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Comprehensive Evaluation of Seeds Oil Composition of Soybean Varieties

NIU Ning, ZHAO Xuan, LI Zhanjun

( Shijiazhuang Academy of Agriculture and Forestry Sciences, Shijiazhuang 050041, China)

Abstract: This study was to conduct a comprehensive evaluation of the oil quality of soybean germplasm resources and select
excellent varieties. The fatty acid and crude fat content of 173 germplasm resources were measured by near infrared
spectroscopy and gas chromatography. The 173 germplasm resources were divided according to principal component analysis
and cluster analysis. A comprehensive evaluation model of soybean oil-quality was established. The results showed there were
significant differences in these quality traits. Saturated fatty acid including palmitic acid and stearic acid contents had
significant negative correlations with oleic acid, and had significant negative correlations with polyunsaturated fatty acid
contents including linoleic acid and linolenic acid. The crude fat content had significant positive correlations with oleic acid
content, and had significant negative correlations with linoleic acid content. Two principal components were selected by
principal component analysis and the soybean oil quality evaluation model was constructed to select the best soybean varieties
as follows: Duomaka-Tuolisa, Zhongxing 1, Jidou 3, Gaofeng 1, and Shangdou 1201. Finally cluster analysis of 173 soybean
germplasm resources was divided into 5 groups, of which the third group with outstanding performance showed the highest
content of palmitic acid, inoleic acid and linolenic acid; the lowest content of oleic acid and the best oil quality of soybean.
The study will provide evidence for gaining soybean varieties with higher comprehensive oil quality.

Keywords: soybean; germplasm resources; fatty acid; crude fat; oil quality; principal component analysis; cluster analysis
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Table 1 Tested soybean germplasm resources

Original source Number of accessions
¥t Hebei 49
L7 Shanxi 25
Jt5L Beijing 24
75 Henan 16
1145 Shandong 14
YL75 Jiangsu 11
iLT* Liaoning 11
LY Anhui 11
4} Foreign country 7
I IT. Heilongjiang 4
K Jilin 1
A1T Total 173

1.2 REigt

WIGT 2021—2022 476 A1 T R AREL £ 0
GEBE 27 ARG S AT R - Ak
J9:pH6.8 AHHLF 20.7 g-kg ' AH 1.06 g-kg ',
B 18.7 mg-kg ™' ERSUHN 125 mg- kg™, A
FRAEFD 47K 3 m, 471 50 em , R HFEHLIX 2H 1%
TR ER 3 K, 5 AR T e B B

AT RS IR IE R AR K
1.3 WEmMHEKRFE
1.3.1 XEAFEMEHEE  2021—2022 4F AR
S AR R R R O R AT T 4 I R U
DA7250 ST £LAM it BT 43 AN 2 K Gk R (R R
it mAEME 31K,
1.3.2 XeHEBpmassSE KEFRAgI
R E T35 IR Shantha 2512 A7 ¥, BAR D7 1
WR AR AWV S 1 60 Hif, FREGE &
KR A # 15 mL & .08 P, KKIMA 2 mL
0.5 mol- L~ FIEE4NIA 0.2 mL 2 mg-mL ™" +—7fk
FRH M =B N AR IR . 4 mL 1IE %8, W EIR A,
50 C/AKIEHEHL 35 min, B 10 min BENRAI 1 R, =
JRFFE 10 min, W EEEWL 0. 45 um £HUA L
758/ S = 1 R0 R L P

SAETE AT SN BB HE HP-88, 2N
AL, HE N 3.0 mL - min ' FERE O FE.
270 °C, 73kt 100: 1, FHEFE : WIERIREE 100 C,
154% 13 min, 100 ~180 °C , FHEHZ 10 °C +min ',
{345 6 min;180 ~200 C, FHAH A 1 °C -min ', f
£520 min;200 ~230 °C, FHEHE 4 C -min ™', FFF
20 min, KUESA FID . 75 280 °C, %<, 35 mL+min ',
255,350 mL-min ", B N 30 mL-min ',
N e Sy e TY Y R B P ST A
1.4 HESH

FIFH Excel 2010 {4 5% BA R IF 1748 5 4
Bt , FIH SPSS Statistics 26 3K {547 AH M43 #r L &=
BT 3BT SR

2 #ER5HMH

2.1 KEmBRERER ST

XFRAE R 173 403 KGR0 BT AR R 20 73 I
FHRE W & 1t 23 AT HR VG 1150 B, 45 R 3k 2
Fis , KRG F G 5B b, AR R & & e, R AR TR
THIRZ . TEREIANRTR S, Fit iR 0728 5 &
By, 2021 F12022 4553550 R 6. 53% F1 6. 20% |
S5 FEULI K R 1 2 2 3 v A (] R R R BT ) A e
iR & AR RRE
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Table 2 Phenotypic variation of quality traits of 173 soybean germplasm resources

LGN A fe/MHE R AE ¥(E brifE2 5 S R

Trait Year Min. /% Max. /% Mean/ % SD CV/%
TR 2021 11.26 16.85 12.72m 0.83 6.53
Palmitic acid 2022 11.14 15.43 13.18 0.82 6.20
WEAR IR 2021 3.73 5.00 4.30™ 0.45 10.47
Stearic acid 2022 3.59 5.82 4.65 0.40 8.63
bl 2021 11.40 37.80 25.98m 5.89 22.67
Oleic acid 2022 12.68 38.96 24.63 4.94 20.05
MEAHR 2021 33.05 56.86 49.01™ 3.51 7.16
Linoleic acid 2022 37.44 58.94 50.42 3.86 7.66
NANA 2021 4.21 11.53 7.75™ 0.87 11.23
Linolenic acid 2022 4.76 10.17 7.11 0.96 13.60
HLIE 2021 16.83 23.79 20.13™ 1.68 8.35
Crude fat 2022 16.37 24.05 20.08 1.70 8.48

T YRRTE P<0.05 KT EBEWES,

Note ;™ indicates no significance at P <0.05 level.

SR ETERINE K TR IITRRA 73 A5 KR W], K
AR TR EALFE IR IR R FRAR . L
iyl B2 o 2021 R 2022 4F 43 WK 11, 40% ~
37.80% .12. 68% ~ 38. 96% , W. il g & & 2021 Al
2022 AE43 5N 33.05% ~56.86% 37.44% ~58.94% , V.
JRIR &+ 2021 12022 4E53 5310 4.21% ~11.53% |
4.76% ~10.17% , [a] i P A7 & i 1D R 2H 43 [R] AN 77
TR EPE 22 5 . RGN AR 1D 2 rh LA i R &5
% (HEHZ R REEE/N, fTEa el KE
PR T IR 1928 S R Rl R, 2021 1 2022 44351
K 22.67% F120.05% , K G HLAG W 7m0 St 45
S E, LR WG & &= 2021 #2022 4F 43 5 h
16. 83% #116. 37% , = HLAG T & & 2021 F1 2022 4
I3Ih 23.79% Fil 24.05% , ZE _ERAETTHIX 173
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Fig. 1
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St AR 5 A0 TR ML i TR 0 MU JBR P9 522 0% 8. 25 1
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Differences between quality traits of soybean varieties in different regions

S5 RGN AN 17 R R 5 0 3ok PR IV R PR
3 BAAH O SRR 5 IV RR R 2 W I 3 TE A O
RGN & 5 R I 3 PR AH Sk ok, Hevh
R S A A TE AR 5 1 5 IV 9 R L A B AT
K(FK3) AR ULIAR R BN 5 5 BeE R
A RN I
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Table 3 Correlation of quality traits of 173 soybean germplasm resources in two years

2021 4
2022 4F bR W ARR TR IR DA skl
Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid Crude fat
FERER Palmitic acid 1.000 0.220** -0.590 " * 0.346** 0.574** 0.033
TENRIR Stearic acid 0.248 * 1.000 -0.214** 0. 069 0.095 -0.071
HER Oleic acid -0.558"* -0.202"* 1.000 -0.844" " -0.761""* 0.308 " *
IR Linoleic acid 0.335"" 0.074 -0.955** 1.000 0.622"* -0.311"*
T HRER Linolenic acid 0.573"* 0.117 -0.766"* 0.600* * 1..000 0.031
HAEN Crude fat 0.054 -0.040 0.214** -0.294** 0.038 1.000

e REAE P <0.01 KRB EESR,

Note: ™™ indicates significance at P <0.01 level.

2.3 KERREROERS ST

DL 2022 AR 5L b BRI S SR R 32 68
Gy BTEXTZ 173 4 KGR0 BRI R 41 43 L) KA
NG & AT AT AR RRAE I R F 1 AR SR
TWAFEWS, Bt T 25T RN 69.441% , 55—
TR EEE N 3,001, J5 22 5THkFE N 50. 010% ,

LR AIE o v e R (B R U R, LUK R SRR R, 100
WIS — 32 o0 T B2 5 16 7 R 4 43 A O 1 IR
S A AR AEMH R 1166, J7 25 BTER R A
19. 431% , FARHAE o] 5 b s RAH AL IR I & i,
0.722, M ERMIHF R T7 22 TTHE N 69. 441 %
(F£4),
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Table 4 Principal components analysis of quality traits

of 173 soybean germplasm resources

PEIR F A 43 Principal component

Trait 1 2
FAAHMR Palmitic acid 0.226 0.384
HJRAR Stearic acid 0.091 0.259
AR Oleic acid -0.326 0.096
WEJMAR Linoleic acid 0.291 -0.279
TEJFRAR Linolenic acid 0.281 0.186
HLAENE Crude fat -0.069 0.722
FFIF(H Eigenvalue 3.001 1.166
5 2T
Variance contribution rate/% 20-010 19-431
ESAWIE i

50.010 69. 441

Cumulative variance contribution rate/%
2.4 XEMBREFIEHEMRROESITEN

F a2 4 B9EE v LIS RIS 30 915 A
K. F, =0. 226X, +0. 091X, — 0. 326X, +0. 291X, +
0. 281X, — 0. 069X, ; F, = 0. 384X, + 0. 259X, +

0. 096X, —0. 279X, +0. 186X, +0. 722X,

K £ RR IR 43 & AR HEE AR A LL B AR
SRR FORL R, BO(E, S5 R R . F AR5 dOs Y
AR ESNR T 2 B R - FEREE, S E R 2. 39, H
PAKIR W BLTE 3 45 PRe 1 45 BEde 518 Rl e 334
FA s R oy B 4 5 0B 2. 59, Hik
MR FFR 92116 39 1L 30 FIRLE 14,

FRARE A T S R R 173 4 R A 3R
UM AR A 25 B PEMM AR AfE. F = 0. 720 F, +0. 280
Fyo FEBR, ST, AR 5 Bl . 5%
oy FAHR RS A 25 RAE ", R
1. 45 3% b Pl I 4 v ST 2 5 0 v, T IR O o O
% B S 1550 s BRI O 24 1 %5 (T 3 45
o 1 SRR 1201, 33 S i Al % A R 7R A i 7R
FrE i, R AT R AR F AR
AR 20, AME R - 1. 88, % R IR & A
X e AR TR &t AR, LA L5 R U W] K
Z 0 - FLE BRI AR B LR A R IEAT

x5 MimHERAAERMAIENRASSE

Table 5 Content of fatty acid components of soybean varieties of extreme oil quality AN %

i A Ay FEARTR [l HIER MR MV PR R HLIE

Variety Year Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid Crude fat
Z oK - LHE" 2021 15.12 4.97 11.40 56.86 10.23 20.79
Duomaka-Tuolisa 2022 14.14 5.08 12.68 58.94 9.16 20.91
P 2021 15.32 4.62 17.65 53.23 9.81 18.50
Zhongxing 1 2022 14.40 4.40 18.59 53.79 8.82 17.41
35 2021 15.83 4.70 14.35 53.54 11.53 20. 82
Jidou 3 2022 14.74 4.51 16.77 53.82 10.17 20.13
HELS 2021 15.03 4.83 17.55 54.22 9.21 21.78
Gaofeng 1 2022 13.05 4.83 18.90 55.53 7.69 21.53
5 1201 2021 14.97 4.80 20.55 52.32 8.45 20.12
Shangdou 1201 2022 13.91 4.97 21.23 53.00 6.88 19.56
#1320 2021 12.26 3.92 35.80 42.27 5.67 19.88
Xudou 20 2022 12.19 3.85 35.21 43.03 5.72 19.54

2.5 KEWMREPHEHEXERNEZERS T
I P RRCHE B B 2575 FE T 173 45 R ot
HAT RGBT M R E 2 iR, 2 RiCECHE 25
8.1 B, AR DL R GRS KRR, B 1
FREELFE 99 13 Fl 5T, S BT A il o v B i e R g 26
E, L BRI AR D5 B i IR, LAt MR e B
H A 5 T SRR S 41 3 Fh ST, L = 2R B0 i g

R 5 e R 5 5% T AL 4 3 ot , R B AR
e R 5 o o, T PR A UK I 9 TR A I JRR 7R 5
S f e [ i 6 BT A 25 R IR 5 5 IV e R
FAE 5 Gy 5T, 3R Ry B AR TR RN R % 1 fe e
PR i A M1 5 V ISR 25 3Bl o, R
Dy R R TSI JRR TR % 2t e I, TR s 5 i e
TR b SR 255 RIS
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Fig.2 Cluster graph of 173 soybean germplasm resources based on oil-related traits
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