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Preparation and Flavor Characteristics Evaluation
of Seabuckthorn Whole Fruit Powder Cookies
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Abstract: Objective: To develop more palatable sea buckthorn-based products with broader consumer appeal, this study
used whole sea buckthorn fruit powder to produce cookies. The formulation was optimized, and the flavor profile was
investigated. Methods: Based on sensory evaluation, the cookie formulation was optimized using an orthogonal
experimental design. Volatile compounds in the samples were analyzed using headspace solid-phase microextraction
combined with gas chromatography-mass spectrometry (HS-SPME-GC-MS) and odor activity values (OAVs) were
calculated to explore the characteristic aroma compounds of sea buckthorn whole fruit powder cookies. Results: The
optimal cookie formulation, using low-gluten flour, included 6% sea buckthorn whole-fruit powder, 60% butter, 20%
powdered sugar, and 20% milk. The cookies exhibited a uniform orange-yellow color, intact shape, dense texture, suitable
sweetness, and a distinctive sea buckthorn flavor, with a sensory score of 75.33. The flavor consisted of ester compounds
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from sea buckthorn, imparting fruity, sweet, and green notes, and aldehydes and ketones from the base recipe, contributing

to buttery aromas. The characteristic aroma compounds of sea buckthorn whole fruit powder cookies included nonyl

acetate, isovaleric acid, hexanal, 1-octanol, and d-octa lactone, which significantly contributed to their fruity, sweet, and

plant-like aromas. The flavor profile of the cookies was formed through the interaction of multiple structurally similar

compounds. Conclusion: This study optimized the formula of sea buckthorn whole fruit powder cookies through sensory

evaluation, effectively improved their palatability, and further analyzed the flavor characteristics and key flavor substances

of the products. This study provided theoretical support for the formulation optimization, flavor characterization, and

potential industrial application of sea buckthorn whole fruit powder cookies.

Key words: sea buckthorn whole fruit powder cookies; sea buckthorn whole fruit powder; headspace solid-phase

microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS); food flavor; interaction
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Table 1 Factor level of orthogonal test
kP \ :
A SP(%) B #{1(%) C 1R (%)
1 4 50 20
2 6 60 25
3 8 70 30
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Table 2 Sensory evaluation criteria for SPC

S bR T4 ]
RIS, A IS, R E 0~7
@%(20) SR, @RS, B R 8~14
B, RS A A, Tk A 15~20
ST, W, SPAM AT A 45 0~7
J45(20) IMBHASERE, SPAM 5] 8~14
SMESERE, FHTW B SAL, SPAMITHIS) 15-20
VORI IR TG, 47 50k 0~7
B (20) VBRI, TS 8~14
VAR, TS 15-20
R M ERE, A5 2%, A A1 5) 0~7
H21(20) WA AL, HENRoR A, [R5 8~14
AL 0 N O T 0 11 e 1) i
S BEAPRE, JEHEE ) 15~20
B TBORLRE R, SRR G IR 0~7

FUE(20)  ESRANAR . WoKE F, SPIREGLH, MIRaEmEEE  8~14
BRFA . IR ASKEZF, SPIESS, BHIRIE B 15~20
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Fig.1 SPC morphology diagram obtained by orthogonal test

# 3 SPC JFRHEAZ LAY,
Table 3 Results of orthogonal test on raw material of SPC

JE s A B C B TES

1 4% 50% 20% 65.86
2 4% 60% 30% 64.86
3 4% 70% 25% 64.71
4 6% 50% 25% 72.95
5 6% 60% 20% 75.33
6 6% 70% 30% 62.24
7 8% 50% 30% 67.48
8 8% 60% 25% 68.43
9 8% 70% 20% 71.62
K, 195.43 206.29 212.81

K, 210.52 208.62 206.10

K, 207.52 198.57 194.57
R 5.03 3.35 6.08

Fik C>A>B

GO WIES A;B,C,

# 4 SPC IEZIRK T 225011 (0=0.05)
Table 4 Analysis of variance of orthogonal test of SPC

(0=0.05)
WiE= 3 =P~ il A FlA Pl
A 33.365 2 24.974 0.039"
B 12.440 2 9.311 0.097
C 39.542 2 29.597 0.033°
R 1.336

RN EF B, P<0.05,
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Fig.2 Total ion current chromatograms of HS-SPME-GC-MS
analysis for 3 samples
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and percentage (b) column chart
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2.3.1 RERYIE ST BEE T, BRI 513
N AAE OC HJIA SP A3 SPC 15 A HFFik U JUXL
W, 2B SPC P IXURAFAE, 12507 e XU
TLRREL T Y, B OAV>1 B &P a 436 90 Rl
SP. OC } SPC i XU 43 A . A . AR
R IRT . MR S5 28, AU IX Sy S R AR AR
e XU 42 5 P4 XU BTk

£ SPC. OC F1 SP v, izt 90 Fh g XUk
W), Hodh SPC. OC F1 SP 4y Bl & 45 51 ff . 52 Fh
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5 SP, OC F SPC XUEH il &
Table 5 Summary of flavor compounds in SP, OC and SPC

5 . ] R OAV(x10*)
75 LA CAS% RS R AR 532 (me/ke)

g/kg SPC oc SP
Al d-FrIEN 5989-27-5 A NIRRT BER 1 0.034 6.79 32.93 -
A2 L 64-17-5 A AR 5 0.62 - - 2.10
A3 1- B 71-41-0 FAEPER R 2 0.15 0.19 0.28 -
A4 | v 112-53-8 R AR vk 0.016 - 12.69 -
A5 IECEE 111-27-3 BRI | B KRB 1.2.3 0.034 0.62 0.71 1.99
A6 2,4-PE I 4313-03-5 BT . 5 AR 3.4 0.0154 1.43 - 39.45
A7 IEBERE 111-70-6 PN EETL TS 3.4 0.0054 1.78 275 17.51
A8 KB 60-12-8 R BOR Ak 3 0.564 0.56 - 9.62
A9 E i 100-51-6 AT 14 MR K SRk 1 2.55 0.01 0.02 0.08
Al0 137 4-3- 3391-86-4 FEE A FEAC I B IR IE 3 0.0015 18.94 31.66 -
All R -2- M 18409-17-1 18R 4 0.02 - 3.33 -
Al12 1-3F 111-87-5 TEHTAE T BORb 1.3 0.042 1.28 3.43 6.99
Al3 2-F-mE 628-99-9 TREUI LR R 1.3 0.058 - - 2.24
Al4 1- T 143-08-8 SN 1) BORARS T30 1.3 0.05 0.54 - 8.09
Al5 KR 101-97-3 BN NN PN i A ST 2 0.1556 5.65 - 69.16
Al6 S-S5 MR 705-86-2 btV L SRV 1.4 0.066 30.67 180.02 -
Al7  3-HEET R 5 e 659-70-1 IR L SER AL SRR SR 1.2 0.02 290.06 - 2999.35
Al8 LR 112-14-1 BRI 1.3 0.047 - 5.94 -
Al9  2-HETmRIEE  27625-35-0 TR 1 0.0086 - - 592.40
A20 CERT R 626-82-4 SR (Y B R 1 10 - 2.24 -
A21  SRER2-WIETER  2445-77-4 FUAHY | BRI 1.2.3 0.024 30.84 - 330.02
A22 R TR 106-32-1 A NI KR AT 1.3 0.0193 738.20 86.72 5726.78
A23 PERIE T TR 141-32-2 SFREUAY . A AR 1.3 0.022 - 42.24 -
A24 y- T A 2305-05-7 R Bk ki 1.4 0.00043 - 2946.90 -
A25 CLR S R 2198-61-0 K SRk 1.2 0.32 17.67 - 193.63
A26 LR T 143-13-5 KRR HEFAER 1.3 0.6 1.12 - -
A27 RHERR 2B 103-36-6 IO e R 2 0.017 - - 23.74
A28 AR S IR 94-46-2 EtR ARk 1.2 0.25 29.39 - 625.88
A29 AR 6378-65-0 FIARSR 3 6.4 - 0.72 -
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) . B OAV(x10%)
T £k CASH AR AR 532 (me/ke)
g SPC oc SP
A30  24-ZTIRIR TR 3025-30-7 LTIk 1 0.1 2.08 - 91.91
A3l -+ INTR 713-95-1 BB RE . bk 1.4 0.053 13.85 153.07 -
A32 TR 2T 123-29-5 [1:3°8) S/ &3 1.4 0.377 - - 2.76
A33 BRI LT 110-38-3 AR 1 0.005 396.62 - 10302.60
A34 TR T T 109-21-7 BR[| 1 0.4 - 2.00 -
A35 SERR SR 2035-99-6 TR 1 0.07 10.58 - 310.05
A36 LR R 142-92-7 FER L. RN MRIE NIRRT 1.3 0.115 - 48.17 -
A37 ARERR LT 106-33-2 AEA . KRR 1.3 5.9 0.10 - 3.56
A38 TR RE R £ TR 124-06-1 HRRABR . BRI 3.4 4 0.02 - 0.60
A39 - T M 104-61-0 BB R 1 0.0097 - 41.63 -
A40 y-C R 695-06-7 HISE B FEA S R 2.3 0.26 0.61 0.68 5.38
A4l S-F Il 698-76-0 FIWR . BaMok . Bk A=k 1.2.4 0.2 2.65 9.95 2.26
A42 TR MR 627-90-7 B BBk 1 0.0003 - - 1241.87
A43 CR T 123-66-0 T BRI IR IE 1 0.005 834.10 246.09 14802.17
Ad4 KR g 93-89-0 SRy :h]U STEl 1.3 0.0556 49.44 - 747.05
A45 TR g 111-11-5 AR L TRk 1 0.2 0.12 - 2.98
A46 FrRAEMR £ Wi 628-97-7 AR A EER 2.4 2 - - 0.14
A47 3BT R MR 5405-41-4 S 1% 2 R 1 2.5 - - 0.23
A48 SRR 108-64-5 HIATITR A | SRSk 1 0.00001 - - 936673.40
A9 2-HETRR MR 7452-79-1 BRI 1 0.968 - - 3.82
A50 3-BRECTR MR 2305-25-1 IR 1 0.045 - - 53.58
AS51 SRS TR 589-59-3 SESLAE 7 KUk 1.3 0.034 - - 8.55
A52 JIkERR 143-07-7 BRI 0.1 - 29.19 -
A53 A T SE R 544-63-8 LR INERT RS 10 - 0.05 -
A54 M 334-48-5 I | St e ) A 4.5 10 0.12 0.42 -
A55 2 64-19-7 SREU T 5 0.013 38.01 - 659.92
A56 T 107-92-6 J LB BT R 24 0.30 - -
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Fig.4 Aroma profiles of SP, OC and SPC
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Table 6 Interactions between SP and SPC co-flavouring compounds

45 A U AA HHEOAV(x10Y)  SBROAV(x10Y) xR HAEA
1 2-HETHRSFNIR&S- P TR SIBR& IR R #T0Y . 2 NIRKRAEE 30.059 102.826 0.292 B3I
2 SRS T R &~ W g SER TR AT AR 0.038 0.0115 3.297 Eior
3 1-TR&2- T SREAR B Tk 0.033 0.0539 0.612 g
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Table 7 Interactions between OC and SPC co-flavouring compounds
45 RN KA FHIEOAV(x10%) SLBROAV(x10%) X ZHAEM
1 CR T HR& TR L R & L TR TR RN TP € N 9.185 73.820 0.124 |
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5 2 & T CEESR&ARI R 64.336 1.143 56.287 £
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