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H ki e A R IRl 1 N s R [ET v i d L P
(75CN55s) (130 C/05s) (122°C /45) (137C/4s)
Cl1:0 1275.56 +54.69" 1302.51 £77.79"° 1194.79£61.06° 967.56+51.63°  911.8+21.8"  0.0002
C2:0 249.13 +19.61° 23842 +21.77" 183.18 +22.84° 81.39+1.8° 87.80+3.82°  <0.0001
C3:0 7.02+121° 4.31+0.39° 3.01%0.13" 3.51%0.3° 3.53%0.09" 0.001 3
isoC4:0 3.52 +0.03" 3.64 +0.14° 3.48 +0.01° 3.59 +0.02° 3.55+0.02" 0.566 1
C4:0 2118.08+370.69" 1338193857 1086.5+53.7° 1187.41+70.55" 1471.68+33.98" 0.0061
is0C5:0 4.42 +0.02° 4.31+0.02° 4.43 +0.09° 5.53£0.12" 547+0.03"  <0.000 1
anteisoC5:0 ND ND ND ND ND
C5:0 7.67+0.57 9.27 +0.22° 6.49 +0.6° 7.64 +0.65™ 11.07+0.54*  0.0001
is0C6:0 5.91 £0.08" 6.15+0.09" 6.85 +0.48" 6.65+0.07" 645+0.13"  0.090 1
C6:0 1400.92+241.81°  883.2+22.03 724.94£32.06°  808.36+42.13" 1004.89 £20.68" 0.005 8
TSCFAs  5072.22+591.88" 3795.02+137.81° 3213.66+136.51" 3 071.64 +152.33" 3 506.33 = 64.38" 0.001 1
Free C1:0 840.29 + 34.61° 563.78 + 16.55 519.45+16.63"  522.03£21.79"  524.89+28.02° <0.000 1
Free C2:0 126.65 +17.31° 130.42 +4.12° 100.78 +3.95" 6223 £2.9° 69.96 =145  <0.000 1
Free C3:0 2.22+0.13" 2.31 +0.09" 2.37 +0.06" 2.49 +0.09" 243 +0.06" 0.352 3
Free is0C4:0 ND ND ND ND ND
Free C4:0 5.58+0.18" 442 +0.2° 4.24%0.15" 4.42 % 0.05" 42+0.1° <0.000 1
Free isoC5:0 ND ND ND ND ND
Free C5:0 0.69 + 0.05" 0.2+0.02° 0.17 £0.01° 0.13£0.01 0.08+0.01°  <0.0001
Free is0C6:0 ND ND ND ND ND
Free C6:0 4.97 +0.74° 2.62 +0.16b 2.31%0.12° 2.33+£0.09" 2.25+0.08  <0.0001
TESCFAs 980.39 + 42.93" 703.76 £17.83°  629.32+18.12° 593.64 * 24° 603.81 £27.03°  <0.000 1

TE: ND, il SEM, ADRRAEDR; ARSI o2 R B

PREFRAE AR E KT IR RUE M R KRR T
WAEPRHE I, BRI H =R R C 4.0,
Co:0FHAD T B4 957 A=A R R I A6 5 i
A, WAHRZHBAE R T PR SRR PR T 3L BT i
L, e CIHBEN R ik, e
FEEBERPUEHE (130 °C/0.5 s ) B2 AL EE
(122 °C/4 sF137 °C/4 s ) sealal AR K 7 FLHh
AR, DN A= W3 B R AT T RO A AR
W, WK TR

2.2 AE#AMIESE E X Z B SCFAs AR HY

)

WE2froc, HEFL. 75 °C/15 s, 130 °C/0.5 s,
122 °C/4 1137 °C/4 sFLH Y 3= SHIAZFISCFAs Y
C1:0, C4:0f1C6:0, ¥ = FHNIFIFSCEAs HC1:0/]
C2:0, HAEFLH Y 3= FHAIAISCFASFIFSCFAs &

(P<0.05)

Ky ARG . SSCikARar , A=FLH I FFA
IR TG ERA R, I HLFFATR LK il
JER T B C4:0FIC6:07EFR T Frh = A=
%, 105 FLE I A AR L DIAESER 2
KSHREER DR, PAEFRFLHC4:0MCo:001 it
WA T AEFL, SR EE AE A% A S I 1 40 1 AR
UFIER MO R A2 A

WEB3HTR, SCEAsZI80%ARR L IE A AF £ T 1
HWEHELE (8E8) , XA AR HSCFRAs: Z iR
EH S 2 e Sn—1Isn—347_F, JENGK il e K
fifSn—1MISn=347 2 IIRIIIR , PIEAEFLHHFSCFASs
S (£920% ) B Pestana PG AI,
0 ER 2 PR e i K 5 A P S R S 3 i T v
JUPEA M, ARG EE R B R, PUCEX AL H
SCFASTEHAAT WA FEM, 75 °C/15 sHil130 °C/0.5 s7E
SCEASALCEE Bl EAHALL B % FAANSCEAs (BRC3:0

19

2025/11 NO.287 HEZL



HRRILTIEEME
China Excellent Milk Project

Cl:0 -@-£3
-Q-EFEBLE (I5°C15s)

-Q-£2.

-Q-EESRLE (75°C15s)

(2:0 —O-EFMME (130°C059
b ~Q-[HMALR (122°Cids)

Q- [EEMAIE (137°C4s)

anteisoC5:0

iso(C5:0

(a) TSCFAs (b) TESCFAs

2 AEHAEERERE (AR, b (75°C 715s) . EAEHUEEE (130°C /0.5s ) | TaFERPUEEE (122C /4s)
FEERPLE A (1379C /4s ) F.H SCEAs 4% & ikE

75°C/15s  130°C0.5s

% C3:0

=3 75°C/15s  130°C/0.5s 122°Cds 137°Clds
g 100
3 o6 01 9968 1 92.18
- rmW"
Qs .3
(1

=3 75°C/15s 130°C0.5s 122°CA4s 137°Cis

960 9961 g6 99'6I -
¥

75°C/15s  130°C05s 122°C/4s  137°Clds

99.71

3 . .3

=7 75°C/15s  130°C05s 122°C/ds  137°Clds

b c ©
D
H I gw 7678 _ S04
- 3558 736 ]
) 1 ®
OfL
o] | i 504
o] |3 1
0
20
0
10 0
L] ]
=5

=9 75°C/15s  130°C0Ss 122°Ci4s  137°Cés

9822 99.25

97.8

97.07

=4

75°C/15s  130°C0Ss 122°Ci4s  137°Cés

3 ANEPE B SR E SE A R L i SN ZE 575 SCRAs 2L AR b 21 & 1]

) MBS s
JEEINI AR RS, il

20

2025/11 NO.287 #iEZL

BC1:0 58 H e PR
£C2:0. C3:009EL15
TR, HESCS:0MEL BN . C1:07E kb P

IR K bk, (BRI, PTRed 1L
RS oy PR, FLER U PP IRI T, B n A5
FUREAIN L T 2P A HUR, EESECL0,



China Excellent Milk Project | {EfREL T2 &80

@ =%
(a) @ zzmza awcos
@ omeza axcew
71 @ mmaxa ascen
6 - MRARR (75O
5 4
4 4
34
~ 2l Y
Q2
& 1] °
< L ]
So
S
O -14 D
~
2
230
-4 4
A
-6

PC1 (38.3%)

(a) TSCFAs

(b) @ =»
10 4 @ zarzs asecos
@ xweza cxrcun
(e @ mmenm (yvod

@ mmeznam osoun

PC2 (17.2%)

T T T T T 1

-2 -1 0 1 2 3 4 5
PC1 (59.9%)

(b) TFSCFAs

& 4 REEPGe B [ AR, EHERPEE (75 CN5s) . EREEHUEE (130°C/0.5s) | AHERPUEE (122 C /4s)
FlaFEATAEEE (137 T /45 ) 1 FLH SCFAs 4% 3 o3

7 EC2:0, C3OFMFLRRTE, FARNLHI M ARk —
E20 e e S i e B E 2 LSS AT
wimh, e WFLI. P TSR A,
SCFAsi i Ay FLARZL AR DN TR A7 454 N Y
B s A IR .

KA. 75 °C/15 s, 130 °C/0.5 s, 122 °C/4 sl
137 °C/4 sFLHJSCFASMIFSCFAsHEA T B4 4507, 45
FBEORAETL. 75 °C/15 s, 130 °C/0.5 s, 122 °C/4 skl
137 °C/4 sFLAESCFAsALY, FEEREAAML (El4a) o T
AR, AL BERAWIAMUHTIA R AR
FOAH A R RIS . AL S5 RR I, Ut
FLHISCFAsil LA 52, {HAEFSCFAS/KY- |, A=
FLOPGEHETL ( EEGUPGE PR AL &R A b B )
HAWEXY . FR ISR 20 R Tk Rk
77.1% (E4b) o PUCHRSAR TFSCFASHILLAY, FiAl
JEC2:0, C3:0MIC5:0, FSCFAsK AR i H
AIRER X A5 AR FURIPGC B AL I TR R Y, HA]
PARLTHER > [ 2 e ] Re R Bt — 2B

3 &ig

PAREEE S B FL I TSCEASFITESCFAs SUA IS,

THX} %4045 5 A~— . FSCFAs, HrHliEC2:0. C3:0
FC5:0, XPUCEBUE, HEENEFA S EEF
XA RS 1o

S &30k

(1] FEMUS, B, TKIFRAR. RO RPN 2L U A
AEEFFHREAHTNRIL P EFLE, 2021 (8) « 123,

[2]  Abbas Syed Q, Hassan A, Sharif S, et al. Structural and
functional properties of milk proteins as affected by heating,
high pressure, Gamma and ultraviolet irradiation:A review[J].
International Journal of Food Properties, 2021, 24 (1) :
871 - 884.

[3] Tonolo F, Folda A, Cesaro L, et al. Milk—derived bioactive
peptides exhibit antioxidant activity through the Keapl1-Nrf2
signaling pathway|[J]. Journal of Functional Foods, 2020,
64: 103696.

[4]  Chatterton D E, Nguyen D N, Bering S B, et al. Anti—
inflammatory mechanisms of bioactive milk proteins in
the intestine of newborns[J]. The International Journal of
Biochemistry & Cell Biology, 2013, 45 (8) : 1730 - 1747.

[5] Ilesanmi—Oyelere B L, Kruger M C. The role of milk
components, pro—, pre—, and synbiotic foods in calcium
absorption and bone health maintenance[J]. Frontiers in
Nutrition, 2020, 7: 578702.

[6] Coutinho N M, Silveira M R, RochaR S, et al. Cold plasma
processing of milk and dairy products[J]. Trends in Food

Science & Technology, 2018, 74: 56 - 68.

21

2025/11 NO.287 sEZL



(71

(8l

(91

(10]

(11]

[12]

[13]

[14]

[15]

[16]

(171

(18]

[19]

[20]

[21]

22

MRFLTIEEM
China Excellent Milk Project

SRR, BT, RS, AR ARSI T N Sy
Bt (01 REFLIE, 2021 (4) @ 704
Sakkas L, Moutafi A, Moschopoulou E, et al. Assessment of
heat treatment of various types of milk[J]. Food Chemistry,
2014, 159: 293 - 301.
Benabdelkamel H, Masood A, Alanazi I O, et al. Proteomic
profiling comparing the effects of different heat treatments
on camel ( Camelus dromedarius ) milk whey proteins[J].
International Journal of Molecular Sciences, 2017, 18
(4) : 721
Wang Y, Xiao R, Liu S, et al. The Impact of thermal
treatment intensity on proteins, fatty acids, macro/
micro—Nutrients, flavor, and heating markers of milk—A
comprehensive review[J]. International Journal of Molecular
Sciences, 2024, 25 (16) : 8670
Claeys W L, Verraes C, Cardoen S, et al. Consumption of
raw or heated milk from different species: An evaluation of
the nutritional and potential health benefits[J]. Food Control,
2014, 42: 188 - 201.
Bai G, Cheng L, Peng L, et al. Effects of ultra—high—
temperature processes on metabolite changes in milk[J]. Food
Science & Nutrition, 2023, 11 (6) : 3601 - 3615.
Raynal-Ljutovac K, Park Y W, Gaucheron F, et al. Heat
stability and enzymatic modifications of goat and sheep milk[J].
Small Ruminant Research, 2006, 63 (1) : 207 - 220.
Gathercole J, Reis M G, Agnew M, et al. Molecular
modification associated with the heat treatment of bovine
milk[J]. International Dairy Journal, 2017, 73: 74 - 83.
A, e, s, & —FROTAEIB IR Ay R
Hbil#J71%:, CN112841302A [P/OL].
WANE, RIEE, RN, S5 RIS
FEXTESLAFLAR TR IR T]. BURE S, 2024, 30 (21) -
75-79.
HuLY, Jiang W W, FanZ, et al. Formation of the oxidized
flavor compounds at different heat treatment and changes in
the oxidation stability of milk[J]. Food Science & Nutrition,
2019, 7 (1) : 238 - 246.
Clarke H J, Griffin C, Rai D K, et al. Dietary compounds
influencing the sensorial, volatile and phytochemical properties
of bovine milk[J]. Molecules, 2020, 25 (1) : 26.
5. S EAR A TRA I 7 15 L B W D] b
FE R FHERE, 2023,
Wu X F, Wang F E, Chen M Q, et al. Quantification
of free short—chain fatty acids in raw cow milk by Gas
Chromatography—Mass Spectrometry[J]. Foods, 2023, 12
(7) : 1367.
Wu X F, Wang F E, Chen M Q, et al. A comprehensive

2025/11 NO.287 mEZ

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

study of the whole profiles of short—chain fatty acids in milk[J].
Journal of Dairy Science, 2024, 108 (3) : 2206-2214.
Pestana J M, Gennari A, Monteiro B W, et al. Effects
of pasteurization and ultra—high temperature processes on
proximate composition and fatty acid profile in bovine milk[J].
American Journal of Food Technology, 2015, 10 (6) :
265 - 272.
Kim HY, Kim S H, Choi M J, et al. The effect of high
pressure - low temperature treatment on physicochemical
properties in milk[J]. Journal of Dairy Science, 2008, 91
(11) : 4176 - 4182.
Fan R, ShiR, JiZ, etal. Effects of homogenization and heat
treatment on fatty acids in milk from five dairy species[J]. Food
Quality and Safety, 2023, 7: fyac069.
Fox P F, Uniacke-Lowe T, McSweeney P L H, et al.
Dairy Chemistry and Biochemistry[M].Springer, Cham,
2015: 69 - 144.
Ahlam E, Amr A, Maria A, et al. Microbial profile of heat—
treated milk sold at local markets[J]. Alexandria Journal of
Veterinary Sciences, 2017, 55 (1) : 133.
Khan I T, Nadeem M, Imran M, et al. Antioxidant capacity
and fatty acids characterization of heat treated cow and buffalo
milk[J]. Lipids in Health and Disease, 2017, 16 (1 ) . 163.
Ajmal M, Nadeem M, Imran M, et al. Lipid compositional
changes and oxidation status of ultra—high temperature treated
Milk[J]. Lipids in Health and Disease, 2018, 17 (1) . 227.
BROGOR, HB, SN, S TR & P AN I e o S BT
B EBERR B AEASAT I]. B 5 & B Dl 2019, 45
(18) : 113-119.
Kilic—Akyilmaz M, Ozer B, Bulat T, et al. Effect of heat
treatment on micronutrients, fatty acids and some bioactive
components of milk[J]. International Dairy Journal, 2022,
126: 105231.
Yaru S, Chuantao P, Jicheng W, et al. Mesopic fermentation
contributes more to the formation of important flavor
compounds and increased growth of Lactobacillus casei Zhang
than does high temperature during milk fermentation and
storage[J]. Journal of Dairy Science, 2022, 105 (6) :
4857 - 4867.
XRE. LN RN SR E SR ML P ER T
HiHE, 201907: 330.
W, EFF, ZRMR. NRWGEGEAL EE £ RO R AE T RE
PEZEHH I =E8 5 o P BT Re (J] 8 5 R B Tl
2020, 46 (11) : 295-301.
Deeth H C. Lipolysis and Hydrolytic Rancidity[M]//McSweeney
PLH, McNamaraJ P. Encyclopedia of Dairy Sciences ( Third
Edition ) . Oxford: Academic Press, 2022: 827 - 834.



China Excellent Milk Project | {EfREL T2 &80

[35] Lu L, Xiuxiu Z, Yibo L, et al. Simulated in vitro infant eight short—chain fatty acid analyses in mouse feces through
gastrointestinal digestion of infant formulas containing different headspace solid—phase microextraction—triple quadrupole gas
fat sources and human milk: Differences in Lipid Profiling and chromatography tandem mass spectrometry[J]. Analytical and
Free Fatty Acid Release[J]. Journal of Agricultural and Food Bioanalytical Chemistry, 2023, 415 (25) : 6227 - 6235.
Chemistry, 2021, 69 (24) : 6799-6809. [38] Wang F, Chen M, Luo R, et al. Fatty acid profiles of

[36] Chen Y J, Zhou X H, Han B, et al. Composition analysis milk from Holstein cows, Jersey cows, buffalos, yaks,
of fatty acids and stereo—distribution of triglycerides in humans, goats, camels, and donkeys based on gas
human milk from three regions of China[J]. Food Research chromatography - mass spectrometry[J]. Journal of Dairy
International, 2020, 133: 109196. Science, 2022, 105 (2) : 1687 - 1700.

[37] Kang S, Yun J, Park H Y, et al. Analytical factors for

Effects of Heat Treatment Intensity on the Short—chain Fatty Acid
Profile in Milk

LU Songcuil, XIAO Ran” *, DU Shuangz‘ * ZHAO Yankun', ZHANG Yangdongl,
ZHENG Nan', WANG Jiaqi', ZHANG Hongyan*, OU Guobing’, NIU Tianjiao™ **

'Institute of Animal Sciences, Chinese Academy of Agricultural Sciences; Key Laboratory of Dairy
Quality and Digital Monitoring Technology, State Administration for Market Regulation, Beijing
100193
*Mengniu Fresh Dairy Products ( Tianjin) Co., Ltd., Tianjin 301700
“Inner Mongolia Mengniu Dairy ( Group ) Co., Ltd., Hohhot Inner Mongolia 011500
"Institute of Quality Standards & Testing Technology for Agro—Products, Xinjiang Academy of
Agricultural Sciences, Urumgqi Xinjiang 830091
*Xinjiang Xiyuchun Dairy Co., Ltd., Changji Xinjiang 831201

Abstract: [Objective] This study aimed to investigate the effects of heat treatment intensity on the content and
composition of short-chain fatty acids ( SCFAs ) in milk.[Method] Using raw milk from the same batch subjected
to indirect heat treatments (75 °C/15s, 122°C/4s, 137°C/4s) and direct heat treatment ( 130°C/0.55s) ,
the contents of SCFAs and free short-chain fatty acids Free short-chain fatty acids ( FSCFAs ) were determined by
gas chromatography-mass spectrometry ( GC-MS ) , and differential analysis was performed.[Result] Both direct
and indirect heat treatments led to unavoidable losses in total short-chain fatty acids ( TSCFAs) and total free
short-chain fatty acids ( TFSCFAs ) in raw milk. At the FSCFAs level, heat treatment alters the proportions of
each FSCFAs, especially C2:0, C3:0 and C5:0, which may serve as potential markers for differentiating raw milk
from heat-treated milk.[Conclusion] This study reveals the variation patterns of SCFAs and FSCFAs in milk under
different heat treatment conditions, enriches the research data on the impact of heat treatment intensity on short-
chain fatty acids in milk, and provides a reference for dairy quality evaluation and safety control.

Keywords: heat treatment; short-chain fatty acids (SCFAs) ; milk; free short-chain fatty acids (FSCFAs)

23

2025/11 NO.287 HEZL





