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Abstract: In order to investigate the changes in fatty acid compounds and volatile compounds during the processing of sea

buckthorn whole fruit powder, this study used sea buckthorn as the research object and employed targeted metabolomics
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combined with gas chromatography-ion mobility spectrometry (GC-IMS) technology, along with principal component
analysis (PCA), correlation analysis (CorrA) and other chemometric methods to preliminarily investigate the dynamic
changes and correlations of fatty acids and volatile components during the processing of sea buckthorn whole fruit powder.
The results showed that 34 fatty acid compounds in sea buckthorn whole fruit powder were identified from sea buckthorn
whole fruit powder by ultra-performance liquid chromatography-triple quadrupole mass spectrometry (UPLC-QQQ-MS),
among which Linoleic acid (0.48~10.78 ng/mg) and palmitoleic acid (0.03~5.91 ng/mg) were the main fatty acid
compounds. The total fatty acid content (2.48~114.84 ng/mg) in sea buckthorn whole fruit powder showed an overall
decreasing trend during processing, with particularly significant decreases during the pulping and drying stages (P<0.05).
These decreases represent reductions of 40.67% and 62.6%, respectively, compared to the raw material thawing stage. A
total of 41 volatile compounds were identified by GC-IMS, showing an overall trend of first decreasing and then increasing.
Based on VIP values>1, 12 key volatile compounds were screened, including hexanal, aromatic alcohols, and butyl 2-
methylbutyrate. Combined with ROVA analysis, hexanal was identified as the primary characteristic volatile compound.
Correlation analysis revealed that oxidized linalool was positively correlated with all fatty acid compounds. Further KEGG
pathway analysis of the production pathways of major volatile compounds clarified that degraded lipids are primarily
enriched in the fatty acid metabolism pathway, and fatty acid compounds derived from the unsaturated fatty acid
biosynthesis pathway contribute to the formation of characteristic volatile flavor compounds such as hexanal, 2-pentanone,
and 2-hexanone in sea buckthorn whole fruit powder. This study lays the foundation for improving the quality of sea
buckthorn whole fruit powder.
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Fig.1 Flow chart of processing and analysis of sea buckthorn
whole fruit powder
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Table 1  Analysis of fatty acid compounds content in different processing stages
A& (ng/mg)
P & mBHT
D DJ JT™M V4 GZ FS
HuFfE TR 81.68+0.01° 21.40+0.02¢ 30.00+0.01° 20.2340.01° 1.000? 1.14+0¢
1 [SAivd 0.4+0.01° 0.36+0.02° 0.23+0° 0.16+0° 0.06+0° 0.07+0°
2 PR 0.1£0° 0.14+0° 0.16+0° 0.07+0¢ 0.040° 0.05+0°
3 iz 0.07+0° 0.1140.01° 0.09+0.01° 0.05+0¢ 0.01£0° 0.01+0°
4 20 0.0025+0° 0.00341:+0° 0.0018+0° 0.0018+0° 0.0006::0° 0.0005:£0°
5 TR 0.03+0° 0.02+0° 0.02+0° 0.01+0¢ nd nd
6 =iz nd nd nd nd nd nd
7 TR R R 0.21+0.01° 0.27+0° 0.15+0.01° 0.12+0.01¢ 0.01:£0° 0.01:£0°
8 ke 0.310.02° 0.13£0.01° 0.13+0° 0.07+0.04° 0.01£0¢ 0.01£0¢
9 BOtNRmR 0.33+0.02° 0.2£0.02° 0.23+0° 0.09+0.05° 0.010¢ 0.010¢
10 A 0.18+0.01° 0.04-£0° 0.060 0.03+0° nd nd
11 Z—bim 0.130.01° 0.17+0.02° 0.32+0.03" 0.1240° 0.12+0.01° 0.07+0.01¢
12 EN 0.03+0° 0.02+0° nd 0.0120° nd nd
13 FrAHR 20.33+0.33° 10.88+0.18¢ 14.91+0.28° 11.61£0.17° 0.5740.03° 0.7+0.02°
14 TR 59.55+0.6° 9.05+0.53° 13.71+0.82° 7.88+0.22¢ 0.17£0.01° 0.23+0.01¢
BRI AR R 20.61+0.11° 12.39+0.1° 10.35+0.1° 7.71£0.1° 0.35+0¢ 0.23+0¢
15 AR 5.91+0.12° 3.15+0.09° 2.01£0.02¢ 1.88+0.11° 0.04+0° 0.03+0°
16 SRR 6.39+0.12° 3.42+0.11° 2.1740.02¢ 2.06+0.1° 0.04+0° 0.03+0¢
17 HITIR 1.97+0.07° 1.47+0.04° 1.45+0.03° 0.88+0.03° 0.04+0° 0.02:0°
18 JE R 1.25+0.04° 0.99+0.03° 0.97+0.02° 0.6+0° 0.05+0° 0.02+0°
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k1
A B (ng/mg)
i A2
D DJ JTM 1z GZ FS
19 SR 1.03+0.03" 0.76+0.03" 0.79+0.01° 0.49+0.01° 0.04+0° 0.02:+0¢
20 JUA IR 0.98+0.01° 0.73+0.02° 0.74+0.01° 0.45+0.01° 0.05+0¢ 0.02:+£0¢
21 SR 1.3240.04° 0.96+0.05" 1.01£0.02° 0.6+0.03¢ 0.04+0¢ 0.02+0°
22 BE-11-— A4 0.24+0.01° 0.05+0° 0.05+0° 0.02+0° nd nd
23 Irie 0.110° 0.04+0° 0.050° 0.02+0¢ 0.01£0.01° 020"
24 EUHERR 0.08+0° 0.03+0° 0.040° 0.01+0¢ nd nd
25 PR 0.15+0° 0.12+0.01° 0.06+0° 0.05+0¢ 0.01+0° 0.01+0°
26 TR 1.18+0.01° 0.66+0.02° 140.03¢ 0.65+0.01° 0.05+0¢ 0.06+0¢
Z AN IR R 12.55 12.91 16.15 11.68 1.12 1.15

27 SR 2.54+0.05° 2.7240.06* 2.65+0.1° 1.7+0.03° 0.29+0.01¢ 0.26+0.01¢
28 a-VJFRIR 0.67+0.05¢ 1.07+0.06° 1.2240.01° 0.78+0.02¢ 0.08+0° 0.08+0°
29 7=\ JFRER 0.56+0.02¢ 0.94+0.02° 0.99+0° 0.63£0.01° 0.07+0° 0.07+0°
30 AV 0.16+0° 0.050° 0.060° 0.03+0° 0.02+0¢ 0.0120°
31 *igzﬁjllﬁ%()m“' 0.01+0° 0.02+0° 0.04+0° 0.01+0¢ nd nd
32 TSR 0.13+0.01° 0.24+0.02° 0.31+0.02° 0.060° 0.15+0° 0.14+0.01°
33 T RS TR 0.09+0° 0.10° 0.120° 0.06+0° 0.04+0° 0.010°
34 RIATH 8.39+0.15° 7.77+0.21° 10.78+0.18" 8.4+0.04° 0.48+0.01¢ 0.57+0.01¢

SRR & 114.84+0.1° 46.70+0.12° 56.49+0.15° 39.62+0.07¢ 2.48+0.01° 2.52+0.01¢

T RPN AR T RERIR B3P 2E 57 (P<0.05), nd TR A ARKL I, R2~R31H].
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-0.650
-1.170
—1.680
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Table 2 Analysis of the relative content of volatile compounds in different processing stages
N e AT (%)
Y5 &Y LR HFE] (s) BUEG
D DJ JTM 1z GZ FS

1 LT 96.677 FIERUS 3.6320.07¢  3.66+£0.03'  4.77£0.06°  3.23+0.09° 4.37£0.04° 5.04+£0.07°
2 ECE-M 236.696 SN SN 2.34+0.08°  2.22+0.06° 2.68+0.02°  2.23+0.03°  1.85+0.02° 1.8+0.01¢
3 1-J075-3-F-D 331.166 L 24240.04°  227+0.04° 3.13£0.08" 2.51+0.01°  3.3+0.03*  3.24+0.03"
4 C R T B 695.516 PN 2.48+0.06°  2.31+0.03°  2.84+0.02°  2.29+0.02° 2.09+0.02¢  2.1+0.01¢
5 IEC#-D 274.484 AT BRI 10.4440.07° 8.69+0.12°  8.4+0.05°  6.07£0.32°  7.03+0.03¢  8.2+0.03°
6 TR THR 465.454 FIERS 9.81+0.12"  9.14£0.09°  9.7+0.03"°  8.29+0.01¢  5.58+0.04" 5.76+0.05°
7 AT 280.242 A 15.04+0.24° 13.59+0.06° 15.6+0.1°  12.71£0.02¢ 11.53+0.01° 9.61+0.06
8 FIR TR 696.909 RA 1.63£0.02°  1.6£0.02°  2.02+0.03*  1.68+0.02° 0.73+0.01¢ 0.76+0.02¢
9 IEPI P 200.202 MRS 3.09+0.02°  2.69+£0.01°  3.3+£0.04°  2.43+0.03% 1.28+0.03" 1.46+0.01°
10 KM 152.724 ES2 U 3.0840.02° 2.89+0.03°  3.15+0.04° 2.59+0.03° 1.22+0.03¢ 1.17+0.02
11 T 146.065 TR 7.94+0.18% 13.59+0.17° 11.89+0.34° 10.23+0.26° 1.64+0.03° 1.62+0.04°
12 B 243.23 NS 1.8140.13°  2.16+0.02°  2.87+0.03*  2.09+0.2°  0.65£0.01¢  0.22+0°

13 AR H 198.751 TR BBk 2.99+0.06° 2.91+0.01° 3.66+0.01° 2.93+0.06° 0.61+0.03¢ 1.01+0.01°
14 KZEE-D 354.985 B 2.98+0.03"  2.93+£0.06°  1.94+£0.03"  1.92+0.03°  0.24+£0.01° 0.23+0.02°
15 JFRERE-M 305.33 3 FPREIR 0.75£0.03¢  0.81+0.01°  1.8+0.03*  1.06+0.02° 0.17£0.01° 0.09+0.01°
16 VA S 7 i 392.397 S 1.16£0.04°  1.14£0.03°  1.05£0.14%  0.95+0.04° 2.18+0.01° 1.83+0.01°
17 1-J0Hs-3-1iE-M 468.826 B 2.8340.04°  23+0.1°  2.98+0.05° 0.85+0.11° 2.87+0.03" 2.79+0.02°
18 a-JRM 177.218 ESE/NUS 2.84+0.02°  0.58+0.06° 1.31+0.13¢  0.23+£0.05" 2.19+0.03° 1.65+0.02°
19 F LA 2 389.521 IR 2.0240.01°  1.26+0.11°  1.5320.03°  0.28+0.09°  1.8+0.02° 2.79+0.01°
20 F5HEE-D 327.163  MHREIERE . BHBOERSE  4.17+0.25°  1.86+0.33°  2.65+0.18%  0.22+0.04"  7.92+0.04"  6.97+0.06"
21 JKIF-D 355.468 ESIUR 0.64+£0.02°  0.19+0.02°  0.16£0.01°  0.34+£0.01°  0.9+0.02°  0.57+0.08"
22 2-ZH O 163.273 HIRAEA 0.49+0.04°  2.17+0.03°  0.95+0.04'  2.06£0.2°  8.26+0.01° 5.32+0.02°
23 SR -2- AT 187.68 AT 0.67£0.06°  0.49£0.05  0.63£0.01°  0.4+0.03°  3.92+0.1°  3.17+0.02°
24 B LE-M 210.843 R 0.09+0.03°  0.08+0.02¢  0.12+0.02¢  0.07+0.01°  1.56+0.03* 0.84+0.01°
25 RN 392.245 EUUN 0.71£0.1°  0.77£0.01°  0.36£0.07°  0.33+0" 1.71£0.03"  1.89+0.02°
26 Xof F A 1y 294.597 ESEUN 0.0940.02°  0.08+0 0.1+0.01°  0.06+0.01¢  1.73+0.02* 1.25+0.01°
27 2- i 199.166 AR 0.75£0.04°  0.71£0.02°  0.88+0.02°  0.64+£0.01°  2.05+0.04° 2.46+0.04°
28 3-SFPNHFR 160.549 AR 0.49+0.01¢  0.59+0.03°  0.35+0.17°  0.33+0.15%  1.04+0.02° 1.49+0.07*
29 2- 13 103.99 B2 US 1.08+0.11°  2.72+0.03  2.54+0.06°  5.09+0.11°  6.03+0.04" 9.25+0.24°
30 (EEB)-24-BEJmME-M 159.715 THIRM Rk 1.3240.06°  1.97+0.05°  1.48+0.04° 1.88+0.06° 2.42+0.01° 3.77+0.06*
31 2-FS TR T s 175.602 FARA 0.28+0.07¢  2.08+0° 0.79+0.08°  2.42+0.03*  0.26£0.02° 0.33+0.13¢
32 4-C R 235.852 SRS 0.28+0.02°  0.73£0.06"  0.25£0.05°  1.39+0.05°  0.1£0.03%  0.12+0.02¢
33 B-IRNE 318.124 FARF IR 0.53+0.04"  3.94+0.09°  0.86+0.05'  8.2+0.04"  0.64+0.01° 1.33+0.01°
34 2-C R 229.87 VS 0.7240.02°  0.47+0.02°  0.5£0.08°  2.19+0.36*  0.48+0.05° 0.48+0.02°
35 e 204.687 TR 0.18+0.03°  0.29+0.03°  0.23+0.1®  2.6+0.08"  0.26+0.01° 0.23+0.02°
36 2-Z Bk FEmEmE 173.677 IR R 0.44+0.03%*  0.36£0.02¢  0.29+0.04°  5.4+0.12°  0.45+£0.01™ 0.47£0.03
37 k= 118.346 ik e 5.34+0.05*  0.88+0.08"  0.54+£0.06°  0.53+0.05¢  0.7+0.03°  0.37+£0.01°
38 (EE)-2,4-Bi_J%l-D 110.356 IRILBER AR 0.41£0.03°  1.97£0.31°  0.46+0.1°  0.74£0.03°  1.13+0.02° 1.17+0.03°
39 KO 208.986 B 0.24+0.01°  0.23+0.01° 0.27£0.02°  0.2£0.01  5.81£0.04* 0.48+0.01°
40 IE R 5% PR 390.719 IKRHF 0.66£0.01°  0.25+0.05¢  0.28+0.03%  0.09£0.01°  0.5+0.01° 1.85+0°

41 2,3- 5 1 173.608 FEVHBER DRk 1.13£0.02°  0.42+40.02°  0.66+0.04°  0.28+0.01°  0.82+0°  4.81+0.03"

MR A, DA IR A UMK [ https://www. femaflavor.org/flavor-library Flhttps://www.chemicalbook.com/
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Fig.5 Fingerprints of volatile compounds in different processing stages
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Table 3 ROAYV of key volatile compounds in different processing stages
ROAV

i & FS A (mg/kg) D i ™ 7 oz s
1 Gy 5.1 0.004 0.009 0.008 0.009 0.001 0.001
2 2-HIEL TR T 0.017 0.077 0.412 0.187 0.560 1.936 1.068
3 AR 0.0166 0.862 0.171 0.108 0.146 0.168 0.077
4 KB 0.045 0.014 0.016 0.020 0.020 0.514 0.036
5 2- 7% 0.028 0.104 0313 0.302 0.838 0.858 1.128
6 2-Z3LC B 0.013 0.100 0.539 0.244 0.732 2.531 1.397
7 2-CL il 0.024 0.049 0.049 0.040 1.038 0.074 0.067
8 2,3- 7% 0.029 0.104 0.046 0.076 0.044 0.113 0.567
9 JFHERE-D 0.0015 7.463 4.000 5.881 0.667 21.023 15.862
10 IECE-D 0.00028 100 100 100 100 100 100
11 (E,E)-2,4-B ZJ#5TE-D - - - - - - -
12 AAIFRRE 0.077 0.524 0.569 0.675 0.762 0.596 0.426

" RN AT RS R B BE K A http://www.vef-online.nl/VefHome.cfim.,
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Fig.8 Combined heat map of correlation between fatty acid compounds and key volatile compounds of sea
buckthorn whole fruit powder
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