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Ha 6 B2

it BETAF RS URIE S U g I A 2K RS A4 L 1 4 2 R AU AR B 2 ) 71

[ 42:C UHT 2L AR BN o-FL AR A B-FLERE
FAY i, O HL B 35X UHT FLAh 28 28 KRR
AN TEERFLAR R B 4500 T, B#EC UHT S T
MR ZSTR T TRAFFLHE NG TR 1Y 5 vy, Ik LR TR 2K W)
JORF A= L 5 B R LA e TR

FL%C UHT 3On] 53 93 A5 UHT A o X
UHT, JAETE R AR 2005 5 2R 7L B A i 2F
FLIREE TS R A UHT W8 e e 7R IR E T 4
FrAp et mim s = UHT Pz 73 03 o 28 VR e 5
TN X2 MR AR A B TR 2 S U
FUH BRI BT PR i LA KURAE & (
TR ALY AT BEAERFSIN N R
A UHT HBUH 30 UHT SR AL, B 3 A X UHT
R B FLh 28R v B B A UHT
FUREBER = UHT 2L rb (i 2 P4 R AR s ok, 4R
PR H R TN, T8 B e A R T
I, A TR, = AS UHT RS2 UHT 24907 i
D T AR LI AR S 28 R AR A XU
Bl AR Akt 250 B, X 2 ROy ik
AR TS D, HEA MW 5T & i [ R BT
THEFEAR F-BARX 5

ARWFFEAINS ] — it SR FL AT R AL UHT Al
M5t = UHT (Ut AT s el A ) ) %= A= UHT
FLAE S = UHT Loy 3 Fh e Ak v BT, 45 R0 AR 6
JE ARG E PEEA T W I 5 ], A TG Rk A+ —
S LR M ( sodium dodecyl sulfate, SDS) i HL K
2%k 2 A UHT FLrb a8 B B8 58 R 6 P -3
HEM B-FLEREA S EMTERE, b, i Al
AH 1 A B ( solid-phase microextraction arrow,
SPME -arrow ) A% 751 4 Bh 2% BUi2: ( solvent assisted fla-
vour evaporation, SAFE) $2£Ht UHT L H i #4 & P4k
G, A 3% - B3 R 14X (gas chromatogra-
phy-mass spectrometry, GC—MS) X 2 Ff UHT ZLH )
PERNMEAC S YA TINE | A SRS 5 B IR T 2 1 5
AR RS W Y 73 Al 2R B 4 T 4 0 A 2
T 28 T 7 200 2 2L o B A S e SR L Al R
I T T 2SR S S8

1 HR5FHE

1.1 #R5iRF
JERLAL, B AR B R BRA R AR (4
99.999% ) , AL A AL 4R Tk B BR A F] 5 1544

$e)R(C, ~Cy, 35 4L) | JEE 02si Smart Solutions 2y
Al IEC e (ARkal) |, 2 b B S i R -
250,358 Bio—Rad A H]; & L4, =5 LB (TCA) |
PIATERE  Tris — HCL, 1 Z Bt SE G R 44 (SDS) | i Bt
MRk DUF KL Z — it (TEMED) 4 x &1 FREZE vhilk
(FER A SDS | B-3i 5 2 W IR Wy i L % vh AR
W) H &R OB VKBS TR , 35 R o0 A 4k, 2-H 23
B, %4l 1 Sigma — Aldrich 24 7,

1.2 (U FE5E&

VTIS B B #2550 UHT 1345, Fi i Tetra Pak /A ;
7890B -5977 A RV AH I - BTk K HIX . DB - WAX
BB HFE (60 m x 0. 25 mm, 0.25 um) 57 8 [ 4H
A B U FE 2% K DVB/CAR/PDMS (120 pm x
20 mm) Y SPME arrow Z£ B3k, 38 [E Agilent /23 7l ;
LUMiSizer BF2E M3 HT A, #2E L. U. M. GmbH 2
F] ;SALD -2300 BUHOGCHTHIRL AL, H A B A vl
Brookfield DV Il 4 %5 % i i1, 3¢ [/ Brookfield 2%
] ; Kjeltec 8400 %4 H 2Pl K E AN, P12 Foss 2>
7] ; Mini — PROTEAN Tetra % Hi, Jk ##§ . Gel DocTM
XR + B3 UL, S [ Bio-Rad A7,

1.3 EWH*E
1.3.1  F3UBAE #on T35 58

it R FLI A A Mk, PR AT E 4 C i
AEFLAINTT ™ R SRRk L R FH O L TR B 3
TTHAR R 5, 53 1R A UHT A5 =X
UHT Ab3R A= T2 R 1, 26058 A Al ORI
T FER, 2RV O 2 100 kg/h, W R Bl
10 000 kg/h; F| FHC 55 ¥4 B i 1 HL 25 28 dv EA T IN 2%
B, A TCHETER S , UAT L& A R 50k
3.6% G55 BN 3. 9% , Bk AL A8 &y
Bk 4.8% ,BERN 282. 1 kI/dL,  ARHF 1 85
HEAT R
1.3.2 UHT $LEZALME ] 2
1.3.2.1 RiARMIE

SR OCAT SR B ASO A o R b AR A 700 2
FRZEIRACK B AL R BE 10 £%, 76 IR IE IR % i L= 3l
15 s 247 IR A, IR A)IE S RVEGE B A% & 1 3 b
AT I LL I oL, B A i 3 Ik, AT R
BN 145, A BT 47 3 R 3 o 1,33, K HE R
0.001, LA mRiARdE Ry i s A i OB K/ N bR
TR 3 A B — 2 3 i
1.3.2.2 RERENE

SR RS M A T ASGE 2o 2 L IR 33 6 R X i 1Y)
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[ wrxmescsy |
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I ZEIRIEA Tk, ZEA ST
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Bl s R ASBUN T 24 UHT ZLi
Fig.1 Flow chart of UHT milk processed by steam

infusion or steam injection

RISRFOHATIE . AFLFE S AR5 0. 4 mL, 7R
ok 25 °C FE 34K 2 500 v/min  FFHE][E] R A 30 s Y
2T 7 620 s,
1.3.2.3  ZHEEAIN

R BT 3 B VT AE 2T 6 R S B R AT
o MFESBHIIALY 8 mL BN R ER TS &
Bevk AR 20% ~80% , WIES TS
SC4-18 , %538 200 r/min , U 5E W} ] 4 min , BOF-34 %k
JE IR AEE R BRI 3 R, O
1.3.3 &aEhegm g
1.3.3.1  FEEACBRAIZLIE & (AR PR A 2

D) AEREE A A (NCN) 42, B2y 200 mL 4
FLEER, A 80 g NaCl 2 ¥ JRVR AN LA VL TE 6 25 1
HIT 15 min FFHE G P LI S 40 CKIGHE
15 min/5 T UE , W FIE .

2)AEEE FI AL (NPN) 42 L, B B 40 41 15%
) TCA i85 P FLIEHARIE 4: R AR UTTERL
HEM, FE S min 5, P EGEAGTUE, SR
FIAHI AR R o (2R JREE) .

NFABEEABERMWE, BE(TN)  NCN
F1NPN i fifi 4 A g Bl [ A AUR 38 S /R
AT M. R A SRR F B i, TN
NCN MR - 8 H B #1344 6. 38, NPN 1 & -
FEAFTERANT R 1, ARIERRL " AR, 16k
FUBE A (WP) Fre i rEW=R(1) .,

m(NCN) x6.38 —m(NPN)

PIWP) =" CIN) x6. 38 —m(NPN) <Pio

100,

(1)
K (1) H,p(WP) .m(NCN) ;m(NPN) .m(TN)
A3 R ok 3L rh 3 e LT A A B R (/100
mL) AR E H AR (g) AREH A& (g) LK
/é\ﬁﬁi(g) ,pllzoj‘jﬂ(%ﬁzg,l g/mL,
R4 (2) T UHT 4B J5 2R 2URE S AL
AR (%)™,
FLIEEAAER =

[1 _m(NCN) x6.38 —m(NPN)
m(TN) x6.38 —m(NPN)

/w(WP) | x100%.

(2)

H(2) %, m(NCN) ;m(NPN) .m(TN) 735 4
WG AFL P AR RS R AT i (g) AR AU =
(o) UK BRI (g),w( WP) A JEREFL A G 3L
THE AR, % .
1.3.3.2 o-FLHEHY B-FLEKE N &R IIE

a-FLAE NS B-FLEKE M & ik SDS #E i
FLPK IR AE , DSR40 12% B2 B HEAE o i 4%
B 5% WA EERSHIE . B30 L AL A20 L
)2 x B G 0 IR AT OISR 43800 10% B H
) I R K 9 5 min, 18 RS, B0
2 min,, RFIBEIEAR T A LA 2 O Y L K
T BRI BT, BB 15 WL Bl & 4 A
i, ML, IF BT — > 8 bR 1 Sl bR ac B
FLo LUK FELS ARG AR B L VR P R L
25 mA Fl BRI I U HL U 35 mA B % 4
BICES A, LTRSS RS A 58 T ( L VKGR
K= ERARBILE A 5:10: 85 ) R E 10 min; ¥R E
FY g, BIAGE BN D R-250 Y @il
WEBC LA A 60 C 7K VAR 10 min, K el
(eI T i B N, R THRIR e, M 5e
BUG HIEAA BT 53 UG AR B e TN 45 i S B2 1Y)
IEH%,}F@#FH Image Lab™ (4%t a-FLAEH 5 B-?L
BREE A T &
1.3.4 UHT 5L 42 & AL &t il

WP SCHR [ 15 1 /Y 5 8% URT 2L i 4% & 1k
BTN E .
1.3.4.1 ¥ERMAEYH SPME -arrow Z£HL

TEDZS AP FRE 10 ¢ HEAFL, A 1 ¢ NaCl,
P ERE AR 1 L BT R B 0. 816 mg/mL 1Y
AR (2-F 3B ) T A TR A i, 3% 8K
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FaE 2 M i TR R AR

i

BRI A 45 °C |, B B M IO U A K 3 R o
POEAT 20 min )5, #F SPME — arrow BZHGL ( DVB/
CWR/PDMS, 1.1 mm x 120 pm ) i A0 259 o, #E
IR A, TS W B 30 min J5 , 4 1] 2K HUAT
Yt IR FEIC) | B 2 CRALE 250 C R HERE 1 i
75 min,

1.3.4.2  #EERMALG YN SAFE ZEHK

1 SAFE 25 % v 500 mL [R]E B T e s 4
PO, & T - 196 CHAMRBEF ;1 000 mL [#])iE ke
U TR IR, T RE 7 40 C PRI B b
HEA- SAFE BT EAEFFAE 1 x 107 Pa W ESE
T, 9 HAEFR K I B R AETE 50 °C . 1 SAFE ¢
LS BRI B AR 5, 4% 200 mL AR ZLAN
200 L 2-F1 3£-3-PEf (0. 816 mg/mL) R 4] J5 8] A
SAFE ¢ & (153 s <} v, 317 7 0 s <F 16 28, 9218
T, AL BT R RIE LA R R A TR IR
R - R A D 2R L A5 1R AR R, S A LS
B ETIBWRERL . WA B 2 250 mL 43R IR
o [EIN P B ZE 5 1Y 50 mL S W e 3 IRIEAT 46
A2 A HLA, B 100 mlL BUR B 0CE LR
PR R BFEIE T 50 C K, H Vigreux #4518
W4 J5 AR 2 200 pL, SRS T pl 2O i1 TGC -
MS 43#7
1.3.4.3  $ERVEALE YR 5 B Ak

FIH GC-MS Xt UHT ZLH 45 & v & Y it
A543 B RGN

GC 4. LA SAE A #0R, 8 1H 2 T
1.2 mL/min, €035 4F 09 7R B2 % R 4G AR R
40 °C, LA 7 °C/min JHEF| 75 C s L2 °C/min F+3)
150 °C ;LA 5 °C/min T}5) 230 °C, 445 2 min, R/
AT,

MS 4« B T HL B (electron ionization, EI) YA,
HLFRETR 70 eV IEAE RLEE R 250 °C, & F IR TR
4230 °C, PUBATIRE M 150 °C ; = H i, i
FHEEE m/z 35 ~350 u,
1.3.4.4  ¥ERMALE YR E MR E 500

FIH i (MS) FTLR B3 +8 %5 ( retention index,
RI)2 Fhr & e AL &9, 76 NIST14 3 FEh A & |
XA G, AL S W AR B8 4R O 5 Sck b
TR FEECGHI TR LG FE S FE i A= FUAH [A] ) (3 25 1
T, A IERERR €, ~ C,y GC REE ]  HR4E=(3)
THRRFNAL G PR B85

S5 X o B P 2 T 0 24 7L 3 R 2 R XU AL 5 1 B 52 ) 73
100(t, -
RJ:lOOxmLf”) o (3)
n+l — n

(3) , RE AR BE AR 1, ke © AP B
[B], minyn AR E T, MIRIETHCN n B9 1IERIE
KRR R FR] minge, , AR EFEON 0o+ 1 BIER
Bkt B R B ] minsn <i<n +1,

I A bR BT & R XKL & P
g
1.4 HiEAAE

FIF RStudio BRAFFEATINST ¢ K56 934, HEEGR
AU 20 UHT FLh 4 AR PE B2 5+ P < 0. 05
PN RA BFE 2SS, ORI SIMCA B A X5 &
PEAE W4 34T 32 U3 53t ( principle component
analysis, PCA), F http ; // bioinformatics. psb.
ugent. be/webtools/ Venn/ [ ill] ¥ £ {422 il 3 LA

2 ZEREHH

2.1 EAZ UHT k5K UHT Xt 2B HE R
MEEEARN M

AR 28 UHT FL Y BRAL TS A5 50 B 45
WER T, R 1 AT, MBS UHT 2L, B A
UHT FLAP PR RS R BB /N (P <
0.05) . &¥FABIE , UHT FLEKAR A TE 0.1 ~
10. 0 pm, 5eRT A4S — 280 F Rk R
I T g ik 1% A U BE R, LA R 5 R 1 o SR 4R
R RAN AR R/ IR A e 2R ZL AR B N AR e MY
HEARIR, WG - IPRAR /N RAR 53 AT S B S AT 1Y
AL R, AN FRE 9 2R 2L R o Bk AR R A
700 wm B ORLRE (32 Oh K R R R Y 2R 4R
O AT L, 32 A S UHT ZLn] 68 4 mi 5 =X
UHT FLH M RRE . A58 R AR e 1 43 B A3
ES R R ¢ UHT 2R R0 TR AKX
UHT FLEIIE T X —4518

#1 BAXMmE L UHT LB R g
Tab.1 Comparison of physiochemical properties of UHT milk

processed by steam infusion and steam injection

d(F¥)/pm KRR n/(mPa-s)
BARX 0.55£0.000 0. 060 = 0. 000 2.18 +0. 020
i 0.57 £0. 000 0. 068 +0. 001 2.25 £0.010
P 0. 000 3 0. 001 <0.000 1

UHT D3 rp JAAb PRES 5 3 2 S BUR FLA B
BE LAY BRI R, SECE AL B RN
FE N B-FLEREE H AT LR 55 1 2 1 BOR
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g R LA, A 5T g At UHT 2LRY
R m =X URT ZLARAY IR R B-FLek & (A8 Pk
Rk B-FLIKA 5 1K B R o Y S R B L 5
= UHT FLK,

SEHINAS IR A SRS =0 UHT 2L L
AR MR 2, mEE 2 nAL R A=
UHT 2L 89 ZL W & 1 22 M R 0 5 4 48.82% Hi

37.17% ., =& A UHT FLH R AR P R e a5 =X
UHT FLHE &, X — 45 5 511 ARGE W45 L AR, mf
A5 AR S0 SR FH S B AR P 2% MR R R TR 4%
il LA 22 A 55, Jong 251 BB R B, W 55X
UHT FLAP 2L 75 8 1 A8 VR R 05, il Malmgren' ' (1)
o200 ,2 Fh e UHT ZLAYALIE & A R 0
WEES,

# 2 BRAXMBET UHT FLh RS PEFLIE & 1 & L

Tab.2  Comparison of undenatured whey proteins in UHT milk processed by steam infusion and steam injection

pCRABVEFLIE HAEEH p( RV a- p(RAEVE B-
pUREFD)/ p(IEER)/ . i g
HH)/ R, ABEH)/ FLERER)/
(g-100 mL~") (g-100 mL~")
(g-100 mL~1) % (g-100 mL~1) (g-100 mL~1)
AR 3.598 +0. 000 0. 406 +0. 006 0. 042 +0. 003 48.82 +1.000 0.196 0. 098
M5t 3.598 +0. 026 0. 443 £0. 005 0. 046 +0. 004 37.17 +1.536 0.111 0.083
P 0.99 <0.000 1 0.001 — —

“—"FORAAE

BT, B3R UHT L o-FLAEA K
APEFR (1R A UHT:21. 4% , Wi UHT:23. 0% )
KT B-FLERE B A (AL UHT:61. 6% , 5 5f
L UHT:62.0% ) ", GARLH KRB A M a-FLH
BABARA N B-ZLERE & i S 5 AT,
BB AN, 4 FLT B-FLERE 18K o-
FLAE AP Ak AR AL UHT
FL, WU UHT ZLrb a2 v g-FLak i A & i
I TEZ 1Y) B-FLEK IR 14514 & B AR LT R4 | i
TR RN 3% 5 AR R 5% v I g 55 3 =X UHT
LR = (5 AT

2.2 BEAXRMBESHNX UHT W4 hiELXELE
MEEN I

FIH SAFE F1 SPME iX 2 Ffi A& HCy A5 21 (1) 4
RS WERE AR I LK 2, |
B2 (a) Bl ABFFE RIS TR A RIS =X UHT
FLrb AR R PEY) 3L 59 B SPME 3500 2] 19 Fif,
SAFE 350 54 Ff, Hor g 14 Ry i ] 2 FhAEHRL
Jr R RRAS I 2] HARY BT & i LR 3, X 14 Fb
B YR O TR 2-1— 8-28 P, — I 3%
B, DA K — e IR B (R 3) . IREAHE,
SAFE XF-FEEE g M iR 25 R 2 ) I 1 26 O3 2

25

E =
LS

SAFE-2 AL ERULEY
I

(a) SPMEFISAFEI: 4 H 25 5;2

SPME- 4] 54
[ e

SPME-i2 A

0 20 40 60 80 100
AL /%
(b) AR A AUHTAE AR (o) HERIE R B Y & &

B2 UHT LA Ak Kk Al & 9 i o AR 28 5 B

Fig.2  Analysis of amounts and types of volatile flavor compounds in UHT milk
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Bhf-, T SPME X T Hg 28 M & B Ak & 9 26 B R o

FERY BRI ARSEISE R TR FUAZR P SPME Ak & 4 A BURL S S W SAFE, AT WL, SAFE I

XA L P ) EE B R AL A 2- B R 2T T A 3-8 SPME 4545 RE B 4 1 Ho o3 Ar 2 2L 9 XUk AE &40
%3 SPME Fil SAFE ZEHUAYIR ARG = UHT S s R W & &

Tab.3  Concentrations of volatile compounds in UHT milk processed by steam infusion and steam injection using SPME

P LA B A B A YR A JOSCR A (ER A T 2 By

and SAFE extraction

R CAS RI w/ (ks ™)
SPME-1E A SPME-W{{  SAFE-IEARX  SAFE-Bif

[l S

U 66-25-1 1079 1.25+1.17 0.72 0. 69 7.66 1. 40 7.60 +1.52
T 124-19-6 1390 — 1.63+1.88 82.81 %9.37 62.98 +6. 02
13-+ DU 85896-31-7 1964 — — 31.32£27.17  45.77 +39.69
[LEES
2- 110430 1213 12.56 +12. 85 9.25 +0. 67 — —
2-T-fif 821-55-6 1386 15.36 +3.42 6.58 +0. 44 — —
2T 112-129 1615 4.18 +0. 84 1.17+1.12 14.84 £2.57 13.14 +1.21
2-+ = 593-08-8 1816 — — — 16.47 £3.98
3-FR2- TR 513-86-0 1280 — — — 10.20 = 1. 53
6,10-—F1 35 ,9-—BUdi-2-FR 689-67-8 1862 — — 9.97 +8.96 12.01 £4. 60
2-H 52T 75-854 1000 — — 10.75 +1. 80 8.88 +1.44
3-CEE 623-37-0 1190 29.62 +6.13 — — —
2 123966 1398 — — 9.08 +1.90 7.82 £1.61
2-Z.3-1-CU B 104-76-7 1484 — — — 8.02 £6.95
1-+—F 112-53-8 1977 — — 360.86 +54.73  234.67 £26.50
1- P e 112-72-1 2145 — — 177.85 +24.43  109.31 =12. 85
17 36653-824 2400 — — 47.32 £8.19 38.95 +4. 14
[ir&S

R 64-18-6 1499 — — 4.87 0. 54 5.83 +0. 66
LR 64-19-7 1461 — — 22.96 +5. 18 20.98 +2. 61
(] 79-09-4 1540 — — 4.70 +0. 49 4.83 +0.85
T 107-92-6 1647 0.53 0. 30 0.21 0. 20 10.20 £1.92 8.07 £1.30
LR 142-62-1 1838 2.02+2.19 1.45 +0.40 78.67+15.27  66.11 £12.71
B 111-14-8 1950 — — 15.93 +7. 80 13.46 +0. 96
Fi 1240722 2070 5.38 £2.20 3.71 £1.95 230.39 £72.17  332.55 £66. 84
TR 112-050 2169 1.72 +1.64 0.56 0. 51 100.37 +88.77  126. 98 £29. 50
£ 334485 2314 6.14 £5.53 2.50 £2.19 194. 64 £37.94  159.47 £16.42
+ =ik 143077 2503 4.25+4.23 3.33 +3.39 96.90 +4.92  212.98 +51.23
9-ZX IR 14436-329 2348 — — 35.15 +10. 02 28.05 +3.15

S

LR T 123-864 1100 — — 27.50 +4.39 23.37 £3.90
FoNER R 112-390 2251 — — 192.42 +32.73  154.46 £ 16. 14
RIVAY A 628-97-7 2246 — — 142.44 £74.63  39.38 £3.01
AN L 112-61-8 2445 — — 70. 08 =10. 52 —
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53
Rk CAS % w/(ngrks™)

SPME-#AZ  SPME-Wift®  SAFE-#R A SAFE-Wift=X
TR TR 111-61-5 2455 — — 11. 60 = 10. 96 —
2 IR TSR INER 6938949 1430 — — 22.56 £0.97 17.24 +2. 10
R ¥ 544354 2521 — — 74.54 +13. 42 —
2.2, 4-=H 31 3L RT
-, 6846-50-0 1591 — — — 19.36 6. 53
(Z)9-1/\ Stk 2 g 111-62-6 2476 — — 60.76 = 10. 65 —
S
3-ZE N Ig 705-86-2 2229 3.95 +3. 64 2.23 +2.30 21.21+1.70 17.78 £19.22
2(5H) - IR Tl 497234 1767 — — 8.74 +1.87 6.71 =0. 68
T EY
Rk 75-18-3 760 — — 25.79 +4.23 22.22 +2.94
ZHUIERR 67-710 1912 — 0.16 £0.17 62.56 +9.33 63.79 +8.50
Z R 67-68-5 1553 — — 3.98 +3.66 1.22 +1.80
(13 e s
D-F7 M 5989-27-5 1031 — — 44,98 +5.75 39.24 +5. 69
RS e S
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Fig.3 PCA of volatile compounds in UHT milk processed by steam infusion and steam injection
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Effect of Steam Infusion and Steam Injection Ultra-High Temperature

Treatment on Active Proteins and Flavor Compounds in Milk
MENG Fanyu', HAN Zhaosheng', ZHANG Zheting', DING Hao', LU Xiaoli’,
MA Ligang’, KANG Zhiyuan™", WANG Bei"*, LI Yan'
School of Food and Health, Beijing Technology and Business University, Beijing 100048, China;

2. Junlebao Dairy Group Co Lid, Shijiazhuang 050221, China)

LU Chun®,

(1.

Abstract: Ultra-high temperature treatment (UHT) is a common sterilization method for milk that can be
classified as direct and indirect UHT. Direct UHT was not widely applied in the dairy industry due to the
high cost. Recently, with higher requirements of nutrients and flavor of milk from consumers, direct UHT
was re-concerned due to its high heating rate, short heating time, and low loss of flavor and nutrients. This
study compared the effects of two direct UHT methods, steam infusion and steam injection on physio-
chemical properties, native whey proteins content, and volatile compounds content of milk. The results
showed that UHT milk treated by steam infusion had lower mean particle size, instability index, and
viscosity, whereas higher levels of desaturated whey proteins, compared to that in UHT milk treated by
steam injection. 59 volatile compounds in total were detected in UHT milk through two extraction methods
as solid-phase microextraction arrow and solvent-assisted flavor evaporation combined with gas
chromatography-mass spectrometry , of which 50 volatile compounds were detected in steam-injection-treated
UHT milk and 52 volatile compounds were detected in steam-infusion-treated UHT milk. Steam-infusion-
treated UHT milk had a lower proportion of ketones, aldehydes, and fatty acids, while a higher proportion
of esters and alcohols compared to that in UHT milk treated with steam injection. Principal component
analysis results showed that steam-injection-treated UHT milk and steam-infusion-treated UHT milk could
be distinguished by volatile compounds, indicating that different direct UHT methods could influence the
flavor of UHT milk. It was recommended that dairy companies select steam injection if they intend to
produce UHT milk with a heavier milky flavor, while select steam infusion if they plan to produce UHT
milk with less cooking flavor, less off-flavor, and higher physical stability during storage. The result of this
study aimed to provide supporting data and theory reference for the dairy industry to choose proper
sterilization methods and produce UHT milk with a longer shelf-life, higher levels of nutrients, and better

flavor.

Keywords: UHT; milk; volatile compounds; physiochemical properties; whey protein denaturation
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