 210, 78
TR TR, M — Sk A R 45 2 3R AT 14 fef A 2L rp g
AR RECE/NT 102 CFU/mL, 0 H G S @R 10%07, #F
R, FEINEEE I IO, FL5 R s L Sk F i B 1k 1
WMAEY T TCE R TR B R, BT LA RE R A 15 Y st A7
FAF2ER A A FL AP TG Y A 2L BB S YR
SARZ, PIanBaaAsE . AN . LSRRI K . Bk
F UL B A 4 it S 545 7T RS AN B i 93k, DU 400k
168 rDNA Wl /3 F75 Y PGB ER ARG Y AT T 2 s, 45
RIS R 2L 5 ey =25

R 2R B EE AR R =0, HREERES
S FL BT AR S IR AT SR e — A S BRPE R Il B, H Ak
I, EEE, BAEKAA D52 — 2L e A i AR e
P ol e s O e AR b R 2R FR L S F L A
(18 YR 2% ) A8 [l B AN T 2000, 7L L ot 1 S DL S 5 2 7
b kB RIMGTHR, B, LR LS & AR B B &
YIIRB v R T A . AR SO FR LB AL S A TR £
FEPE G V& T 10 1 3 S TT 40 AT, R 55 I ¥ TR 1 I 4 I s,
BRI EFL L FLH e fE A i, b FLH
TR, hE A WS AL 2 R o

1 FEAENZHM
LTS T R T VP, BT L fE

TEEA . TR X IR A K- 2012 R g 57
FEANA P sl 37, A [ 1l R [R) 22790 R4 1 A6 LA
TG A TR A B -7 fE 22 50 A S B e g
V2 TR 1Y) RN S IR BT T R (Pseudomonas) . ANEIATTE
J& (Acinetobacter) . V> & [ W J& (Serratia) . ¥ 1 J&
%2 8 & (Clostridium) . F T & )&
(Lactobacillus) . 77 Bl ¥T % J& (4lcaligenes) . & T 1#H J&
(Flavobacterium) . T ERH J& (Micrococcus) . ¥ KT H &
(Corynebacterium) . SEERTH )& (Streptococcus) . ZEAAFFH &
(Bacillus) MG FT i J& (Enterobacterium)™ ™%, {5 B Ja T 12
JBRAEEA D ERESNIERE, FEAEIICRAMTRE
(Pseudomonas fluorescens). i AR FANMIAT I (Pseudomonas
Sragi) TR BA ST B (Pseudomonas lundensis)ZE1¢!8),
A E AT A FL T S R IR A S T
8] 1 SC 8K, YANG %5 U5R F AL G885 9% 16 R 4y 1 S
(single molecule real-time, SMRT)IM 545 & F 5 1k, BRI
VLA 4 B A 2L P R T BV B AL s b AT T A5, 45
KRB, HEBRHWERERTAE, Lok
T4 W JE B PRI B & (Pseudomonad) . FLEK B JE
(Lactococcus) . N B ¥ 1 J& (Acinetobacter) . ¥ 1 J&
(Chryseobacterium) F1 % % BR & J& (Staphylococcus), i
SMRT W2 460 H 48 % FA I B 8 (Brevundimonas) . 7%
4 J& (Janthinobacterium) . N8 J& (Acinetobacter) .
PRI TR & (Sphingomonas) R I BR 1 J& (Enterococcus) H
PEssy ), I BT Ve TR A A v Sl A e B b 22
5o AR TR E AR b L X E VA B A 4 i S L 1A 1 A
i H5 . LIANG PV e 5 2 REMA B TR A
HE S AR G 9 40 G AEFLAESL, SR SMRT RS
b PR A7 RN 2 5T X A FL v A BR T U 4 R R 2 R S T
ZER R, TEAE W 35 FhAli e, X 3 & om
WE Ve T 2 9L R AS S AT B (Acinetobacter albensis) . #4 AR
P KT B (Pseudomonas  gessardii) . B % AR B AT 1H
(Pseudomonas weihenstephanensis)HHLIE FC R (Rahnellainusitata),
I HANIR] ™ 0 275 0 A ZUAE B opE e 32 5 e s Y TR R AN
[Alo W98 A 5 38 2 B i 2 R e s 1) 5 0 ER AR PR
FF R A ARO 2 B SR AR ARG, PR\ SR TR A & s s AT DA
BRI A LB BE (A . DU ZERUR L Gk IR

(Chromobacterium)



557

VESCR, % FLLELH A v 1E

1 2 Rk B LB W e S i st 17

I SMRT Wy J5 ik, *F e ERIEVE . NSEh L HOl L g
LR T FERAN F S HLIX A 25 0y A= FUAE S TR B VR TR
PR L A ZAEVEREA T 408, SEAr s 248 ASRIRI g
BWHREE, FEREERN 21 8. 59 MR, HPp g h
B AT & (58.9%) o FEBLFZT i BB IETT 5 N 5 s X (1)
FE L TP Y R IR 250 I b X AP A 22 5%, (HWY
FIAAL, RIL, Podm A AN R X35 S A [ 45 1)
i e SR X BBV TR TS e . GUO 26207 2018 4E 1 AL 5
AR 9 A, N ERBIRITKK. MRERE. 7 RIFT. T
IMEER T RN 5 W5 ILIAR 355 et far BT 3H
WA FLRE L, IR SMRT v 0 A= LR S AU A
HEREIEATINE A0, BB 3 Ahfc il A7 26 2F 9 b i i 2
HARFLERTE (Lactococcus lactis) 'S BEKWGTE (Enhydrobacter
aerosaccus) MG IEARNBIFTF B (Acinetobacter Iwoffii), ‘EATTE
FIA BT B ZLRE S TR 99% L 95% T 94% 43 TR RS 3]
NPT AE TR )2 0 R DXk P A T A 2L B R A B P
fF 8 P MMA YR AR SNBIAEE, BT IRFE I
A B S R TR B A TR A Y AN TR 2R A AN R A 3R
SO AT, BT Lt 2t Az 2L P RS A T 1 2 R AR
SREUZW . L, FEHAERL g T S R m AL
LSBT L D B ORTYR 9k Y SRl

AL 200 B B SR R BB i R K P (ultra. high' temperature
instantaneous sterilization, UHT)ZLB)5, 401 A /K FE2 K
MR %, (LRI v TR 0 D06 P FAVES 2 4 L &1 g kT 78 149
R ZE AT DA R AR, B T B TGRS T 8 1 i K AT Ak
RS WL REAREFIE M, R Ll St i 2 L FOAR 7, Ll b
S AR 5, (910 i AR e B o A A SRR 28 AL
AL B AT RS, EE5 A g 8 B L FG I B
MAF IR . BEASHF UM KGR . BRSSO i AR
VARSI L V4 2% FG P I A0 1 LA B ™ A 0 g o 24
PCBAPE R WA, FHevb, BRI B 109 45 2 T ik DA B LAt g
8 2% [ 4 DRI R ™ 2B 6 04 25 22 [ BH 1 8 W T ] A
A R D I AR e, XL A F LA A Y T R O R
Wi 29300 RIS A B, SRR ZE AT T AE P L B
I, B EURPE AT LA AL P T AR g
U 2E AL BT L P A TS YL L, CHANG 26 P2
EVEE 3 MEH 0. R ABIDREET 150 hAK4
FLAN 300 3 ELERARBRIK AL, S5 R 5w T 96 RREEHE
ZEHFFE, HA 50 #R(33.3%)2k B 4K AF, 46 #R(15.3%)
K AERRAEKFR, MEREFEES S, B8k S
MXHEARSCHT cesB FEAR AN 6.25% (6/96), X HHIMAE
TR LR G2 TR ZK AR 2L A 2 85 S ) A 2R 11 TR R
255 R AEBVG A MK it . MENG 4553 A7 3045 il
AFLH 3 B B B R 2T R LE 25 R 37°CH, JbA 42
AT B RR(89.36%)EE A UHT W3R b r=a: 18 H K fif
Bl, TTE 7°CAAE T RS A R KRR, i LA 5

W UHT 57 i 8 A= 5L SRR 2R AP R TS e, B PR A )™
EELI RN R

2 RERAEHEMREE

A FLFEARIR R A BB A7 As S e o T R VA B Y AR K AN
AR T IR 7 A, el L 1 e R S B A AR K 114 J
Fih o —FBESRCANE, AREE 4 G0 0l A A TG IS 1) S S SR A
fIX, RE A A T LA™ AR 58 A v iR i i, e (G T 0 6e
PR S R 2R T HL 2R AY 2 4 A WAL
A RS, AT ARYE AL T B T I T 4 ARk,
R RAMIR IR EE T IR RE AU LY R 2B MG 1 A
FEIRLEE & 30~40°C, b iX AN B 23 R 16 AR T, (AVER 1A
Sy U IR A SZ 52 00, U2 UHT 95, 23D R mgve 1A
Bk A T 2 DR AR N R AR AR . R . RAUKSE
a3 AT ST, A TR] A M1 B TR T kA
E KR DA R KR ES, I HAG A R R 1 i
T 238 ok A3 it 2 W I AR 1 S 80T S R B PO 2L R EL
Tl S FE A~T°CHEAFIT, B BRMLAT B 43100 11 i 7 ity EL g v i
PR NS G S TR B, ELERR AN UHT KBRS £ B
F R EMEDT . ASTR] B W A TR AT LA IS [RI K Y g, {51
PEICAR A NAT IR RENE =25 B MG . DR DT AR AR B, A
KA F AT 4 5 B ERAAAT i (Klebsiella pneumoniae){Y fig
FEARE DT EECS . BRI LIS, oA IS B A B AT A (T
JEVOGCIRBFT ) . 2R . D R AR E N
KAV 1, T A A 24 ) A B AT B R (SR AR O R
FMIFTE) . ZETEAT R . AT B AR ShAT 8 H A R 5 A A
fAE R,

2.1 FEEKEREXEEIAF S

A L H G VA A 110 A B T VA e R P AR A 4 1
I FLE AT A3 W5 1 T A, 1 Bl A L) o ek R v AR e b
Ko U] A SOh K A IR BRI T, 778 T 2R 05 rh
1 P 2 1 O S B A I B ISR, K5 TR B-F LKA [ -
WEAE Y, ZE GG EEALEEAOM FEN
b, TR BCAE AR =4 M 4, kSR A R R R
UHT W5 1E G517 0 18] 7 A S R R e A B e 1) b i
JEFL A B AT R A AR Ak, B2 i P9 R 2k 2 T BN
PEFETG A Al S5 BRI, SIS =AU, 3L K&
FLH A AF AR e, AR L 0T RE K R LR ER B
MRS E A, FHUENERMRE, 840 E AR, 18
W A 7 e Bt v, R DG 5 2 B WG V4 TR 40 D 1 B 1 i 2
S I B (0 R, AT SR BOS S 7 B L A A R T
ARAF R A H B A A A TR R R R 1
A Ser2. AprX 5. RFRMIFF B A 3L b HA T O i
FEREEH, ERE A —FI A I SNE A AprX, AprX
L T 4 TR 2 P A T LA A0 T B P R A B R A 2



18 B dn 2 4 R R I A 4R

F 14

Fr, SEUEAF AR BT, T H B RS UHT AR BEER TG
PR HAROIGES M, WERREE, Rl & K
o, A L B — R O B A, IR B T L4
—FhHy Ser2 FEHIRAS I 52 kDa (PS5t 45 & 25 11 i,
ik, XA E AR 4N Ser2, 1 H. AprX Fl Ser2 7E#E
PR SR A A AR b LA 78 B B [ L7

UHT T 2477 M2k Jo i)™ &, RimiEzLhrgn
B AR — S IR 2 /E UHT ARIRFR7ETE T ok, MR
il UHT 2Ll SR BT . 5T UHT Ab38E R [RIRE¥e T
SR TS 1, ZHANG ZU M AR 2L dh 0 B i 6 Fi
A $Ra e 8 K S R D R AT 1A, BnE] UHT 4
WIFAE 7ToCHIFREE F 55 7 d, #4T 141°C 10s pHALFR,
SR 5 K2 TS TR, 45 R Pseudomonas koreensis
DZ138 . Pseudomonas rhodesiae DZ351 F Pseudomonas
synxantha DZ832 7= A= 14 3 M B 3G PR £F 100%, 11
Pseudomonas fragi DZ1 . Pseudomonas fluorescens DZ390 Fl
Pseudomonas lundensis DZ845 7= 1) 85 FU B B R0 1R TS
PERY 80.58%. 94.81%7F 55.32%, DU Z£WIp hE 5 |
Mopyr Wi, IR W, TTH . ERHNEG 8 MHbIX
B 25 UrA LR A REAR, S S AT B B4 25 A K A T
AT TIEHY, 455 BILK N 116 BRIRSANFFH, FohiE 4.
10 A1 25°CHT /3 B 68.9% ., 81.9%7F 85.3%MIE 2R MIFT#
HAE AR, HH 60.3%MBR AT B0 B bka o
W AprX F K il 0T $A 4 J8 AR B . 7RS4 R 72°CHAb 3
15 s J7, S EABHENE N (73£4)%~(84+7)%; 132°CHULTE 4 5
J5, B IS R N (62+3)%~(7442)% . ZBFIE T I L T
FEIAS )77 i A 2L o SR BT BT P 2i A M R B 1 K i T
P, JLAFFREE SR W o R S BT 1T 1) S R R D 0 4
BETH OB B o SRR 2 AT 1R A B T AR 2
SHCL LT S TECR T A | IR RIEE IR T i) R
. YANG FEPOMAEFL RSB 55 FRISFE ZEALFF i
25 HREATEAMAIRE S, WEREZEAT B C58 KA #iom
B ZE S P, HE A B 70°C (30 min)Al 100°C (10 min)
AL IE P AFE MR S . BEAN, SRAMEREZEMIFT RS CS8
5 FEFAE 28°C (24 h)F1 10°C (6 )& FIEE UHT U, 45
R, B AR FRIUTARIK R x-CN, B-CN Fl aS-CN,
FLIEE A AR, UHT U5098E A KRR RS BE Rk
RHA Frgm . FEr, HEREBOCE DA EGR BOR,
AR UHT $h Rt TR, TR s fhseis . Btk
I AT SR 2R AT T B S R Y UHT 9378 e
HTEE, MR UER Y0 TR 4
2.2 FERAIKAREE XS 2. & 2 ey S

R o Tl A 4 A 4 R SR M o g R A W i A ) (RE VA TR )7
HETRE TG, A9 SR DR 2 A8 FLR 5 b 4l i b & i
NEEE FINR TN, X2 A 7 i iR e B B SR B LT vl L 52

ARG A R H TRV TR A B R T — B 2k
T, PR e T AT DAZR 32 O PR e i K B I, B AE
Al b o AR YRR o BRI I Lk iy 2L e FL
Hh gk B 4 B I AT B2 11, EL B B ) i HERS, X 2B AR
U5 AR SR ek A8 3L S FL A i FRAR M B, S BRI Y
FLib AL XU BB ™ 5 R R, U0 UHT 95, 4202, H i
B A H A ZE T I (Bacillus licheniformis) . 5¢GAR 2R MIAFT
& (Pseudomonas fluorescens) . Acinetobacter sp. AUO7 .
Actinomadura sediminis %3 AA 7 2E [RAE TR (Burkholderia
ubonensis) W% & BLOT L4 WA NE T T o I 7 T2 7K AR L 22 T3
P FRFR T B, 7T LUK A5 =156 ik i d s e iz, 4n
TR, CRRMERR, W2 =y EamE . B2
oAl B

XIN ZEB e 6 A ) 4 X0 2B LRE P 4 8 o
21 BRIE VR TR Ry T AL 1 i 10T AR 7 A, E e PR A A R
AL g U Tl 0% P I SR LA R B, FE A R B S Mg
T, R AT R LR, O ik R AT T
(Pseudomonas fluorescens)Ie-t A V1 B NE N/ A= B4, T
H R PRTE m AL S JC 2 AE TG, (B HARITEE T L. YUAN
Sl 3 L 28°C) IV R (T°C) I 26 E TIPS T A AL g v
PR 1, H BR R R 8 (Yersinia) . SRIEAT T &
(Pseudomonas) . V% 75 IS W J& (Serratia) F 4 ¥ ¥ 1 J&
(Chryseobacterium) H.AG 5 & W2 FUK G M, AN ShAF I
J& (Acinetobacter) AT H R WIRB M /K R 16 14 #£ 70, 80 Y
90°CHAL L, W&V T 7™ AE 1 2 11 i AN A T AT DR 30 12k
HEE AR E L TRV . 8 T R i IR Y
R R HL P A SRS E B W O RE 1, SALGADO %55
9T & PR AL V85 QTR L135 (Serratia liquefaciens L135)7E
KRR R (4. 7. 37, 17, 25 F1 30°C)A 5 fif 16 P B &
B[] AR IR R 3G m, Xf A= FLEEAT 65°C 30 min 4b3H,
BORER T 47% M B fis v, (HJE 72°C 15 s b3 )5, WA
WU %6T BE e Ik A 52 o B AR s Y B R AR A N RAEeT [
Y2 A 23 AR BTSRRI, (LR X S b 4, 25 % L S L
il i 0 R BB R RS RS, R, AT A 2
FOASBEAE LR UE L 5 ST 417 100 T A 50l I B 1 R0 AR
05t
23 BEMNIAKIAGRFMN

WA 2 R AT TR R 5 | R L B L o 45 A 0 XU 22 A 1Y
FEE R, TEFREE il A7 o WAE 2 AT T - 2 AR
T RRIR A0 M A, X i i PR 8 2% A7 FA AR SR B HRBT 0, 4
TE . TR AR SRR AR FREOT L R LA b v I R 2
FUAF B8 S ) R F AP TE T SR B Y rh s SR 5, &
YR BRI B R A M E VS Ak, RS EEE 3 A EE
RKolE, ENE T EE R R, A48 AR e &
% (non-hemolytic enterotoxin, Nhe). ¥ Ifil & BL (hemolysin



557

VESCR, % FLLELH A v 1E

1 2 Rk B LB W e S i st 19

BL, HBL)FI4HfiiA & K (cytolysinK, CytK), TiMKnt:2EH
W) 5 —F 5 FR R “cereulide” B B A 5 2 B AMIE, XFIEE
K ces FEH Gt 1% AE 4% b & BK & B B (non-ribosomal
peptide synthetase, NRPS)& i*"!, MENG 2503 )y 7 i At
R A Z R BE R I, WRHEEEA 4310
82 MNIABEAE S A 18 AR FLRR S PR A B Y 47 RS RE 2R A
R, Hh R R AR BoR, 20A 12.77%F
8.51%M R ELE T hbIACD Fl nheABC FEIH, {H AR ILH
cesB HIK 2Ry 21.28% 1% FE 45 et /R T M7 B A
A L AP SRR ZE AT B AR, DL A 37 D0 A B S A T AR
PR T, WO A v A ZE AT R A e, DRIIE D
AR R . GAO AP A Hp [ AR [) i XA B FR A% B 40
FES A 25 R SRR ZEARAT B, EAT TS YOl . 0k
PR35 5 T ) A0 BT o B85 SR R BI, 70 AR i (27 %) B M A 204
WIS, JFH 45%M S A 7 e R FE R hblACD, 93%
WITERR S nheABC JEIRFE . T, A S ZEPPALEFE 240
FF TR AE B EC S TR 5 e 9 R B R ke, DA atosi b
FLITH S IR 3R S P R LR R A

3 MEREMMmERE

W V2 TR S o v A A i AN T PR AR R T
Bt 1 = BN, e UORA AR V4 1 50 ) 4 g )™ 2
AR H B FEBCA U RAF AR RSO, g
Ve DE W SRR AL, PEORZGT M T2, BT
W BRI I A TR S ik vl LLE A7 fE A min e
PP R RS, AT R T IR A TN ARG, i
P A SR A H A P, ik B R AR Y be i,
WAE R A AL i R P S AR v T A BRI A, I At
A AEIIRI AT Y O, RIS M AIIRIEZ 35°C,
AHe it B 5 A T A R BB, T AR LA ) N TG 4 A 3
6°CLAR, DAVSZE BV 1 1 A A SRR AR 43 WY . 7
AEFLBA Y, R B RE AR T, AT BERE VS
BRI A ROMIR A 7 A, P A R R i B LA
BTG K, fER MR, M98 T 6E
TEVEV B AR R SR B ™ A, DU, YA g AR LR R
AT, RERTEREDREP B I K . RS, RZTTR
AFLIFA R T ARAL B e &S, T A 5 A S
i ) ¥ A ERNLREA T SR AT AN B, R RARIT A R A
MT53k, B A A A= FL AP OV B, SEBUAET IR
JHES IR A I YA, ISR R s g, R
PR EELE AL . B, WIS B IRAE . L
e FLA A 7 I 2 R R i s v B i i LA A A
S G B Tk R EI e Wy N S

4 HRE

FL L L i ) 2 A 5T () R — BRI SE M f E

SR DR PR TR AL W 4 B T e A ™ AR A ) 2 L &/ A 4 7L
LU e i DRI, AT 3 EL R A AT L I 2R TR K o AR
FLA B VS B KT AN 2 R T R T A i T AR
FAFEEASC. TR N RO i B A H AR K
At SR, 4% [ L i v 0T I v TRT ) 22 AR 1 D D OIS Oy M G
Xob LA i ST R R A S TE o R oS A S BRUE AR
PR A G T A5 T2 TR VR BSORT A 2 R 5 i, o 5 i A 7L o
LA EREEN RS R LM ER, HAYENA
Ve T PR E AR E, I Lt ] 24 3 3 1 L R LA a2 R
SRR X AN (A VRSP U i s VAL et ] U 2 A
WGV IPEN AR E, JEXT ARSI TR R R . S
LR EATER G ST . BRICLASN, lEfe R FLTE YD) . ik
frrnisfd e P 32 S5 3, & E RIS Y RIA ™
T3 A P S R G B0 DA ST, IR PR AT i T R ) S
PRGN AR K S 3t 1R AR FL P R R R . ARk
JSEAIF S 2% b B E B 5 AR AE AN T4, il T AR E
Ve TR WAL, PR A FL P RV RS e BT TE AU,
FLAFLH A AT AL 9 KU A R AL S 8, PRUEFL S 2L
s P DRSS B 4

SE B

[1] MARTIN NH, TORRES-FRENZEL P, WIEDMANN M. Invited review:
Controlling dairy product spoilage to reduce food loss and waste [J]. J
Dairy Sci, 2021, 104: 1251-1261.

[2] HOU QC, XU HY, ZHENG Y, et al. Evaluation of bacterial contamination
in raw milk, ultra-high temperature milk and infant formula using single
molecule, real-time sequencing technology [J]. J Dairy Sci, 2015, 98:1-9.

31 RXKW, KA, . ORI T vE v B TSR R M s TR et
JE[I]. LS Tk, 2021, 49(6): 42-46.

WU TC, ZHANG J, LI N. Research progress on diversity and analysis
methods of psychrophilic bacteria in raw milk [J]. China Dairy Ind, 2021,
49(6): 42-46.

[4] HAHNE J, ISELE D, BERNING J, et al. The contribution of fast growing,
psychrotrophic microorganisms on biodiversity of refrigerated raw cow’s
milk with high bacterial counts and their food spoilage potential [J]. Food
Microbiol, 2019, 79: 11-19.

[5] LAFARGE V, OGIER JC, GIRARD V, et al. Raw cow milk bacterial
population shifts attributable to refrigeration [J]. Appl Environ Microbiol,
2004, 70(9): 5644-5650.

[6] DOGAN B, BOOR KIJ. Genetic diversity and spoilage potentials among
Pseudomonas spp. isolated from fluid milk products and dairy processing
plants [J]. Appl Environ Microbiol, 2003, 69(1): 130-138.

[77 DECIMO M, MORANDI S, SILVETTI T, et al. Characterization of
gram-negative psychrotrophic bacteria isolated from Italian bulk tank milk [J]. J
Food Sci, 2014, 79(10): 2081-2090.

[8] PORCELLATO D, SMISTAD M, BOMBELLI A, et al. Longitudinal
study of the bulk tank milk microbiota reveals major temporal shifts in
composition [J]. Front Microbiol, 2021, 12: 616429.

[91 ELMOSLEMANY AM, KEEFE GP, DOHOO IR, et al. The association



20

LR

G A A

F 14

[10]

(1]

[12]

[13]

[14]

[15]

[1e]

[17]

(18]

[21]

[22]

[23]

between bulk tank milk analysis for raw milk quality and on-farm
management practices [J]. Prev Vet Med, 2010, 95(1-2): 32—40.

DU BY, MENG L, LIU HM, et al. Impacts of milking and housing
environment on milk microbiota [J]. Animals, 2020, 10(12): 2339.
GIANNINO ML, MARZOTTO M, DELLAGLIO F, et al. Study of
microbial diversity in raw milk and fresh curd used for Fontina cheese
production by culture-independent methods [J]. Int J Food Microbiol,
2009, 130(3): 188-195.

YAMAZI AK, MOREIRA TS, CAVICCHIOLI VQ, et al. Long cold
storage influences the microbiological quality of raw goat milk [J]. Small

Ruminant Res, 2013, 113(1): 205-210.

FEERHE. A LA Gl RS S B 0 R AR BN B R AR 72 (D). 22 M-

MHIREE, 2022.

DU BY. Analysis of risk key points of microorganism in raw milk and
characteristics of Pseudomonas [D]. Lanzhou: Lanzhou University, 2022.
WANG JC, ZHENG Y, XI XX, et al. Application of pacbio single
molecule real-time (SMRT) sequencing in bacterial source tracking
analysis during milk powder production [J]. Food Control, 2018, 93:
226-234.

YUAN L, SADIQ FA, LIU TJ, et al. Spoilage potential of psychrotrophic
bacteria isolated from raw milk and the thermo-stability of their enzymes [J]. J
Zhejiang Univ Sci B, 2018, 19(8): 630-642.

ZHANG D, PALMER J, TEH KH, et al. 16S rDNA high-throughput
sequencing and MALDI-TOF MS are complementary when studying
psychrotrophic bacterial diversity of raw cows’milk [J]. Int Dairy J, 2019,
97: 86-91.

MENG L, ZHANG YD, LIU HM, ef al. Characterization of Pseudomonas
spp. and associated proteolytic properties in raw milk stored at low
temperatures [J]. Front Microbiol, 2017, 8: 2158.

MALLET A, GUEGUEN M, KAUFFMAN N, et al. Quantitative and
qualitative microbial analysis of raw milk reveals substantial diversity
influenced by herd management practices [J]. Int Dairy J, 2012, 27(1-2):
13-21.

YANG XY, GUO XJ, LIU WP, et al. The complex community structures
and seasonal variations of psychrotrophic bacteria in raw milk in Heilongjiang
Province, China [J]. LWT-Food Sci Technol, 2020, 134: 110218.

LIANG LJ, WANG P, ZHAO XM, et al. Single-molecule real-time
sequencing reveals differences in bacterial diversity in raw milk in
different regions and seasons in China [J]. J Dairy Sci, 2022, 105(7):
5669-5684.

DU BY, MENG L, LIU HM, et al. Single molecule real-time sequencing
and traditional cultivation techniques reveal complex community structures
and regional variations of psychrotrophic bacteria in raw milk [J]. Front
Microbiol, 2022, 13: 853263.

GUO XC, YU ZJ, ZHAO FY, et al. Both sampling seasonality and
geographic origin contribute significantly to variations in raw milk microbiota,
but sampling seasonality is the more determining factor [J]. J Dairy Sci,
2021, 104(10): 10609-10627.

ZHAO 8SJ, CHEN JL, FEI P, et al. Prevalence, molecular characterization,
and antibiotic susceptibility of Bacillus cereus isolated from dairy products

in China [J]. J Dairy Sci, 2020, 103(5): 3994-4001.

[24]

[25]

[26]

[27]

[28]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[38]

[39]

ZHAO GP, LIU HZ, HE J, et al. The occurrence of Bacillus cereus, B.
thuringiensis and B. mycoides in Chinese pasteurized full fat milk [J]. Int J
Food Microbiol, 2008, 121(2): 195-200.

OWUSU-KWARTENG J, WUNI A, AKABANDA F, et al. Prevalence,
virulence factor genes and antibiotic resistance of Bacillus cereus sensual
to isolated from dairy farms and traditional dairy products [J]. BMC
Microbiol, 2017, 17(1): 65.

HANSON ML, WENDORFF WL, HOUCK KB. Effect of heat treatment
of milk on activation of Bacillus spores [J]. J Food Prot, 2005, 68(7):
1484-1486.

ALONSO VPP, OLIVEIRA-MORAIS J, KABUKI DY. Incidence of
Bacillus cereus, Bacillus sporothermodurans and Geobacillus stearothermophilus
in ultra-high temperature milk and biofilm formation capacity of isolates [J].
Int J Food Microbiol, 2021, 354: 109318.

GOPAL N, HILL C, ROSS PR, et al. The prevalence and control of
Bacillus and related spore-forming bacteria in the dairy industry [J]. Front
Microbiol, 2015, 6: 1418.

MARTIN NH, BOOR KJ, WIEDMANN M. Symposium review: Effect of
post-pasteurization contamination on fluid milk quality [J]. J Dairy Sci,
2018, 101(1): 861-870.

FUSCO V, CHIEFFI D, FANELLI, et al. Microbial quality and safety of
milk and milk products in the 21st century [J]. Compr Rev Food Sci Food
Saf, 2020, 19(4): 2013-2049.

GAO TT, DING Y, WU QP, et al. Prevalence, virulence genes,
antimicrobial susceptibility, and genetic diversity of Bacillus cereus
isolated from pasteurized milk in China [J]. Front Microbiol, 2018, 9: 533.
CHANG YH, XIE QG, YANG J, et al. The prevalence and characterization
of Bacillus cereus isolated from raw and pasteurized buffalo milk in
southwestern China [J]. J Dairy Sci, 2021, 104(4): 3980-3989.

MENG L, ZHANG RR, DONG L, et al. Characterization and spoilage
potential of Bacillus cereus isolated from farm environment and raw milk [J].
Front Microbiol, 2022, 13: 940611.

JIN SS, WANG YZ, ZHAO XH. Cold-adaptive mechanism of
psychrophilic bacteria in food and its application [J]. Microb Pathogen,
2022, 169: 105652.

XIONG ZQ, LI YY, XIANG YW, et al. Short communication: Dynamic
changes in bacterial diversity during the production of powdered infant
formula by PCR-DGGE and high-throughput sequencing [J]. J Dairy Sci,
2020, 103(7): 5972-5977.

MAIER C, HUPTAS C, VON-NEUBECK M, et al. Genetic organization
of the aprX-lipA2 operon affects the proteolytic potential of Pseudomonas
species in milk [J]. Front Microbiol, 2020, 11: 1190.

QUINTIERI L, CAPUTO L, BRASCA M, et al. Recent advances in the
mechanisms and regulation of QS in dairy spoilage by Pseudomonas spp. [J].
Foods, 2021, 10(12): 3088.

VITHANAGE NR, DISSANAYAKE M, BOLGE G, et al. Biodiversity of
culturable psychrotrophic microbiota in raw milk attributable to refrigeration
conditions, seasonality and their spoilage potential [J]. Int Dairy J, 2016,
57: 80-90.

HANTSIS-ZACHAROV E, HALPERN M. Culturable psychrotrophic

bacterial communities in raw milk and their proteolytic and lipolytic traits [J].



557

VESCR, 2 FLAELH b b g v 1 19 22 ek X HL WU 35 e vk e 21

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Appl Environ Microbiol, 2007, 73(22): 7162-7168.

ANEMA SG. Storage stability and age gelation of reconstituted ultra-high
temperature skim milk [J]. Int Dairy J, 2017, 75: 56-67.

GAUCHER I, TANGUY G, FAUQUANT J, et al. Proteolysis of casein
micelles by Pseudomonas fluorescens CNRZ 798 contributes to the
destabilisation of UHT milk during its storage [J]. Dairy Sci Technol, 2011,
91: 413-429.

PALUDETTI LF, KELLY AL, GLEESON D. Effect of thermoresistant
protease of Pseudomonas fluorescens on rennet coagulation properties and
proteolysis of milk [J]. J Dairy Sci, 2020, 103(5): 4043-4055.

DECIMO M, MORANDI S, SILVETTI T, et al. Characterization of
gram-negative psychrotrophic bacteria isolated from Italian bulk tank milk [J]. J
Food Sci, 2014, 79(10): M2081-2090.

MATEOS A, GUYARD-NICODEME M, BAGLINIER E, et al. Proteolysis
of milk proteins by AprX, an extracellular protease identified in
pseudomonas LBSALI isolated from bulk raw milk, and implications for
the stability of UHT milk [J]. Int Dairy J, 2015, 49: 78-88.

BAGLINIERE F, JARDIN J, GAUCHERON, et al. Proteolysis of casein
micelles by heat-stable protease secreted by Serratia liquefaciens leads to
the destabilisation of UHT milk during its storage [J]. Int Dairy J, 2017, 68:
38-45.

BAGLINIERE F, TANGUY G, SALGADO RL, et al. Ser2 from Serratia
liquefaciens 1L53: A new heat stable protease able to destabilize UHT milk
during its storage [J]. Food Chem, 2017, 229: 104-110.

MACHADO SG, HEYNDRICKX M, BLOCK J, et al. Identification and
characterization of a heat-resistant protease from Serratia liquefaciens
isolated from Brazilian cold raw milk [J]. Int J Food Microbiol, 2016, 222:
65-71.

ZHANG D, LI SQ, PALMER J, et al. The relationship between numbers
of Pseudomonas bacteria in milk used to manufacture UHT milk and the
effect on product quality [J]. Int Dairy J, 2020, 105: 104687.

DU BY, MENG L, LIU HM, et al. Diversity and proteolytic activity of
Pseudomonas species isolated from raw cow milk samples across China [J].
Sci Total Environ, 2022, 838: 156382.

YANG XY, WANG ZH, ZHANG CX, et al. Assessment of the production
of Bacillus cereus protease and its effect on the quality of ultra-high
temperature-sterilized whole milk [J]. J Dairy Sci, 2021, 104(6): 6577—
6587.

ZHANG WQ, WANG B, MA CL, et al. A clarifying reagent and
microplate-based method for the high-throughput analysis of lipase
activity in milk [J]. Eur Food Res Technol, 2021, 247: 2161-2169.

[52]

[53]

[54]

[55]

[57]

[58]

[59]

[60]

DEETH HC. Heat-induced inactivation of enzymes in milk and dairy
products: A review [J]. Int Dairy J, 2021, 121: 105104.

SAMARZIJA D, ZAMBERLIN S, POGACIC T. Psychrotrophic bacteria
and milk and dairy products quality [J]. Mljekarstvo, 2012, 62(2): 77-95.
XIN L, ZHANG LW, MENG ZX, et al. Lipolytic psychrotrophic bacteria
and lipase heat-resistant property in bovine raw milk of North China [J]. J
Food Process Pres, 2017, 41(6): €13289.

SALGADO CA, BAGLINIERE F, VANETTI MCD. Spoilage potential of
a heat-stable lipase produced by Serratia liquefaciens isolated from cold
raw milk [J]. LWT-Food Sci Technol, 2020, 126: 109289.

BAI Y, MUHAMMAD AlI, HU YQ, et al. Inactivation kinetics of Bacillus
cereus spores by plasma activated water (PAW) [J]. Food Res Int, 2020,
131: 109041.

LIU XY, HU Q, XU F, et al. Characterization of Bacillus cereus in dairy
products in China [J]. Toxins, 2020, 12(7): 454.

PALUDETTI LF, KELLY AL, O’BRIE N, et al. The effect of different
precooling rates and cold storage on milk microbiological quality and
composition [J]. J Dairy Sci, 2018, 101(3): 1921-1929.

ZHANG CY, BIJL E, SVENSSON B, et al. The extracellular protease
AprX from Pseudomonas and its spoilage potential for UHT milk: A
review [J]. Compr Rev Food Sci Food Saf, 2019, 18(4): 834-852.

. SRR T VY B VT A T RS- I MR B HL A e
TERMEEID]. B WK, 2020.

YUAN L. The potential hazards of psychrotrophic bacteria in raw
milk-from the perspectives of spoilage potential and biofilm formation [D].

Hangzhou: Zhengjiang University, 2020.

(TAE%RE: s T84

WXE, MEtHRE, TERREE
AETED
E-mail: xubj2022@163.com

A
/

B ow, EL, RA, TERARAE
A= RS 5E FRINEETEN

E-mail: zhengnan@caas.cn



