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Monitoring Flavor Changes in Infant Formula During Production
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Abstract: This study aims to monitor the flavor evolution of infant formula throughout the production
process, thereby providing a scientific basis for optimizing flavor quality and enhancing infant accep-
tance. Representative samples were collected across the entire infant formula production line, en-
compassing milk base, sterilized milk, wet-mixed milk, dried powder, and final formula powder.
Volatile compounds were qualitatively and quantitatively analyzed using headspace solid-phase micro-
extraction/gas chromatography—mass spectrometry (HS—SPME/GC-MS) , and flavor changes were
characterized by relative odor activity value(ROAV). A total of 46 volatile odor substances were iden-
tified, belonging to eight classes: aldehydes, ketones, acids, alcohols, lactones, furans, sul-
fides, and terpenes. Among these, aldehydes (18 species) were the most abundant and served as
the core contributors to the flavor profile. The key volatile odorants were identified as hexanal, non-
anal, octanal, and 2-nonenal. Aldehydes exhibit pleasant grassy and fruity aromas at low concentra-
tions. Notably, the wet-mixing process induced significant alterations in the profile of volatile com-
pounds, while the drying process also impacted their contents. Compared with the milk base, the fi-
nal formula powder showed distinct differences in the composition and content of key volatile substanc-
es. The increase in the total content of aldehydes may be attributed to heat treatment and is also relat-
ed to the addition of nutrients. Therefore, manufacturers are advised to implement additional mea-
sures to ensure flavor stability during production, reduce off-flavors, and further improve infant ac-

ceptance. This study provides theoretical references for flavor regulation in the production process of
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Table I ~ Contents of volatile compounds in semi-finished and finished milk powder

Concentration/(pg*L™")

Category No. Name X Sterilized ~ Wet-mixed Dried pow- Finished for- Flavor profilem_m
Milk base X .
milk milk der mula powder
i3 1 S n. d. n. d. 71. 11 165. 91 164. 00 T ZHE. M

2 oL 14. 48 20. 18 119. 48 760. 23 684. 50 TR, MIEE
3 B n. d. n. d. n. d. 80. 13 73.15 AR E
4 ST n.d. n. d. 44.23 97.72 101. 58 HEE, BEF. BE
5 T-1E 23.92 28.91 137.59 310. 13 387. 11 AT . HHiE
6 PAYIS n. d. n. d. 7.09 12.63 6.85 RETE . Mt
8 2-C M EE n. d. n.d. n. d. 16.91 8.37 A iR
9 2-BHa n. d. n. d. 38.45 112. 65 100. 40 BRI . ~F
10 PR i n. d. n. d. 12. 14 45.36 16. 54 G0 NN NN
11 2, 4-PiMmmE n. d. n. d. n. d. 11.73 7.88 LEILS
12 2-T ) n.d. n. d. 8.08 38.18 23.48 RIS
13 2-Z& W n. d. n. d. 8. 88 27. 61 11. 69 HEBR . Yotk

14 2, 4-T- Wl n. d. n. d. n. d. n. d. 2.63 R hKE . NRMR
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Concentration/(pg-L™")

Category No. Name . Sterilized ~ Wet-mixed Dried pow- Finished for- Flavor profilem’m
Milk base X .
milk milk der mula powder

15 2+ — I n. d. n. d. 10.35 19.62 5.84 SERRL Rk
16 2, At TEEE n. d. n. d. 38. 80 n. d. n. d. REWi . MG
17 2R H g n. d. n. d. 288. 63 311.05 395. 41 FY
18 T SR n.d n. d. n. d. 27.57 20.95 -

i 19 1-13 n. n. d. n. d. 8.21 3.94 -
20 1-C n. d. n. d. n. d. n. d. 2.93 -
21 -7 n.d. n. d. n. d. 16. 84 8.05 IRIES
22 146318 n. d. n. d. n. d. 8. 41 4.89 B . BOLE

il 23 2Bl 43. 47 37.00 262. 87 7.72 6.54 JMR . SEHL ER
24 2-2fifi n. d. n. d. n. d. n. d. 2.12 -
25 2- il 13.50 12. 89 73.13 4.98 4.52 R+, HHBE
26 2, 3-3% i n. d. n. d. 6.28 8.70 9.71 -
27 2-+— e n. d. n. d. n. d. 10. 50 3.03 PUS
28 3, 5-¥fi-2-f n. d. n. d. n. d. n. d. 4.97 -

[id 29 TR 7.37 5.95 n.d. n.d. n.d. Wy E
30 CL iR 35.96 3.76 8.10 n. d. 6.82 [0SR
31 ¥R 183.90 252.52 27.50 15.36 7.31 [ SNRTHISIS
32 B 385. 49 27.11 75.12 16. 85 15. 10 [l SRS
33 9-Z&Jf TR 6.21 9.09 n.d. n.d. n. d. -
34 f—dei 2.33 1.68 n. d. n. d. n. d. -
35 1 bR 54.76 75. 41 30. 94 n. d. n. d. -
36 T R 16.51 20. 82 11.88 n. d. n. d. -

WEg 37 5-TNME n.d. n. d. n. d. 5.29 2.12 Wi
38 S-ZE MR 5.64 7.83 13.92 14. 11 16. 34 TmdE . &, hTE
39 5-T N 2.58 3.79 8.01 6.58 10. 01 PURIES

g 40 218 L g n. d. 1.71 4.28 10. 35 13.52 R
41 B n.d. 0. 88 24. 40 33.23 36. 85 R A
42 T n. d. 0.58 100. 01 95. 86 37.87 -

itk 43 B Sy 7 n. d. n. d. n. d. n. d. 9.96 SRR . B IR

44 TP = n.d. n. d. n. d. n. d. 1.99 SRR . R

[ 45 3-2FE-2-HE-1, 3-00 n. d. n. d. n. d. n. d. 1.76 -
46 FRLLAC n.d. n. d. n. d. 9.55 7.20 -

n. d. : indicates that the compound was not detected. The symbol "~" represents volatile odor compounds with OAV<1 and ROAV<0. 1(n. d. :
FOoREYMITARK . - FR 0AV< X ROAV<O0. 1 FIHER PSR 5
2.1.2 BEEBERZESHYRHBLESTREBEIE BIORGHMRRZHERERY T, E2)EH
HEBTAAL ™ o BESRAL SR SN 2 40y JLIEE J5 Wk KR E ) KRB i — , i CIRERE RS BT 25 A
IR ORI . S5k, Tefb ket xR A SRS, W RIH R SRR, Sfi
SRRy SR ST o s E 5 Wby rPRE SR U 1k 1 853. 58 pg/L, Hirp CUREVE A SR B A 1k KUR
5y, HAERFLHEREFME, HXORBIEMIL, BIEERRRE TR0 . SRR A
FEIRTY, WA E RO B AR B ER

B2 AE A R AR & PE AL o P AR B AN S =, IR 32 i ok & B WAk, 76
J BT DRy AR 30. 89 we/Le BZERE ] RARAFAETFUAE R b, ol iR AL . NEWGIRZ
R (e S LA R B-MAR , P I IR S I A JR Y i 5 i D 4 f ™ A S e A v kA 20 i, 1)
FES AR O BRI VEDBC T Wby vh MR AR T, MR HAEE . REFHAEFR, #
BT SRR AZ

ARSI E ) 8 P R EEAL T C~C JERBIHRIZEM . FUIR RN RIRAEAE N IRIE NI, w]
FehEBOKME A AR = 5 [y, B Rl fbd 2= AR aRNa g . RIS 2 A RWCRIR, SR
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1O, 2, 4-E5MRE . 226 2-T—Held. 3, S-S -2l HIE TR R =R, R
3-FE2- W3, 52T

Bk T 208 RAEHERRTT, B EFRASREAEZ TR, TRAT RS TG
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2.3.1 XBEEEUSHEYR IHFIEAELEIRY Y EA T RBIE R A SRR E)S
WRPI I SRR B, R 2o W B R BRI, AR R . — i, SRBIEME, ¥
BRI, RZ R . OAV o] AL SR i S H & &S0, ROAV
D) FH DA 36 7y v R S BRI . B OAV> 1T RETZ A/ B /A TTHR; ROAV>T i H A F2 44k X
R, 0. 1<ROAV<I FRIZH 23 B X B af JXUGR e 2] PR AN A 7 FH % N 4 B B it v S XU 4 I
#) ROAV JHEZ5 ML 2 FiR

F2 IR EEFESYTA ROAVY

Table 2 ROAV of key aroma substances during the production process

Odor threshold/ o oo, [ETE] . Sterilized Wet-mixed Dried Finished for-
Category Name i Odor description Milk base . .

(pg-ke") milk milk powder  mula powder

i3 a3 0.012 . ZHE . FEH - - 4.74 3.62 3.88

Ok 0. 005 HEEF . MEE 13.31 15.36 19.10 39. 82 38.90

PR 0.002 8 AR - - - 7.50 7.42

R 0. 000 587 HEE. R, BE - - 60. 24 43. 60 49.17

RS 0.001 1 piE N 100. 00 100. 00 100. 00 73. 84 100. 00

B 0. 003 IEH . tHiEE - - 1.89 1.10 0. 65

2P 0.04 NI . ~E - - 0.77 0.74 0.71

2 IR 0. 000 2 BN, HIGE . #lfek - - 48.53 59. 40 23.50

2-TIfm 0.000 1 RIS - - 64. 60 100. 00 66.72

2-Z3 I 0. 001 HEBR . etk - - 7.10 7.23 3.32

2, 4T IREE 0. 000 05 R e . IRk - - - - 14.95




5 6 31 AT AR . TS AR IR IR A 3% - DRI F A ) A i e v 24 JLIBC 7 7 ) U A2 Ak 7

(5:32)

Odor threshold/ Sterilized Wet-mixed Dried  Finished for-

Category Name (ng-ke™) Odor descriptionm_m Milk base milk milk powder  mula powder

2- i 0.001 4 L R - - 5.91 3.67 1.19
2, 4_%‘@%# 0.001 4 BETHE . MG - - 22.16 - -

i 1245 -3 0.0015 B . BORE - - - 1.47 0.93
2- P 0.14 R, S Bk 1.43 1.01 1.50 0.01 0. 01
2-F-fifl 0. 041 Bt HEIE 1.51 1.20 1.43 0.03 0.03
2-F—JE 0.0055 PN - - - 0. 50 1.57
N T 5-%% N g 0. 000 43 ymdE . . k& 60.30 69.28 25.88 8.59 10. 80
AL 2- I LI 0.005 8 S SN - 1.12 0.59 0.47 0. 66
i 7] T R A 0.001 1 B SER L B - - - - 2.57
R = 0.000 1 Bk APk - - - - 5. 65

volatile odor compounds with OAV < 1 and ROAV < 0. 1 are not included in the list

2.3.2 AEEFHRERESKUROTLFE AL UG ST BEATENE, 550k Sk
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WR. B, BHORAIYE L . R, WS- RNEERATIMEMRE AR AR R RS RN C~C,
Nl , (HHERER B B SRBIER R, AP XIRE ST AR . 220 L2, 2- IR
PRI MR, HARSKHEIRY T ROAV AP E, & ENRKAR.

TERRIRIR G RRR I T 2RE 575 SR 8 Tl i) SRBE RIS BT, 70 0 Il | e
R 2-DHAlE . 2-EMIE . 2-28GHE . 2- T MRIEERI 2, A-FTUGEE, 2-PUREEXTREATBAGTER .
EREV R B AR VR R T, 5 6-28 PR A XUR SRR AR, BRI me | 2- 20
BE . 2-EMBE . 2, 4-& IS M XURSTIREO) .25, PR Wiy s i & Al . JRAF . BIIR
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