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Abstract: Taking 76 individuals of Carya illinoinensis ( Wangenh.) K. Koch in Nanjing as research
objects, differences in ten indexes of total flavonoids, condensed tannins, total phenolics, gallic acid,
(+)-catechin, (—)-epicatechin, (—)-epigallocatechin gallate and ellagic acid contents, and scavenging
abilities of total phenolic extracts to DPPH+ and ABTS" -+ from kernel of individuals were compared, and
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correlations among each index were analyzed. 76 individuals were ranked according to these ten indexes,
respectively, and individuals with high phenolics content and high antioxidant ability were screened out.
The results show that mean of contents of total flavonoids, condensed tannins and total phenolics in kernel
of 76 individuals tested are 3.08, 18.65 and 11.73 mg - g’
34.22%, 40. 11% and 31. 75% , respectively. Among five phenolic compounds, mean of content of ( +)-
catechin is the highest (1.39 mg + g™'), and that of gallic acid is the lowest (0.09 mg + g”'), their
coefficients of variation are all above 48%, and that of ( —)-epicatechin content is the highest
(90.26% ). Means of scavenging ability of total phenolic extracts to DPPH+ and ABTS™ -+ are 249. 61 and
207.77 wmol - g, and their coefficients of variation are 44.14% and 34.80%, respectively. The
ranking result shows that 76 individuals tested have different advantage characteristics, and top 10
individuals of each index are different. In which, except ( —) -epigallocatechin gallate content, other nine
indexes of kernel of No. 70 individual all rank top 3 with five indexes of top 1. No. 30 and No. 29
individuals also have six phenolics content indexes rank top 6. Two antioxidant ability indexes of No. 62,
No. 69 and No. 34 individuals all rank top 10. The correlation analysis results show that except ( —)-
epigallocatechin gallate content, there are extremely significantly ( P<0.01) positive correlations of other

, and their coefficients of variation are

seven phenolics contents with antioxidant ability of total phenolic extracts, however, there is no
significant correlation of fruit trait indexes with antioxidant ability of total phenolic extracts in general. The
research results show that phenolics content in kernel of individuals of C. illinoinensis is closely related to
antioxidant ability of total phenolic extracts, and differences in each index of kernel of different
individuals are obvious. According to advantage characteristics of each individual and different breeding
targets, it is suggested that No. 70 individual can be used as double superior individual with high
phenolics content and high antioxidant ability, No. 30 and No. 29 individuals can be used as superior
individuals with high phenolics content, and No. 62, No. 69 and No. 34 individuals can be used as
superior individuals with high antioxidant ability.

Key words: Carya illinoinensis ( Wangenh.) K. Koch; kernel; phenolics; antioxidant ability;
correlation analysis; superior individual screening
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Table 1 Statistical analysis on phenolics content and scavenging abilities of total phenolic extracts to DPPH- and ABTS" - from kernel of 76

individuals of Carya illinoinensis ( Wangenh.) K. Koch

?jﬁzlz/%ﬁléj]/(}.l«mol . g’l )

=y ol
- @ir/(mg - g ) Content Scavenging ability

IR - — - - — —

swiicd BB GANT  BM RATM P el
Total Condensed Total Gallic A NSOV o eloes Ellagic DPPH - ABTS* -

. . . . (+)-catechin  ( —)-epicatechin A
flavonoids tannins phenolics acid acid

X 3.08 18. 65 11.73 0.09 1.39 0.90 0.53 1.03 249. 61 207.77
Max 7.04 49.16 26. 66 0.28 3.22 4.14 1. 46 2.69 618. 04 382.99
Min 1.45 6.78 5.41 0.02 0.33 0.01 0.02 0.39 41.09 63.32
SD 1.05 7.48 3.72 0.04 0. 80 0. 81 0.27 0.53 110. 18 72.30
CV/ % 34.22 40. 11 31.75 48.99 57.77 90. 26 50.72 51.18 44. 14 34. 80

DX, EHy Mean; Max: 5 K {H The maximum value; Min: 5//MA The minimum value; SD: F5#fE22 Standard deviation; CV: 7255+ 22X Coefficient of

variation.

DEGCG: EEBEFILEENE TS (=) -epigallocatechin gallate.
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mg - g ', BB X DPPH - 175 4 fE 71 41, 09 ~
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IRIEFP - ST 45T R R TR
ILAR FRILER REEBETILRREE TR
FETR 5 B LA K B R B X DPPH - FIABTS ™ - T B AiE
J110 A8 FR , WK 76 #E 7S LLAZ Bk SRk 43 51 i
EHHEAET 10 B bR, S5 R L& 2,

H 3R 2 AT OL. ki 76 BREEPR T, 70 5 30 5 23
51 29 LR b SRR 45 BT RLE R Y
BIHEATT 10, 70 5 BURRF rp SRR | 45 A BT R
R I HEA S 1, 0000 7,04 .49, 16 il 26. 66
mg + ¢ W HAB AR B E (P<0.05) 25,30 5
PARRRRA B R AR A AL AR 2, R A T
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UEAh, 23 SR AR SRR 45 A B TR Y
350 5.85 31,10 M1 21.71 mg - g ', A HIHER 55 3
555 RIS 3,20 SRR AN b S EEER 46 A B T AR

W5 B4y M 4,69 31,60 Al 17.45 mg - ¢, 435I HE
2555 55 4 M 6, MLk, 63 45 20 51 54 S Lk
P S B A R 46 G T B B HEA T
105 110 2 5 BAARFRA - r S 28 F R 75 et X5 HE 44 Al
10, HoAf Sy & = AUR T 70 5 .30 51 23 5

MR 76 BRE bk AL 18 SRR PR AT
R JLAR RILKR REETILRZEE TRERA
BEACTR & I HEZ F 10, 43 HER 5 5 58 5 5 10,
553 MR 3, WE TR S EHEA T 4 MERER 70 45
45 29 S 30 TR LR SR HEA ET 4 1) AR
K66 5 345 70 S 44 SRk RILEE S
ZHT 4 BIRAERN 30 570 5 23 51 20 S bk R
BEFILARELE FRER S RHE2T0 4 kR 4
5,48 5 18 5 66 5 HLbk  BEALIR T i HEA T 4 1)
HfR R 30 570 5 18 S 49 S kR, Hp 70 5
HRRAIR IR & it HE44 55 1(0.99 mg - g7') , H L
KRR FILKRZ AR & B HEA T 3530 58
PRI 2 LS ZREEAEIR & = HER S 1, 50000 14. 07

F2 76 HKEE LG BAKMCHEIER S SER SBHREUY X DPPH- FIABTS” - 568 W HER BI10 (LRI 4R (X£SD) Y

Table 2 Top 10 superior individuals of phenolics content and scavenging abilities of total phenolic extracts to DPPH- and ABTS" - from kernel of

76 individuals of Carya illinoinensis (Wangenh.) K. Koch (X+SD)!

o PEED N N N N }
Ranking ) N_o._ of Cy/(mg-g™h) ) N_o._ of Cy/(mg-g™) ) N_o._ of Cy/(mg-g™) ) N_o._ of Cy/(mg-g™) ) N_o._ of Cs/(mg-g™)
individual individual individual individual individual
1 70 7.040. 24a 70 49.16=0. 99a 70 26. 66+0. 08a 70 0.99+0.0la 66 22.27+0.42a
2 30 6.22+0. 26b 63 34.25+1. 13b 30 22.31£0.32b 4 0.72+0. 01b 34 12. 26+0. 32b
3 23 5.85+0. 32¢ 30 34.15+0.32b 23 21.71+0.27b 29 0. 60£0. 01bc 70 11. 60+0. 37b
4 10 5.30+0. 41cd 29 31. 60+0. 95bc 2 17.81£0. 17d 30 0.56£0.01c 44 9.95+0.21c
5 29 4. 69+0. 35d 23 31.10£0. 37¢ 57 17. 81+0. 08d 18 0.55£0.01c 18 9.35+0. 25¢
6 63 4.57+0.23d 10 30. 60+ 1. 26¢ 29 17. 45+0. 08d 14 0.55+0. 0lc 12 9.23+0. 31c
7 20 4.35+0.25d 54 30. 08+0. 21cd 26 15.71£0. 12e 26 0.52+0.0lc 76 8.98+0. 18cd
8 54 4.320.31de 59 29. 14+0. 87d 18 15. 53+0. 06e 34 0.50£0. 0led 7 7. 89+0. 20d
9 49 4. 0420. 25¢ 20 29. 11+1.02d 51 15. 360. 19e 20 0.48+0. 0lcd 62 7. 82+0. 19d
10 2 4. 00£0. 05e 72 27. 66+0. 27e 22 15.02£0. 12e 56 0.45+0.01d 4 7. 68+0. 29d
AT N N N2 N )
Ranking No of Ce/(mg - g™1) ) No of Cy/(mg - g1 ) No of Cg/(mg - g™h) ) N}).. of  SAy/(pmol - g7h) A No of SA,/(pmol - g71)
individual individual individual individual individual
1 30 14. 07£0. 46a 4 5.20+0. 26a 30 9. 11x0. 33a 70 618. 04+2. 90a 30 382.99+5. 85a
2 70 12.89+0. 31b 48 4. 87+0. 20a 70 7.16+0. 24b 62 468. 78+1. 47b 70 348.03+12.31b
3 23 12. 60+0. 27h 18 4.67+0. 13a 18 6.99+0. 16b 69 468. 16+1. 98b 20 342.70+1. 90bc
4 20 9.32+0. 25¢ 66 4.22+0. 15ab 49 6. 80+0. 32b 63 444.29+3. 04c 62 335.95+13. 17¢
5 29 8.96+0. 32cd 19 3.48+0. 16b 4 6. 71+0. 26b 56 417.94+1.48d 10 335.64+9. 23¢
6 41 7.120.31d 16 3.31+0.28b 29 6. 14+0. 43bc 72 415. 16+2. 46d 11 329. 18+7.20d
7 16 7.01x0. 26d 39 3.17+0.20b 57 6. 00+0. 29¢ 21 410. 72+3. 65de 46 319. 35+5. 90e
8 66 6.01+0. 19¢ 9 3.09+0. 21b 44 5.80+0. 17cd 58 387.29+1. 68e 34 310. 15+4. 61f
9 62 5. 1320. 19ef 1 2.99+0. 35b 23 5.56x0. 31cd 54 385.86+1.52¢ 69 303. 32+15. 93¢h
10 18 4. 85+0. 20f 33 2.91+0. 14b 7 5.22+0.24d 34 383.34+1. 13e 18 295.61+13.07h

D@, . BEEER S Content of total flavonoids; C,: 4i& ¥.7f & Content of condensed tannins; Cy: EiB} 7 Content of total phenolics; C, : B&T
% & it Content of gallic acid; Cs: JLZSZE % it Content of (+)-catechin; Cq: & JLISZE 7 2 Content of (—)-epicatechin; C;: R BETFILERER
FARME & = Content of (—)-epigallocatechin gallate; Cq: ¥EAEMR 7% & Content of ellagic acid; SA, : DPPH- ¥ #kAE /] Scavenging ability to DPPH - ;
SA,: ABTS' -JEBRHE ST Scavenging ability to ABTS" . [RI3 P AS[E] (1/NG - B 6 7R 22 5 .35 ( P<0. 05) Different lowercases in the same column

indicate the significant ( P<0.05) difference.
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H,70 SRR AYDPPH - FMIABTS® - 5 B fig 1120 1 HE 4%
LG 2,70 Wik F) 618. 04 F1 348.03 pmol - g7';
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55 3, UEHH 70 S HRAIR R AE M I BT O S R R
ffie 715 A AT B R A R R R B 2 A
PUEAALRE T BB BE . 47 DA 9 25 75 A b i i B
B, NI 70 5 BRESR 30 451 29 bRt AT 6 M2
BT AR PR HEA B 6, AT AR A W 2 A Pk
PR, A DL st A RE VR ML B AR, JIER 70 5 5pk
Hh,62 %5 69 T 34 SRR 2 DU ALRE TR AR
He2 T 10, ATVE R ST A AL RE T LI bk
2.3 ERIAMCAREMER EHHE XS T
2.3.1 AP B LRSS EALEH IR R AALE
R e AR AT SHIHR 76 HREESE LA BE SR

R3 76 HETLZRBKRTCHBERSSER SEBHRIMR A LA

A= B o3 B B R R B PTAAARRE 1Y 10 A4S
FRPRIEIEATAHOCHE AT, 25 SR L3 3,

H 2 3 Al DL I 76 MR BRERR S B R
ERTE RS e = F YRR EE(P<
0.01) IEAHSE, FHorf ) G 7 it 5 80 BT 5 4 9 4 G
FECRHK(0.909) 46 A BT B i 5 R A DA
S S AR A R T A S R BTSN 0. 877
0. 803;5 Fip KL GYh R EEFILEREE
FERTR & 2 5 H A A0 & R B E A oG, HoAt
4 Pl A0 A 00 B R ) R B R A OG5
A, REETFILRRLE FRREL & 0 5 0B & it
AT HERMER S REERNREANL, ILERESY
WSS RT R RN T EASE, HAb 4 B2k
YRS RS SIS R SE 0T SRR S
3 (P<0.05) Bibl i IEAHG

BB AT R BB RS B
B % DPPH - T BRAE 11 FIABTS” - 15 B BE 1 24 S
EIEARC, Horh i & o & i 5 S 52 0y kT
DPPH - i % 68 71 A1 ABTS” - 75 b RE 71 19 #H 56 2 Ui
K, 5514 0.512 F1 0. 480, 5 FhEZib &9 Bk
BETILRREEFIRER S ok, Hofh 4 Fim2ifb &
Y & e 5 A R B X DPPH - 15 4% AE 11 FIABTS -
THPRAR ) SR I ¥ 2 1 2 s 2 IR A O B Ak,
W EE I X DPPH - ¥ B fiE ) 5 H X ABTS” - 5 BR g
B E AR,

10 MEFRE KX ST ERY

Table 3 Result of correlation analysis on ten indexes of phenolics content and antioxidant ability of total phenolic extracts from kernel of 76

individuals of Carya illinoinensis ( Wangenh.) K. Koch"

ek FARPRIEI M SE R L Correlation coefficient among each index

Index ol C, C, C, Co c, Cy SA, SA,
C, 1. 000

C, 0. 877 1. 000

Cs 0. 909 =3 0. 8033 1. 000

Cy 0. 661 ** 0. 621 0. 630 1. 000

Cs 0.233% 0.188 0. 314 0. 390 1. 000

Ce 0. 627 0. 531 0. 640 0. 556 0. 336 1. 000

C, -0. 309 -0. 331 -0.268 -0.029 0. 165 -0. 087 1. 000

Cg 0. 506 0. 308 5 0. 599 33 0. 597 s 0. 452 0. 631 % 0.072 1. 000

SA, 0. 350 0. 5123 0. 4153 0. 630 0. 4195 0. 309 0. 031 0. 312 1. 000

SA, 0. 448 0. 480 0. 467 3% 0. 3965 0. 246 0. 469 %% 0.038 0. 357 3% 0. 577 %% 1. 000

D¢, B Content of total flavonoids; C,: 44 H. T # Content of condensed tannins; Cy: B 7 Content of total phenolics; C,: & T
fi & it Content of gallic acid; Cs: JLZSZE & it Content of ( +)-catechin; Cq: #JLZXZ & i Content of (—)-epicatechin; C,;: FEETFILAREE
FHRME & it Content of (—) -epigallocatechin gallate; Cq: ¥2/EHZ 7 it Content of ellagic acid; SA, : DPPH -5 FRfE 1 Scavenging ability to DPPH-;
SA,: ABTS' -5 HE S Scavenging ability to ABTS*+. * ; P<0.05; ##. P<0.01.
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BRI 26 B 5 AL B 1R R BT AL fE
JIH9 10 DN FEAR SR 8 A PEARAE AR (AL 45 F LY
W SR e P T RORSE R ORI RIR
B R IASTEHR L AT Bl AR ) HEAT A DGk
i, HRWE 4,

PR SRS 8 A PRIRAE bR BAR LT R 3
FE OGP (S B TR 25 St AL I 5 o 5 1 Tl e S A 3
AR LR R TR MRBE T LR R TR &
G ROR TSR 3 EARG RILRR SRS
ARELRFIERG, s B4R B AL RE T 2 4>
Febrrh, (OB By 42 B %t DPPH - 35 bR BE 1 5 & i R
2 RFIEMK,

I 4 AT UL I 76 BREBRAR R 8 SIS

F4 76 REXRLZBERMCFBERS SERSBRIWRAEMEES 10 MEIRER LK 8 MERISIREMNEX S HTERY
Table 4 Result of correlation analysis on ten indexes of phenolics content and antioxidant ability of total phenolic extracts from kernel with eight
trait indexes of fruit of 76 individuals of Carya illinoinensis ( Wangenh.) K. Koch!

$ok KASHREI A E R L Correlation coefficient among each index

Index Wl WZ TS Ll L2 INS Rl RZ

C, -0.217 -0.212 -0.175 0.033 -0. 162 0.013 -0.037 —0. 355
C, -0.212 -0.215 -0.179 0.115 -0. 124 -0. 035 -0.061 -0. 142
C; -0. 064 -0. 082 -0. 080 0. 055 -0.018 0.032 -0. 061 —0. 407 %
Cy -0.024 -0.038 -0. 006 0.036 0.071 -0. 131 -0. 063 0. 029
Cs 0. 109 0. 036 0. 260 0.122 0. 052 0. 120 -0. 169 0.111
Ce 0. 103 0. 170 -0. 103 0.061 0.093 0. 093 0.228 0.013
G, 0. 054 0. 004 0.262: 0.017 0. 065 -0.133 -0.083 0.211

Cg -0.001 0. 024 0. 024 -0.070 -0. 003 -0.045 0. 046 -0.032
SA,; 0.214 0. 145 0. 181 -0. 027 0.225 0. 001 -0.118 0.235%
SA, -0.075 -0. 094 -0. 042 -0. 084 0. 040 -0.137 -0.039 0. 104

D C: PR Content of total flavonoids C,: 45 BT A b Content of condensed tannins; Cj: S i Content of total phenolics; C,: wET
P& & & Content of gallic acid; Cs: JLAYE & & Content of (+)-catechin Cq: & JLASZE & & Content of (- )-epicatechin; C,: REETILKHEE
FHRER 7 & Content of () -epigallocatechin gallate; Cg: ¥FEFR 7 & Content of ellagic acid; SA, : DPPH-J&FRHE /1 Scavenging ability to DPPH-;
SA, . ABTS* V54 fE 1 Scavenging ability to ABTS™ -. W, X 5B Nut weight; W, : P i & Fresh weight of kernel; Ty : X TR Shell
thickness; D, : XY\ 1E Nut vertical diameter; D,: X K542 Nut horizontal diameter; Iyg: IR SRR FRE Nut shape index; R, : H1~ % Kernel
rate; Ry: &I Oil content. * . P<0.05; #*. P<0.0l.

] H 2% ( Helianthus annuus Linn.) A H Ayt R E YD
AWFFEER R 5 IR A 4 G 8T
AR (18,65 mg » o), HLE B 3 B
PMHAAE] 11,73 mg - g, BL T WA HT R

3 i Ausib

RN E SRR 76 BT LA B RR R
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RIS RN 34. 22% 40, 11%F1 31. 75%
5 F AL G W) & R R R REBOYTE 48% L I H
o A TR BB ] R LA R T & 5 R AGA B
90.26% , VWA ]SS LLAZ Ak SRR A~ b 195 28 i A3
AR 22 R X 22 5 BB 5 AN ] S bk i A KA
BERAE BRI 10 25 5 A O, Al 55 45 MR Y 8t A2 R 1 A
WA I 22 A O SR W LAk R 28 & &
PP A A

ST LA AR A B 26 o & & F & . Sarkis
SEUUI LA SR R - AT LA AR b Y R 2
A3 R 3 R TR T ( Corylus heterophylla Fisch.) Fl

B (Anacardium occidentale Linn.) J%?‘[%Bﬁ VN
(Pinus Linn.) 5 9) ) # +) F1H0 % (T H %+
( Pistacia vera Linn.) ) Ay &= (43500 1. 37.0. 32
F18.67 mg -+ g™ ) JBBUGX — BG4 i K — Ty T
SHEYA B st e R A ARBR AR DL A R
ARG 22 A 0, 75— T 15 S % D € i
P BT PRI i LA S Sy 32 O 2 1 22 5 A G . 18
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S IR R I I 2o S A R R A 5
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Lozoya Z5'*' Fil NaOH H1 HC1 ¥ ¥ X 3 5% 1L A% Bk s iy
SRR A T A AR A, D00 A I BB R AL R 7 1
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(0.65~1.30 mg - ¢”') , LAEMEILKXE ST HIR
K MIFEASBI G, T o A M 418 BT 2 4 7 el e 1
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