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Variation analysis of main nutrients and functional components in differ-

ent populations of Carya dabieshanensis
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Abstract: [Objective] The study aimed to investigate the diversity and variation pattern of the contents
of main nutrients and functional components in nut kernels of Carya dabieshanensis in the nature distri-
bution of Dabie mountain area, in order to provide reference for the nutritional quality evaluation, the
new variety breeding. [Methods] Based on the records of the resource investigation of C. dabieshanen-
sis, 198 germplasm resources from 19 natural populations were collected in Jinzhai County, Luotian
County and Huoshan County, respectively. 1.5-3.0 kg healthy mature fruits were randomly selected
from the periphery of each sample for nutrient determination, and the distance between the treess was
over 50 meters. 11 main nutrients and functional components were determined. The protein content was

determined by spectrophotometry. The content of fat was determined with the Soxhlet extractor method.
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The dannin was quantified with spectrophotometry method. The starch and soluble sugars were deter-
mined by anthranone colorimetry. The qualene was determined with gas chromatography and the vita-
min E with high performance liquid chromatography. One-way ANOVA and multiple comparisons were
performed using Minitab7 software, and coefficient of variation (CV)), phenotypic differentiation coeffi-
cient (Vst) of each nutrient component trait were calculated. The correlation analysis and principal com-
ponent analysis were performed using SPSS23.0 software. [Results] The natural population of C. dabie-
shanensis had abundant diversity in the contents of main nutrients and functional components in nut ker-
nels. The one-way ANOVA showed that there were significant differences (»p<<0.01) in nutrients and
functional components between the differnt populations. The multi-comparison of 11 characters in the
19 populations of C. dabieshanensis showed that there were significant differences in nutrients and
functional components between the different populations. The highest fat content was in the JWB popu-
lation, reaching (67.95+1.05) g- 100 g, followed by the JYLW, JWZD, JGY and JYL populations, al-
though they had no significant difference with the JWB population, while the difference between the
JWB population and other populations reached significant level. The protein content of the JSZC opula-
tion was highest, reaching (10.48+0.98) g- 100 g, except that it had no significant difference with the
JTY population, it had significant difference with other populations. The content of squalene, tannin, to-
tal phenol and a-vitamin E were all highest the JBQ population, which were (471.52+21.20) mg - kg'',
(64.01+£53.38) g kg, (96.91+£8.77) g- kg and (1.51+0.37) mg- kg, respectively. The content of S-vita-
min E was highest in the JSZL population, reaching 0.49 mg- 100 g, it was significantly different from
the other 18 populations except for the HTJB. The content of y-vitamin E was highest in the JYCS popu-
lation, reaching 32.35 mg- 100 g'', except for no significant difference with the JWZD, JBQ and JGXL
populations, it had significant difference with the other 15 populations. The mean phenotypic differenti-
ation coefficient was 68.68% among the populations, indicating that the variance among the populations
was the main source of the phenotypic variation. The average variation coefficient of the 11 traits
ranged from 2.3% to 25.18%, with an average of 13.46%. The variation coefficient of the fat was small-
est, only 2.3%, followed by the protein, 7.91%; and the variation coefficient of the f-vitamin E was
highest, reaching 25.18%, followed by the starch, a-vitamin E, f-vitamin E, J-vitamin E. At population
level, the average variation coefficients were 7.09%—27.34%, and the JGXZ population had the most
abundant diversity. The correlation analysis revealed that the 10 pairs had significant correlation in
main nutrients and functional components, the fat had the greatest correlation with the other compo-
nents, and had extremely significant negative correlation with the total phenol (-0.815), soluble sugar
(=0.682), tannin (—0.670) and protein (—0.456), respectively. The significantly negative correlation be-
tween the total phenol, soluble sugar, tannin, protein was detected, whereas, there were no significantly
correlations about the starch and §-vitamin E. The principal component analysis showed that the cumu-
lative contribution rate of the first four principal components in this study was 78.22%, it basically
could cover the main information of the 11 main nutrients and functional ingredients. The first principal
component represented the fat, soluble sugar, total phenol, tannin and squalene; the second principal
component represented the protein, a-vitamin E, d-vitamin E. The third principal component represent-
ed the content of f-vitamin E, and the fourth principal component represented the content of starch.
Each main nutrients and functional components occupied an important position in the ingredients. [Con-
clusion] The content of main nutritional and functional components in the natural population of C. da-
bieshanensis had rich diversity both within the populations and between the populations, the main nutri-

ents and functional components had great potential for selective breeding. The fat was the most stable
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content, and it had the greatest correlation with the other components. The main source of variation

about the main nutrients and the functional components existed in between the populations.

Key words: Carya dabieshanensis; Main nutrients; Functional components; Phenotypic variation; Di-

versity; Nature populations
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Table 1 Variance analysis of phenotypic traits of main and
functional ingredients composition among

C. dabieshanensis populations

)77 Mean square FA{H F value
.
i BB R R
Index Among Within Among

populations populations populations

fiE Wi & & Fat content 57.891  2.461 23.520%*
5 1 Ji & Protein content 8339  0.530 15.739%%*
TEW & & Starch content 2900  0.282 10.267%*
] 14 M & & Sugar content 7.215  0.670 10.772%*
&% & Total phenol content 1 644.48  66.802 24.620%*
B 75 B Tannin content 540.07  29.930 22.573%%
11 % )% B Squalene content 60.560  1.270 49.360%*
a-fEERETE

a-vitamin E content 1.400 0.210 67.372%*

BUERES®

p-vitamin E content 0.260  0.060 40.074%*
A RES R

y-vitamin E content 75.193 8.324 9.033**
S_4f PoE=HX

GHEERE i 0576 0.008 72.091%*

J-vitamin E content
T RORZE R IREE (p<0.00D).
Note: ** indicates extremely significant difference (»p<<0.001).
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Table 3 The variance components of phenotypic traits of main and functional ingredients composition and the phenotype

differential coefficients among different populations of C. dabieshanensis

fokr 77 724y & Variancecomponent J7 2247 & 43 L Variancecomponentpercentage/% ﬁ{}a S j;j( .
Index HEEI FEEPY FEElE] HEEP Differentiation
Among population Within population ~Among population Within populations coefficient/%
JI Wi &5 i Fat content 5.346 2.461 68.47 31.53 68.67
A& & Protein content 0.753 0.530 58.70 41.30 58.70
VER Zr it Starch content 0.252 0.282 47.19 52.81 47.19
AL AERE B Sugar content 0.631 0.670 48.52 51.48 48.52
%)% & Total phenol content 152.170 66.802 69.49 30.51 69.49

H1.7* % & Tannin content 49.778 23.925 67.54 32.46 67.54
i ¥ )7 ¥ i Squalene content 5722.458 1226.967 82.34 17.66 82.34
o-4E F E i o-vitamin E content 0.132 0.018 87.80 12.20 87.80
B-4EH: F E & & p-vitamin E content 0.024 0.006 78.86 21.14 78.86

y-4E4: K E & & y-vitamin E content 6.613 4.290 60.65 39.35 60.65
S-#*E F E & J-vitamin E content 0.055 0.008 87.96 12.04 87.96
H{H Mean - - 68.87 31.13 68.88

x4 TREMBEHRBILLZMCEEZEEFRRINGEERTHER R
Table 4 Coefficient of variation of main nutrients and functional ingredients composition among
C. dabieshanensis populations %
fels  EAR ek WiEtE AmEE $ i) &N o ERE BUEERE - 4EER SYEERE
ME @R gR SR SR Tl SR GRS it R 1
Population Fat Protein  Starch Sugar phenol Tannin ~ Squalene a-vitamin E  f-vitamin E  yp-vitamin E J-vitamin E  Mean
content content content contentr content content  content content content content content

JBQ 221 4.79 25.15  10.09 9.05 8.34 4.50 24.89 - 10.13 - 9.01
JCSZ 2.36 8.63 28.04 12.42 9.49 16.11 13.08 5.57 16.6 9.08 49.75 15.56
JGSL 2.28 6.45 14.55  15.59 7.62 23.83 9.52 13.13 20.47 4.38 19.6 12.49
JGSW 2.12 6.01 9.65 1250 12.95 5.94 8.21 10.18 27.84 3.37 16.13 10.45
JGX 3.45 9.31 1645 12.77 12.43 13.74 11.55 14.16 32.96 7.65 19.19 13.97
JGXN 3.20 8.28 14.25 9.18 14.85 9.62 6.83 22.15 36.49 9.96 18.56 13.94
IGXZ 3.34 8.72 23.11  14.83 6.84 12.43 15.64 56.46 22.36 55.95 81.09 27.34
IGY 1.55 8.94 16.25 13.15 9.01 14.31 14.16 17.97 28.25 8.53 23.83 14.18
JSS 2.68 4.47 17.12 9.93 15.42 7.59 8.28 8.83 - 3.65 - 7.09
JSZC 2.31 9.39 2649 1527 8.79 14.24 10.75 12.06 41.58 5.62 9.41 14.17
JSZL 2.18 9.63 26.98  21.65 7.47 3.90 16.52 4.64 15.71 6.10 11.48 11.48
JTY 2.19 9.86 16.07 16.81 16.05 9.05 15.79 13.28 42.87 6.28 15.12 14.85
JWB 1.15 9.30 10.12 13.23 6.79 8.50 9.01 14.47 28.58 5.60 16.60 11.21
JWZC 243 8.64 22.68 9.72 6.44 13.11 9.68 23.33 25.61 14.43 39.63 15.97
JWZD 1.76 6.18 10.81  12.99 13.17 7.03 11.47 15.97 14.84 8.78 16.00 10.82
JYLY 3.32 10.66 24.08 25.72 15.82 9.60 19.23 24.03 64.30 7.31 25.46 20.87
JYLW 1.19 5.10 9.35 6.34 9.33 9.65 11.48 16.48 15.92 3.34 11.13 9.03
HTIB 2.15 10.23 15.72 8.79 9.83 10.00 13.88 13.65 28.47 7.55 18.03 12.57
LIX 1.77 5.69 1473 13.83 13.47 10.73 13.93 6.26 15.48 6.89 15.95 10.79
{6 Mean 2.30 7.91 17.98 13.41 10.78 10.93 11.76 16.71 25.18 9.72 21.42 13.46
O-YEH 3R E B B RAHN AL IR . AMRHEER T 10, BARTTIRE 78.742%,%
25 EFEERRMEMRSNERS D AU 1AL B T SRR R 0 S AL

FRAE KA i AZ Ak 19 ADNFPEE 114 E 208 9% I — F R I DTk 32.771%,f%i@ﬁﬂ‘éﬂﬁ(—o.smx
DIReME B o W3R, AT B i (3R 6) , 73314 AITEPERE(0.770) 2y (0.881) W FET#(0.88 1) f 1% &
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Table S Analysis of correlation between phenotypic traits of main and functional ingredients composition
in C. dabieshanensis populations
) W AR R et BEAR B REE oMERE SAERE pUER S4HERE
Hihs G SR SR WER Tow  gR RE gl ot ]
Index Fat Protein ~ Starch ~ Sugar phenol Tannin Squalene @-vitamin E  f-vitamin E y-vitamin E  J-vitamin E
content content content contentr content content content content content content content
eI & & 1
Fat content
EEDiy s -0.456%* 1
Protein content
VEN i -0.264 -0221 1
Starch content
A PERE R -0.682%* ~0.083  0.423 1
Sugar content
psYeinen -0.815%* 0.264  0.088 0.595%* |
Total phenol content
R -0.670%* -0.018  0.157 0.500%  0.812%% 1
Tannin content
PR A -0.372  -0.051  0.254 0.344 0.431 0.584%* 1
Squalene content
a-EERETR 0.000 -0.459* 0.214  -0.146  -0.011 0283 0.124 1
o-vitamin E content
PHEERESR 0077 -0.044 0211 -0.114 0.136 0.004 -0.020 0.236 1
f-vitamin E content
»-EERESE 0151 -0.139  0.076 0.327  -0.088 -0.146  —0.004 0.123 -0.501% 1
y-vitamin E content
O-YEE R E & R 0.081 0282 0.032 -0218 -0.110  -0444 -0314 -0.376 0.446 -0.146 1
J-vitamin E content
VEFRIRTE p<0.01 /K EARZZEH MK, *RARTE p<0.05 /KT EEFHK.
Note: ** indicates extremely significant correlation at p<<0.01, * indicates significant correlation at »p<<0.05.
®6 BEMIHFHEERSEZRBE
Table 6 Analysis on matrix eigenvalue, percentage of variance, cumulative contribution rate
N YIGHHFAE(H Initial eigenvalue S AEE Principal component eigenvalue
i]j > N2 T gy de 2 T gy > N2 T gy Ya a2 T gy
Principal Yy J7 ZETTHREE BT TR ny J7 ZETTHREE KRBT ZETTRE
LR ORIEN : I : " LR ORIEN : " : a
components  Ejgenvalues Variance-contribution ~ Cumulative-contribution Eicenvalues Variance-contribution Cumulative-contribution
g rates/% rates/% g rates/% rates/%
1 3.605 32.771 32.771 3.605 32.771 32.771
2 2.033 18.483 51.254 2.033 18.483 51.254
3 1.724 15.673 66.927 1.724 15.673 66.927
4 1.300 11.815 78.742 1.300 11.815 78.742
5 0.775 7.042 85.784
6 0.674 6.126 91.910
7 0.470 4277 96.187
8 0.266 2418 98.605
9 0.090 0.816 99.420
10 0.053 0.478 99.898
11 0.011 0.102 100.000

(0.654) Fr &t ; 35 A M DTHR AN 18.483%, T EAY,
TEAMO.76D v o-4EAE K E(-0.622) (5 4E4E R E
(0.675) & &5 55 = F M M TTHRZE N 15.673%, 0
T a- AR EW.537) S-4EE R EW0.843) \p-4EE R E
(-0.588) 7% &, RAFYELE ZE 15 & 5 28 DY F il 4y T
BRZE A 11.815%, RAEVERD (0.676) & &

3% ®
31 KHLLZkFH - EEEFRRINEMERATH

Tl B I (170 S S Bk 7 e FER A LR 25 1 22 5
sl A 2 AR B SR, FLR SOR TR AR
S, Ty oy 2 R T, K A Bk Y
T EE IR IRV R FE R IR AE A R 25 22 5, 3K
GRS [ A S L L B AR AT
WAL 7y ORI FU 4 R — B MhREIRE 9% K D RetE
JR I R B A R R T R IR] A SRR K
TRIRE P AR S PRI AR S R LA B T
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Table 7 Analysis on the load capacity of

principal component

= A4 Principal component

FEhE Index

1 2 3 4

fig Wi & Fat content -0.867 -0318  0.112 -0.132
R A i & & Protein content 0.121  0.767 -0.349 -0.170
PER A & Starch content 0.358 -0.185 0356  0.676
Al RS Sugar content 0.770 —0.061 —0.227  0.429

&%) 7 & Total phenol content 0.865  0.314  0.039 -0.130

P45 B Tannin content 0.881 -0.075  0.167 -0.334
1% & B Squalene content 0.654 -0.110  0.089 -0.182
a-AEERE S E 0.145 -0.622  0.537 -0.114
a-vitamin E content
B-HERESE -0.009 0373  0.843  0.161
p-vitamin E content

-HEERES R 0.100
y-vitamin E content

A RE SR
J-vitamin E content

-0.456 -0.588  0.450

-0.368  0.675 0.173  0.458

LAY Eigenvaluess 3.605  2.033 1.724  1.300
TIHRZ contribution rates 32.771 18.483 15.673 11.815
R TTHR 32771 51254 66.927 78.742

cumulative contribution rates

I K Th e R 78 5 1) 32 R IR, 1X AT RE 5 K1
L%k AE T AR LE IR 600~800 m ) A5 1L il X, Fif
T M2 53 A0 5 B WS AR A) B 20 A, AR B8 BoAk I 5 A
3, 1B R B BELRS T PR (] PR AR R P AR R A U
SRR R ] 8L A IR G . EIE g
B 5T & B R % Bk B 2 R 9 0.730 6,
Wright™ WA\ A AR i) 1) 52 R B A /T 1, A PR 2
DRI AR (R (R A e A 38 A% A0 A ) R R TR R P kIR
M EEPIIT 78 R DLV 2 SR KR AR 3% (JSZCO) 57
T 2 B 5 22 ISZL) M EEA B 11.1 km, {H 5
TSR AR 10 AR A T 9 570 B P R I
BREEAN, AR MR B EE R, AR E
BH R0 L Ll i bk 32 5 7% S D RE P i 7 A P PR
B 2 S 2 B R S R 2 X T RE 2 A
RGN A%k R M RIARAE A , (B FE R IR 2%
FRPE BT T— M A EAE ) 5 1 R L Lk b7
TR, 2 BLEEWG 5 S )AL 36, A UGB BS /N T
T D) )t B P B, {3 A () R Ak R M, AT
TR T Rt fa) A3 A 40k RIS, SR LA Bk ATAE
ToRl A A IS, Kl Lkt n] GEAFAE R &
ARG A ) T R e R R B AR R A4k
32 AFULZMHM -EEERRINGEM RS A
TR RHFE

5 AR A UIME B SR M St &
A S R HGEOR W E 2 B P RO, A R
B KA Rk 114 =208 7% R ThREVE R 1)
1738 57 R BN 13.46%(>10%) , K50l i #k 3=
LB IR KON A S EE . IR ek VR
FR -4 RESESANAYI BT RZEUNT
10% , 1M 8 5 R85 R0 /N AR 4.18% , IX S5 AE
SCEEN FVTER S A BB IR ISR A
5 R M R S LA (CV=4.88%) {52 1L %
BEPI(CV=7.22%) WZMK (Juglansregia) (CV=4.06%)
AR S RBI/NT 10%. TERIEEKF b, AR FhRE
WIAE S R BN T 7.09%~27.34%2 18], JYLY JJGXZ
FlEFAS AT S E 5 . XRP 2 2 IR S A R
JR BRI R AE V) 2RV ORI SR AL T PSSR
33 AFULZRMCEEZEFRINEEMER S B
Pk

TR PR ) (R AH G P A2 3 o P RO IR B i
fith o 6F R L L AZ A 11 AN 3 B8 F% K TR 1 R oy
BRI A M M R A 9% RO B3 KF LA
ERAE 10X, BoR T EEE IR IR Ay RIAEAE
— JE [RRH DA, 3K PR D A Sy e 432D B i v Al ol
TR P AL T R AR R 5 R I 35 B I3 L A ik
F BB IR K I Re I B RS N E AR TR
FEE BRI . R & =5 Sl B R TER T
VPR BT 2 AR AR 35 (1 SR G, U B TE
U B o v, i B R, R B R S SEA T
WU R TS ERK. EARTES 44 RE
TRZ R E TR, B- AL RE SRS -4k
RECEZMFAAERE TG, TEHESES S
Wy & EAFAEM R 3 IEAH G, 5 SRR IE
G, By S RS R RN R EA O,
TR ARG S RAAENREE EA, XU AT
PEWE S T R S B A AE 3R R Y
KFo. BARNRWIE ELEPRE R FIRHEE N A 7 R A
BIIN ABA S A BT R A G B B R R AR L
AR A 0 0 P B R4 4y, 5 A E IR 2 3 (1A
MR R, IX SR B L AZ Ak e A o
T & & 5 & AR PR IR AR B35
R S5 R — 8. Rk, 78 K50 A Ak AR R Ak i
fyade gk, AT DA FH A < Iy R R L P VA L
T RN T B A Z A AR B AT L, 7T
YERNA A R B3 1) £ R AR
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F RS il J LN BRI R 2 AR EN
s gt Ik, — J7 1 ] O BR VA $a bR 2 18]
IFH G T2, 53— J7 1 D EU LA R A 1R TR
Fabr AT A HARB T 4 K8 (5 B &, Hife e
FrRAUE [ 5 12 A BEDY  ASHE ST 4 3o Y
Fit oIk N 78.22%, R 4 AN ARG 114N
B IR M I Re Ik A T 78.22% M B, AR T R
DIARER SR G PR 1 Fr AR I RER rE B, B 7 &
DiRevE e fE B 3 H A A B X S 2 E L
BRI R IO A A 77 S Dy REAE Iy 1) 22 S 0 2
AH— S, Ul B Lt A B A A % MR 1) 22 7 Im)
AV, LE S P & T AR B A H bR &
JS A3 R AEARL R DR /NG, 306 0 B it P, Rl Ll LA bk
FEIRFE A FhOT I HAA BRI T

4 #& p

KR Az R SRR i 0 2R 3 B8 97 K Th ek
oS BAE A RO 2R, B EE
TR T REVE B B A K. A
BRI RENE R T R B v AR , B S R
Ly AR OCVERR 2.2« FLARZH 73 B HORR FE sy, A 4y
AR o R L LA R R 18] (A S R P 3 2
Fr AT R 73 A8 S ) 32 R YA, S EE AN () 3 PR
Tt 8] AR IR 00 23 A U 38 4% 22 P ORI A Al
J5 GE YR SC A NS T RE M N A R
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