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Abstract: To investigate how Kushui rose affects cookie aroma, Kushui rose was added to cookies, and the volatile
compounds of Kushui rose powder, Kushui rose cookies, and plain cookies identified using headspace solid-phase microextraction
coupled with gas chromatography-mass spectrometry. The similarities and differences of volatile compounds among the three
samples, as well as the interactions among characteristic aroma compounds, were examined using odor activity values of the
characteristic aroma compounds, orthogonal partial least-squares discriminant analysis (OPLS-DA), and Variable Importance in
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Projection analysis. The results showed that 41, 51, and 48 volatile compounds were identified in the Kushui rose powder, Kushui

rose cookies, and plain cookies, respectively. Based on the OPLS-DA model, six aroma compounds showing significant differences

among the groups were screened, including phenylacetaldehyde, 2-heptanone, 2-nonanone, 2-pentadecanone, ethyl hexanoate,

and J-dodecalactone. The addition of Kushui rose powder changed the characteristic aroma compound content of the cookies: the

content of floral and sweet aroma compounds, such as geraniol and citronellol, increased, whereas the content of lipid-derived aroma

compounds, such as y-dodecalactone and J-dodecalactone, decreased. In summary, the addition of Kushui rose powder enhanced the

floral and sweet aroma of cookies while attenuating creamy and fatty aromas. This study provides new insights into the value-added

and deep processing utilization of Kushui rose.

Key words: Kushui rose; cookies; headspace solid-phase microextraction coupled with gas chromatography-mass

spectrometry; odor activity value; orthogonal partial least-squares discriminant analysis; interaction
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Table 1 Analysis of volatile components in Kushui rose powder, Kushui rose cookies and common cookies

R OEKHIMIAEN . BB AT, AR FIEL RS0

ws  wpas  REEA RERRER i & E/(mgke)
min 7 CAS RI A% SIidE KH KQ YQ
1 1-KBE 2.26 71-41-0 751 749.01 — — 0.06 £ 0.03
2 - 5.15 111-27-3 860 853.21 — 0.11£0.03 —
3 1-¥ Hi-3-B% 9.74 3391-86-4 979 975.54 — 0.03+0.01  0.07+0.02
4 KT E 11.80 100-51-6 1027 103539  8.44%0.18  0.65+0.0.7 —
5 2-3FH-1-83 12.99 18409-17-1 1069 1 062.68 — — 0.09 +0.06
6 ¥ 13.12 111-87-5 1072 1070.11 — 0.08+0.01  0.20 +0.09
7 X By 14.32 118-71-8 1094 1101.52 — — 0.41£0.11
8 ¥ LB 14.61 60-12-8 1122 111085  339%022  0.21%0.05 —
ij; 9 HF8 18.30 106-22-9 1228 122821  19.68%133 2.56%0.16 —
10 ot 18.95 106-24-1 1255 12493 855072 1.36+0.13 —
11 T A 22.44 97-53-0 1356 1344.71 — 0.23%0.09 —
12 AT A 24.72 93-15-2 1401 13973 295%0.12  0.19+0.07 —
13 A ALES 27.36 112-53-8 nq 140481  1.08+0.09 — 0.25+0.04
14 2+ Z B 28.17 1653-31-2 1510 1502.82  3.05+0.04 — —
15 a-4Ti% 3R 31.98 515-69-5 1686 1687.68  0.44=0.02 — —
16 2-+ 5B 3212 14852-31-4 1702 170426  0.85%0.06 — —
17 bR BE 3243 4602-84-0 1713 171488  1.10£0.17 — —
18 e 645 11717 904 89164 054003 019£005  —
19 2- BBt 7.32 18829-55-5 940 938.22 — — 0.07%0.01
20 KA 8.88 100-52-7 960 955.17 230+0.10  039+0.10  032+0.14
21 E¥d 3 12.03 122-78-1 1057 1039.71 — 0.70£0.07  0.17+0.09
22 B -2-F Hils 12.60 2548-87-0 1058 1055.58 — 0.16£0.03  0.13+0.08
23 £33 14.23 124-19-6 1104 1102.85  097%0.02 0.88%0.09  0.89+0.20
g 24 B K, -2- T s 16.05 18829-56-6 1162 1158.15 — 034003  0.30+0.13
x 25 PSS 17.51 112-31-2 1208 1204.2 124+020 026+0.06 0.37%0.06
26 B-ArARER 18.53 106-26-3 1 240 123576 1.77£0.08 — —
27 a-AFRRES 19.40 141-27-5 1270 126401 2.71+0.07 — —
28 oS 19.40 141-27-5 1270 1263.10 — 0.60 +0.05 —
29 A AEEE 25.13 112-54-9 1 404 1409.07  0.22£0.01 — —
30 +eg g Er 30.59 124-25-4 1611 1611.82 — 0.04+0.01  0.03+0.01
31 H A B 34.01 629-80-1 1826 1816.16  0.18£0.01  0.04%0.01 —
0 2 592 110430 886 87338 - - 1201 -
33 35-F )-2-A 13.17  30086-02-3 1068 1066.51 — 0.13+0.05 —
34 2- 13.75 821-55-6 1090 1088.14 — 1.88+021  1.45%0.76
5 35 2-+—#A 20.17 112-12-9 1294 1289.39 — 203£0.19  3.400.55
* 36 Aot 3k R B 26.48 3796-70-1 1455 145034  0.65+021  0.05+0.01  0.08+0.02
37 2-+ =8 27.92 593-08-8 1496 1494.03 194035 1.75+0.11  2.97+0.87
38 2-+ A 32.14 2345-28-0 1 699 1696.11  1.13£0.06 0.08%0.03  1.91+0.23
39 % ek A R 35.30 1117-52-8 1919 1909.15  0.27+0.01 — —
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min 7 CAS  RIEAHE  ShsdE KH KQ YQ
40 R 16.73 124-07-2 1175 1182.32 — 0.91 £0.04 048 £0.14
41 2-THRTER 17.98 88-09-5 nq 1214.61 — — 0.22*0.10
% 42 F B8R 19.54 112-05-0 1275 1 268.66 — 0.10+0.01 0.12£0.06
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44 =X 29.64 143-07-7 1564 1567.21 — 0.44 +£0.09 0.45%0.11
45 + kAR 33.17 544-63-8 nq 1 784.93 — 1.49+0.25 —
46 TR LEE 10.44 123-66-0 994 98819 --------------- — —-016i002
47 [N AN 10.96 142-92-7 1008 1009.47 — 0.32+0.07 0.87+£0.01
48 TER T Be 17.05 626-82-4 1188 1 189.05 — 0.44 +£0.02 3.68 £0.63
49 FIR B 17.22 106-32-1 1197 1193.29 — — 0.25+£0.04
50 2-W A T ER AR 18.40 10032-15-2 1234 1231.63 — — 0.25+0.12
51 Y BR A B 19.55 105-85-1 nq 1269.02 0.38 +0.05 — 0
52 0-3F M Bs 19.71 698-76-0 1288 1275.17 0 0.15+0.02 0.29 +0.07
53 T8 TES 20.28 123-29-5 1298 1292.68 0.41+0.11 — 0
54 A% B% LELBS 22.35 150-84-5 1354 1342.54 0.68 +0.09 — 0
55 BR TBS 24.05 6378-65-0 1386 1 382.08 0.28 +£0.02 — 0.73+0.22
i;é 56 FERT B 24.15 589-75-3 1387 1384.04 0 — 0.17 £0.03
57 RER LB 24.54 110-38-3 1398 1392.99 0.47+0.3 — 0
58 O-R 1A B 27.76 705-86-2 1490 1489.31 0 0 1.92 £0.37
59 A AR BR CEg 30.21 106-33-2 1592 1592.68 2.01+£0.19 0 0
60 y—"‘LV‘] g 31.76 2305-05-7 1678 1676.14 0 0.11 £0.05 0.18 £0.06
61 -+ =M &5 32.25 713-95-1 1710 1706.87 0 0.12+0.01 1.32+0.21
62 K 2 7B LB 33.64 124-06-1 1792 1791.29 1.53+£0.12 0 0
63 J-+ WA B 35.45 2721-22-4 1938 1 920.06 0 0.14 £0.07 0.26 £0.08
64 AEAEBR S 36.37 628-97-7 1992 1991.08 2.23+0.07 — —
65 I R B 38.41 544-35-4 2162 2 155.32 0.35+0.01 — —
66 I FRBR L BS 38.49 1191-41-9 2169 2161.5 0.18 £0.06 — —
67 DA 1152 5989-27-5 g 102724 1994032 0455012  077£002
68 AR M 28.16 502-61-4 1509 1502.34 — — 0.12£0.01
69 AL M 34.28 504-96-1 1842 1836 — 0.30 £0.08 —
hi; STALISW®
;: 70 Eot B 34.37 14237-73-1 1830 1842.31 — 0.25+0.06 0.38 £0.18
71 3-vk i ¥ B 4.54 4412-91-3 835 83723 --------------- — ------------- O 11i002-— ----------
72 2-1E R ek eh 10.07 3777-69-3 993 977.26 — — 0.15£0.07
73 2- 3k — S ek i 12.23 104-67-6 nq 1696.22 — 0.82+0.10 —
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g1
ws  pas  REHA REBRER R & E/mgkg)
min 5 CAS RI EA%  EIHIE KH KQ YQ
74 +—k 10.50 1120-21-4 1 100 1 098.31 — 0.44£0.11 0.69 £0.24
75 5-F R+ —k 15.93 1632-70-8 nq 1152.52 — — 0.07 £0.01
76 + =% 17.36 112-40-3 1200 1198.99 — 0.49 +£0.06 1.43 £0.51
77 5-THAIR 19.34 17312-63-9 nq 1280.25 — 0.06 £ 0.01 —
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83 +-i 28.56 629-78-7 1700 1699.18 0.67+£0.05 — —
84 + A% 29.78 593-45-3 1 800 1798.98 0.19+£0.03 — 0.14 £0.02
85 =t 29.59 112-95-8 2 000 1998.92 0.19+£0.06 — —
86 1 -eHb &b B 11.67 1072-83-9 1063 1 06-1-5i -------------- — 0.19£0.01 —
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89 3- EHi -5- b 17.21 74685-67-9 1321 1 31-0-Séi- -------------- — — 0.04 £0.02
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Table 2 Analysis of characteristic aroma components in Kushui rose powder, Kushui rose cookies and common cookies

s WA FAmE e OAv
gt (mg-kg™) KH KQ YQ
Al 1-RB% ek, BTk 3,5 1.6 — — 0.04
A2 4 FATK. Ak, #vk, BA 23 0.2 — 0.56 —
A3 1-F 4 -3-8% #ek. REek. EREA. BOLE. FHE% 1,3 0.014 — 2.44 5.00
A4 KFEE BORIEA 1 0.001 2 7036.86 543.86 —
A5 2-F i -1-85 A Mg ISR 2,45 0.04 — — 225
A6 ¥ FA B - BURR 1,2,4 0.042 — 1.9 4.82
A7 * F iy BHE — i dE Rek . E Bk 2,3 0.029 — — 14.19
A8 K LB BOLRA . #A. @ 1,3 0.000015 22627223 13778.84 —
A9 A5 E A B HAGA 1,2 0.011 1789.28 232.82 —
Al0 Aot B HORA . Bk, Mok 1,2 0.004 2137.8 339.59 —
All T A THF4A 1 0.006 — 38.51 —
A12 AT A WA TAH-RE. FH. Akk 3,6 0.068 43.39 2.84 —
Al3 A AREE ek, Jeek, BeWek. #FEck. BTk 35 0.073 14.83 — 3.42
Al4 S bR B A FA L BERRAE. AR 2B 1,246 1 1.1 — —
Al5 Y313 FHHEok. R, R RR 4,6 0.003 178.6 64.8 —
Al6 ES FhAzk. BRA AE — 0.1 23.03 3.94 3.21
Al17 E S A, ABA, HEER, TR 1,4 0.004 — 175.66 43 .46
A8 e A Bk, R SRR 1.2,5 0.001 966.26 879.96 890.6
A19 KB ﬂ’g“;’fﬁé{fgf% ﬁgﬁﬁ o 123,45 00001 1238724 257487 3660.62
A2 A ARES M d. k. BE. kA BE 124 00005 44155 — -
A21 2- & B RA. WA ZAh%, Tk 2,3 0.001 — 1216.7 —
A22 2- BORA . R 1,4 0.005 — 37572 289.32
A23 2-+—#A Tk 2 0.007 — 289.4 486.11
A24 Aot A AR A RAE. A Bk, KE 1,2,4 0.06 10.82 0.81 131
A25 2-+ A EH, RANE, AEE 1,4 0.001 1129.04 79.63  1908.96
A26 FL ZoEIE Ak, 55 RBRvk 6 0.91 — 1 0.53
A27 2-LATE J& Lok, bRk, Bk 5,6 0.015 — — 14.83
A28 e iy e 1S Y 5 3 — 0.03 0.04
A29 bS] R Rirok. AEFJE Lok 5,6 22 — 0.69 0.25
A30 FARBL Jig ek 5 0.01 — 43.94 44.79
A31 TR LB KE-HEA Bk 2 0.000 3 - — 546.36
A32 LB T A RE CGER. M. L) 1,2 0.002 — 160.55  433.17
A33 TR T By HEF A 2 0.7 — 0.63 5.25
A34 F R LB A RA 1,2 0.005 — — 50.42
A35  2-FH T TERER A RA 2,4 0.022 — — 11.17
A36 RBR LS 8 Zirk, RA. Ak, S5 23 0.008 58.4 — —
A37 O-%% 1 B D)%y S i 2,5 0.1 — — 19.17
A38 y-+ =P B8 RE Wik AFok. BAvk 2,56 0.007 — 16.05 25.4
A39 5-+ =g ek, nihek 5 0.01 — 11.61 132.09
A40 O-+ 9 R B ik 5 0.0017 — 81.16 150.85
A41 AR BR T B Wk, drdek. Fabvk, PEA. BEvk 5,6 2 1.12 — —
A42 D-#74 M HHEA 2 0.004 496.91 113.52 191.41
A43 Eacs e Rok. EAL 2 0.01 — — 12.1
A44 2-1F R AR #ek. Rk, BREA. BOLE. FHE% 1,2 0.014 — — 10.49
A45  2-IK = SrkrhER HeFok 2 0.06 — 13.72 —
Er AARER 148, 22 RE, 3-#E, 4-0E, 5-WlER, 6- R A AMIE SR Msb: hitp:/www.thegoodscentscompany.com/.

318




MK EBBHT

Modern Food Science and Technology

2026, Vol.42, No.3

T PR ST K B ALK AR oot i EF T
AT, AR S AN RRE A S8 7 A
AT, rREE. BRES ME. EHE. WK
MR FERRIX N AHE A E K BRI KR
A OF SRl AU R AE A OB ) OAV K
DL 10 MR 4, el &Sk B, il 3
No AT DL VS N /K BB AE K 1 ith & UF - 1e A A
B A B EAE TE IR W, %A AR 3 oT
()W) R L 2K 2 B (OAV=13 778.84), It ANk A %
% (OAV=2 574.87). T & (OAV=879.96). Z* H
B (OAV=543.86). 2- T i (OAV=375.72). % M [
(0OAV=339.59) % TEMA PIRMPEAS, X5 A8
FRAFRAFEEF R S ERIRICE S, Flin 2-25:T
BR CHRE. B, o-+ B Rk, Wik,
o-TUYNEE (G BE SRS, BTl OAV HIEIK.

RE KH

6 KQ

YQ
= g
Bk et

TEAY
3EKMBMIEN. BRUBAFHT. EREAFHT
MESELE

Fig.3 Aroma radar map of Kushui rose powder, Kushui rose

cookies and common cookies
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