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Comparison of quality difference of 8 walnut varieties (lines) in Longnan area

XIN Guo"?, ZHU Jianzhao'*, WANG Hai"*, ZHENG Xiaoping'*

(1. Institute of Walnut Research, Longnan Economic Forest Research Academy, Wudu 746000, Gansu, China;
2. Gansu Walnut Engineering Technology Research Center, Wudu 746000, Gansu, China)

Abstract: [Objective] In order to explore the quality difference of walnut in Longnan region, 8 varieties (lines) in this
region were selected for analysis so that it can provide a reference for walnut variety selection and industrial product
development and raw material selection. [Method] The nutritional quality (oil content, main fatty acid composition,
mineral element and protein content, flavor) and safety quality (Pd and Cd content, and common pesticide residues)
were used as the evaluation index of walnut quality, which were determined by NMR, [CP-MS, GC, Kay nitrogen
determination instrument and electronic nose. [Result] The oil content of 8 Walnut varieties (lines) in Longnan
was (536,0+£3.30)-(685.0+1.60) g-kg'; the fatty acids were mainly palmitic acid, palmitoleic acid, stearic acid, oleic
acid, linoleic acid, linolenic acid, peanut acid and cis-11-¢icosenoic acid, and the proportion of linoleic acid and oleic
acid was high; the contents of mineral elements in zinc, magnesium, phosphorus, potassium and potassium kalium
were (23.5£0.33)-(34.6:0.14) mg-kg', (1483+£15.33)-(1922+24.12) mg kg, (3187£24.56)-(4789+26.31)mg kg,
(2898+26.31)-( 784+24.56) mg-kg', respectively; the protein content was (158.0+2.30)-(221.0£2.40) g-kg', and there was
little difference among other varieties except LN-04; the Cd content of LN-09 was (0.01140.00) mg-kg". no heavy metals
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such as Pd and Cd were detected in other varieties; and there were no common pesticide residues; the comprehensive

quality evaluation based on principal component analysis was in the following decreased order: LN-05, LN-06, LN-09,
LN-10,LN-07, LN-08, LN-02, LN-01, LN-03, LN-04. [ Conclusion] There are significant differences in the quality of
8 varieties (lines) of walnut in Longnan, but the nuts rich in mineral elements and protein, the comprehensive evaluation
quality is LN-05, LN-06, LN-09, LN-10,LN-07, LN-08, LN-02, LN-01, LN-03, LN-04 decreasingly: and the quality of

the walnut is related to variety, climate and site conditions.

Keywords: Walnut; quality; oil content; fatty acid; mineral element; protein; flavor; heavy metals
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Table 1 Variety codes and sources
IE Mg aa 1= e = = A= 3E
e WG R s Wk TERUR RETUR BIEUR ey e
1 . 3 R} 5 : b3 Average Maximum  Minimum i
Variety Planting hie Longitude and Elevation / : Frost free Precipitation /
Code : ; Origin ; Terrain temperature / temperature / temperature / :
(lines) time latitude ©C o © period /d mm
LN-01 ‘HE 2003-03  aUHE E ![;—4;52{.15416?5 956 4E 14.9 382 -7.0 220 468.0
e P 105°43'35"E, o g
LN-02 R 2003-03 AR 33°4347"N 1080 =f5PHE 12.1 37.0 -15.0 208 639.0
LN-03 ‘i’ 2003-03 LU EBE 104049,7,,'3‘ 1275 FH 14.6 377 =74 220 680.8
32°47'7"N
LN-04 7otk 2007-04 GRESE 1(;4352054165 956 4 149 382 -7.0 220 468.0
LN-05  “uiff#)’  2010-05 UHEH 5] 1(;:;52954165 956 118 14.9 382 -7.0 220 468.0
LN-06  “HifZHt’  2008-05 gCHI# 5HI l[;iszil“lﬁrf 956 a il 14.9 38.2 -7.0 220 468.0
Ik gy 104°%49'T"E, i
LN-07 0z 2010-03 LX) FH 32°47"7"N 1275 T4 14.6 377 1.4 220 680.8
Blex] 15 Ol A 104°49'7"E, o
LN-08 %) 2011-04 ¢ ERFE B 32°477"N 1275 T4 14.6 357 -7.4 220 680.8
FrEHUR iR - 105°49'41"E, -
) i iy iz A AH 5
LN-09 K (R %) 2011-03  BEIEMH 3304939mN 1 068 T4 12.0 383 15.0 210 720.0
T HERRUR gy 104°5046"E, ;
5 2 i 5 1 . 2
LN-10 Bobk (%) 2010-03  FLEEP 43951 956 Rl 149 38.2 7.0 220 468.0
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Table 2 Types of electronic nose sensors
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Sensor name Performance description
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Fig. 1 Standard curve for determination of oil content in walnut
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) (61.60+0.15)% ~ (75.80+0.14)%, MUFA & o 100

FE W % % 20 1 (15.86+10.22)% ~ (34.37+0.15)%, £

Hoh Em e MHEYN & &E B & N E;

(49.70+0.04)% ~ (64.50+0.34)%, M AH X & & g

i, N (15.00+0.14)% ~ (34.104+0.06)%. 2

2,13 WIRILERE RO

Brmg 8 il (R) EHEBRV FE TR S
BWR4FR. HR AR, H—My HoEE
ARIEGHERTFE—EE£2R, HPhESEN
(23.5040.33) ~ (34.60+0.14) mg-kg'; HEHHN
(1 483.00+15.33) ~ (1 922.00+24.12) mg-kg';
i & B A~ (3187.00124.56) ~ (4 789.00+
26.31) mg'kg';s  HF F E 4 (2 898.00+26.31) ~
(3 784.00+24.56) mg kg

an il Variety

LRGSR SRR RS S R FEFLE (P<005) . FR.
Different lowercase letters or different uppercase letters between varieties indicate
significant differences (P << 0.05). The same below.
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Fig. 2 Results of determination of oil content in 8
varieties (lines)
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Table 3 Comparison of relative contents of main components of fatty acids in 8 varieties (lines)

i 7 % B 7 fH AT &5 7t Relative content of fatty acid composition /%

ARG
Vﬁﬁi BRI C16:0 FRHIASAR C16:1 BNIEMRCI8:0 R CIS:1 LR CIS2 SENRRR CI83 ferkm: coo0 011 — T IEE
code Palmitic acid Palmitoleic acid ~ Stearic acid Oleic acid Linoleic acid ~ Linolenic acid  Arachidic acid e(i:cztielngi:_z:cli;]

LN-01  650£0.07b 0.11£002c¢d 264£0.12a 187£022d 61.50£0.11d 1030=036cd 0.08E£001c 0.17+0.02a
LN-02  6.42x0.06b 1.09£006a  2.62x0.11a 19.00+033d 62.80+0.23b 879+032g 0.77=0.02a 0.17£0.03a
LN-03  631x0.03b 0.1120.02¢cd 2.27£008bc 1590£025f 64.50+034a 1070£031c 0.71£0.01 ab 0162001 a
LN-04 582+0.04cd 0.10£001d 239+£005b 2520+£036¢ 56.10£0.33f 10.10£032de 0.70£0.01 b 0.17+£0.02a
LN-05 6224001 bc 0.10£0.01d 262+006a 1500+0.14¢ 61.20+031d 146020342 007£0.01c 0.16£0.01 a
LN-06 7.33%£001a 0.17x£001b 261%+0.12a 18.10+0.05d 61.90£0.04c 9.66=0.03ef 0.710.11 ab 0.12£0.1b
LN-07 590+022d 0.1020.01d 224+0.11bed 17.90+0.06de 64.40+0.06a 926+0.12f 0.07+0.01¢ 0.16+0.01a
LN-08  562+0.32d 0.15£001bc 222£0.08d 30.20+0.07b 51.30+£006g 1030£0.11ecd 0.08+0.01c¢ 0.15£0.01 a
ILN-09 578+0.04ecd 0.09x001d 2072003d 17.70=0.06e 60.20=0.05¢ 13.90x=024b 0.07=0.01c 0.18+0.01 a
ILN-10  544%011d 0.11=0.02¢d 238=0.04b 34.10x0.06a 49.70+0.04h 798x021g 0.07=001c 0.16=0.01a

toEIF AR NS R R (P < 0.05) . F[A. Different lowercase letters in the same column indicate significant differences (P < 0,05). The same below.
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Fig. 3 Comparative analysis of SFA and UFA in
8 varieties (lines)

il Variety

MUFA B9 PUFA

B4 8/N@F (F) MUFA 5 PUFA ELE SR
Fig. 4 Comparative analysis of MUFA and PUFA in 8
varieties (lines)
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Table 4 Mineral element content in 8 varieties (lines) mg-kg'

SRR fi" i 76 %% Mineral element
Variety code ¥ Zinc # Magnesium i#% Phosphorus i Potassium Kalium
LN-01 3340+0.12¢ 1603.00+11.20 ¢ 3991.00+21.11¢ 3392.00+23.14 f
LN-02 34.60+0.14 a 1590.00+£1321 ¢ 3947.00+£23.24d 3654.00+2536¢
LN-03 31.60+022d 1483.00+ 1533 ¢ 3432.00123.66 g 3552.00+£24.36 d
LN-04 28.204+0.31 1 1494.00+2421 ¢ 3187.00+24.56 h 3111.00+£26.34 g
LN-05 2350033 g 1767.00+£26.31 b 4031.00+26.42 ¢ 342R.00+33.21 ¢
LN-06 3420+0.24b 1922.00+24.12 a 4789.00£2631 a 3784.00E£24.56a
LN-07 3050011 e 1581.00+123 cd 4249002733 b 3684.00£27.56 be
LN-08 33.40+0.15¢ 1551.00+22.364d 3898.00+28.89 ¢ 3707.00+24.56 b
LN-09 28.504+0.13 1593.00+35.12¢ 3639.00 29561 3500.00+23.54 ¢
LN-10 3330+026¢ 1776.00+16.23 b 38R6.00+1245¢ 2898.00+26.31 h

2.1.4 WEABSHER

Brmg X 8 N ahAP (R) Bk BRREA R
SRS RNES Fix. ARSI, B
A afh (R PR RME A& EIE (158.0+
2.30) ~ (221.0+2.40) g-kg' Z I8, M =E
WM EOR S ERE, Bk 21601
3.70) g'kg' WEZBE 213.0+1.11) gkg'. RE
“ERF (193.0+11.21) gkg' BEXI 15 (191.0+
232) gkg! MEARGRE S, “BEFE 1850+
5.62) g'kg'. ‘IGHR (180.0+241) gkg'. L E
“TEE (176.012.30) gkg' H A8 HE RO & Bk
(173.0+5.61) gkg', AR GEKXZ, HEXI
#F' EAFRBIK.

£5 sMEM (R BEARSBHRSH'

Table 5 Comparative analysis of protein content in 8

varieties (lines) gkg'
SRR 4R SR LY arlt
Variety code Content Variety code Content

LN-01 158.0+£2.30b LN-06 216.0£3.70 ab
LN-02 193.0+1.21 ab LN-07 213.0£1.11 ab
LN-03 176.0+2.30 ab LN-08 191.0+2.32 ab
LN-04 180.0£2.41 ab LN-09 221.0£240a
LN-05 185.0£5.62 ab LN-10 173.0£5.61 ab

2.1.5 RSB AR

B X 8 A d P (R Bk B R Kk &
Ay B S Fros. Hodp 3 — E il sk R
(PCA1) N 77.90%, %~ F K72 TTHRE (PCA2)
N 15.40%, ZAATTERE N 93.30%, HEH S B FF
mEEEE. BEX 8 AEM (R) ZHIER
JRR B2 o B P 6 BT AR 56 T 5T 0 A% Bk
p Af, MR RR R R R FE R A AL EY
(W5S) , kiR s (WIS) , &fi. &8
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Fig.5 Principal component analysis of nut flavor
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Fig. 6 Analysis of nut flavor components in 8 varieties (lines)
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LN-02 - — LN-07 = - B sy ERITIMRE N 85.98%, FEARENS K MLFE fh
oy — — | e - - BEE. SEKRES X SRR
LN-04 = = LN-09 — 0011000 kSRS i T i, AR Bk SR &
LN-05 — — LN-10 . — MEsRmE 9 from. HER 9 ATRL, Bl X 8k
b AR S RIS T RN, TR, A AN (&), BL4E 10 MM, A BZR &I

;;n;ergz;]i::r‘nul detected or the content is below the detection limit. The fﬁﬁt%{fﬁ *‘{j’( j"j i aﬁ%:%j] . ?‘E ﬁi’% o EEF‘}JL
i t e g o by L f?;’_ . — lp\
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Table 7 Test results of pesticide residues in 8 varieties (lines) mg-kg'
iR hiig LS 7% B & Residue
Test m e d  Feat ¥ Maximum residue
Savenmoe G limits LN-0l LN-02 LN-03 LN-04 LN-05 LN-06 LN-07 LN-08 LN-09 LN-10
e ok H A e .
e : == = = . = = = — - -
Difenoconazole A B 0.03
A e
Cypermethrin AUl 0.05
[t g B . B - - B B B B B
Tebuconazole A B 0.03
MR i 0.02 — - — — - = = = = =

Deltamethrin
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Table 8 Principal component analysis of walnuts

it Index PCAl PCA2 PCA3 PCA4
i i Oil content 0244 0154 -0.646 0364

JHifE Oleic acid -0.249  -0.802 -0.503  0.089

TF 3 i Linoleic acid 0.063 0778 -0449 -0.281

AR Linolenic acid 0716 0309 -0.350 0.329-

B Zinc -0.557 -0.028 0440 -0.344

H Magnesium -0.180  0.367 0438  0.765

fiff Phosphorus -0.373 0672 0507 0318

#fl Potassium Kalium -0.069  0.812 0.116  -0.408

H [ i 5 it Protein content  0.442  0.545  0.565  -0.223

W58 0.181 -0.075 0.070 -0.019

WIS 0.089  0.141  0.170  0.074

WIW 0.185  -0.047 0.073 -0.061

W2wW 0.185 -0.046  0.066 -0.081

w2s 0.186  -0.028 0.098  0.012

FEfE Characteristic value  5.187  3.229 2237 1379
77 Z TR E

Variance contribution rate / % it ooy 1aagl 38

R E TR
Cumulative variance 37.052 60,120 76.099 85.950
contribution rate / %

®9 M RMEREESESSHIF
Table 9 Comprehensive scores and ranking of eight
walnut varieties in Longnan

A -
5 FEL L A
B peal pcaz  pcas  pcas P
Variety Score
Sort
code

LN-O1  3452.85 2148.632 1471.296 906900 7979.679 8§
LN-02 3451.149 2148.632 1488432 917463 B8005.675 7
LN-03 3218348 2003.693 1388.028 855.574 7465.643 9
LN-04 2975283 1852.365 1283.197 790.957 6901.802 10
LN-05 3498.654 2178.207 1508919 930.0912 8115872 1
LN-06 3497.616 2177.562 1508472 929.815 8l113465 2
LN-07 3493281 2174.863 1506.602 928.663 8103.409 5
LN-08 3473003 2162.798 1498.245 923.5114 R058457 o6
LN-09 3497468 2177.469 1508408 929.776 8113.121 3
LN-10 3495319 2176.131 1507.481 9292047 RI108.136 4
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