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Abstract: In order to investigate the reasons for the lack of milky flavor in whole milk powder, headspace solid-phase
microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS) was used for the determination of volatile aroma
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components in a variety of whole milk powder. The volatile aroma components in the samples were determined in combination with
Relative Odor Activity Value (ROAV). The results showed that a total of 87 volatile components including acids, ketones, aldehydes,
alcohols, esters and aromatic compounds were detected in the six samples. The content of ketones was 9.65% in the normal sample R,
and increased in R1-R5 samples with insufficient milky flavor (increased by 1.11%, 0.85%, 2.97%, 0.18%, and 8.95%, respectively);
Meanwhile, the content of esters decreased significantly: the content of esters in sample R was 15.56%, and the content of esters in
the R1-R5 samples with insufficient milky flavor decreased by 12.09%, 9.35%, 7.14%, 6.70% and 6.20%, respectively. Since most
of the esters have floral and fruity aromas, which has a positive effect on the enhancement of milk powder’s flavour. Therefore, a
decrease in the ester content would more likely lead to insufficient milky flavour. Among them, the unique aroma component of the R
sample with normal milky flavour was vanillin (its content: 7.30%), which provided a strong milky aroma and an outstanding flavour
contribution. Meanwhile, the ROAV value indicated that vanillin and 4-hydroxy-2,5-dimethyl-3(2H)-furanone made important
contributions to the flavour of the milk powder. These results provide a material basis and mechanistic explanation for further
investigation on the causes of the lack of milky flavour in milk powders in the future.
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Table 1 Sensory evaluation criteria and scores
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Table 2 Physical and chemical indicator data

% KA T/%  BREN100g) i RAE/(mmolkg)  #4R/nm Rg 5 B 7% P /(U/mL)
R 3.47£0.03° 99.75 £0.33" 10.31 £0.01° 224.6 £4.0° 0.17 £0.03¢
R1 3.48£0.01° 99.38 £0.16" 8.02£0.01 1752 +2.3° 0.59 £0.03"
R2 3.63 +£0.03° 99.78 £ 0.18° 9.14 £0.00° 1714+ 1.7° 1.11 £ 0.00°
R3 2.49 £0.07° 99.89 £ 0.09° 10.72£0.01° 224.5+8.9° 0.32 £0.00°
R4  2.29%0.08" 99.80  0.09° 10.18 +0.02° 246.2 7.8 0.34 £0.03°
R5 2.55£0.01° 99.84 +0.04° 11.73 £0.00° 217.4%6.5° 0.10 £0.00°
i R FHERRARTEEZF (P<0.05).
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Fig.1 Volatile flavour composition
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Table 3 Summary table of volatile flavouring substances

F A2 /0
S pxan oaswy O e

R R1 R2 R3 R4 RS

LB 64-19-7 1891  4.82+0.11 4.68+0.08 422+0.09 636%0.07 8.89+0.04 7.94+0.14

¥ 64-18-6 2059  3.84%0.18 1.91+0.03 1.1£0.15 225%0.01 3.66+0.06 5.95=0.07

A 79-09-4 2244 1.03%0.01 — — - 0.69+0.04 0.25+0.01
T 142-62-1 34.07 — — — 0.7 0.02 — -
SRR 334-48-5 45.07 — 1.04£0.04 1.03+0.06 — — —
6-+ A\ BRI ER 1000336-66-8  45.81  1.38%0.03 0.41%0.05 1.6+0.05 — — —

373 88-14-2 46.16 — — — 5.4+0.03 — 1.97 £ 0.03

RT3 143-07-7 4782 2.87+0.01 242%0.01 2.62%0.06 — — 1£0.02

N -9- i B 1000190-13-7  48.99 — — — 3.22+0.02 — —
11-3%+—85 2834-05-1 50.81 — — 237+0.04 — — —

M 2R 544-63-8 5195  9.4%0.12 728%0.02 584+0.02 439+0.03 7.67+0.14 3.61+0.07
ﬁf CERE N3 112-79-8 52.05 — 038+0.02 1.11£0.06 045+0.03 1.15£0.02 3.07 +0.03
= Z-11-+ w9 B 4 BR 1000130-83-3  52.58 — 0.98+0.01 0.91%0.03 — — —

B 57-11-4 53.18 — 2.71+0.03 4.65+0.03 18.31%0.16 3.57=0.04 2.69+0.03

MK, — A BR B 506-17-2 5345  1.1£0.02 — — 747+0.02 1.02%0.02 —
IR K- 13- NBE S BR 13126-39-1 5402 1.62%0.01 — 3.46%0.02 — — —
AR 112-80-1 5421 255002 49502 4.74+0.04 4.65+0.03 9.59+0.08 1.45=0.02
+ AER 1002-84-2 55.03 — 3.59+0.1 3.41+0.03 — — 1.85+0.03
2’2’3’_39’_4%‘_"/4\';%;2W5 1000376-61-4  55.74 — 1.22£0.03 — — — —
.----)-5\&-13-%\%%@2 693-71-0 57.14 — — 1.59 +0.03 — 1.47 +0.02 —
ARAEBR 57-10-3 59.18  28.24%0.26 21.69%0.14 16.35+0.16 — 19.16 £0.19 7.8 +£0.08
A AR i BR 373-49-9 60.07 — — 6.97 £0.08 — — 3.06 % 0.03
IRX-9-+ 8K 1000333-19-5  60.10 — 9.09 + 0.04 — — — —
i30S 98-01-1 19.88  1.28+0.02 2.21%0.04 1.85+0.01 2.58%+0.05 2.7%0.04 3.32+0.04
5- Aok b B 620-02-0 2462 435%0.07 — — 1.16 £0.04 — —
2- LA T K 19780-25-7 24.68 - — — — 0.17 +0.01 —
B KB 000122-78-1  27.15  0.63£0.01 — — — — —
* 24-Z AR FER 15764-16-6 3425  1.82%0.03 — — — — —
1H-2-viok 1 B 1003-29-8 39.67 — 0.11£0.03 — 027%0.02 0.14%£0.01 0.19%0.01
5-F F R R 67-47-0 47.13 — 2.1%£0.02 3.04£0.03 7.01£0.16 6.47%0.09 4.18+0.04
(9Z)-+ \B%-9,17-Z}5fE  56554-35-9 57.90 — — 1.23 +0.02 — 1.02 +0.02 —

357




MR EmBE Modern Food Science and Technology 2025, Vol.41, No.10

@k
A2 /0,
N . ) %2 1 AT A%
7 b X4 CAS %% ‘,f; i ol
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2-+ A JE R 2345-28-0 43.85 — — 0.56 +0.04 — — —
23-Z48,3,5 =544k -6-F B N N N N N
e A(H) o 4 B 28564-83-2 4425 334+0.12 3.51£0.03 4.15+£0.05 5.04+0.01 8.62+0.05
3,5- =3 -2-F & 4H- B B B B
oty A B 1073-96-7 44.70 0.76 £0.01 0.93 £0.02
2-2 3k -6-F Hhoibee 3279-76-3 44.90 — 0.62 % 0.02 — — — —
- B Ze IR 0
9-FAR IR [_3'3<'1]£*7““ 20797-79-9 46.01 — — — 4.87+0.12 — —
-2,6- =
2- vk T B 98-00-0 27.04  1.49+0.06 8.53+0.01 629+0.04 898+022 10.43+0.14 12.84%0.1
2-FR T H-1-B2 822-67-3 32.00 — 0.63£0.03 0.48 £0.01 — — 0.96 £0.02
RTE 2919-23-5 4125 — 439 +0.03 — — — —
5 WA-S-F A2k FTEE 6126-49-4 46.84 — — 1.19+0.03 — — —
* 5,6-3R AT -1 21915-57-1 46.84 — 1£0.02 — — — —
3,7,11-= % %-2,6,10- B N B B B B
gyl 4602-84-0 56.48 0.18 £0.01
Z, Z-3,13:2-F H -+ B B a B N
g 1000130-90-5  56.65 0.53 £ 0.04
B> g A 3420-59-5 26.13  0.83+0.02 0.57+0.02 0.27%0.03 — — —
& F By 118-71-8 37.90 — 1.95+0.03 2.28+0.02 1.92+0.03 2.92+0.13 5.9%0.06
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&ZR3
A2 0
r b X 4 # cassmy M e
R R1 R2 R3 R4 R5
2- MR AR T By 600-22-6 19.66 — — 1.06 +0.02 — — —
iE T A B 96-48-0 2601  1.74+0.03 027+0.01 021+0.02 098+0.03 1.16+0.06 1.34%0.01
3-vk A B s 13129-23-2 38.85 — — 0.42 £0.04 — — 1.36 £0.02
3-vtkod F B W S 15366-34-4 38.85 — 0.42 £0.03 — — — —
2-WAIFILFEES  1000368-70-7  39.60 — — — — 1.13 +0.02 —
§ TALF 1 B 698-76-0 4451 — — 0.41 £0.02 — — —
2 MR -10-2% K 85 7 B 1000333-62-1  45.87 — — 0.65+0.04 — — —
ARE W B LAY 84-66-2 4624  8.56+0.06 — — - — —
(S)-(+H)-4-HEFHETABE  32780-06-6 46.84 — — — — — 1.39 £0.01
(+/-)-3-#23K - T N B 5469-16-9 4833 — 278+0.05 347+0.03 7.44+0.08 575+0.04 527+0.13
11+ BB T 85 52380-33-3 4994  525+0.03 — — — — —
181?#};@;@ ;%izfg 56053-13-5 55.76 — — — — 0.83£0.01 —
2- LBk Ak 1192-62-7 21.68 — — — — — 0.22 £0.04
2-(kl-2- AW ) ekl 1197-40-6 2646  0.24+0.01 — — — — —
KM 591-95-7 28.84 — — — 1.07 £0.01 — —
wk vif) 110-00-9 28.94 — — — — 0.57 £0.03 —
TR R 1000222-86-6  31.12 — — 1.57+0.02 — — —
i(ﬁgifig?& 1000366-57-5  33.77 — 1.09+0.01 — — — —
L& 121-33-5 4378  7.3%0.02 — — — — —
3-#2 2 2-F Aoeknr 1121-25-1 44.90 — — 0.62 £0.03 — — —
" N-FA-N-ZRE2-AMe  30533-08-5 45.19 — — 1.95 +0.06 — — 1.54 £0.06
2-F2 Mot 142-08-5 46.09 — — — — — 0.6 +0.02
17-Z7 6971-40-0 47.07 — — — 2.51+0.01 — —
Bk 98-92-0 56.46 — — — — — 0.34 £0.01
B &M 7683-64-9 56.61 — — — — — 1.3+0.03
A 111-02-4 57.90 — 0.65 £0.02 — — — —
O-AHE, O-F#-  1000374-72-8  59.95 — — — 0.1+0.02 — —
f-2F By 148-03-8 60.34 — — — 0.13£0.01 — —
y- 2 FHEy 7616-22-0 60.70 — — — 0.03 £0.01 — —

E — KM EMT, R 4R
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WIER 3 Fraw, LE7NFRFE BTl 43 1 R 284 i
HEH O TR, WEERR. WER. 580 Rl R2
kI B IE SR, & =002 1.03%. 1.04%, HE
BIER, RS A N PR RIE, X F00k K%
HAREEW., 8 RI. R2. R3. R4 FIFE S R AH L
RE BT, 29N 4.95%. 4.74%. 4.65%- 9.59%,
HHEARE A BMOamInk, 7£—EfRE LR R
RLFAK EACHRREE, M FUM Kbk, A SRR B
DA AR BRI, A R T LR KUK R T o IR R AR IR
s R & EAEFRIEFEER TS EN
9.40%, TEFTAFEMPIS &M M RLL R2,
R3.R4.R5 FE TN 7.28%- 5.84%-4.39%- 7.67%-
3.61%.

232 BAEARALAH

L] i e T o R YR T AN VR R T T R 1 A
H I =5 1) 7K A B 96 7 48 5 8L ) Strecker B EEY
FEFLE SR, B W0 (1 i 3 B e g 5 iy 4 R A
J D R B AL T 45 R AR 7 A o RS BRI AE X AR, XX
WRTTIREC K. FESS O BE S TS R S s b,
SRR R R BRSPS 2R 2,4- ZFISE
RHREESEE, SEDHN0.63%. 1.82%. KLEE
AL S, 24- ZHERHBEA S EF, XM
W5 AT DA T PR B0 I AR . FERE S R4 R HH 2-
CHEETIGRE, Z—Fha, p- NMEMEE, HAFEINIK
IS & o 1H-2- ML FF % 7E A% 50 R1. R3. R4, RS
Hksr L AT RE DA S B R TE 56 P A R TR B B A B
BRI EY, H 4 Strecker BRI N AE R, BN T HL
7 (RHA B A, SRy KR AR 22 0 5- 32 FE LR HL Ay
MR, TEFLRAS B RS R A, RS
Vb SRR 2 IR, A EE AT 50%, X ELR R
W= AR AN R R

il A J50 = FH 9 4 S S 5 ANV AN R T R 2 A
Ao e A, HOABRERAE B 2 B AR, 24
L AR ) R IRk A 5T . LR IE R R R
i 2EP T & BN 9.65%, BR T FALBRA R FES . FEM
R1. R2. R3. R4. RS FiIEH 0 & &5 5N 10.76%-
10.50%-+ 12.62%- 9.83%- 18.60%. X3 B FL kA &
FE &b A 0 3 B A E N BB B B, R AR SR S 2K
Wi, AAEWZR. NEFEm TSR 2- 723
JeI-1-H, w BA R, AR T 200 KR T
TEARE L R WP i v T AR e 2,3- 240-3,5 =%
FE-6- H EE-4(H)- ML i -4- i 72 7L R AN 2 FF 58 R1L R2,
R3.R5 W gta thh, &8558 0.45%. 0.50%- 0.56%-
1.39%. & A& — PRt 5 B i R4 &4, R SRR R
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233 EBREIESM

BESW IR F e R R . &R, ApE
e B A B AR P A — R ROk A i B, =L &
ANERE BRI, RET R, ERED S
PR B FH NI TR BERY AR, B
FORE B A ST . FTA RS I R R 2 2-
MR . ORI, ZAM TS ERZ MR, 4
Hegdmnt, S8l gq ik, X 3m Kk
FEARAN R FENA o AR YRS T, B RO & 2 1.49%
R1. R2. R3. R4, RS HEEE &R 3N 8.53%- 6.29%-
8.98%. 10.43%. 12.84%. 54k, FLWRASEFE S5
A BRI S B T IE W AR, AR T2 X
Mo FEf R PEERYI & &4 1.49% ; R1. R2. R3.
R4 RS HEERYI & 557 AN 14.73%- 8.48%- 8.98%-
10.43%. 13.80%.

ISR i P S8 RS DN H S R A R 2 T R 2 2
CRESSEEREAL) RIS ZZ 20 Wy, AT £ 4 I b )
FRES .

234 BEERNASY

ME R E RO, B S IR 2 1
o FLURIEH AR R PERRMI & 28 15.56%, 3,
WRASERES R1. R2. R3. R4, RS B & &
30N 3.47%. 6.21%. 8.42%. 8.86%. 9.36%. /N1
BE S IR R T S, 3 T UM LA A AN
FEWEE . Hoh, AUE LR IE S RS R AP AR H 402 —
HiR 4, HEEEE (8.56%), HEA T &k,
AR T FUH AR A3 T AR 284 ot H A AR
R, T AL A ER R A T IREFIK R E S OF
Y ARTIR, (+-)-3-Fa k- T W BEE A & # KR
USER
235 HeHR

FEAE i R2 Ak 3 AR AU R R fs, IR AR
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Fig.4 Endogenous vanillin synthesis pathway in dairy products
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AR FLIR I8 e R PRI & 2K, S &N
7.30%. FFZRBPINE R, £ MRBAHL
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AGHER, KT R BREEAR, 5 8 E R
Ko HHIFLH] i A 223 0 R AORIR E EE 5 A AN T
T CI P 4 fTR) « —RAE BRI R RIRAEAE, FTL
HEMNEZIeh . A a e, MaEalhs
AEFZR RRVRRTH, —Sip e s
AR, WMERMAY MERZEGER, HYF M
K. #E. F74. MKRERWIE. Aaei)E,
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Table 4 Volatile flavour substances ROAYV value

YR R R1 R2 R3 R4 RS JEK o 64 AP
T 0.02 0.24 0.19 0.25 3.88 0.13 99
Lk 0.00 0.01 — 0.01 0.13 0.01 1240
7B 0.19 — — — 1489  0.20 2
TR — — — 0.93 — — 3
IR — 0.52 0.46 — — — 10
AR 0.34 3.62 2.63 173 3310 058 10
ARAS A — 0.67 1.05 3.61 7.69 0.22 20
+ B — 1.79 1.53 — — 0.30 10
AZ AR BR 1.03 1079 736 — 8268 125 10
AR S 0.33 3.92 2.97 3.64 4160  1.90 2.8
5-F Aok b B 2.85 — — 4.14 — — 1.11
1H-2-vttrfs 1 B — 0.01 — 0.02 0.10 0.00 65
5-F ¥R AR S — 0.01 0.01 0.03 0.28 0.01 1 000
1-5 K -2-FA A — 0.68 0.53 — 8.83 0.24 10
4-3% 8 M -1,3- =R — 0.18 0.17 — — — 20
4-#23K-2,5- = F J -3(2H)-"k " Bl — 100.00  100.00  100.00 — 100.00 0.02
23-Z4.-3,5 =5 -6-F A -4(H)-wh-4-F1 — 0.47 0.45 0.47 6.21 0.40 35
3,5- = F K -2-F K AH-wbvh -4-FR - — — 0.34 — — 0.15 10
2-wk il ¥ BF 0.24 9.42 6.28 7.88  100.00  4.58 45
HT B - 4.74 — — — — 4.6
3,7,11- = F 45-2,6,10-+ = 8% = ##7-1-B% — 0.88 — — — — 1
B — 0.58 0.62 0.46 7.59 0.57 16.60
AET A B 0.06 0.07 0.05 0.19 251 0.11 20
T A5 A B — — 4.40 — — — 0.42
ki) — — — — 5.47 — 45
L& 100.00  — — — — — 0.05

361




MR @i

Modern Food Science and Technology

2025, Vol.41, No.10

2.4 F KRR A FRROAVE 27

P R SR 5 IR AR R B B v R O S B B R
BR ) 568 A it R AR SR (R BT R K, AT AN [ 4
JR R BE U E 2 AR K. I, TR S RS H
AR R B 25 A RN P TG AR SR DTk . X2
ROAV # FH T i /b G B KR AL A W S I R R . 47
ROAV =1, MIANZFE S 5 B R ;s 35
0.1<ROAV <1, NI NHX THHEFEILEAEEE
Wit . 15 ROAV H AT DUSE 78 i A AL A 5 &
S DTHR S I0E

& 4 7751, MBS E RS T, TTIRER
EAE —#5r, X B SR H R T RE A
SHFIE. ZEREM, FEM R 1 ROAV EH KT 1 HIR
HAAHER . 5-H IR EE . F 2R, EARRKKH,
223 ROAV {H N 100, &R R A RIR DTk B R
W BRI R, 34 TIRAC WA k. FF
i R1 1 ROAV H KT 1 B A W E MR + Tk
BR BRARER . MREE. 4-F83E-2,5- — HIHE-3(2H)- PR IR |
2-PRIEHIEE, T EE. FEah R2 P ROAV fH KT 1 1
YIFRA R EER )\ bR AR . R
4- 5 5E-2,5- HFL-3(2H)- MR R . 2- Wi B EE, T
FWEE; FESL R3 FROAV KT 1 VIR A WS
By +)\BEMR. BEBS. 5-FIJERRIGES. 4-F23E25-—
I BE-3(2H)- R IR i, 2- WK B ;A% 5 R4 ' ROAV
BHRFT1IHMEE LR AR REER. +/\kk
B ARAEER. BREE. 1-FRKE-2-TNEH. 4-F23E-2,5-—H
FE-3(2H)- MR EA . 2- MR FHEE. M. BT MR,
MR s A5 RS 5 ROAV EH KT 1 ) i A A IR
BERE . 4-¥23E-2,5- — HIBE3(2H)- MR AR . 2- Mk T .
pr g E e N R NS RN % SRS PN
ROTHRECK o

4-$2Fk2 5- — HIFE-3(2H)-FE IR Y ROAV (5=,
AR TTRR S H A S, A BRI B L BN
FIRREFAE . A4k, CFR. IEMR. 4-3F006-1,3-—
fi. 3,5- 2 HL-2- B L AH- LI -4-FR . 2,6,10- 1+ %
=If-1-FETERE FH ROAV HTE 0.10~1.0 Z.[7], XL
HEREABMEM.

3 g

WA TSR (45 R, A b 1 8 A B B s i
PRI S 5 R BLALRAS R BB DL o AR FE P A
M 87 R AR, BAEERE. WAJE. MER. WPk,
MRS TT BRI EME . 2R KL, LR A
AR ZR G . 55—, BRI B AN G SR o 3

362

g X b MR K. 52, RS ER
KB, BEHRSSFEARAL. 5=, FH KK TR
W A WA AR E SR, BAAmIAE
Mk, HAEREM R A H, ROAV (N 100 ; 5 —Fl2 4-
F2HE-2,5- ZHIEE-3(2H)-FRIEER, FEFFESD R1. R2. R3.
RS FFAEH, ROAV {E724 100, 0 LA 0 @8 i s vk
HFLR, S8 UK. AW TR T A 0 oS BPE X
WP, 5 R T B AR AR T I KR R, g
TARYHAT IS FI 7S 00 B B AT A3 BT T S0k 2
WRAS A2 DR BT, 55 T A e Lo LR AS A2 1 i) i it 1
Ve A, AR A T2 A TR
72 S5 85 DR 200 T 2000 R S5 BG4 1) 7 A AN AZ A )
S R — IR AT

BH LK

(17 kS, 5k 8 B bR IEFU0 m An s 47 0 1 A SR 9 i 3 520 43 4
[7]. & H=k,2022,11:41-46.

[21  YANGY, WANG B, FU Y, et al. HS-GC-IMS with PCA to analyze
volatile flavor compounds across different production stages of
fermented soybean whey tofu [J]. Food Chemistry, 2021, 346:128880.

[31 WANG Z, WANG H, WANG C, et al. Volatile component analysis
in infant formula using SPME coupled with GCxGC-TOFMS [J].
Analytical Methods, 2019, 11(39): 5017-5022.

[4]  Z=8%, AL ELBE 288,55 . GC-MS 45 & Fi T S AR S AR A 45 X 56
FIAETR AU 22 53 LU (0] DU A 0 B, 2024,40(2):302-3 1.

[S] ZHANG S, ZHAO H, TANG Z, et al. Flavor characteristics of key
aroma compounds in bayberry juice, fruit, and thinning fruit using HS-
SPME coupled with GC/Q-TOF-MS [J]. Journal of Food Composition
and Analysis, 2024, 128: 106032.

[6]  WARHEER, W25 25, IEEE 3045 UM Bl - T I F BORTE S A
WA R (9] 7 I, 2021,3:69-72.

[7]  Zub 2 ALK R B SR, S AT TR WY (0 2% o 0 A4 o A XL
RT3 [T AR & i REH2,2024,40(1):249-261.

[8]  WhMESF, A KT, 25 55 A Ak TS (il - B T IE RS A I AN [l 3
DX 3P 7oK 422 5 e LA 400 8 i 80 PR 4 BT (9]t 22 4 o A )
248.,2023,14(23):155-162.

[91  FRIEINE, 5K 15 30, B0 b o, A5 ) L 00 T B fidh s i A o BE AR A A
FE RN T2 A [I]. 7 B 2 4,2023,23(8):254-262.

[10] FESFJHE, PN KA, % SPME-GC-MS45 &4 ROAV /T H 1 [t
T R 2 7L P DG B IRUR P [J]. B Wt A 5%,2017,38(8): 145-
152.

[11]  AGKVE, B 88, TN an, 5. [ 9 AN 7] i R 22 %)) LG 7 R R
JoER s EEAE FE[T]. £ i A, 2019,2:27-32,55.

[12] GB 5009.3-2016, 1 ity 2 4 [ FARME £ i /K 53 I E[S].

[13] GB 5413.29-2010, 1% fi 22 4= [ Gbr it 2407 ) LA it A1 7L ot 5
PRI [S].

[14] LI'Y H, WANG W J, GUO L, et al. Comparative study on the
characteristics and oxidation stability of commercial milk powder
during storage [J]. Journal of Dairy Science, 2019,102(10): 8785-8797.

[15]  ERBETR, £ 18 20 N THEORM]AL 52 5 Tlk AR A, 2015.




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.10

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

S [ . T 35 S350 B 9ok oK 4y B B AU (D] AL S R
%2018,

BB, TSI, T R B AR AR Wk B A A K O3 A o K Ly
TR B A T [J]. 058 TFE,2022,43(17):42-48.

WRFR A 20 3t T 358, 558 000 Vs AL 2 00 5 0 ANTA S VP 5 ] o
[ F1,2022,12:110-114.

BRRERGE 35008 AR SAYIN kR Y ipak R e ERi B el b
A AR 55K, 2017,40(3):7-10.

B T A AR TR 9,58 ) LR v IR 7 A R 5 e TR R
Qe Bk A FE 7. 1 2L Tk, 2011,39(12):27-30.

AT A DA — P DR IR v M 0 o S A AR P
FURTT [T 58 TARE S i #,2022,2:66-68,72.

/NI ORI AT i i, A AU 28 LK ot 5 23 B R o 1 R
TIN5 KT E,2024,50(13):157-165.

TURKER D A, SARAC M G, DOGAN M. Influence of particle size
on powder flow behaviour, textural and viscoelastic properties of milk-
based whippable emulsions [J]. International Dairy Journal, 2024, 148:
105806.

TANG Y, YU M, LIU C, et al. Sensory-directed characterization of
key odor-active compounds in fermented milk [J]. Journal of Food
Composition and Analysis, 2024, 126: 105904.

i BT R R W, 5 A 18] A 7] 7% T L XK R R AL 1 5T
AR AE[I]. B i 5 AR BOR 2£41%,2023,42(3):38-47.

VALERO E, VILLAMIEL M, MIRALLES B, et al. Changes in

flavour and volatile components during storage of whole and skimmed

[27]

[28]

[29]

[30]

B1

[32]

[33]

[34]

UHT milk [J]. Food Chemistry, 2001, 72(1): 51-58.

MENG J, WANG J L, HAO Y P, et al. Effects of Lactobacillus
Jfermentum GDO1 fermentation on the nutritional components and
flavor substances of three kinds of bean milk [J]. LWT, 2023, 184:
115006.

JO YBENOIST D M, BARBANO D M, et al. Flavor and ftavor
chemistry diferences among miks processed by high-temperature.
short-time pasteurization or ultra-pasteurization [J]. Journal of Dairy
Science, 2018, 101(5): 3812-3828.

TR R 5T, R A T Y A R R SR 0 5 1 XU 5
SYHT[I). A A A 24 4,2022,22(5):271-281.

TIAN H, XU X, SUN X, et al. Evaluation of the perceptual interaction
among key aroma compounds in milk fan by gas chromatography-
olfactometry, odor threshold, and sensory analyses [J]. Journal of Dairy
Science, 2020, 103(7): 5863-5873.

K R A 2 7L 28 L S0 s 8 A R 5 L LT 5T (D). 10
BRI RH R 2,2023.

LAMPRECHT G, BLOCHBERGER K. Protocol for isolation of
vanillin from ice cream and yoghurt to confirm the vanilla beans origin
by 13C-EA-IRMS [J]. Food Chemistry, 2009, 114(3): 1130-1134.

T TR 2 U R B A 22 B A A BT St SR (D] A
JH4,2020,47(11):3678-3688.

VAN GEMERT L J. Odour thresholds: Compilations of Odour
Threshold Values in Air, Water and other Media [M]. Oliemans
Punter, 2011.

363




