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seed oil of Xanthoceras sorbifolium Bunge. from different provenances
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ABSTRACT: Objective To study the differences in seed characteristics and physicochemical indexes of seed oil
of Xanthoceras sorbifolium Bunge. from various regions. Methods Xanthoceras sorbifolium Bunge. seeds were
collected from 21 regions nationwide, and their morphological characteristics were analyzed. Supercritical fluid
extraction was used to extract seed oil, and its fatty acid composition and relative content were detected by gas
chromatography-mass spectrometry (GC-MS). Results There was no significant difference in seed length and width
among different provenances, but there were significant differences in 1000-grain weight, kernel weight, and kernel

oil yield. The highest kernel oil yield was found in samples from Linyi City, Shandong Province, which reached
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50.49%. Seven kinds of fatty acid components were detected in Xanthoceras sorbifolium Bunge. seed oil, including

palmitic acid, linoleic acid, oleic acid, stearic acid, eicosenoic acid, erucic acid, and neuric acid. There was a

significant difference in the content of unsaturated fatty acids. The content of monounsaturated fatty acids in seed oil

ranged from 35.06% to 55.96%, and the content of polyunsaturated fatty acids ranged from 32.60% to 64.64%.

Conclusion Xanthoceras sorbifolium Bunge. seed oil contains extremely high amount of unsaturated fatty acids. It

also contains functional neuric acid, which is rare in other species, making it a woody plant oil with high nutritional

value. Through comprehensive analysis of seed morphology and fatty acid composition, it has found that the

thousand grain weight, kernel oil yield, and unsaturated fatty acid content of Xanthoceras sorbifolium Bunge. in

Chifeng, Inner Mongolia and Linyi, Shandong are higher than those in other regions, indicating better quality.

KEY WORDS: Xanthoceras sorbifolium Bunge.; seed morphology; provenance; seed oil; fatty acid composition
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Zywl); DL92150P AUAI#FAR R RL(0.01 mm, /A% 3C
AR H]); PL200 B TR EE 0.01 g, Fi 1A
W-FER Z AU A BRA ] .

1.3 SKW7A

13.1 #FHEHFgAL
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Table 1 Location and climatic conditions of provenances

g R 2 IN° 4% /E° Wkm  FEBK/mm EEIECC AT H A
WAL TL 121°19' 43°35' 233 74.8 19.0 1464
I DN CF 119°20' 41°35' 754 65.4 17.5 1488
%]& i RS XM 115°59' 42°14' 1276 51.4 15.9 1512
PR XAM 121°50' 46°03' 307 102.6 16.1 1475
Bl 7 36 AL 105°33' 3848’ 1364 223 19.6 1606
TS, IR TT BY 104°40' 36°34' 1559 455 15.2 1284
YD QY 108°01' 35049 1185 77.3 18.4 1321
= e Y Ti LY 118°03" 35°07' 93 155.9 22.1 1205
A T HZ 116°04' 35925 45 100.9 23.1 1507
THEEKA b T W 106°15' 37022 1223 44.1 18.5 1364
HIX [ g GY 106°15' 35°58' 2251 88.3 16.9 1140
. ST PD 113°17' 33°36' 101 105.7 23.5 1025
P =)k SM 110°51" 34028 885 85.6 20.7 1314
RNt JL 126°44' 42°58' 283 127.4 17.4 1285
R SE A A IR YB 129°43' 42°40' 601 99.1 16.3 1451
DT SP 124°21' 43°19' 175 101.4 18.7 1475
b REl TS 117°56' 40°07' 74 85.9 21.5 1433
LA paani] SQ 118°48' 34°05' 6 164.2 22.9 994
LTH BRIl TLK 124°10' 42027 161 118.0 18.8 1642
ﬁfﬁiﬁ A SH 86°04' 44°18' 442 21.4 19.4 1634
B [ XA 109°21' 34°12' 582 96.1 21.5 1289

R H20: ARG FhF AR TR A2 1 R 35 S (R
AR B =Fh I/ Fh TR

TR S A 2 SR DY 43k, BN B ML
B 100 RifhF, FHINERSEE R 0.01 g AUH FREFRE, &
26K, IETME.

Pl E R REMLERE R 0 SCERF T 30 R, T
PRMET S, #5emd =, ARPREILA R, 5 3 K,
HEF I,

132 &R eI

B RER R T, T EBRINA . 28 F A2
AT, B GBI RRMIAMERS S0°CHET 24 h,
Tl B K HRAE 6% AR, WhiErd 20 FIf . ASHHFR B R Ah
{783 100 g, R CO, #BIR R AL BUR £ 204 TH L, 2EBUE )
4130 MPa, ZEBURJE K 50°C, CO, i 4 30 L/h, ZE U E]
R 120 mint7 75 51 V8 T 325 W £ 5 o 6 A SR SRR,
FERIHE R, RAR (DI

ol 1 i
SRR MR AR AR =
1.3.3 LA RAFH I B2 09 F B 1L An A2 2

IR GB/T 5009.168—2016 & i 24 FH bR &

R IER A AE ) X SCRSFATMIE THIAL L, K% 100 mg ¥

R /%= x100% (1)

FENNA 4 mL 0.4 mol/L #) KOH HIEHAW, 7K EIA 30 min
JE A S mL = AL H B, A 4 mL IE 2 e Tk R
Grwh, BHSEHEMA 20 mL NaCl {EHIZER, #Ey
o WEHC 1~2 mL RV, INAGE & Na,SO, T, #5H.
K FH GC-MS I SCREFFIH RS R ZEL S A

GC 4R : Agilent HP-5MS RIS AIEBAEHEB0 mx
0.25 mm, 0.25 pm); FHS N FELZ R (He); dFAFE AR N
280°C; 4r¥ittt A 50:1; Ji# 1.0 mL/min; #EFEE 1.0 pL;
FHRFRE Sy WIHAETRE R 70°C, {54% 2 min, LI 10°C/min
F+ & 280°C, 1£3% 9 min; MS £fF: T % i (electron
impact, ED)&Fi, 70 eV; BT IRIEE & 230°C; DO ATiE
JEN 150°C; LR AFEY 4 min; HRFTERN 50~500;
¥ I R NIST14.0 3% 2% o R AR I — b i i 315
SCTRE SRR R i RO 15 BR (saturated fatty acid, SFA), HAR
1 FHE I BR (monounsaturated fatty acid, MUFA)FIZ ANl
N2 (polyunsaturated fatty acids, PUFA)& &, &Mk
HAE 3R, A

L4 BHELLE

SR B B 45 5L FH Excel 2016 il SPSS 26.0 4o i1k
AT E AL B . O 22 M IR 2 B LA, IR R FER R
B B AT B AT, P<0.05 HEAG B EMES,
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Z 0], 7 REE i b DX ) SRt SR AN B B o SO RN T
RIE 15.23%~50.49%Z [0], il KT 40%HH N Z
AR XE AT T AR IET, T M B RED B G N AU ST
R R A XA, IR YT TR A s

TR MR G o SO RS R B =R AR A
IGUTTT, 35 50.49%. SCHkHRIE A &= A S0% A AT,
A FHE 24%~38%Z 1], BBALE 60%~65%Z (1], T
WAE 45%~48% 2 18], SOt AL i 2 il it 5 HA AR A K
AHIE

HE— 25 AN ] 7= D 0 ) SRR M R AT T 22 54 H0T,
3 ALIEH, SUERFF 7 SRR MR AR E A R A
PRIBIAAAERE — 8 IR 5, e P AR i A 5 R
B, MR, D EZSR S Sk S A — 550
W8 B A [R] 7 b SCRE SR T BRI R 2R SR, TTRE
7 i A 3 R S A R A 2

®2 ARG RMFRSFHEM L hE

Table 2 Morphological characteristics and oil yielding of Xanthoceras sorbifolium Bunge. seeds in different provenances

Jr P42 /mm A4/ mm LIZ A Thid/g i~ /g F— 02/ %
TL 11.05+1.81° 8.76+1.20° 1.36+0.20° 793.95+6.36° 11.54+0.25" 43.00+1.90°
CF 13.51+1.38* 10.64+0.97° 1.25+0.07" 1002.91+6.33 14.78+0.76° 43.85+1.93"
XM 11.90+1.01° 8.58+1.14 1.29+0.13" 716.98+3.76¢ 8.59+0.31¢ 19.87+1.64™
XAM 13.24£1.11° 10.45+1.06* 1.28+0.09° 971.34+9.36 15.28+1.05° 35.73+0.95
AL 10.82+1.66" 9.37+1.70° 1.36+0.13* 519.44+8.25 8.34+0.93% 34.17+1.68"
BY 12.76+1.15 10.02:0.85° 1.17+0.06* 983.34+7.79° 14.92+0.62° 29.00+1.18
QY 11.59+0.88* 9.45+1.07° 1.31£0.03° 709.04+4.98" 10.82+0.46" 31.15+0.83"
LY 11.51£1.46° 9.34+0.92° 1.22+0.13" 862.96+12.54° 12.82+0.20¢ 50.49+0.74°
HZ 10.46+2.72° 8.84+1.42° 1.21+0.07* 362.50+5.59" 10.40+0.42" 22.40+1.63'
ZW 11.86+1.00* 10.12+0.84° 1.13£0.04" 804.82+4.87¢ 9.99:+1.92 24.69+1.03%
GY 12.51+3.13" 10.33+1.23" 1.30+0.15 877.26+2.85° 17.36+0.42° 22.48+0.81'
PD 12.44+1.01° 10.18+1.26 1.22+0.01° 1018.82+1.40 16.89+0.74° 37.10+0.55"
SM 12.13+0.96" 9.50+0.92° 1.32+0.09° 762.80+2.48¢ 11.95+0.15° 23.59+1.73%
JL 12.28+1.63" 9.62+1.18" 1.51+0.23" 745.02+13.86° 10.89£1.19" 30.07£0.65'
YB 13.02+1.67° 9.66+1.07" 1.38+0.16" 1156.94+16.10° 17.39+0.18" 49.40+0.64°
SP 12.81£1.39* 9.73+0.99" 1.30£0.12° 902.90+9.77° 12.47+0.77¢ 46.05+0.59"
TS 11.86+1.69 8.98+0.87° 1.34+0.16" 779.76+5.61° 11.81£0.77° 15.23+0.29"
SQ 11.87+0.96" 9.63+0.97* 1.24+0.13 652.30+2.02! 10.56+1.30¢ 45.39+0.91°
TLK 12.80+1.45 10.44+1.00° 1.31+0.13" 890.23+2.70° 13.700.82° 26.18+0.617
SH 13.28+1.41° 10.43£1.17° 1.24+0.04° 744.10+5.61° 10.90:£0.86" 40.05+1.40°
XA 12.78+1.15° 10.14+0.95° 1.34+0.20° 771.52+2.56" 12.09+0.31° 33.98+0.53¢
T AR FEERIR R — 5 2 (B FA 7 1 3% M 22 57(P<0.05), 3 4 AflF].
F=3 MTESHENTRSH
Table 3 Variation analysis of Xanthoceras sorbifolium Bunge. seeds
it H %/ mm FhF#42/mm L2 A Thid/g fh- /g F— 02/ %
A 12.61 9.82 1.29 828.18 12.55 33.52
STPN ] 15.80 12.50 1.67 1156.96 17.39 50.49
I/ ME 7.90 6.10 1.07 519.46 8.34 15.23
i 22 1.69 1.24 0.15 70.83 2.62 10.07
&S 7.90 6.40 0.60 637.50 9.05 35.26
A2 5 R %% 13.40 12.63 11.63 17.11 20.86 30.05
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2.2 [EFHSCE SRAT i s B ER 2E AR
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B A TG, SRS 4 Fon, FEIRNITR &R
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FR~hR I R>TE AR IR . LA AT R B, e Rk i R R
LB LI AR RN AR A B AR, 3598 i AR i
NG 17 R K /b B A RIS R . 45 M J R 119 5 12t 5 At
MBS 22 5, SO A iR & = R, IR
Z, HBiR 1.5:0~4:1, TR PR i e, R AR R
Wz B AR S AR AT P I AR R ER 4 L 2 2,501,
B 7 SRS ARG TR 5 85% LA b, IR AN
TR I B BT 70%, IR i i 0 ok A2 110,
A 64.64%, JHER SR U NS BT, ik
29.51%. ﬂ% SRS A R T RE M N T R ——df
LR, PHERER 4.89%. T E G H A X R T R4
#m%@ﬁkﬁiﬁﬁ,ksn%gi?%ﬁ%ﬁﬁﬁ%
BRI TR, AR N A e hR, Je—MisE
%I% PadiiE, 7€ 974 FmistEY b, AR ST
2%EAXAT 15 Fh, Hirfr 10 Bl ARAHIY P, SO SR Y
g 7 P 28 % e 2 S T BB b SRR T L AR K R AR
B . MR, [% . SRS FEIREES

PR 5% 10 ) 1] 2 b ooty PR AL PR S s R S, Hodh+
A BT AN SR B SRS R A R i e R R AR
APV R IR BOGE R SO A 3, o2 i o ol
1.28%~3.77%, F-HMH K 2.53%, BIXTH#IGER CO, 2
oo XRREIGNM TZHET IR, J BUK 2 B2 B SORR
TMANFIRR IR & vy, T H 3R B SO SRyl 2R
TR B R
2.3 AN[E 307 SRAT AR B R 25 RAFAE

AN b SC TR SRR AR R A X & e M . ek
8. J/MA . brifEZs B RBGTHEIR IR 5. 21 )7
SORAAT I FZRR IR 1928 5 R BN K BN/ Z R |
. WAIR . T i—IRIR . ITIR . AR A IMR . 15
WA [] STt A F i i Ty R 2 A E TR (10.39%~29.51%) i
B TR (1.32%~5.50%) A1 28 iR (2.31%~8.13%) 25 1t J5' T 22 5%
R AAR IR AR B f ME = A A R, i
KEHMAERUIT, S/MEHRERMT, E5R2HN
14.74%, PARADS RS, HUCOHTENRER, KT SCERAFH
RE Wi R v R i R AR X & f T I ey, 62 R i T T 8K
fiK, MEBR, ZERABEE, HRARE . NPT
HE S B R BRI ER, AR IRACKR, 22 E] 32.04; H
TONIR, A5 RN 28.21%, MR AREE .

%4 FRFEBRARHBREEC)

Table 4 Fatty acid content of Xanthoceras sorbifolium Bunge. seed oil from different regions (%)

4 KR R IHR R il g i A k—R TR R
(C16:0) (C18:2) (C18:1) (C18:0) (C20:1) (C22:1) (C24:1)
TL 5.90+0.93" 47.21+9.40° 18.13+2.48" 2.40+0.59° 10.05+0.30° 12.89+1.16° 5.09+0.43°
CF 5.30+1.60" 42.69+3.86° 25.58+6.64° 1.88+0.76° 10.26+0.02" 12.02+1.94¢ 5.56x1.14°
XM 5.68+0.14° 50.77+3.34° 16.56+0.13¢ 1.67+0.70¢ 7.53+0.18¢ 8.67+0.16* 2.3140.12'
XAM  5.67+0.43" 47.35+2.01° 18.83+1.01°¢ 1.43+0.85¢ 9.09:+0.65" 12.05+0.55¢ 5.56+0.23"
AL 4.9240.63° 32.60+0.11" 29.51+1.95° 2.07+0.36° 8.13+2.10° 10.92+3.27° 3.89+0.87°
BY 5.63+1.82° 51.4646.39* 14.11+1.10¢ 3.05+1.33° 11.74+2.38" 14.53+0.58° 5.25+0.32°
QY 3.04+0.13¢ 43.66+1.48¢ 18.72+0.85° 2.2140.52° 8.95+0.34° 14.77+0.81° 4.78+0.67°
LY 4.85+0.36° 48.71+0.46° 21.03+0.46° 2.28+0.85¢ 8.55+0.74° 14.4140.49° 5.16+0.27°
HZ 3.65+0.62° 44.89+1.34¢ 25.44+0.88° 2.00+0.74° 5.51+0.98" 12.35+1.13¢ 4.26+0.53¢
ZW 4.93+0.53° 41.83+1.12° 10.39+0.46° 2.49+0.81¢ 11.14+0.47° 16.18+0.40° 6.360.06°
GY 5.65+0.57" 44.32+1.28° 16.51+1.00¢ 2.01£0.07° 13.35+2.04° 17.97+0.72° 8.13+0.44°
PD 4.84+0.79° 42.87+1.06° 13.67+1.14¢ 2.30+0.55° 12.00+0.60* 15.72+0.59* 6.01+0.23°
SM 5.82+0.36" 56.40+0.46° 14.98+0.46 2.70+0.85° 11.51+0.74* 15.25+0.49* 5.65+0.27°
JL 4.65+0.57° 54.65+9.04° 13.03+5.56¢ 5.50+2.66" 9.31+0.80° 11.82+1.03° 3.76+0.17
YB 5.57+0.49° 59.77+0.88* 15.95+0.60" 1.9440.10° 10.34+0.41° 13.3440.41° 4.78+0.37°
SP 5.63+0.53" 47.3142.06" 11.80+0.45° 1.86+0.55¢ 12.11+1.60° 16.11+1.56° 5.200.48"
TS 4.64+0.32° 47.49+0.32° 15.25+0.47" 2.45+1.07° 9.99+0.83" 12.09+2.48° 5.08+0.34°
SQ 4.07+0.26° 45.67+0.47° 25.96+1.38° 1.32+0.29¢ 7.03+0.20° 11.47+0.54¢ 4.31+0.47¢
TLK 5.70+0.10* 57.17+5.05° 15.59+1.36¢ 1.99+0.01° 9.43+0.23° 10.84+0.55" 2.62+0.13"
SH 5.54+0.57" 64.64+0.58" 14.07+0.11 1.75+0.23¢ 9.45+0.43° 11.90+0.32¢ 3.64+0.62¢
XA 5.75+0.52° 47.81+0.92° 16.03+0.57¢ 2.30+0.33¢ 10.47+0.67° 15.22+0.45" 5.38+0.38"

TE: AR TR R — 81 Z [ 477 B 2% 1 25 5 (P<0.05)
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Table 5 Variation analysis of fatty acid content in Xanthoceras sorbifolium Bunge. seed oil

Tt H FRAH R IR bl T AR R Tk IR PUELYi7y
FEIE 5.11 48.54 17.67 2.27 9.81 13.36 4.89
SN 5.90 64.64 29.51 5.50 13.35 17.97 8.13
/M 3.04 32.60 10.39 1.32 5.51 8.67 2.31
bt 22 0.75 6.93 4.99 0.82 1.82 221 1.24

e 2% 2.86 32.04 19.12 4.17 7.85 9.30 5.82

5 5 R EU % 14.74 14.27 28.21 36.32 18.57 16.54 25.39

24 ARER~AMIERBEFRNETN

FER 6 AT, 21 A7 o) SCet AR Fl H SFA. MUFA
Ml PUFA WHEA SRS IWEZFK AW E . SFA SRE
5.25%~10.15%2 [8], MUFA &7 35.06%~55.96%2 [H],
PUFA 7£ 32.60%~64.64%2 0], iHAS 45 B AR i R 4 A%
LA A . & T R B G B B X, G
SFA REZEFFAN I IELEFESE, MUFA 5 PUFA RERIEE LK
PEFR . B AT R st 18 i A2 AP SO SR i
TR R IR, WA R0h 78 AR TG AN R AR DR . 7
BEWitR E S EIEM o, PUFA I SFA 4 FL{E(P/S) & —
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Table 6 Nutritional evaluation of Xanthoceras sorbifolium Bunge. seed oil from different regions

77 o SFA/% MUFA/% PUFA/% P/S S/M/P
TL 8.30 46.15 47.21 5.69 0.23:1.00:0.77
CF 7.18 53.46 42.69 5.95 0.13:1.00:1.25
XM 7.34 35.06 50.77 6.92 0.21:1.00:0.69
XAM 7.10 45.53 47.35 6.67 0.16:1.00:0.96
AL 6.99 52.45 32.60 4.67 0.13:1.00:1.61
BY 8.68 45.63 51.46 5.93 0.19:1.00:0.89
QY 5.25 47.22 43.66 8.32 0.11:1.00:1.08
LY 7.13 49.15 48.71 6.83 0.15:1.00:1.01
HZ 5.65 47.55 44.89 7.95 0.12:1.00:1.06
W 7.42 44.07 41.83 5.64 0.17:1.00:1.05
GY 7.66 55.96 4432 5.79 0.17:1.00:1.04
PD 7.14 47.40 42.87 6.00 0.15:1.00:1.11
SM 8.52 47.38 56.40 6.62 0.23:1.00:0.66
JL 10.15 37.92 54.65 5.38 0.27:1.00:0.69
YB 7.50 44.41 59.77 7.96 0.22:1.00:0.58
SP 7.49 45.23 47.31 6.32 0.17:1.00:0.96
TS 7.10 42.41 47.49 6.69 0.17:1.00:0.89
SQ 5.39 48.77 45.67 8.47 0.11:1.00:1.07
TLK 7.69 38.48 57.17 7.44 0.20:1.00:0.67
SH 7.29 39.06 64.64 8.87 0.25:1.00:0.45
XA 8.06 47.11 47.81 5.93 0.17:1.00:0.99
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