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Abstract: To investigate the changes in volatile compounds during the preparation of Double-Layer Steamed Milk Custard (DLSMC), the
volatile substances at four key stages—raw material stage (group A), boiling stage (group B), cooling stage (group C), and steaming stage (group
D)—were analyzed using electronic nose and headspace-gas chromatography-ion mobility spectrometry (HS-GC-IMS). The results showed that
methyl compounds, alcohols, ketones, and aldehydes, were significantly different volatile components across the stages (P<0.01). A total of 38
compounds were identified by HS-GC-IMS, 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 boiling and steaming stages were the
main stages for changes in volatile compounds. In the boiling stage (B group), the unpleasant flavor of 1-pentanol in the raw buffalo milk was
significantly reduced (P<0.05), while the levels of 2-butanone, 2-butanol, dimethyl sulfide, and other compounds were significantly increased
(P<0.05). In the steaming stage (group D), the levels of 2-pentanone, 2-heptanone, acetone, and diallyl disulfide significantly increased (P<0.05).
Ultimately, the DLSMC exhibited flavor characteristics such as grassy, oily, fruity, milky, sweet, buttery, fruity, and roasted nut aromas. This
study reveals the changes in volatile compounds during the preparation of Double-Layer Steamed Milk Custard, providing a theoretical
foundation for understanding the formation of its flavor characteristics.
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Table 2 Signal peaks of volatile compounds in the production of Double-Layer Steamed Milk Custard
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1 1 / / / 74840 21252 1.23 31.3843.08° 125.1743.46" 52.30+.35° 39.78+.51°

2 = Bk C,HeS C75183 62.1 77370  224.85 0.96 134.6246.28° 190.90+13.04° 166.6942.63° 150.18+11.80%
3 2-F kM C4HsO C78842 72.1 79840  237.57 1.09 321.51478.75° 267.22440.81° 221.19419.68° 205.71497.75°
4 2 / / / 815.60  246.86 1.18 40.91+0.14° 39.3443.38° 37.36.42° 87.3649.00°

5 S CsHO  C123386 58.1 822.20  250.51 1.14 366.49457.71° 474.14460.86" 414.36425.71% 859.63443.17°
6 ¥ 8% B CsHsO,  C109944 74.1 822.90  250.90 1.08 909.70100.70° 1078.21458.67° 1021.30440.49% 1284.17421.43°
7 3 / / / 827.10  253.26 1.20 44.2943.41° 25.2842.01° 22.8941.09° 70.7142.21°

8 7 B C3HgO C67641 58.1 854.50  269.19 1.12 15417.524434.31%  15050.344582.04*°  14540.19444512°  16091.154403.21°
9 4 / / / 881.50  285.91 1.20 173.13+1.76% 156.64422.33° 136.9749.83° 310.05426.59"
10 2-F34-2-AE CiHi 0O  C75650 74.1 883.00  286.84 1.14 354.39+16.42° 295.30425.75" 262.3843.71° 535.46425.52°
11 5 / / / 88470  287.91 1.27 35.0144.09% 33.7846.02° 27.8042.53" 83.8242.60°
12 6 / / / 887.30  289.59 1.30 21.3443.45° 22.1342.46°% 19.602.00° 51.00-.16°
13 2-ABE C3H3g0 C67630 60.1 889.00  291.42 1.22 337.87416.70° 419.76435.29" 312.14430.27° 477.87457.08"
14 TETE (M) CiHs0,  C141786 88.1 891.10  292.07 1.10 425.86431.14° 548.03428.22° 522.92411.40° 691.1514.77°
15  ZETEs (D) CiHsO,  C141786 88.1 891.70  292.47 1.34 288.93423.42% 296.69469.75° 215.59+10.44° 429.68428.63°
16 2-TH (D) C4H3g0 C78933 72.1 908.90  303.91 1.25 3216.4041743.45°  8369.18+138.99" 7903.39-4195.91° 7808.60-4101.40°
17 2-TH# (M) C4H3g0 C78933 72.1 909.20  304.06 1.06 780.63+422.86° 1450.56+129.33 1680.09449.45° 1457.89486.60°
18 7 / / / 918.60  310.49 1.33 668.434261.02° 104.7343.63° 116.21+15.20° 602.72429.712
19 8 / / / 91870  310.59 1.09 274.47458.75° 675.00433.94° 653.34426.42° 501.39422.50°
20 A TE CsHi 0O C590863 86.1 920.90 312.14 1.40 368.344131.96° 45,6647.99" 42.78414.62° 97.16+11.13"
21 9 / / / 92230  313.11 1.22 513.234125.17° 1760.72+4158.65" 1566.75180.92° 1513.464189.51°
22 10 / / / 92290 31353 1.29 198.22441.48° 39.61+.84 41.4942.27° 126.0949.98°
23 — LBk C4H:0,  C431038 86.1 927.10  316.43 1.18 1081.834250.51° 1333.07428.27% 1207.34473.11% 1407.1748.74°
24 782 L B5 CsHig0,  C105373 102.1 936.40  322.11 1.14 4526.624160.06% 5591.93450.15" 5245.6077.77° 5804.364323.38°
25 11 / / / 958.70  339.53 1.04 4806.31125,94% 4809.14459.34% 4668.83+102.70° 5033.614239.25"
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Fig.4 Heatmap of volatile compounds in the production of Double-Layer Steamed Milk Custard
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R AP0 USRI BTk o o BRIV BB L Rl e . T 3-FRE T IR Z BRI (2 ngKg™) RIEE
RS i, FH ROAV (B E LN 100, HIFR 3 TR, Sl il g id R B4k KU B2 STk A AU AL 54 (ROAV>1)
15 Fh, palERESE (RS 2-HIEPIIE, 3-HIETlE, Pale). WHEEHZE (EdE 1-0800%-3-00. 2-PEfi. 2- 7.
6-FE-5-Fili-2-l. —4lb). B (R 3-HE TR AR, WIRAES. THRAHD . B2k (A4 3-HJE-1- T,
3-lE) . LUK 2-FRJEmR . — HERRE . i s R AR A R R A B KUY (0.1<ROAV<D) HL# 1-/%
BE, 2-THE. 2-THA. lE. NEE. BER. CMRAFRIL 7 Fh. 3-¢fy. “HIIERRME. PElg. 1-000%-3-FR. 2-Pa.
2- KR, — Wk, 3-HETRRARE. THRAMRE. 2-HHEMEE 2 D 4 JEEFBD A = EoTikiEH KRR S )

(ROAV>D), RHIZLITIEYT BRI B P RA AR, ARk, RER. DhEuk. SHER. SOk, KR
R o5 SRR R A URFAE o
R 3 BRMU SRR SIKTERE B R XIAHA

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

ﬁﬂ i BA /(H g'Kg'l)BO] ROAV i Rk ii[ll,23,24,26-28,3l-33]
5 sEkF3 AN PR AR

1 1- /%85 500 0.66 0.06 0.07 0.10 Fikok. BHA

2 1- & He-3-B5 3000 0.06 0.01 0.01 0.02 KRAA

3 2-M B 58 500 0.01 0.01 0.01 0.01 TEARR

4 2-TH: 5000 0.23 0.11 0.11 0.15 FHEA

5 2-9 K -1-AEE 5000 0.03 0.01 0.01 0.01

6 2-F HK-2- M EF - - -

7 3-A B - - - Fhek

8 3-FA&-1-TEE 3200 117 0.03 0.03 0.05 ok

9 3-F B 100 5.21 0.61 0.67 1.47 g RAA. Ehk
10 4-F k-2 5B - - - HEE AFRE
11 A 15 10.12 1.76 1.84 2.17 AR, Bk, EAvk
12 W R R - - - KFFR

13 (E) -2-T¥ilt 100 0.97 0.10 0.09 0.11 F¥Eok

14 2-F A AES 100 3.63 0.37 0.37 0.45

15 3-FATE 100 415 0.06 0.07 0.21 F ok, BRok

16 TS 430 0.96 0.15 0.16 043 R Ak

17 3 12 19.49 1.90 1.87 6.09 i fgek

18 1- 8 Hi-3-FF 3 50.99 10.41 12.40 17.43 R Ak

19 2-TH 18 300 0.25 0.07 0.09 0.11 RAk

20 2- R 250 16.49 2.33 2.85 7.15 Ak, Wrhek

21 2- /R B 500 9.80 1.14 133 2.76 AR

22 3- 7 H-2- /5B - - -

23 4 50— /5, B - - - 3ok

24 6-F 35 B Hi-2-BA 100 5.91 0.28 0.29 0.65 AR, RAEA. Eh4
25 7 39 000 0.45 0.05 0.06 0.09 Fikok, HE%

26 ZLBL 14 87.17 13.16 14.26 21.76 Fihk

27 2-F AT FER - - - RAEA

28 2-FARTELE - - - FRAEGFR

29 3-FATHRCE 2 100.00 100.00 100.00 100.00

30 A A - - - BRESK. KRA%
31 R T Bs 3000 1.70 0.26 0.29 0.42 KE A

32 THERTES - - - HRA. KRAFFK Tk
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33 TR LBg 16 28.73 2.36 3.37 3.74 TKFRR

34 Y8R LB 150 000 0.01 0.01 0.01 0.01 F ok, KRk
35 LB A Bg 30000 0.01 0.01 0.01 0.01 TKFRR

36 LR LBg 4700 0.17 0.02 0.03 0.05 TKRR

37 BEER 10 000 0.29 0.03 0.04 0.06 BR B R

38 2-F 3otk 200 19.09 0.92 0.93 1.69 IR Rek

FRIELR (K 6) 1AL MRYE VIP>1 F1 ROAV>1 (bR, IRk 4 Mo =R, 22 2-PEi.
2-FIREMEIGE . 2-TH . 3-FJE-1- T, X XU W XA A s i R o AR AR A B S IUA B B waiik e FAAK i, 3-FRJE-1-
TEEEEON A UFRIENTBD TR ZF MR 2-FHSEBRI T A 41 JEURITBO A1 D 4 O BO HRRAIN
WRARFE. 2-BEMAA 2-IBEDUANBE (A4, B2, C 4. D 4D LRSI, AR W] & A 4
FRIRIER AR S A KURRFIE SR B S

6 WRPHHE T ER X ERRRIEEE

Fig.6 The Venn diagram of key flavor compounds differences during the production of Double-Layer Steamed Milk Custard
3 it
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ErBl. HS-GC-IMS %3 R EWh I BUA RO FRH Bt 1- Bl R 0 3 SRR AR, [RIRPREC T 2- T i
2- T, “HISGRIFSEIE RN B TIHER I B XY 5 5 E Wb BOH L, RIHMBLEZEAE (P>0.05), i)
B At 2-T%BR . 2-BRER . PAEA. AR IRBESE I R SR, e G RR . VIP AT ROAV
BE—B o Hr, R 2-PE. 2-FIEMEEE . 2-HA . 3-HIRE-1- T B A &l AR R A R E R, UK
DHRIE IR, REUERR, S AR SR th 2Rk
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