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Rapid characterization of the aroma characteristics of infant formula and
assessment of sensory drivers determining consumer preferences by gas
chromatography-ion mobility spectrometry

JIN An-Wen', SHI Bo-Lin>*, XIE Qing-Gang', ZHONG Kui**, LIU Gui-Rong',
ZHAO Lei*?, GAO Li-Peng', WANG Hou-Yin**"
(1. Heilongjiang Feihe Dairy Co., Ltd., Qigihar 164800, China; 2. Sub-institute of Food and Agriculture Standardization,

China National Institute of Standardization, Beijing 100091, China; 3. Key Laboratory of Food Sensory Analysis, State
Administration for Market Regulation, Beijing 100091, China)

ABSTRACT: Objective
formula. Methods

To explore the sensory drivers influencing consumer preferences for three-stage infant
Gas chromatography-ion mobility spectrometry (GC-IMS), quantitative descriptive analysis
(QDA) and consumer tests were employed to conduct an analysis of the aroma compounds, sensory characteristics
and consumer preferences of infant formulas, respectively. Subsequently, the obtained results were correlated to
establish a correlation network. Results A total of 62 aroma substances were detected by GC-IMS, and notable
differences existed in the aroma composition characteristics of infant formula with varying storage durations. The
results of the consumer test showed that the consumer preference decreased significantly with the increase of storage
time. And the results of sensory evaluation indicated that T-sweet, milky, creamy and eggy were the main
characteristic attributes of the 3-stage infant formula. Conversely, fishy and oxidization odors were identified as the
primary off-flavors. Moreover, the scores of these two off-flavors increased notably as the storage extended, whereas
the scores of the other characteristic aromas decreased marginally. The findings of the correlation analysis
demonstrated that milky, creamy and T-sweet were the primary sensory drivers affecting consumer preferences.
Meanwhile, aldehydes, namely 1-hexanal (A7), 2-hexenal (A8), (Z)-4-heptenal (A11) and butanal (A23); ketones,
specifically 2,3-butanedione (B2), acetoin (B6) and 3-octanone (B9); alcohol compounds 1-pentanol (C3), 1-pentanol
(C4); and olefin compounds a-phellandrene (GS5), p-cymene (G9) could serve as sensory-markers leading to
alterations in the sensory profiles of infant formula. Conclusion Sensory attributes represent the most direct and
intuitive way through which consumers perceive a product, and they directly influence consumers’ preferences for the
product. Regarding infant formula, consumers exhibit a greater interest in the typical flavor of the product than in the
off-flavor. Therefore, GC-IMS can be employed for the rapid detection of sensory-markers. These compounds can be
utilized to analyze the sensory characteristics of products and, consequently, forecast consumer preferences. This
study will provide a data base for the quality control of infant formula and the maintenance of consumer preference,
and provide a stable and rapid testing and analyzing process for aroma compounds to related enterprises.

KEY WORDS: infant formula; gas chromatography-ion mobility spectrometry; consumer preferences; sensory

characteristics; correlation analysis
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A ARE R ILBCT & ). GB 10767—2021 (£
R EEFRE SLECT B ). EREsR, 4Ly
WG TR E Y R DR ) LAE KR B i B b A
MEFRFR, WIEFEERYTEEAR, BIMBRAKLS
YNLL KR ZFIEITTR - @5 24 LYk hid 2 ae vk
LZAFIPG IR, 40—+ — BN HfR (docosahexaenoic acid,
DHA) A1 4¢ 4= PU% 12 (arachidonic acid, ARA)LLHE = 4545 19
SRR AE SRR SR s b A I AR, FEA
B AR s R TR R, W3z A RS R &R
FUREA RN Kb Z AR TR 5 | & B9 B8 5 Ak
TR I i 51 RN E AW i U E S 1VK Y A ) 5'%) 4
ZENAN A B 2T B Al LS v 3 R R R AT, 45
R 3 KEFRY A 6 1 )5 & =3 A AR
1%, U0 B 3K S8 Ak A W 75 A it 7 A7 A6 A [ R 19 4R A,
W H 2 A — SR A O ey I A AR
ERARME, RIS A28 Ak 23 40 2 4808 . X T Bk
TS PR S AE S SR O S AR A AR AR A R A
T IRk, I O S PR AR W K, T TR
B, I BT SR BN SR . X U B AT 2 G LY
WA R &AL E WA AT B A S, T
eI O BT

O 2 T 5%k AR M6 - 535 2% (gas
chromatography-mass spectrometry, GC-MS)&%< 8 {4 11%-1R
fl - Bt % ¥& (gas chromatography-olfactometry-mass
spectrometry, GC-O-MS)XJ /A [6] 58 3#H (1) & S b & W iE 47
FE A A M LA ST S W A AR A R U2 s e g
RSB BELY LY h Y E 2N T BE. R,
WA R S A Y . R GC-MS AT LATES Hb X
FRW AT E M a, X 24 MMER IR ER K
B 43 B B (8] GEL 5 = 60 min) ST BCRAL, A REHEE 4
b 5T WA B R AR A T SR, BRI B — &
T8 T A At 7 SR ) A BT IR AR o SR (- 2 AT
# 1% % (gas chromatography-ion mobility spectrometry,
GC-IMS) [ AU 43 125 BIL ] (A €3 43 8 A s 11T B0
) AT LR RS54 23 M ik 1) e 6 n] LR 2 30 min),
HATFTHES Y B PLEB B . GC-IMS 7B —F B BUE S5
BriAR, 45467 GC Hl IMS M, HA PG R EFT
bR A A P2, SRR TR R A PR S
Mgz HIX 322, H GC-IMS 7E R, B2, B, %Y
T ARSI A AR G R B, TR) A FRT BRI R i 1 A B A U
FIME I AW HEN G 5 H AN . 1LAh, GC-IMS &
YRR R AT AR AL AR BB S AT L 2R S LY R Y
A IEES S . B, (5 GC-IMS XEASIR] fif s (8]
B LY A A S YT RAEG B TP PP AL 7 B
(] B SR 35 2% 5 4

BARBEILAE 6 A 5 85 1h % 7 v Il £ 1k A7 R

FRU H B2 LA BB R EA RS BT
B B 1 B LT I 4 fuh FLAth B, DRI DR TE % 493 £ 55 8 7Y
o A BT R X LR e s O B LR 12
A ARG EIL, R i 75 E A B R L R
B, LR B =B WS mie it g, FmAusR
DL B A LR SR 4, il GC-IMS X HFRSR
RS PRH A, [R5 A7 AS 7] 4 98 B 10 0% 093 J R A %
TH B B 0 3 T VA 7 R 0 X B AR AE ST 9% 5 S
ISR o A FT LASY] A 20 5 0% 22309 o9 S 4 LA oy Je R o
AR E T AT Bl AR AR S, I o B O
S 1L FE A fl KUK 490 S5 s o) £ A B0 ) B 4 ol R
THHE

1 RS 7

1.1 #&E. AFS5NEE

AWFFELL SR I = BB YL GE & 12~36 4>
R 4L E FWERRIRE o o BT R b 35 i 2R VRS 2Ll
AR R, SRR AR AT 0~14 S 9 12 Mt
YRR, TR A T H O RO L 1, B ERE A (0
ANFOVERXT R A FE S e S IR GRE PR 25 °C£2 °C,
TR BEOREF 55%+5%) FARFE, IHAELIIF RIS —4T I

di B CE R EERARA A, ST EEY
AIEE 20 D), JBRE 2R 5 [ 52 52 20 Sl (B A IR0y A B
/Al ]; DHA ¥R (F 5 = 7%) . ARA B3 (46 = 10%) [0
AEPHARGEDOA RAF ] EEER(Z LRSS PR R
O wl); FURDHE G SORE L 8 4 G BR A \l); 2,4-T-
(4% =89%) . 3-H AL T (4l = 87%)(3: [ Sigma-Aldrich
NG

ME204 B F R BE 0.0001 g, HEEREH-FEH 24X
(R AT, IFEX H 3 02 2 00R G G -1 A5
LB A PR F)); FlavourSpec®GC-IMS(fE[E G.A.S 2
Al); MXT-5 A3 B4 FE(15 m=0.53 mm, 1 pm, 25 EH;E
RIFRHEABRA A

1.2 GC-IMS &t

7 20 mL [07S P R FRER 2 g B4 LW IR S ilE A 7
IYHT, FAFESE R PR . TZSIREE A 70 °C, BEALEE N
20 min, YW ZN 500 r/min, FEREEHIRE S 85 °C, HEFE
0 500 pL, JEEEIEA 0.5 min, fGEF S MXT-5 (15 mx
0.53 mm, 1 pm)AFEBAEHE, IR R 60 °C, M Ny(4l
4 99.999%) o S ATRR AN R . BIAR T 7 2.0 mL/min, {4
+£2 min; RJ57E 10 min P ZE 10 mL/min; F£7E 10 min
NHEZE 100 mL/min; f/57E 10 min 32 150 mL/min, &
IZATEIIASA 30 min, IMS Z5FA0 R ERBEKE R 98 mm,
HLE N 500 Viem, JEE N 45 °C, RSN NyLifE N
99.999%), WA 150 mL/min, HLEHRNIEEF,
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Table 1 Specific informations of the infant formula samples

J¥5 KRS BEEREN AR HM SR (/)
1 IF-0M 0 20220908 700
2 IF-1M 1 20220810 700
3 IF-2M 2 20220702 700
4 IF-3M 3 20220626 700
5 IF-4M 4 20220503 700
6 IF-5M 5 20220417 700
7 IF-6M 6 20220304 700
8 IF-7M 7 20220214 700
9 IF-8M 8 20220129 700
10 IF-9M 9 20211221 700
11 IF-10M 10 20211109 700
12 IF-1IM 11 20211020 700
13 IF-14M 14 20210711 700

1.3 BREFNFEZEE N
1.3.1 Az

FIT A RE I TE [ — RATHF, FF7RI43E = 250 mL
Xt 28— W iR 2 —FER (polyethylene terephthalate, PET)#&H
(50 g/#x), VAIREGAT ZETFREXTRE S XU 52 ) o AR A 150 BH 43,
FEA A 45 °CHR/KIEATE . SREHE 10 mL iR rRe &
BT 20 mL b5 3 fiFEHLGRAS IS PET i, JEF
45 °CF PRI H
1.3.2 i 4 mla

2 RS EN I 2 B Ay LR SR R S B R I B A,
M ABEFE T 100 2 FEE 25 3 A0 FAbo 4 XK 3 = Bt
B LR I B AT T e, R 9 s A
R T E DR A-WA TR, -6 REIR, 3-REIK,
AT ANER, SAKER, 6-47 i E, 7-53K, 8-AEH# =
W, 9-MEI), FHEAEME G GB/T 39501—2020 (J&E
A3HT RE RN AR S0 ) SR R AL IR S A BEAL
DX 2R SR LS 07 BRI
1.3.3 REHRH

TERCETEM 20, SR IS0 3972: 1991 XHECEFEM b

PEATICE U T, SRJ5 RA] 1SO 4212(2003)% i 1% 2]
HIPEA BT, B8 RIm 12 iR G B 74&,
Y)Y R 23.3 2 +2.68 ZHAL LT /N o TR PEGR /N
AT R 3 A H I,

EIESE 20T, E X T 6 MERE R R ES
FEFFXT AT S o BRI A AN B3R 2, SR 9
FIAREE (1~2 AR EW 557, 3~4 LR IES”, 5~6 [LFEH
& T~8 AR FHIR 7, 9 FRFR Al )X A i (1) BB R
AT, BAFEREEINY 2 W, PRI RS 2R
XA B IR AL LB 7 BN B S ITM 58 75 SR U
[ FR . ARH, BRTATYRT, Waligok ST IRERES
FYE T, TS .

1.4 HIEALIE

K R(3.6.3) #4777 2293 M, K53 73 HT (principal
components analysis, PCA)f#i ] GC-IMS N & #4443 #r, 1
H chiplot (http://www.chiplot.online)i/E 47 HH &1t 43 #r FIAH
S 4T, ] Origin 2021 A7 EIE L .

2 HRED

21 ZEZH)LIMmESUKEMSER

AHFFERF GC-IMS X A [m) i gk ik 5] 22 407 J LA Ass
ST FRAE, FEIPEAG AR DA 0 B4 LY
B E P iE Y. BT EYLIMER BN S T R
T 2 2 1 K o K 8 s i A 4 0, DR T o i 77
1 HAF-1IM)ZE 144 H (IF-14M) 9 22 4 LT 6 7 S0 s
TEVEAT A3 M, 4545 L B ) [R) RS A% s 1) %o 75 S 4 b A 7 2
PEOIHT, SER LR 3. TEAS[A)fif s HA R i v A 5]
62 MESAY IR R, XLk S YIMEE 23
ANGT%ESDI, 11 (18%)HIZEHIR, 9 ~(15%)BERYI IR,
9 MNI5%)EEZEYIIT, 4 1 (6%)EREYIIT, 2 A~(3%) R
JELAKL 4 AS(6%) HAh i, X5 2Z A —3, WANG
ZBUH ] GC-IMS 722240 JLA Ry rhok I 30 K B A 1, i,
B, MREWIT. & 1 SRR R &SSP E i
B YER HEXT g R . FTFRIm R 62 NESALS
Y1, 37%MAb G AT Ll ik Ge-MSU T B, EE oy

F2 EHLPMRERRRE. EX. SHEREBNSHIRE

Table 2 Sensory description words, definitions, reference samples and corresponding reference intensities for infant formula

ik 1) S SL Z bt 2 R R
LR R RF A4 AN ER BIRFAA Y n=8
Wik AL F WA 48 2R R &R F 30 mL A BNRYE A 0.5 mL 44 n=5
0 JPR I ¥ NIRRT S 20 mL #4fi%/k+0.4 g DHA +0.2 g ARA n=7
A REY R FH S F 30 mL ZiFK A 0.01 g i FH n=5

FAALBR VAV EHETIS 30 mL 44K +0.2 pl 2,4-F —[E+0.7 pL 3-F1 5L T n=6

AR etk SRR 64 g/L B FARDBEA IR n=9
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#3 TREEEREIZSLT#H GC-IMS EMEER
Table 3 Qualitative results of GC-IMS for infant formula at different storage times
I 7S S S O S T RAME N e T
Al nonanal Tm C124196 Co,H;s0 1422 1089.2  799.498  Hfk RS
A2 nonanal Tm C124196 CoH;s0 1422 1084.7  788.838 Ik RS
A3 2-methyl butanal 2-HEETHE  C96173  CsH 0 86.1 634.8  161.492 - /
A4 trans-2-pentenal R -2-IMEE C1576870  CsHO 84.1 7478 233369 kK HE. RAE
A5 trans-2-pentenal  R-2-IEEE C1576870 CsHsO 84.1 7443 230.547 "Rk S
A6 1-hexanal L C66251  CeH;,0  100.2 796.6  277.101  H{k HEE ., G
A7 1-hexanal L 66251  CeHy, 100.2 7902 269.919 Hfik HEE ., G
A8 2-hexenal 2-CL AT 505577  CeHy00 98.1 847.5  334.682 Hk T R
A9 2-hexenal 2-CL Il C505577  CeH,00 98.1 847.0  334.108 —H{k WA R
A10 2-furaldehyde Bl 98011  CsH,O, 96.1 8227  306.673 - HURHR . ORI
All (Z)-4-heptenal (2)-4-PfEE C6728310 C;H,,0 112.2 8925  385.858 - BNiAE . Wi
% Al2 heptanal B C111717 CH,,0 1142 901.3 402507 ik REWiH: . WA
Al3 heptanal B C111717 CH,,0 1142 900.0  400.09 —Fik REWiH . WA
Al4  (E)-2-heptenal (E)-2-BHi#lE  C18829555 C.H,0 1122 9559  505.629 K JEWIE . WHES. LEF
Al5 (E)-2-heptenal (E)-2-PEdlE  C18829555 C;H,0 1122 954.5 502932 RIKIEWIE . WHEHER. LEF
Al6 benzaldehyde 7% H C100527 C;HO 106.1 969.1  530.566 ik FY e
Al17 benzaldehyde o C100527  C;HO 106.1 969.4  531.123 H{k ™E
A18  2,4-heptadienal 24-BETIHERE C5910850 CHy 00 110.2 994.6  578.654 - IR
Al9 octanal S C124130 CgH,,0 1282 1007.7  608.547 Mk HIHES. BHH. MEE
A20 octanal I C124130 CgH,,0 1282 1006.8  606.319 HK HHES. HH. WMiEH
A21 pentanal TG C110623  CsH,0 86.1 6932  188.909  H{k WA ST
A22 pentanal TG C110623  CsH,0 86.1 6903  186.495 —Ef{k WA ST
A23 butanal TEE C123728  C4H;0 72.1 563.8  130.226 - Sk,
Bl acetophenone R T C98862  CgH;O 120.2 1058.1  726.594 - /
B2 2,3-butanedione 2,3-TZHH 431038 C4HO, 86.1 5749  135.103 - WA FHOR . Yk
B3 2-butanone 2- T C78933  C.H;O 72.1 5742 134781  HE Rk
B4 2-butanone 2- T (78933  C,H0 72.1 588.1  140.896 —Ffk PR WAk
B5 1-penten-3-one 1-53645-3-1 C1629589  CsHgO 84.1 689.1  185.559 - TR . YRIMIR
il B6 acetoin 3-FRHE-2-TH]  C513860 C,HsO,  88.1 7293 218.364  FlE LR
B7 acetoin 3-F3-2-TH  C513860  C4H;0, 88.1 722.6 212849 ik LR
BS 1-octen-3-one 1-2FJ-3-f C4312996 CgHi,0  126.2 979.7  550.618 - A
B9 3-octanone 321 C106683 CgH, O 1282 985.9  562.315 - A
B10 2-pentanone 2- 13 C107879  CsH,0 86.1 6653  174.909 - RE
Bl11 2-heptanone 2- B C110430 CH, O 1142 892.1  385.167 - NEREA . Yhihk
Cl ethanol I C64175  C,H(O 46.1 4612 85.059 - /
€2 2-methylbutanol  2-H1JE-1-THE C137326  CsH10 88.1 7337 221.954 - A
W C3 1-pentanol 1- 1% C71410  CsH;,0 88.1 766.9  249.015  H{k iy
C4 1-pentanol 1- 73 ez C71410  CsH,;,0 88.1 764.7 247219 Fik 5
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fur%% Bk feamics  cAs AT /Z/ii ‘*%gﬂﬂ] B e A
C5 (2)-3-octen-1-0l  (Z)-3-FJfi-1-BE C20125842 CsH, O 128.2 1052.1  712.417 BEAL A
C6  2-methylpropanol ~ 2-FJELNEE  C78831  C,H,,0 74.1 640.1 163.807 R
B2 C7  (2)-2-penten-l-ol  (2)-2-1%H%-1-BE C1576950 CsH;,0 86.1 7674  249.420 - /
C8  3-methylpentanol  3-FJE-1-%EE  C589355 C4H,,0 102.2 847.0  334.105 AR R R
9 1-phenylethanol - 98851  CgH,,0 1222 1054.4  717.984 &
. DI propanoic acid 3] C79094  C;H40;, 74.1 697.5  192.409 - /
. D2 butanoic acid TR C107926  C4H;0, 88.1 7723 253.402 - /
F1  ethyl propanoate WEEZHEE  C105373  CsH 00,  102.1 7023 196.301 - /
" F2 3'?&2‘5(1:?;“ THRSKEE  C106274 CoH;s0, 1582 1065.8 744500 - /
F3 butyl acetate LR T TR C123864 CeH,0, 1162 7847  263.606 RE
F4 propyl acetate LN BR C109604 CsH,00,  102.1 707.7  200.733 RE
Gl S-pinene BTN C127913  CyoHys 136.2 970.7  533.537 BEREM . AAFF
G2 limonene FriE s C138863 CHje 136.2 10255  650.255 Ak Mt
G3 limonene Fr s C138863 CjoHye 136.2 10262 651.926 Ik % &
G4 y-terpinene ¥~ it M 99854  CyoHys 136.2 1063.3  738.818 L RN Y i
i Gs a-phellandrene a- /KW 99832 CyoHys 136.2 1006.5  605.786 EY RN N
K G6 p-xylene M 106423 CgHy 106.2 868.3  358.297 - /
G7 a-pinene o-JEM 80568  CjoHys 136.2 936.0  468.033 K IEHER. MKE. BWE
G8 a-pinene a-JR N C80568  CioH,6 136.2 9348 465741 Rk WEHESR. BNE . WEF
G9 p-cymene pApAERE 99876  CjoHys 134.2 1021.6  640.998 R §§§ H
H1 2-pentylfuran 2-1ENEERKIR  C3777693 CoHisO  138.2 994.9  579.211 Elmvk . Rk
H OH2 diallyl disulfide — —JRNIEHEEE C2179579 CeHioS:  146.3 1085.4  790.620 - /
fl |3 2-propanethiol -NIEWEEE  C75332  CHS 762 5664 131.363 VICHIS R S AR L BRI
H4  diethyl disulfide ~ —Z%:Hilt C110816 C,H,S,  122.2 917.6  433.237 WA . RFRIk

TE: "3R8 GC-IMS X TALS WIEAT 7 Wi AR AL 453 4 2 e w8 DU 2 JE R — R MR 28 = JR AR, e BRI — R (A3 | R m i Ak 5 W T
GC-TMS il 25 55 h 43 S LSRN — ARG A (e . -G WHE GC-IMS Rl 4551 XA — B AP A . P R b il if

4 KR AF B R 5L (http://www.perflavory.com/index htm) %, X FILH T TCFHHEAE, XL LW B AAER S TC5THk .

B RIS kDA RO R ML A
BIA Ry S 2L A P O B A B ST R AL . X R
GC-IMS AT AFE Ry — i 7 (1 24l L & S AL B i
ORI . BRAb, 28% Ak S I OU IR . BRI S
CHI 2021 WANG 2B 3 GC-IMS 46 3] (9 75 < 4 5
Fif, XK GC-IMS TERAILY IR . RS
Ky i 2 —E . X — B4 BB T GC-IMS [A]
AT GC A IMS 3K PR AR ) i e Bt 4 25 BB, A
AR T 50 o 2 ARE (4 43 mT LA 28 Hh R A 5P R Al el 22
FBY AR T, GC-IMS %o 5 26 4y 5 (g AG  E RE AR T
GC-MS, [HIHTFHFZE R AHKAIE GC-IMS XA [ it 470 8]
B LSRR X 50

HE— 25 R FH 4 KR {5 1 & 42 (http://www.perflavory.
com/index.html) %46 I £ (1 154 9 & SFHE TR R o
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