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Abstract: To address the existing issue of ambiguous walnut varieties for oil processing, this study employed 26 main
planted walnut varieties as the research object, completely analyzing their oil utilization features in order to filter out
qualified walnut particular varieties for oil processing. By measuring seven phenotypic traits and nineteen physicochemical
and nutritional quality traits of each variety, the coefficient of variation and correlation of each trait were calculated, and the
traits closely related to oil quality were comprehensively evaluated using principal component analysis and cluster analysis.
The findings revealed that there were relationships between walnut quality parameters. Among them, the kernel yield was
found to be strongly inversely related to shell thickness (P<0.01), with the thicker the shell, the lower the kernel yield.
There was a significant positive correlation between oleic acid and crude fat and stearic acid (P<0.05), linoleic acid was
positively correlated with palmitic acid and stearic acid (P<0.01). Linolenic acid and J-tocopherol were significantly
positively correlated with p-tocopherol (P<0.05) showed a significant negative correlation (P<0.05). The first principal
component, according to the results of the principal component analysis, indicated the size of the walnuts and contributed
the most to the variance. The second significant component denotes the oxidation stability of walnut oil. The third main
factor was linked to oil yield. The fourth primary component dealt with the economic aspects of the nuts, while the fifth
primary component might be used as an important predictor of walnut oil quality. The five key components explained
83.81% of the overall variation, showing that the majority of the information on walnut oil consumption features is
available. Nut trichome, shell thickness, kernel weight, single fruit weight, kernel yield, moisture, crude fat, crude protein,
palmitic acid, stearic acid, oleic acid, linoleic acid, linolenic acid, total tocopherols, and total sterols were the representative
indicators for evaluating the oil-use traits of walnut varieties. According to the comprehensive evaluation, the varieties with
higher scores including Yunnan Huaning white shell, Xinjiang Wen 185, Beijing Liaoning 1, Yunnan Xixiang, Gansu
Qingxiang, Hebei Xiangling, and others, indicating that the above varieties were more suitable for oil processing and could
be used as a guideline for the selection of special varieties for walnut oil processing.

Key words: walnut; phenotypic trait; physicochemical and nutritional quality; principal component analysis; comprehensive
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Table 1 Name and origin of 26 walnut varieties
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Table 2 Data analysis of phenotypic traits of 26 walnuts

varieties
Eit a1 BARME B/ME W2 HE bRl BRRE(%)
#fE(em)  3.74 259 115 324 027 8.22
YPtz(em)  4.64 3.03 161 392 035 8.80
i#z(em)  4.07 271 136 342 030 8.67
5eE(em)  1.60 079 081 116 021 17.79
BRF(g) 2062 776 12.86 12.84  3.02 23.53
{~H(g) 9.75 342 633 668 155 23.18
E3(%) 6400 4315 2085 5218  4.96 9.51

X AZ M W 7 A AR BE AT AR O A o B
(3 3) KB, IR 5EEE S AR, SRS TR
AURFIELE R G AW TG R —2 . IRk | IR

326 DBk R IER IR SCE

Table 3 Correlation analysis of phenotypic traits of 26 walnut
varieties

FOMER BE 4 iR R BURE CE X

BifZ 1.000 0.751" 0.8917 0.108 0.890™ 0.904™ 0.114

Ytz 1.000 0.684™ —0.063 0.738" 0.757"  0.138
iz 1.000 0.044 0.803" 0.862" 0212
eI 1.000 0334 0.049 —0.725"
R 1.000  0.921" —0.117
- 1.000  0.269
% 1.000

e #*RIRFEP<0.01 7K | 3B G * RN FAEP<0.057KF b i 3B G
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Table 4 Data analysis of chemical quality of 26 walnut

varieties
Eiztan TKAE /IME 22 Y ARz AR5 R E0(%)
K (%) 592 1.00 492 3.04 1.07 35.23
HIEF4E(%) 7.60 3.50 4.10 527 1.03 19.60
K5 (%) 240 140 1.00 1.85 0.0 11.03
Bl (%) 62.90 49.40 13.50 55.30 2.74 4,96
EHTE%) 23.10 14.70 8.40 19.78 2.36 11.93

FEHRER (2/100 g) 374 1.87 187 263 047 17.86
fFARHR (2/100 g) 199 069 130 126 033 25.94
MR (/100 g) 1590 520 10.70 8.80 2.69 30.60
TWIMAER(g/100g) 3550 17.00 18.50 26.94 5.08 18.84
WEHRIR (2/100 g) 7.64 217 547 406 1.09 26.79
- HH(mg100g)  1.62 033 129 093 027 29.42
7-EH W (mg/100 g)  12.00 27.20 15.20 16.98 3.31 19.51
SAEHB (mg/100g) 479 154 325 290 0.93 32.20
RAERM(mg/100g) 3050 14.20 16.30 20.81 3.49 16.77
S E(mg/100g) 550 3.61 1.89 425 047 11.07
T AE(mg/100 g) 1.18 0.00 1.18 050 036 72.67
B4 i (mg/100 ) 135.00 64.60 70.40 93.53 13.63 14.57
A5 B (mg/100 g) 12,60 321 939 553 191 34.45
A EE(mg/100 g)  148.00 80.00 68.00117.73 16.24 13.79
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Table 6 Principal component analysis of characteristics of
walnut for oil

EN %y
AR
1 2 3 4 5
TR 0871  -0372  0.181 0.044 0.034
Ytz 0.759  -0388 —0.183  0.063  —0.131
iz 0.885  —0259  0.100 0.095 0.152
e -0.065 —0.418 0428  —0.659  0.089
R 0789  —0525 0171  -0.174 —0.019
=& 0.868  —0.404  0.025 0.113  —0.068
i 0.286 0290 —0360 0727  —0.197
Koy -0.584 —0.478 0227 0.076 0.129
bk 0.380 0395  —0.611 —0368  0.123
AN -0.491  -0356  0.211 0.597 0.099
PR 0.299 0.692 0.436 0212  —0.157
TR 0.217 0.396 0.754  -0.014  0.251
THIER 0.270 0.567  —0.055  0.121 0.708
DA 0.464 0.508 0.593 0.227 0.061
KRR 0.257 0364  —0.020 —0.091  —0.848
MEHE 0314  -0.064 —0.607  0.120 0.422
oyt 0.218 0.656  —0.108  —0.542  0.029
FEFAR 4.945 3.349 2382 1.945 1.626
TR (%) 29.086  19.699  14.011 11443  9.565

BTk (%) 29.086  48.785  62.796 74239  83.805
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Fig.1 Cluster analysis of 26 walnut varieties based on oil

characters indicators

(1.10£0.13 mm), P H {455 (52.96%+3.44%),
SRS T B B R (55.66%+2.05%), I A&
P F 27 (21.38+2.56 mg/100 g), P S K mE & &
%K (106.80+£14.64 mg/100 g); 5§ AR T 3 M
BRERFD, 53508 = AR TR T . PO AR A H RS
T, XA FE 4R (1.35+£0.26 mm), I
1R (51.00%+6.58%) , I G AT & hr 4=
(57.07%%0.65%) , V-5 B A= 5 Wy 7 & = (24.13%
5.82 mg/100 g), 3 2 5 W & B 8w (125.67+
12.50 mg/100 g); 5% =JSEFE T 5 MAZEBkEFD, 5351

AL L AT T 1S NSRS . ook, b
W7 15, XM 7 g R (1.16+0.14 mm),
S R (51.80%+3.26% ), “FHPHLIS T & B
116 (52.04%=1.85%), ‘1484 B &2k (18.42+
2.37 mg/100 g), P35 5 {5 B A FERE AN (112.20+9.93
mg/100 g); SEPUSSEFET 5 PR, 5358 =/ =
. 4IFF . iR 81, HEE 185, ILAREBR 2 5, X
AW I FE R A 3 (1.07£0.95 mm), P24 i =%
(56.22%+5.20%) iz 1= , V- YR NG W5 & 5 (57.48%=+
3.16% ), P A T o 23851 (21.08+=4.31 mg/
100 g), P4 S s 5 (131.80:14.06 mg/100 g);
HEHIFUFET 3 DA FR, 5B AT R 4 5
WAL A . WL F/ R, X R B SEE &R
(1.4740.08 mm), Sy EFEAZHE, RIFEIUY - HHE, 71
HA7 % (44.61%+1.81%) FAIK, RG-S S BEAIK
(54.13%+1.39%) , V-3 G A4 F & =B AK(19.13+
1.93 mg/100 g), &b £ 2 B w5 (132.00+3.60 mg/
100 g).
25 EHEHAMRNEESTNER
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HEfk, #RYE 5 4~ F RS I TTHR A FNSR 8 sRBU A, 11
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#7 EHCHAMERG ST R

Table 7 Ranking list of composite scores of walnut oil

characters
AR BR AT E He4

T RE 1.26 1
185 1.21 2
i T1s 1.15 3
i 0.98 4
HREa 0.96 5
O] 0.87 6
! 0.47 7
PRERZk 0.43 8
WAL T 145 0.43 9
R 0.33 10
=f 0.09 11
a5 0.08 12
JUHK 0.07 13
SRR 0.03 14
81 0.01 15
AL 15 -0.20 16
1343 —-0.24 17

P REEs —0.40 18
WALER —0.40 19
R -0.74 20
B2 -0.76 21
BEEF: -0.89 22
BevEF -0.93 23
%45 -0.97 24
PHiK3 S -1.25 25
WALE -1.59 26
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Sy, RUIAZAEI PR 25 G R BAT, 27615
SHHETIE LI 7. 26 AZBES AR HRIRER S
SHENEEI—1.59~1.26, FB T R 5SS mHTEIRER S
RIFALE(1.26), THEIILFEFFL A THRIREE &5 50
R (—1.59) . MIELEEITIT, IHLEG RIS ILER,
Zead HERP AR 2 5 AR vh 2545 2 B A A i AZ PR
s TEES — 2 rh R g UREMZ AR I T HRIRE 515 00 B
1=1(0.43); 7E28 —2Rrh m R TR S TR IR R
HAgor i (1.26); 7EEE =2 LR 107 IR
L5519 (0.87) s TEEE U iR 185 vl IR
ZEa3 sk (1.21); 7R T Pl b B adam
REFEIF I e (—0.40) o
3 g

Fe FEIZME T 2R 17 19 26 > TR R AZ AL
ISR it B PER AR PR A E—E BOAH G . Hop
(TR ST R TS (P<0.01), FEIRE PR
SEIERERGIN, AR o B Wi T B ik S
HHARIDT . AE AR 1Y) IEAH G .25 (P<0.05 )5 MEHIR 5
ERARR . REARHR S 2 IEAH DG (P<0.01); MARIR 5
O-E B IEARSCHE R 2 (P<0.05), 5 p-AEE W TAHC
PR (P<0.05) o FIT oy 5 A TR T
83.81% HYLVE S, S T AZ kI PR 9 48 ICHR 3

FOE EE 1 RO R T AR N, X7 28 Y TTER

IR 55 2 EOr WAk A AR e s 2 3
S5 IR O 5 4 EASYE T IR IR 5k
MR 85 5 F2 o3 T AR Sy Al e Ak v BT Y g
bro ZR-G A BT AN S350 HT DA 26 B AL
B R g e T 17 A AR AR,
XTSI DI OGRS 17 ASHRIEAT 8353, I
455 R RBOE L LR VAR BT 6 24 S te
TREFE, HER 185, Jbatil 7 1 5, amdid.
HARWEE . WAL

AWFFEICAE T FEAZME EE R A Oy 26 4>
AR A, X AR T LR GV, LIS FE S
FHFCEAZRFE IR, 1036 B I s A, S
AZRR I & BT RTER E MRS 2%, IR 5 E SO
AL ZE IXUSS: P2 (AT BT PR O fRe . (BASWIF S AT A A —
BEAN R AR a0 HINAE T [F—4FAOAZBE S A, T4
PRURAF AR IAR B A UK S i 28 5 23 i R SEAH G
B e 301 b. 25 XA SRR A A E—E R
FIRPE, WT BRI A B 530S i Sl R R A TS, 5]
SRAE MRS B2 R, FEAE il it RSO T TS AR AS 5
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AT T 58T, THAEAASE AR AR I T a0 B
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SE K

[1] LIHK, HAN J I, ZHAO Z K, et al. Roasting treatments af-
fect oil extraction rate, fatty acids, oxidative stability, antioxidant ac-

tivity, and flavor of walnut oil[J]. Frontiers in Nutrition, 2023, 9:
1077081.

[2] WANG P, ZHONG L L, YANG H B, et al. Comparative anal-
ysis of antioxidant activities between dried and fresh walnut kernels
by metabolomic approaches[J]. LWT-Food Science and Technolo-
gy, 2022, 155: 112875.
[3] B4, B4, MR, F HRERL-NEREMERAL
EAT A=A A [T). e 5 R B T 0k, 2023, 49(16): 362-368.
[XUMT,LIJ,HAO Y B, et al. Dietary nutrition of walnuts-Anal-
ysis of the full utilization of walnut kernels from the perspective of
dietary structure demand[J]. Food and Fermentation Industries,
2023,49(16): 362-368. ]
(4] BRE%EA. P ERFTFE-2022(M]. A F BT R
#t, 2022. [ National Bureau of Statistics. China statistical year-
book-2022[M]. Beijing: China Statistics Press, 2022. ]
[5] GAOP,LIURJ,JIN Q Z, et al. Comparative study of chemi-
cal compositions and antioxidant capacities of oils obtained from
two species of walnut: Juglans regia and Juglans sigillata[J]. Food
Chemistry, 2019, 279: 279-287.
[ 6] MEIER N, COGGESHALL M V, WEBBER 1 B, et al. Genet-
ic variation among 54 eastern black walnut cultivars for phenologi-
cal and morphological traits[J]. Journal of the American Society for
Horticultural Science, 2022, 147(5): 281—289.
[7] SWATIJ Q, KHAN M Q, BUTT L, et al. Genetic diversity
based on morphological traits and germplasm conservation of wal-
nut in Kashmir, Pakistan[J]. Acta Scientiarum Polonorum-Horto-
rum Cultus, 2021, 20(5): 3—13.
[8] BER, @, vTRIR, F. AT E RS S B @ mE B4
MR F o R 04 25 AR 0 [J/OL). & 4840 5 #F: 1-14[2023-02-
27].  http://kns.cnki.net/kems/detail/46.1068.5.20220701.0827.002.
html. [ XUEY S, GAO S, YE J B, et al. Comprehensive evaluation
of walnut fruit quality in Jiacha county, Tibet autonomous based on
principal component analysis[J/OL]. Molecular Plant Breeding: 1—
14[2023-02-27] http://kns.cnki.net/kcms/detail/46.1068.5.20220701.
0827.002.html. ]
(9] Bkrara, A, 42, F. KM RF X EHR FAF S
M B TiE w4k [J]. S5 KB T W, 2020,46(15): 184—
192. [ GENG Y Y, HU B K, WANG J H, et al. Walnut fruit charac-
teristics and processing suitability classification in different areas of
Guizhou province[J]. Food and Fermentation Industries, 2020,
46(15): 184-192. ]
[10] OZCAN A, SUTYEMEZ M, BUKUCU 8 B. Kurtulus 100, a
new superior walnut cultivar in Turkey; field experimental compara-
tive results with chandler[J]. Erwerbs-Obstbau, 2023, 65(1): 93—99.
[ 11 ] IORDANESCU O A, RADULOV I, BUHAN I P, et al. Phys-
ical, nutritional and functional properties of walnuts genotypes
(Juglans regia L. ) from Romania[J]. Agronomy-Basel, 2021, 11(6):
1092-1105.
[12] B, 24, 85, 5. w3 LK i X 5 A bl F s bt
B3 g e o A7 U] R S AT B I AL, 2023, 44(3): 190-194.
[ LIAO M, WU L, DAI Q, et al. Comparison of wild walnut vari-
eties and their oil quality in Muli, Liangshan, Sichuan[J]. Food Re-
search and Development, 2023, 44(3): 190-194. |
(13 ] Ffhm, R, T F R, F. REEETREFHERER
B A IR A7 (1], B3 AT 5, 2019,37(4): 44-49. [LITN,
LIANG L B, XI X L, et al. Analysis on nut characters and nutrition-
al characteristics in ‘Nangqing’ walnut at different altitudes[J].
Non-wood Forest Research, 2019, 37(4): 44—49. ]
[14] ZaA, 2R Z, Lo, 5. RAMATHE 3 A KA
JR e % m [T, & om 5 AL, 2016, 32(3): 145-148. [ WANG T Y,
LIU F L, MAO J M, et al. Effect of different harvest dates on quali-


https://doi.org/10.3389/fnut.2022.1077081
https://doi.org/10.1016/j.lwt.2021.112875
https://doi.org/10.1016/j.lwt.2021.112875
https://doi.org/10.1016/j.lwt.2021.112875
https://doi.org/10.1016/j.lwt.2021.112875
https://doi.org/10.1016/j.lwt.2021.112875
https://doi.org/10.1016/j.foodchem.2018.12.016
https://doi.org/10.1016/j.foodchem.2018.12.016
https://doi.org/10.21273/JASHS05242-22
https://doi.org/10.21273/JASHS05242-22
https://doi.org/10.24326/asphc.2021.5.1
https://doi.org/10.24326/asphc.2021.5.1
https://doi.org/10.24326/asphc.2021.5.1
https://doi.org/10.24326/asphc.2021.5.1
http://kns.cnki.net/kcms/detail/46.1068.s.20220701.0827.002.html
http://kns.cnki.net/kcms/detail/46.1068.s.20220701.0827.002.html
http://kns.cnki.net/kcms/detail/46.1068.s.20220701.0827.002.html
http://kns.cnki.net/kcms/detail/46.1068.s.20220701.0827.002.html
https://doi.org/10.1007/s10341-022-00673-y
https://doi.org/10.1007/s10341-022-00673-y
https://doi.org/10.1007/s10341-022-00673-y
https://doi.org/10.3390/agronomy11061092
https://doi.org/10.3390/agronomy11061092
https://doi.org/10.3390/agronomy11061092
https://doi.org/10.14067/j.cnki.1003-8981.2019.04.006
https://doi.org/10.14067/j.cnki.1003-8981.2019.04.006
https://doi.org/10.14067/j.cnki.1003-8981.2019.04.006
https://doi.org/10.14067/j.cnki.1003-8981.2019.04.006

- 242 - £ Tl B4

20244 1 A

ties of Juglans siggillata L.[J]. Food & Machinery, 2016, 32(3):
145-148.
[15] & B9, MR, B4R, 5. 19 FF R E = A7 B & JR %
2 B s B0 - AT BT 2 T, R BT R 5 T AL, 2020, 41(2):
149-156. [YU QM, XIE D Z, CAI ] Y, et al. Analysis and com-
parison of the nutrients and fatty acids components in 19 walnuts
(Juglans regia L. ) from different regions[J]. Food Research and
Development, 2020, 41(2): 149-156. ]
[16] Skwesd, REH, FIH, F. ) BhEBUERR LSRR E
TR bR AR BT T [T]. B ARk 3R, 2019, 32(3): 489-494.
[ HUANG X L, ZHAO Z H, LI K X, et al. Research on fruit quali-
ty differences and comprehensive evaluation of excellent walnut
monocots in Guangxi[J]. Southwest Journal of Agriculture, 2019,
32(3):489-494. ]
[17 ] YANG H B, XIAO X, LI ] J, et al. Chemical compositions of
walnut (Juglans Spp. ) oil: Combined effects of genetic and climat-
ic factors[J]. Forests, 2022, 13(6): 962—975.
[ 18] WANG R H, ZHONG D L, WU S T, et al. The phytochemi-
cal profiles for walnuts (J. regia and J. sigillata) from China with
protected geographical indications[J]. Food Science and Technolo-
gy, 2021, 41: 695-701.
[19] VUDC, LEI Z T, SUMNER L W, et al. Identification and
quantification of phytosterols in black walnut kernels [J]. Journal of
Food Composition and Analysis, 2019, 75: 61—69.
[20] 3R3F, F Tk, HILRE, 5. 109 4 F = kPR B R A A
MBI AR T]. s T AR K FF (A RAFR),
2023, 47(3):87-96. [ ZHANG Y Q, DONG N G, HAO Y B, et al.
Nuts’ phenotypic diversity analysis and character evaluation for 109
high-yield walnut individual trees[J]. Journal of Nanjing Forestry
University (Natural Sciences Edition), 2023, 47(3): 87-96. ]
[21 ] KHADIVI A, MONTAZERAN A, REZAEI M, et al. The po-
mological characterization of walnut (Juglans regia L.) to select the
superior genotypes-An opportunity for genetic improvement[J].

Scientia Horticulturae, 2019, 248: 29-33.

[22] ERDOGAN U, ARGIN S, TURAN M, et al. Biochemical
and bioactive content in fruits of walnut (Juglans regia L.) geno-
types from Turkey[J]. Fresenius Environmental Bulletin, 2021, 30
(6): 6713-6727.

[23] GENG S X, NING D L, MA T, et al. Comprehensive analy-
sis of the components of walnut kernel (Juglans regia L.) in
China[J]. Journal of Food Quality, 2021, 2021: 9302181.

[24] LIQY,MOR H, WANG R H, et al. Characterization and as-
sessment of chemical components in walnuts with various appear-
ances[J]. Journal of Food Composition and Analysis, 2022, 107:
104361.

[25] RIBEIRO S R, KLEIN B, RIBEIRO Q M, et al. Chemical
composition and oxidative stability of eleven pecan cultivars pro-
duced in southern Brazil [J]. Food Research International, 2020, 136:
109596.

[26] ZAREI A, ERFANI-MOGHADAM J, JALILIAN H. Assess-
ment of variability within and among four Pyrus species using multi-
variate analysis[J]. Flora, 2019, 250: 27-36.

[27] LIU B H, ZHAO D C, ZHANG P Y, et al. Seedling evalua-
tion of six walnut rootstock species originated in China based on
principal component analysis and cluster analysis[J]. Scientia Horti-
culturae, 2020, 265: 109212.

(28] 1@, 5, 205, F ATERS SO EERER
o R A 0], HR 4 4R, 2019, 33(5):927-935. [LIU B H,
WANG K F, WANG X F, et al. Evaluation of fruit texture quality of
blueberry based on principal component[J]. Journal of Nuclear
Agricultural Sciences, 2019, 33(5): 927-935. ]

[29] GRANATO D, SANTOS J S, ESCHER G B, et al. Use of
principal component analysis (PCA) and hierarchical cluster analy-
sis (HCA) for multivariate association between bioactive com-
pounds and functional properties in foods: A critical perspective[J].
Trends in Food Science & Technology, 2018, 72: 83—-90.


https://doi.org/10.3390/f13060962
https://doi.org/10.1590/fst.30320
https://doi.org/10.1590/fst.30320
https://doi.org/10.1590/fst.30320
https://doi.org/10.1016/j.jfca.2018.09.016
https://doi.org/10.1016/j.jfca.2018.09.016
https://doi.org/10.1016/j.scienta.2018.12.054
https://doi.org/10.1016/j.jfca.2021.104361
https://doi.org/10.1016/j.foodres.2020.109596
https://doi.org/10.1016/j.flora.2018.11.016
https://doi.org/10.1016/j.scienta.2020.109212
https://doi.org/10.1016/j.scienta.2020.109212
https://doi.org/10.1016/j.scienta.2020.109212

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 核桃坚果表观性状测定
	1.2.2 核桃理化与营养品质测定

	1.3 数据处理

	2 结果与分析
	2.1 核桃表观性状分析
	2.2 核桃理化与营养品质分析
	2.3 核桃油用性状的主成分分析
	2.4 核桃油用性状的聚类分析
	2.5 核桃油用性状的综合评价结果

	3 结论
	参考文献

