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Abstract: The changes in volatile compounds during the preparation of double-layer steamed milk custard (DLSMC) were
investigated in this study. Volatile substances at four key stages of the preparation process, namely the raw material stage (group
A), boiling stage (group B), skin separation stage (group C), and steaming stage (group D), were analyzed using an electronic nose
and headspace-gas chromatography-ion mobility spectrometry (HS-GC-IMS). The analysis identified methyl compounds, alcohols,
ketones, and aldehydes as volatile components with highly significant differences across the stages (P<0.01). Meanwhile,
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HS-GC-IMS identified 38 compounds, including esters, alcohols, ketones, aldehydes, ethers, acids, and pyrazine derivatives.

Principal component analysis (PCA) and partial least squares discriminant analysis (PLS-DA) indicated that the changes in volatile

compounds were primarily attributed to the boiling and steaming stages. During the boiling stage (B group), the unpleasant flavor

of 1-pentanol in raw buffalo milk was significantly ameliorated (P<0.05), while the levels of 2-butanone, 2-butanol, and dimethyl

sulfide were significantly increased (P<0.05). In the steaming stage (group D), the levels of 2-pentanone, 2-heptanone, acetone,

and diallyl disulfide were significantly increased (P<0.05). Ultimately, flavor characteristics, such as grassy, oily, fruity, milky, sweet,

buttery, fruity, and roasted-nut aromas, were formed in the DLSMC. The present study revealed changes in volatile compounds during

the DLSMC preparation process and provided a theoretical basis for elucidating the mechanisms underlying its flavor characteristics.

Key words: buffalo milk; double-layer steamed milk custard; flavor substances; electronic nose; headspace-gas chromatography-ion

mobility spectrometry
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3 ERMNAWHIIBAXTSIRE EER KRS

Table 3 The relative odor activity values and flavor descriptions of volatile compounds

A% featy A ROAV R Rkt 12826283000
(ng'kg) BRI AR MEAHER R

1 1- R B2 500 0.66 0.06 0.07 0.10 Fiok. BHA
2 1- R -3-B% 3000 0.06 0.01 0.01 0.02 KRR

3 2-F B 58 500 0.01 0.01 0.01 0.01 AR

4 2-TER 5000 0.23 0.11 0.11 0.15 F & mA

5 2-WH-1- A B 5000 0.03 0.01 0.01 0.01 —

6 2-W k-2 A — — — — — —

7 3- kB — - - - - F ek

8 3-F3-1-THE 3200 1.17 0.03 0.03 0.05 R

9 3-F 8 100 521 0.61 0.67 1.47 g RAA. AR
10 4- 3L-2- R EF — — — — - HEE. BFERF
11 = ke 15 10.12 1.76 1.84 2.17 J5i%5 3 NRE S 7 L7 N
12 S B ey 7 ¥4 — — — — — X FRoA

13 (B) -2-THlk 100 0.97 0.10 0.09 0.11 FEk

14 2- A ABE 100 3.63 0.37 0.37 0.45 —

15 3-WATEE 100 4.15 0.06 0.07 0.21 Kok, BRok
16 S 430 0.96 0.15 0.16 0.43 ) ot Ak

17 SR B 12 19.49 1.90 1.87 6.09 i Rk

18 1- R M5 -3-B7 3 50.99 10.41 12.40 17.43 HOHE Aok

19 2-THR 18 300 0.25 0.07 0.09 0.11 RAA

20 2- & R 250 16.49 2.33 2.85 7.15 EUE R Pl
21 2- /%R 500 9.80 1.14 133 2.76 AR

22 3- W A2 KR — — — — — —

23 4-F H-2- R B — — — — — 475 ek

24 6- F A -5- b -2- TR 100 591 0.28 0.29 0.65 AR RAER. EA%
25 7 7] 39 000 0.45 0.05 0.06 0.09 Fikok, AR
26 — Lk 14 87.17 13.16 14.26 21.76 Fribek

27 2-F K T8 T A — — — — — RAK

28 2-W A T8 LBg — — — — — FRAFR

29 3- L T 8% LBs 2 100.00 100.00 100.00 100.00 —

30 (RO — — — — — BREAR. KREE%
31 7B T Bg 3000 1.70 0.26 0.29 0.42 KT AR

32 TR TS — — — — — R, KRR A L T Bk
33 T8 LBs 16 28.73 2.36 3.37 3.74 KRk

34 B LB 150 000 0.01 0.01 0.01 0.01 Fiok. KE%
35 LR A B 30 000 0.01 0.01 0.01 0.01 KRk

36 LBR LBs 4700 0.17 0.02 0.03 0.05 KRk

37 B BR 10 000 0.29 0.03 0.04 0.06 BA Bk

38 2- T koA 200 19.09 0.92 0.93 1.69 IR Rk
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