China Excellent Milk Project | {EfREL T2 &80

ARSI H-FL 0 55 P HE & = OS50

FEA"S, OB A, M S, RO, KFEFR", B A, R,

EE", FRE

1 HERIAZRILEEREERRE, RIRFADHETDH REERSIEHEALEE, L= 100193
2 RGEFFISR (XKiE) GRAR, XiE 301700

SHERERGZN ( £ER ) RHBERAT, db= 011500

AERTIHUESELREALRE (IRKREHT LA ) , k5= 100193

5 FBAEERBIER R R Z R RERE SR AR AT, #iESEK5F 830091

2 [HMAWEE S E A BRI S )3 AR I 200 20 20 v i 5 B & & S 20 i 3l 25
s, LASRANBUAT IS AE P FR D7 S B T AN 2 o [ R R (0% - B i (LC-MS ) $
AE BARGBTRACRE . RFURE . H 0 R RBE . ARG B S R, TR R T £
(ANOVA) | TukeyH/GHi: . EMAMIHT (PCA) RIZRIEIATH I EM LT BfdT. (45 R
T TR, CEFURE . HERNE . AR PG B B B REIR TS R R RS (¥p<0.01) 5 B
BEAETS CHHEEHENNT75.0%] (37182401 063.18) ng/mL], {E122 CTHIN30 CHI» ] FI%8.2%H17.3%, |2
WERISHER, 130 CHETS CHAMMRIER S, m5122 CHME R, LRI S5 ] SERE R
AR P AR R D PR IR i R . (S5 181 AN 1 AR T B SR A TR A A FLiE e
BOBE SRR, TR T R FUBE R SR LIRS T eI, IR SN T T
ALt 7R

JEEW): AL HEEARWE L2 MR L, R, WS- IEcH (LC-MS)

EHES . 1671-4393 (2025) 11-0007-08 DOI:10.12377/1671-4393.25.11.02

B e, FRELEY Ak, R R ARG &
e KT R AEE AT ERIE . B0 E A%
iy H R R ERR (EABR. BIMBOKE S
ARy —ME IR st B S BV ) L BREE IR R (MR M) AR R

0 5l

il

HEEWMHE: ERESUIAIT (2022YFD1301004) 5 FEFOVEEEGR QT TR (ASTIP-1AS12) 5 ERBF AR AR
(CARS-36) ; HriEge /R AR ES A IHRITHE (2024B04005 )

fEZ B Ir: ok (1999-) | WEWARIEN, SR, BiL:, BESCTT A0 B ;
H 4K (1988-) , IR IREEN, WL, DS TT 10 AL L
# F& (1993-) WL E N, Wid, TR, WE5E7 10 ARSI

WA, i, IR, A7 bl 524

LT/ 7 NP L oo ) SO 0w P B Y 5

WS, T, BETTB, WRSTTT AR R A KR DAl B TR RE DAY 5
MR, W, WP, Ws ksl ite 5% 4

ZRREMN, W, DI, DRSO g 3 B AR A

, BIRILFFFFM/RN, e, IEZIRRIN, W55 F Ll s n L.

sRkerds (1978-)
JRFFA (1982-)
R (1980-) ,
EXHadh (1990-) |
Tg (1967-)
BISEE: HRF (1978-)

REIXRES S SE

7

2025/11 NO.287 HEZL



MRFATEELES
China Excellent Milk Project

PIETE A, Xy L RS R AR K. B F
FIRE AR 2 B ZE TR IIRESN, YR A
WITEIE C oy MRZE M . IISFIIRIRR , C il
HRPERT . PrRFzsAocEN, 5 T HAEhRE
PR A Y

WK G VR I 88 = KBy, A HUE 9%
et A D DTmk i 25 . fEAFLH, BoOKIb S
W4 KB IR 7%, MK R, X
— Lo AR 3k s 2L B B R B 5 R ] A T
2%~6%"" ", FUBHED—Ph 0, S AR TR
IKAE A W) = ST, {H 77 R O T 725 B
HTEIEREZUET . RO, AW H IR A IR
FRRAE NFLHE, X SR SR A 8 E A 2 ot T 1 A
oo BB G Y B B 19 B ARG B 55 75 Ty
S, XD R R AR R B Tz G
T, R TRk S R AP e

PE BRI A PR BEAS L B R, 05 12 OB A
(B PR AL AR L, 1 LA A & B RE P S A G
B, BRI E R SRR, HRT
HICT Al B /K R ae b i A, DRI AE B 7%
FR B SRR S AN, A rb i S R
LA FTAE AP T . B S BAT i)
B, MFDRES et Rt EEEE Y,
R BB KAY G I B AR A LN, X ] BB 2 A
MR R R OE T, 2 R B AR R OR IR M %%
PSR S AT S SRR
R, WA G oS (AMRE
Wi, ZHERIBESS G 9) A, X s 2Kk
EYIE AR R A RIS S5 15 S 2 Fh A Thag
[FIRE R PR TR 7 1

Urk, BT AR Ty A AEFL
R KA S I SEI . FoxAlOftedalZE ! PF5T K
W, PP R A Pl (UHT ) 408
WH RS PR PR PO RR e M, 1T 2 FORRTATG SR b
W BE 55 52 B SHAVIISENT . 140, Neves$5
L B PR B T B RS R, SR
o KAETFLN; BaP RN B or, 7R

8

2025/11 NO.287 #iEZL

i AR PN, LB RKR SR 32 B B A, Dk
FRAL T ) 7 2L F 0 12 FORRMER SRA O AFDAS L 91 50
P TR TR AEFUIRA, B R 1 A7l
BRI M AR i 2RI, HRTSC T AR TS
X, R B S IR IO A FURH 2 B R 2 1Y

BFEOS AR «
S, TR DA BT SR A2 T

BB R R SE M T T RO A IR, I BRI
SRR S T T2 AR I T R v B % 3
TS0 e 2 OB R S A RN o o DRI, AT
FE AR B AR W L2 MR W T 20
A FL A B R S B A A, R
LR T L ZORH TR 2R 1T 1 20 2L P B 2 B
VERIZRe 82, i o 2L s I T2 it
R AW E T 0 JBURA 2 A VE S P e 4 3 R 20
o

1¥ME5F%
1.1 HRRE

AR T RS BRI T T 27783,
KB R —HRYREEAA, HoAad T PR
I R T ZMIAER W T 2. Frakeinim
T PEBAE s AR SRR

1.2 IR iZ T R mEl &

AR B AW B R T 2R T2
X AR AR AL R S OB S R S AL R e . BT AR AL
FA YR AR, HFRERLY h =41 RAWH
(AFUATHRAL, REATHALEE ) | EHINHRCR N
41 (fE130 °C/0.5 s) DL IR 4l (43 )
FE75 °C/15 s, 122 °C/4 sfl137 °C/4 s ) {HHAPVE
FEFRFEIUTRIE S [SPX FLOW, Hipsse (R )
TAREARGRATNINT o A IR T B HIE
3 AMOZRES, MR E SRS K, PSR
mnoZ BIE T =80 °C N8 iRy, izl 2 9050
== AT SR S SRS DA AT



China Excellent Milk Project | {EfREL T2 &80

1.3 B IXF

SObRAE S CEAERZNE . OB . BRI . A
webE . HERME . AR IR - AE=99%, db
WERNEAEVRBARAR; 1-RH-3-HH-5-
IR (1—phenyl—3—methyl—5—pyrazolone,
PMP ) , H[EJtSolarbioZN 7]; HIfiE, 2. =
ORI & Wk, EEFisher Scientific; ALK,
i IMilli-Qalift £t ( Millipore, F[E|Bedford,
MA) il %

1.4 iRIG LS

O % — R (LC-MS) (Y (SCIEX,
QTRAP 4500+ ) , AB SCIEXZwl; Ak
( Waters, CSH-C18) , Waters/ANHl; 21 K
( Mettler—Toledo, AL204) , Mettler—Toledof\#F/y
wl; Ak £ 4% (Millipore, Milli-Q) , Millipore
ANwly EEEIA B OHL (Hitachi, CR22G)
HitachiAwl; ZERZ a5 (BUHMIO, DMT—
2500) , HUMNMIONESAIRA R By, Abns
P+ R AR AT B0, Corning Life
Sciences/\F); HLPEHIGR /KA (DK-S22) , i
FUT SR/ AR AR 2R AR &
(APV, SPX FLOW ) , Jiahwe ( i) JpkHAR
AR

1.5 A TAbiE

KHEAAE—80 °C NIYIFEAE4 °C MRRR AT
M. HHFFEA (Qi, 2025; #EREKRLKL) %
JT AT S RO A AL EE MG . HARCh . AR
Fedh, B mLBRERIASL, 54 mLOMERS
EOERIITEAINE, BEEIRZ1 min , A5
1E4 °C NPA13 000 r/minZ (24 mine FfS, #1 mL |
TR W TP TATAE AR . JIINO.5 mLEUK
M2 mL 0.5 mol/L PMPIA, JHAEIHEKIB#HT
70 CHAF FI/KHR90 mine fTAEMSERUS, W IIA
5 mL GBS mLa K TG bE, seiciz A

ORI Y B . TGP R EE 3 Wk, PR /K
FHFLC-MSH

A FRUH R AR HE DR AE it 245K 55 W3t R ] ) 750
ACPRADBE (BAERE P TUE . ATAEREE ) , DA
PRACFR— S o BRI IR R 53 BIARE 500
200, 100, 50, 1015 ng/mL, Ff4 bk R 7
LR DA SE R W R S B o P bR R T TR ) i A
1E=20 °C NI/, DARERRSE I 0D
Wi o

1.6 LC-MS &%
1.6.1 {624,
%R . Waters CSH—C18; Hi: 50°C; 7%
i 0.2 mL/min; JEFEAR: 3 wL.
WEtH: AM: 7K (0% HR+5 mmol/LHIR
) 5 B O BEBIREE: TR
x 1 EBRGEERRF

AHE (min) P (mL/min) %B (CAHUAH)  Bhzk
0.00 0.300 19.0 8
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495.200  175.000 50 R2hE -1 35 35
495.210  241.200 50 RZ2hE 2 35 30
495.220  175.100 50 HEME-1 35 30
495.201  241.210 50 HEME -2 35 30
481.200  175.000 50 AHE -1 35 35
481.210  187.200 50 AHE -2 35 32
481.201 175.010 50 BTRAORE -1 35 32
481.201 187.210 50 BURAARE -2 32 32
511.200 175.030 50 HER -1 35 30
511.202  217.000 50 H&EHE -2 35 30
511.210 175.020 50 W -1 35 35
511.201 217.210 50 W -2 35 30
511.220 175.010 50 AFHE-1 35 30
511.200 217.100 50 HFBE -2 35 30
481.200  175.000 50 TZHE -1 35 30
481.210 187.220 50 1ZHE —2 35 30
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I (1) | RS EEIRE (B2) AR
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PRI TR P& E 5T (p<0.01) , E2HE
MR T gt St . BRI S RIS
FIEFLRE CREE40 000 ng/mL) £EfTA AL S )
BB FEE (p<0.01) , 1A AWHE NS ¥

itions EAT T UARE, DAMMBRAEE B ke, FR R BLEE LI (p<0.01) , (HEHEIMIAKE 130 Chb
BT RELE. SRR s ERAWAL, BRI A b
RIAREHRBIBZGETHAPHEEERE
0.0 75.0 122.0 130.0 136.0
I
H (n=3, ng/mL) (n=3, ng/mL) (n=3, ng/mL) (n=3, ng/mL) (n=3, ng/mL) P
e ke 28945+ 3.21 331.20+£5.89 291.87 +19.47 313.87 £ 14.74 328.54 + 4.56 0.002
FBE 40810.32+120.45 34 355.33+701.62 35261.20+ 1448.69 33 536.27 +1062.62 34 890.65 +98.76 0.001
HEhE 12 838.75 + 36.21 9002.13 +143.39 8824.67+£451.12 9 683.20 +137.82 10 420.34 +28.45 0.001
e 2 752.10 £ 12.34 2 131.02 +£48.09 2 123.59 £ 60.51 2 222.46 + 36.10 2443.89+9.87 0.001
AKHE 2 306.45 +15.67 2391.47 +£21.39 2 247.33 £51.50 2 430.67 +40.27 2496.78 = 11.23 0.001
)% b 21 250.15+75.43 37 182.40+1063.18 34 121.60+1 056.80 34492.53+97.14 32172.67+ 88.90 0.001
e 2 270.22 + 18.54 2 095.60 + 30.93 1 929.20 + 53.04 2 020.93 + 28.06 2035.10 = 14.32 0.001
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1.4%, ST hARM RS S B s O . Bir g e
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FIT FOp e PR PR S AL, DB AR N T Aop 24
TR TR M. SAFMEE, Fra PUub i E 2%
FRARR 7300 . Rl . B SR (p<
0.01) , TffAFMNEFEAS (p< 0.01) o HFE
B, 130 °C/0.5 s I EE PO R R 5
Ffigt 2 TR SEBL 7 RRR I B P, o LA FLA
I AR A HR AP AE R T

1E75 °C/15 s R INARGEAE N, a5 it 1
T 75.0%, X—IG 5 FRHIIE Y Kl K 855 75
BoR A I SRR — B, © A BT
GETR G i e 2 SO B AR P AR, AE B i
(122 CHI137 °C) ALEEN, A5 R I 50
99, RSN AT AR & A s A PRI BR R SO, TG
JEERIE RN T . 130 CLLR A K E 2%
(34 49253 + 97.14) ng/mL, UiHHAR R AENS
i IR L) (AGEs) AERk, [ (R EE 4
WK ., HHHES Neves ZWEUHTHL WL
B 1) A2 KON DXL — B, (HARp 2P
IR SRR

IR R R IR E (>40 000 ng/
mL ) , FEFTA FALCEE 2 rh 34 e B0 HH O A g [
1% 75 CAREFRR B EAL (84.2%) , 11130 °C
PIPRE R R (82.2%) , FIRES g fErd
B — Y= FL T S5 P A Lk S DA KRN ) P — 2
FIAS IR B2 PR A o 25 e MR R R 2 0 H P e fi
e, HAE130 CHIREAR (89.0%) 1137 °C
41 (89.6% ) , iE—2L YR AE I o P R )
RIWE o X G Ry “HUE K" ( Thermal
Quenching ) HLHI, BPBE PR AT ok S e
EERR S e A o

2 RSN R TR e# SR,
FIA D ER LSRR, RAWAL SIAKEEEA 54
4585, HA130 °CH1575 CH 2 FER /e R
FAH S e R B, HVE S AR L et
FORMOME AR RIS TR AL R A 1t FLR IR 2 25 K iR
T R et R B AT A A B A T P S B8 49 7K S 40
I — R, E3RPCASS FIIE T ix—iE%,
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Abstract: [Objective] This study aimed to evaluate the dynamic effects of direct and indirect sterilization processes
on the content and composition of free monosaccharides in bovine milk, addressing the current research gap
in comparing these two heating methods.[Method] The contents of arabinose, galactose, mannose, ribose,
xylose, glucose, and fucose were quantitatively analyzed using liquid chromatography-mass spectrometry ( LC-
MS ) . Statistical evaluation was performed via one-way ANOVA, Tukey's post-hoc test, principal component
analysis (PCA ) , and hierarchical clustering for multivariate analysis.[Result] Heat treatment significantly
altered the monosaccharide profile: the contents of galactose, mannose, ribose, and fucose decreased in a dose-
dependent manner with increasing temperature ( all p<0.01) . Glucose content increased significantly by 75.0%
[ (37 182.40+1 063.18 ) ng/mL] at 75 °C but decreased by approximately 8.2% and 7.3% at 122 °C and 130 °C,
respectively. Hierarchical clustering analysis further confirmed the dominant role of temperature in regulating
monosaccharides, showing higher similarity between the 130 °C and 75 °C groups, while the 122 °C group was
distinctly separated. This indicates that short-time high-temperature treatment can inhibit the accumulation of early
Maillard reaction products and reduce excessive degradation of heat-sensitive monosaccharides.[Conclusion] This
study was the first to reveal the effects of direct and indirect sterilization processes on the free monosaccharide
content in raw bovine milk. It provided new experimental data for understanding the mechanisms of lactose
degradation and monosaccharide transformation during thermal processing and offers a scientific basis for optimizing
dairy processing technologies.

Keywords: raw bovine milk; direct sterilization process; indirect sterilization process; free monosaccharides;

liquid chromatography-mass spectrometry ( LC-MS )
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