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UHT sterilization process of milk
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Table 1 Detailed sampling information of UHT pure whole milk
- . oy . FARRERE BV RERE BARNE DR ERIL
g+ (100 mL)™! g+ (100 mL)" g+ (100 mL)™
Cl PR b o e 4 6 /™A 2019.08.21 32 3.8 5.0
Cc2 e e 6 /™A 2019.08.15 32 4.0 4.8
Al FigE] 1% 2019.03.15 33 3.5 4.8
A2 g = 15 2019.04.19 33 3.5 4.8
A3 g 2 1 5 2019.02.21 3.5 3.5 4.7
A4 B XA 14 2019.03.08 33 34 5.1

2 L -3 PE (3% 4 9% ) 1At 48 (Com
Cao, LTELIZRL ), 5 [ Sigma 28 7] 3 S ALAN (5 H7 46
G0, V4 BBk 2= A A7 BRA B 5 T A R ) 5 b 1
ih (BG4 gh , 4l >99.9%) , H A TCI A H] ,
12 MUE5EF

Trace DSQIT SAH €3 — 57 1% B¢ X (FiE ET 25
F I K Xcalibur Z0 G AL PR R 58 ), € [ Thermo
Finnigan 23 A] ;SA402B PR 43HT R 48 (FL AAE,
CTO.CA0.CO0 AL1 il GL1 1% & 2% & Taste ¥
AbHE 245 ) , H 7R Insent 23 & ;PEN3 B F & (g 10
A4 @ A AW 2 3 R A Ak 24 A5 I OT 1 & Win-
muster ZC4E b FE A ), 75 E AIRSENSE A #] ; DF-
1018 A # A E IR I FRE ) ek |, IL ST AR AL
s AL204 K5 % 3 Bt R, 3 - METTLER TOLE-
DO A,
1.3 Ak
1.3.1 SPME-GC-MS 43 #Hr
1.3.1.1  BEAAHGLAERC  #E# 2 EL 8 mL 4= W3 FE i
T 20 mL WA A BOR A, A (1.0000£0.0005)g
SAALENAN 10 WL I bR (2B 3L -3 BE R, o i vk
A 20 we/mL) ,40 CKEFAF 20 min, #E J1 4 £ 5
J& R 20 v/min, VA5 5 F 236 AL 4 ) PDMS/DVB
AL T 25 W B 30 min J5 , B A BCK R A GC it

FECENT S min, ARG EZIE 3 K,

1.3.1.2 @i DB-WAX B 4148 @ik H: (30
mx0.25 mmx0.25 pum) ; #EFE A 250 C, AN
THERE s AN AR, T 1.0 mL/min; TR
BRI E S 30 °C, AR, BL 3 °C/min JH2E 90
C, 1+ 1 min, HLL 6 C/min FF & 210 C, 1#FF 1
min , S THEFR P2 7B A 42 min,

13,13 JRib st @il e s 2o 230
C, B FIIRER 250 C; 8 T g & i
(ED), HTHRER N 70 eV; Brit L :45~350
U,

1.3.1.4  EMETr ik R NIST i JF % 1 b Xt
(Mass spectrum, MS). f# 8 5% (Retention in-
dex, RI) X Fr#E N 2 P (Standard, Std)3 Fi oy i
XTI ) IXUA ) 3 44 P A #

1.3.1.5 E®irk KHWbskFER, 2-H
-3 BRHR Ay A A 308 e 25 2H 40U T AR PN B 06 T
PT84 20 43 o i vk B 5 N b BT R R R 1L
BAA% XUIA ) o 1 Jo o I

132 FREEE

1.3.2.1 H F £ (Electronic nose, E-nose) I 8
mL 4= W FE T TS i P, A (1.0000£0.0005 ) g
AN, 40 CHRE - 20 min, #E S 9 2N
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20 r/min , SR J5 48 AL SR Sk IR T9 4 AR AL Y <
A o3 BT R it eb 45 A 5
HL RSB B . AR IR BRI 1 s,

WYL 120's, JAZMSTE] 10s, B ER I 5
s, MAE B E] 120 s, 20T 200 mL/min, JE# 3
200 mL/min IR Ji O &R 25 Co BERED
SEATINAE 3 W AL AR W N AR 7R 90 s BEATIE
BB 55 RAEWT ] 115~120 s (52 0E 15 5 5
BEAT T
1.3.22 ¥ (Electronic tongue, E—tongue)

T2 36 4 17X A% B AR R S L AR AT TR A SR
J5 M AL AR I AL AR AT A A, ARE S
FRE RS WO 2= o 130 T IR ZI 2k, 2y 35
ml, RFEE S BR AT OR b B35 R AT I E L B R
GL1 A& s Bt s | A6 03 30 %0 25 °C, B
AFEGINE 4 P17, K25 R H] Taste analysis
application FIF AT 80 55 45 A IE (L2 LN
XFHR) | 9K J5 K v (R AL R R B 1
1.3.3  fliidEEE M LA R AR S
TR 2R R JE R AR PR AR
DR SRR 3 10 A J@ MEXT 6 A2 WA i i AT Al ik

*2

PR PP ] s XA o 110 R (K B2 B AT 4T 45
ELUR & PR R DT J3 A o L3R 21

B 5 2 20 4 A F & i FLEL I 2 1
N GLHEATRE i 0 5 Bl AR M BCE PR, 60 44 7H 2
B HEATHE S R AR B A BE DR o B 6 LR W RE A
LA 3 7 BE ML Ji B T BE ML 52 388 25 PP A B
ATV, PR A Da] TS ER OF T AR KT BR
RIRFHAT T DA PEN, & R P
R 1~7 230, 1 23 F R Te e Jm Ak ,2~3 Jr s it
JEPEBER 4 53RN, 5~6 43 n I B PR
7 53 3R W I PERR 5 R AR B A FE P Bk 1~7
Gyl 1 o FORAEE AR B, 2~3 4 RN LR B
W4 I3 RN B — i, AT DLEERZ 56 7 KR I
BER,T 3R H B,
1.4 HiERE

P AR Y H A 3 Uk, R LV B bR o 22
SR, 4 SPSS Statistics 22.0 #E47 5[ 3 7 22
7T (One—way ANOVA) 12 25 75 #r (Cluster
analysis, CA);>RH SIMCA 14.1 #4745 19 3268
7743 #1 (Principle component analysis, PCA),
22 3R A P 5 SR Origin 2018 S8 UHAYA A

EEMRERE R BEEFEITIRE

Table 2 Standard of quantitative descriptive analysis and overall preference
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Fig.2 Comparison of the mass concentration of volatile compounds between UHT milk in China and abroad
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Fig.3 PCA (a) and CA (b) based on the qualitative and quantitative results of UHT milk from China and abroad
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of UHT milk from China and abroad

Hon 5 Cl1 C2 Al A2 A3 A4
HAREFETS 58 59 40 34 27 37

BER A HE PRy iy, TR P4 =2 BE 1128 75 (A2 A
A3) BB R A AR X 22

3 &Fig

TR0 2o X R P A R A 0 B R XU )
B HEAT R R i R R AR RIS | RIS
T A YR SRR AN R RRIEVE AR R
I P PP 24 A i ) 2 0 g oz 1 L AR, EL
FOZF A5 it 14 00 O 155 AR B, 3 B 2 10 2 5 i
A7 LEARRLPE B 5 [ P A= 9 22 5 0 i 1R Jg%
BV U0 I FE A2 A ol F) 2L A R R EL I R
H S ORES AR B BV Bl . B2, AU
OIHT R, AR AT b SR A T A G A
Xt [ A A s, — 7 T DR S R o R A
BN TR AR5 rp B SRR, 55— T3 17 PR i ]
R fif A i i T R 2 TR A A DR IE B B
BRI R B T A DA e n 1k, R EAEE A FEA
0 A 175 I Bl sl S R ) A

2 % X M

(1] EBRZE, sgesr MRl — AP S A 4 0y &



B28 H5M

B A Sk AL IR gk A o 6 Uk S R4 AT 279

[5]

B 5 201510940392.4[P]. 2017-09-29 [2021-
01-12].

WANG T J, SHI H Q, HUI J M. Method for
quickly identifying and detecting milk adulteration:
201510940392.4[P]. 2017-09-29[2021-01-12].

LI W X, L M H, CAO X Y, et al. Quantitative
proteomic analysis of milk fat globule membrane
(MFGM) proteins from donkey colostrum and mature
milk[J]. Food & Function, 2019, 10(7). 4256-
4268.

IR, XA, ERfh, G5 R0 AR
EWMEWI]. TEZRE, 2017(6): 18-20.

ZHANG Y D, LIU Y J, WANG Z W, et al. Milk
is one of the most perfect human food[J]. China
Dairy, 2017(6): 18-20.

B At A3z E R E PR B AZ A T[] b
[ 0T 7 AT, 2016(10): 40-42.

LI Y. Why is the shelf life of imported milk sold to
China longer[J]. ‘China Quality Long March’ Maga-
zine, 2016(10): 40-42.

BOTTIROLI R, APREA E, BETTA E, et al. Ap-
plication of headspace solid —phase micro —extraction
gas chromatography for the assessment of the
volatiles profiles of ultra—high temperature hydrol-
ysed—lactose milk during production and storage[J].
International Dairy Journal, 2020, 107. 104715.
LIMBO S, PELLEGRINO L, DINCECCO P, et al.
Storage of pasteurized milk in clear PET bottles
combined with light exposure on a retail display
case: A possible strategy to define the shelf life
and support a recyclable packaging[J]. Food Chem-
istry, 2020, 329 127116.

XUTE. #E L R IS R AL
N2, 2018(3): 34-35.

LIU L. Imported dairy products are frequently on
the blacklist, and Devondale is once again on the
list[J]. Dairy and Human, 2018(3): 34-35.

AR E U AR U LR 2 4% 2 R X
EIT ()] )P A TR, 2016(3): 45-46.

LI J. The shelf life of imported milk is more than
twice that of domestic milk, and it is only for the
Chinese market [ J ].
Guide Periodical, 2016(3): 45-46.

VA G AR <= DA o 1IN = 4 UK LR ER
BA BRI 250 (J]. B8 e Bk, 2017(4) . 44-
46.

Guangxi Quality Supervision

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Milk and Milk Products Inspection Center of China
Ministry of Agriculture and Rural Affairs (Beijing).
Domestic milk is better than foreign milk[J]. Xin-
jiang Xumuye, 2017(4). 44-46.

Wska, BEREZE, WEETSR, SR BEIS BLAN R WIIR U
PR R T A R 0 T RO AR AR )] =R, (2020-
11-23)[2021-01-18] https://kns.cnki.net/kems/detail/
11.2206.7S.20201123.1015.016.html.

YANG X J, HOU Y J, HU S L, et al. Fermenta-
tion properties of set yogurt made from sheep milk
and changes in viable bacterial count during cold
storage[J]. Food Science, (2020-11-23)[2021-01-18]
https : //kns.cnki.net/kems/detail/11.2206.TS.20201123.
1015.016.html.

PERKINS M L, ELLIOTT A J, D'ARCY B R, et
al. Stale flavour volatiles in Australian commercial
UHT milk during storage [J]. Australian Journal of
Dairy Technology, 2005, 60(3): 231-237.

eV, XRE, b, S5 T s NE 2 0 R KO
X BRG] Bk 5 &I T, 2014, 40(1):
154-159.

HOU J P, LIU Z M, HANG F, et al. Lipolysis in
cheese and flavour development[J]. Food and Fer-
mentation Industries, 2014, 40(1). 154-159.
JO Y, BENOIST D M, BARBANO D M, et al.
Flavor and flavor chemistry differences among milks
processed by high—temperature, short—time pasteur-
Journal of Dairy
Science, 2018, 101(5): 3812-3828.

VAGENAS G, ROUSSIS I G. Fat—derived volatiles

of various products of cows’, ewes’, and goats” milk

ization or ultra —pasteurization [J].

[J]. International Journal of Food Properties, 2012,
15(3): 665-682.

JIROVETZ L, SMITH D, BUCHBAUER G. Aroma
compound analysis of Eruca sativa (Brassicaceae)
SPME headspace leaf samples using GC, GC-MS,
and olfactometry[J]. Journal of Agricultural and Food
Chemistry, 2002, 50(16): 4643-4646.

IR B, T EA R, KUK O Y b
AN FREFLA T, 1995, 23(2): 89-93.
ZHANG L B, CHENG T. The relation between
ripening, flavour of cheese and microorganisms and
its enzymes[J]. China Dairy Industry, 1995, 23(2):
89-93.

FERNANDEZ-GARCIA E, CARBONELL M, GAYA

P, et al. Evolution of the volatile components of



280

O

B

= QYA
=

R 2022 455 5 4

ewes raw milk Zamorano cheese. Seasonal variation
[J]. International Dairy Journal, 2004, 14(8). 701-
711.

[18] kb, EXE, X7tk GC-0 5 GC-MS &5 5 %

[19]

[20]

[21]

[22]

[23]

[24]

[25]

AE R AR TR KR B 45 AF SO AT, B Tl R
+, 2008, 29(3): 137-139.

HOU Y Y, WANG X G, LIU Y F. The identifica-
tion of specific aroma in flavor of natural milk fat
using the cooperation of GC—O and GC-MSJJ]. Sci-
ence and Technology of Food Industry, 2008, 29
(3): 137-1309.

ERE LT A O AR E 0 RO L R - 0 A R R T
FE[D]. 8. LK%, 2009.

WANG B. Study on the materials of natural milk
flavor and milk flavoring by enzymes [D]. Wuxi:
Jiangnan University, 2009.

MM, AT, AN, S5 7 ORI 9 38R 23
Br i 4 58 [ 7= T 1 1 G XUR L G 1)) B Sk
fi Tk, 2008, 34(10): 132-136.

TIAN H X, YI Y J, ZHENG X P, et al. Identifi-
cation of key aroma components in home —made
cheese by aroma extract dilution analysis[J]. Food
and Fermentation Industries, 2008, 34(10). 132-136.
MAHDIEH I, HAMID E, BEHROUZ A A, et al
SPME/GC-MS characterization of volatile compounds
of Iranian traditional dried Kashk [J].
Journal of Food Properties, 2018, 21(1): 1067-1079.
TOELSTEDE S, HOFMANN T. Sensomics mapping

and identification of the key bitter metabolites in

International

Gouda cheese[J]. Journal of Agricultural and Food
Chemistry, 2008, 56(8): 2795-2804.

PAN M H, TONG L J, CHI X L, et al. Compari-
son of sensory and electronic tongue analysis com-
bined with HS-SPME-GC-MS in the evaluation of
skim milk processed with different preheating treat-
ments[J]. Molecules, 2019, 24(9). 1650.

of Standards and Technology
(NIST). NIST Chemistry WebBook [DB]. Gaithers-
burg, January, 2022. https://webbook.nist.gov/chem-

National Institute

istry/.

ZHONG R Z, ZHAO C Z, FENG P, et al. Effects
of feeding ground versus pelleted total mixed ration
on digestion, rtumen function and milk production
performance of dairy cows[J]. International Journal of

Dairy Technology, 2019, 73(1). 22-30.

[26]

[27]

(28]

[29]

[30]

(31]

(32]

[33]

[34]

HU G L, ZHENG Y R, LIU Z M, et al. Effects
of UV-C and single— and multiple—cycle high hy-
drostatic pressure treatments on flavor evolution of
cow milk: Gas chromatography —-mass spectrometry,
electronic nose, and electronic tongue analyses [J].
International Journal of Food Properties, 2017, 20
(7): 1677-1688.

YUE J, ZHENG Y R, LIU Z M, et al. Characteri-
zation of volatile compounds in microfiltered pasteur-
ized milk using solid—phase microextraction and GCx
GC-TOFMSJJ]. International Journal of Food Proper-
ties, 2015, 18(10): 2193-2212.

WANG D F, ZHENG Y R, LIU Z M, et al. Im-
pact of microfiltration on particle size distribution,
volatile compounds and protein quality of pasteurized
milk during shelf life[J]. Journal of Food and Nutri-
tion Research, 2014, 3(1). 26-33.

KARAHADIAN C, JOSEPHSON D B, LINDSAY R
C. Volatile compounds from Penicillium sp. con-
tributing musty—earthy notes to Brie and Camembert
cheese flavors[J]. Journal of Agricultural and Food
Chemistry, 1985, 33(3): 339-343.

R B AL B A L KU K AR R 4 BT I 5 i [D].
M RIE . ARAEAR R, 2015,

SONG H M. The influence of heat treatment on the
flavor and preservation quality of milk[D]. Harbin:
Northeast Agricultural University, 2015.

TR, B, UHT AR G A 4% Rk ) S fY
sZm[J]. o E LS Tk, 2012, 40(4): 36-38, 50.
WANG W H, MU Z S. Effect of UHT treatment on
volatile compounds in milk[]J]. China Dairy Industry,
2012, 40(4): 36-38, 50.

BN O DO RIBEN Ll AR M)
T8 LK, 2016.

WANG M Y. Effect of calcium chloride addition on
characteristics of cheddar cheese[D]. Wuxi: Jiangnan
University, 2016.

BEEE, R, L, 5. BSR4 & s T
T BT SCPERT L] K Aife T, 2018(6):
998-1003.

CHI X L, SONG Z, Al N S, et al. Study on cor-
relation between sensory evaluation and electronic
nose sensors analysis of skimmed milk [J]. Fine
Chemicals, 2018(6): 998-1003.

TR, 78RR A UHT Z8 1800 2 3L 08 7= W B Al



H22 % 55 & A oh A IR S 2 b RGek S AT 281

PRS2 [T]. LS Tk, 2012(3): 33-36. UHT milk[J]. China Dairy Industry, 2012(3): 33—
CHENG T. Effect of steam direct infusion heating 36.

(SDH) method on nutrition substance and flavor of
Analysis of Flavor Quality of Typical UHT Milk from China and Abroad

Pan Minghui', Cao Hongfang™®, Wang Caiyun®*, Yang Leilei®, Ai Nasi”, Sun Baoguo'
('Beijing Advanced Innovation Center for Food Nutrition and Human Health, Beijing Engineering and
Technology Research Center of Food Additives, Beijing Technology and Business University, Beijing 100048
2Inner Mongolia Yili Industrial Group Co. Ltd., Hohhot 010110
*Inner Mongolia Dairy Technology Research Institute Co. Lid., Hohhot 010110)

Abstract Ultra high—temperature technology plays an important role in the process of milk from precious food to com-
mon food. With the improvement of consumption level and health consciousness, milk consumption has increased year by
year in China, while the consumption of imported milk has also risen accordingly due to dairy events in recent years.
The concept that "imported milk is of a better quality than domestic’ prevails. In this experiment, solid—phase microex-
traction (SPME) combined with gas chromatography (GC) —mass spectrum (MS) technology was used to perform qualita-
tive and quantitative analysis of volatile compounds in domestic and imported milk. It was shown that imported milk con-
tains high concentrations of ketones, acids, and sulfur compounds. Among these compounds, the concentrations of 2-
heptanone, 2-nonanone, and 2-undecanone in imported milk samples were about two times higher than domestic sam-
ples. Besides, combined with intelligent sensory and quantitative descriptive analysis, the overall odor and taste of im-
ported milk and domestic milk were evaluated (1-7 scores system). Domestic milk samples had similar sensory profiles
with strong milk flavor and milk fat flavor, the off-flavors (cowy, metallic and green flavor) and the cooking flavor were
weak. Besides, the overall preference scores of domestic milk samples were the highest, which are 5.8 and 5.9 scores,
respectively. The milk and fat flavors of imported milk samples were relatively weak and the off—flavors were relatively
strong, and the overall preference scores were less than 4.0.

Keywords UHT milk; flavor; intelligent sensory; sensory evaluation; China and abroad



