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Analysis of Flavor Quality of Typical UHT Milk from China and Abroad

Pan Minghui', Cao Hongfang” %, Wang Caiyun®-*, Yang Leilei®, Ai Nasi' ™, Sun Baoguo'

{'Beifing Advanced Innovation Center for Food Nutrition and Human Health, Beijing Engineering and Technology Research Center of Food Additives,
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* Inner Mongolia Dairy Technology Research Institute Co. Lid., Holhor 0101 10)

Abstract Ultra high-temperature technology plays an important role in the process of milk from precious food to common
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 microextraction (SPME)
combined with gas chromatography (GC) -mass spectrum (MS) technology was used to perform qualitative and gquantitative
analysis of volatile compounds in domestic and imported milk. It was shown that imported milk contains 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 samples. Besides, combined with intelligent
sensory and quantitative descriptive analysis, the overall odor and taste of imported 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, and the
off-flavors (cowy, metallic and green flavor) and the cooking flavor are 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 are relatively strong, and the overall preference scores were less than 4.0.
Key words UHT milk; flavor; intelligent sensory; sensory evaluation; China and abroad
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Fig.1 UHT sterilization process of milk
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Table |  Detailed sampling information of UHT pure whole milk

RMES P RN SAN EAREREE . (100mL) BTSSR« (100 mL) o POKILEMIEIKEg -+ (100mL) -

Py ol I A

Ci 5 64-H 20190821 32 38 5.0
RHIERG

c A% ..4;{14? 610 2019.08.15 32 40 43

Al 0 4 2019.03.15 33 35 48

A2 e L5 20190419 3.3 a5 48

A3 g = 13 20019.02.21 35 15 47

A4 BARNE 1S 2019.03.08 3.3 34 51

2-FI 3P (0 B 4B 4E) . M R(CoCaor (AiEZEZY), KM Sigma A7); SALBICIIHTAELL),
PaBE L R A IR AT BT KU G b (il i g, AlifE>99.9%), H A TCI 4.
1.2 (YE5RE

Trace DSQIT “UAH €838 - i 1 156 (0 (BE ET & 17 f2 Xcalibur #4045 4 # £ %t), 32 Thermo Finnigan
AF: SA402B R HT RSE(RL AAE. CTO. CAO. CO00. AL1 # GL1 {&/&8% K Taste ¥4t &
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%), HA Insent 2vA]; PEN3 H-f(FC 10 MBS b9 30 8122 BOT % Winmuster #4854k
HEAT), tE[E AIRSENSE 4:7); DF-101S S#aUlE RN e /i sE48, 30 TS AL204 8
&4 %°F, Hi-+ METTLER TOLEDO A #].

1.3 Ak

1.3.1 SPME-GC-MS £#7

1.3.1.1 [& A HL

HERAFE I 8 mL A W0FE 5 T 20 mL T AETUAE S, A (1.0000£0.0005) g SALEAFA 10 pl M bR
(2-WR-3-FEMH, FRWREEA 20 ug/mL), 40 C/KHEFH 20 min, M EHE N 20 r/min. P75 H
G L 4P B PDMS/DVB ZERCLTH 25 B 30 min S5, F2EDCLIEA GC HH D@ 5 min. B F
H A E 3 .

1.3.1.2 il &

DB-WAX E414 (il 430 mX0.25 mm X 0.25 pm); #ERETTIREE N 250 C, A4fHEERE: 3|SN
A, MEN 1.0 mL/min; FHEFER: #EHEERN 30 C, A{EFF, BL3 C/min 715 90 T, f£§F 1
min, L6 C/min 3 210 C, HFF 1 min, 2 FHEREAZ 4T (AN 42 min.

1.3.1.3 i &1

s -FRiE IR E N 230 C, EFEEEN 250 C; B BEHRLED, LETHE
M T0eV: R 45350 u.

1.3.1.4 SEHF

FHl NIST i FE B 1 Lk % (Mass spectrum, MS). {# 175 % (Retention index, RI) A b HE & & 4
(Standard, Std)3 Fh 5 2 060 0 (9 AU 49 5 3t 47 5 14 40 By .

1.3.1.5 BB FiE

FRWmERERE, Ul 2-HEI-FEREAA R, 8 S8 o m iR o briem S b &S+ & dl i
S 5 N R R REREE L, T8 & RS 5 1 R i .

1.3.2 EHeeEEoiT

1.3.2.1 H-F & (Electronic nose, E-nose)

B8 mL e T2 S, A (1.0000£0.0005) g RIS, 40 C/KE T 20 min, 5
fi 3R 20 v/min, ZRSE A BT SR TS E A F) KR, athEEShRER YR .

HPRSHEE: PEMNEEEEE R 1s, HIERE 120s, FFERE 10s, FEHHESRE S5 s,
W sE iR 120 s, 3PS AEE 200 mL/min, JEFEJ &= 200 mL/min. @GS =R 25 C. B4 FERSF
T SE 3 . AERRERMI R (S S 7E 90 s JEACKI T, ik EE 5 REREN 115120 s AR E L BE 5iltiT
oI

1.3.2:2 B (Electronic tongue, E-tongue)

TR AU M B S A 3 L e ik AT ik, SRR S P BT ak. BTG,
RERMBEBMBE T ESHMAZIEL, 235 mL, SFEERF A E sk 3T, #tvkH GLI1
fEE g e, RIRENEE 25 C. BRI 4 NFET. RIS R Taste analysis
application ¥ 347 HodE BE 1 A2 IE (LB LL R IR, SR )54 B A E Bk Nk 5 (E .

1.3.3 A MEETFN

EFEALAEFR, LIS, EEk. EAEk. SEvk. FEek. BERE. FEk, ok REME 10
A IEMERS 6 A UNEE AT OB PR T VR, R R O R AT AT T A, LR M R SR
FrinifE W3k 200,

PRI IHIE 20 BAFF 00 SR 20 0N I 2E T A 2 R ROR MR T, 60 4430 Bl
ITRE R R E AT VR . 4 6 ANEINEESLLL 3 GLEENLECT SR Y T B LG R A PRI N ATV
. VT A G ET G ER O RO O ARG B SR R S HE AT R — B S BRI, e R MR R 1-7
Hl, 1 GRALIHIENE, 2-3 SR RMBHEE, 4 48 RED, 5~6 R BERE, 7 HERE
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JRMERGER; B EF M ECRA 1~7 2, 1| AREREFEAER, 23 PRRFLEAER, 4 4%
R A, TTUAMER, S~6 MRFLEER, T HRTFEFER.
1.4 HUELLE

Frfulie s E e 3 &, HIRLLFIgELbRMEZ Bor. ] SPSS Statistics 22.0 #4T LA £ 5 E o #T
(One-way ANOVA)F1%E 25 75 #7 (Cluster analysis, CA): S SIMCA 14.1 AT FE & 09 3 555 4 BT
(Principle component analysis, PCA), 22347 B £ Origin 2018 58 3L F 2 F.

Fe2 B b R R T R A B
Table 2 Standard of quantitative descriptive analysis and overall preference

i gt It 4 ik PF g bndE(1-7 S

14 2~3 4 4 4 5~6 4 7 4

FLAruk i A B AL Fk FLEWEES AR FUECRESE FLEURERE
L HRAEEE 1 R o S R A Ay e PN FLMEMAEEE  FLisstaEYD FLARBREEHE  FLAReREER
T R AR R . BrEEE T A WG WEMEER FEERRH PR
Atk st A i 0 S ) Y A e R A Sk FH ek il S At 2
il e Gl 0 R 0 e L T el B Wl g T il P e Tl FR
L iz A AE R S P R B R AN A R A PR At Ff e FBiiE op ¥ dh A i A
A A e A RS R (e I AT AT ARAERYEGR AR
g A e At e e e ol L Rl o T B o S O [ R o
iz I 1 T e 2L I A A Y R s SRS EEERER SEREEE & Ak
B = e {9 REEIR - A i T R TR U R U i
BRI BRESTRTE M R i e AR e SRS bl 42 E R JEHE Ham
2 BEREHHT

21 MNEAYEEMEEESR

P rEM E BE R NE 3 FioR. £ 6 Ml amrp et 22 g M Rk T, H i
KB FKE LB ), MEMRRRZEE S, WWAMIIBEREEWIE 2 f. BRYEN SRS S
1Fh. MRAEE RS R, B0 U T 7E [ A SR IR G & IR R R R A A B 2 B

B 29 B A R RE A S S, IO WA R, FEEERERNA T, —HRAAEE
RURF R, b oF gy i sk B TTsk A AL . 000 o O S O A e i im e R o i I I
fife VSR i 12 I B AR 20 LA O B-FR R Jis B i B 1= . P 2 fiR 3 /i, MR, 2-BiM. 2-
8. 2-+ B 2-EFLE 6 FFNRE SIS A RN, H 2-BEid. 2-EE8M 2-+ —BEEE D4 YRl
Hh B R R E (P < 0.05)@ T E AR . 2-2880. 2-+ A BRI ZFRER ARG PR, e
AR AR R . 2-S8 A 2K Z 08 7 ) B JE B SRR R EF RS, K20 R AR g
FALTE iR J5 2o R AR RS, RIS A SCEIRE, K MRS 9 EE A SR AL R IR KL A, 2t
=MAAARES, NE 4 DEQFEFEGPRE, AR 2 = 8 A7 vk T4 5 R
Wk fn 1 LA STk A I US20, HEA PR AR

e 7 e e i 6 22 el 30 b B i = RS R AR G KR = 2R 120, R SRT  RMEARX BR AR, JEH R TR
BT ER2, U] R R B A TTRRIE R . oAb, BRI IUAR B R A SUS I, b2, 8.
PR, REISAL SR Hr Ym0, R AT 5 RhRSRY T, b MR A S MLE W B A ROk A
R SR, FEDE AR P R AR, ELPE [E Sh 2 QR 00 T B IR B (P < 0.05) & T [E A A .
EE NS ARG 2D, TRERKBENABORAPIER, 7R [ PR & AR COR TE 2 0+
Al (A4) T H
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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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Table 3 Qualitative and guantitative results of volatile compounds among UHT milk from China and abroad
BY WA i SRS A
HE ok Cl c2 Al Al A3 A4
Ph ¥
1 2-HE 1177 1 180 2892:1.04°  29.074.14° 5556£3.89"  B4.03£202°  6062+533%  62.14£3.49" MS, RIS
2 2-% | 280 1297 1.05£0.31%  0.79:0.07° 12120267  |42+0.23* L4025 1.39=0.03* MS, RIStd
3 2-TM 1 385 1387 120840449 120140949 36.4044.53°  60.5942.53° 40104028 43 244086 MS, RIStd
4 2-55M 1 489 1 489 - 0.17+0.07 E : - - MS, RIStd
5 2-+—M 1597 1 599 426009 4.06+0.33°  14.64:094% 36064£14.63" 1838324 15275057 MS. RISud
6 HOM 1 643 1627 028004 - - - - E MS. RIStd
7 2+ =8 1 809 1814 - - SHIE063T 1274£194° 5324065 3H94092° MS, RIS
8 2+ hEi 2019 2021 0.27+0.05 . = . . - M3, RIStd
fEk
9 L 949 943 - 9.09+1.14¢ - 394151267 9924£3.28%  51.7243.88" MS, RISt
10 B 998 1 000 - 1535031 4182044  9.70£3.779  64.06£2.58° 22.82+1.667 MS. RISid
11 a-Et 1012 1094 - - - - - 2187130 MS. RISud
12 +=i% 1176 1200 - - - - 198041036 14494638 MS, RIStd
13 +hk 1493 1 500 s — ] I1.28+5.82 — £ MS, RIStd
B
14 i 1 455 1454 - - 0.6320.08™  1.73:0.79%  068=0.11"  0.60£0.03% MS, RISt
15 TH 1 628 1 628 0.15£0.05¢  029+0.12" - - - 0.90+0.10* MS. RIStud
16 LA 1 844 1 849 23140165 312042%  11.05x1.21° - 1056194 10.80=0.81* MS, RIStd
17 TR 2059 2050 2.5440.59°  4.74£1.74°  8.272097™  19.77£5.76%  13.53£4.88%  16.82+2.78% MS, RIStd
18 M 2271 2279 339+1.09° 321084 T46:3.80%  [1.53£3.39%  11.56+3.66°  7.80£0.70*" MS. RISud
B
19 14538 1458 1 430 - 0.20=0.10 - - - - MS. RIStd
20 -ZEEE ) 45 1 484 0.52+0.05°  0.56£0.12¢  2.10=0.11" - 321063 2.33x0.63" MS, RIS
fita
21 MR 1511 1 508 3.76£1.06%  153:040°  1.8920.16% 2294026  2.14£040% 26040047 MS. RIS
b
22 — FAERR, 1922 1912 - - 0.430.20 - - - MS, RIStd

e A [ ANS S BEE R R i ) R I B B BB 22 (P < 0.05)
el aWe — LR S . B2 A A B R A XS, e A el AR
s S b el e PRI, HHBEA RGN R, 4 PR Rk 26l ke
Y, R RNSERAEEASDPRE, 1 eIRE. oM R B R4
2,2,4,6,6-1L AL Bk, LAY bRk EEAHRTBCR,  W8 2 IRAE A= 0 b i L 26280, Bl 7 A BL il B
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STEM AN RE. FEMAERET ZMAHER, 2EEMNHE LAY, £GP EE Rk, #
UR A BRSETTER IO IR PR BRI A 2 Fh, BLFE 1SR -3-EE AN 2- 2B OB, K 13-
B A MBI AN, HENEREARTE, SRR TR ER%™. 2.2 CEESNhE
i A5 o ) g TR R £ 4 126-28.301, - R T HL 1) A 0 o ELEERE TR BE R, A W ) AU T iR A D .

A EE B AR A ER S, X O B s A R Rl E AR B, FEE N AR
m Cl PR FRERELRERP < 0056 T HEFES. SHiay L& e Kesgemi ok, mE K2
WSS A M R RERE G, WA SWIS IG5 Rk LT TTERER, o A E
A P R DG B S I B2y, W P RN — P S e A A RS AL TR .

B P Ah i R A W i 4 A itk R 2 A (0 B R R = R B — e R, R AR IR S B 1 Lk
o JE 5 R P 5 TRD £ B R A 0% . AR T P9 AR R I AU P R Y SE M E A R, A RES AT E R
4343 ¥t (Principle component analysis, PCA) 1 % 25 75 T (Cluster analysis, CA), W 3 fros.

MEE 3 RrE TR 00 R v Rk R 1 e B R, [ AR AR R X A R
HE, BEARATFECH. CORXRTFEFRFEMER K, EEEOFTADHETHE =R
KR ME 3 1 4= W5 7E 4% 2 4 Uk 20 43 o S8 e 5 [ 7= 4= 9.

=l
E o ":- 12 Al-d u
£ 2k &

g o Wz Ald
4

2 wirlilg .

‘,'__$ S
-1
4
= -
B! 1 RO : : % .
PO 0 T W W )
(a) (h)

Fel 3 2% JRUBR AR 5 1% 5 B85 5 (6] 1 0 R W3 R o B T e 2 BT ) P R 2 A T (b
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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(RS SDEE) . WS (RTESAEED . WIC (MFEFEMASHER) . WIC (WEBMFEF
EYIEUE) . WSC (AHRIER S F e GEUE) « WIW GIRifbE B . waw (5 &F G
A YA U ) . W3S G EL AU 31, R AT o B EE A AR 0 R R AR AT
e E o, HRAE B B A A B XA L e RS L A0 B 4 R, AN rT BLE B R RS AT 6 A
A= 5 i B ) R R AR A [, R S B BRI R R 0, 2k ETHE FREREBTRERE
e, HorpfEEEE W5S. W2W Ml WIW B0 RfE i B o, 20 B A BUE LG, 5 F LG Y ATE HLE
LR AE SRR . RE SRR R R A e R R AR R, RGBT RERR 116~120 s B
7 #4847 1S 22 41

F) FH e o 5 B N A R R o AT BRI o b, R S MR AR BB [ R AL A DI 9 ek
WAE, MAERES AR A A EE 5 Fras. AE S5 tha] LLE HE P 85 i kA 0 it i ek
o4 AN AR SRR FE B AR AL, 0 2 A WEE A AR R A BE A AR AR, ELE P A
FE W S BT A, R . R R R I R A (Bl A A T AR A SN, TR R R T IR Y [ Rk
LB -
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Fig. 4 Sensing response of E-nose to UHT milk from China and abroad
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A 5 TR phy 4 1 el o A L
Fig. 5 Sensing response of E-tongue to UHT milk from China and abroad
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Ad BRI, BO—K, HAURELT R E P E Ba R 2
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Fig. 6 PCA (a) and CA (b) based on the the results of intelligent sensory analysis of UHT milk from China and abroad

23 HERMEEER

EEErh L E 20 44 B A B E AL H] 8 T 22 50 A B PR A B [ A A R W A EL R
FUARRRSF 3L 10 MEE R AT VR, MR VFO A G BIT 7 85 RS R B E W B 7 B, ME
7 AILLEH, [HARANEOESREREAL, LEWAA RS S TR O ERES, Bt
W SRR SR MLR S TR O AR, AR ROERIE UHT 9552 2050 B B 5 AE KR4, [/ =i
P RE A AR R 2 98 T VAU e s 2E DRI EE R AU RS E SR Bt BRI, R AR
FINERE AW s (A1 1 ADBY AL AR FLARWRRH A B BN R e ah, TR R IEIR . e kA
HEROMAEREGR. B O ThA2 A ADRIALE R, FUAEUR. T EORAIE R e, HR R

BER o

sk N
:
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B 7 [ o R TR o 1 DR s i
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=52
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Fig. 7 Flavor profile of UHT milk samples from China and abroad
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Fe4 [P SEACR I A RER A VR A ES
Table 4  Overall preference evaluation results of UHT milk from China and abroad
it & Cl Cc2 Al A2 A3 Ad
Fefh AT I 5 58 59 40 34 27 37

3 58

ok B i Ao R P A A A B T R A o AT e 1 e R B A W R A 2 L RSN i
LY o i . teoh, BRERE &5 A< B AR dn B £ IR e R SLAR BL,  HLAE T A0
P i T S S AR BL, 1 B R DR R R A A H S E A R R R HR R VR A 1 B
[ P 4= 5 o B L A R A LA R Bk B e ke g, BRI R . B2, MRBRG T IR,
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