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Dynamic Changes of Oil Content and Fatty Acids in Seeds of Carya cathayensis at Different
Growth Stage
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JIANing, TANG Yan-yao, YANG Jun-wen
( The Nurturing Station for the State Key Laboratory of Subtropical Silviculture, Zhejiang A & F University, Lin’an 311300, China )

Abstract: Determinations by Soxhlet extraction and GC (gas chromatography)were implemented on oil content and components of fatty acids from
nut kernels of 30 Carya cathayensis trees in the same stand located in Lin’an, Zhejiang province, sampled on July 23, August 1, August 16 and 31 of
2014. Results showed that oil content increased significantly along with maturation of seeds, the average content was 9.87%, 38.30%, 72.06% and
71.65% of samples with different dates. There was significant difference of oil content either among sampling dates or among individual trees. The
mean content of main fatty acids in kernel, such as palmitic acid, stearic acid, oleic acid, linoleic acid, and linolenic acid ranged from 15.48% to
4.57%, 2.38% to 1.50%, 20.45% to 66.01%, 45.24% to 21.48% and 8.49% to 1.54% respectively. Only the average content of oleic acid increased
gradually. The main saturated fatty acid in kernel was palmitic acid, and the main unsaturated one was oleic acid. The content of unsaturated fatty
acids was always higher than that of saturated ones.
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A R E U E RS TR RO RN, AN R Sl R 25 SRR A AL e AT T
W7, HstilhiZs Camellia oleifera HRF7T 285 HHAEAS IR SRS . FhIEANSHRpE) A4 &1 5 25 R AN IR As b o
Mrl3l; FEded: Arachis hypogaea H, Onemli®xit 3 AMAEA: iR, Wang S0t 6 A= AN ) bl 66 S ik R A0 R I
AT TS . Fh SRR 2 AR A2 AL IR 7 SRS BRI . Uzun S50 R [R]HbFRA B
KR Sesamum indicum MEAT THSY, 45 SRFHHIBALIA FRIPREA) 28 B XS IR AR IR & A0 ek
BFEC, PUHESFAY Prunus amygdalus HARBIZN,

111#Z#k Carya cathayensis RiABEE Juglandaceae LLIFZ%BkJE Carya #54, AEAAHRHE Y &R R S N Z
GemAh, BErdh TR AR, BB TWiE R AR B ILIX, 30°18'30" ~ 30°24'55" N, 119°2347" ~
119°2827" EMOM . AWk AT M i B07E SR IR0 UG, HRMo S £ B A T SR A s 70
#, HAT W& B R, AR S AR e, ARG & A R R BN (1.67% )
HARANERHR & Sk 95.38%.  H B SR LA AkRF-A0 57 32 S0 EE 1 1A% BRAS ST AT | g a3 B
Fe oy Aot g SRR (b ) PO il pking & AR R T,
EADRE 2 I = ST o ) viod 0N o SLROY % b = 8 L V=L oy O N i RN N 72 o o o e = i
FF50A T, i ] — R AR AR AN ] BRI LLAZ R Rh % 5 I AR rp s & B0 Bh 238 b B HE R RAIR A i) A Sy
Mt 4

DAHHT A I 22 i AR R s B AT LIAZ BRI SRARAY 30 RRILAZHE SRR oA 52, S ER & Bidfed 4 A
e ) s AR i S BRI AT T, DUE RSS2 LAk e LR 5T 3T R 3Rt

1A

1.1 ##

LI XRAE , MERESAE IRk, WERREAE RIN i MEAE ey e B e A S B P4 1 b
TAEKE RS EARENE, 51 BOSARSEE I, 5 HWiE 8 ¥, WEMFINBESERELT
W, Hee H10 HE 7 H 10 HPsA KM 55 2 BORRMZIEFE, M 8 HAnE 9 HRIEM, pEdhrF
HEERIE, oI ERM AR, BRI AN, TR, TCRERFLER A KA BRI & B IR .

SKIEPIF 2012, 2013 4R A2 FCHER AT A 22 i R IREE TS M AT IR — Btk Az Bk (A 30 a LLE)
ME T HlE SR, 205k 7.35% (2012) /6.13% (2013) , 35.78% (2012) /29.95% (2013) , 60.45% (2012)
161.55% (2013 ) , 63.43% (2012) /71.33% (2013) , FCHH] 3 B sl S B RIEKR, fG— A0 5
B (A AT — NI ) s B L R 0, 2 sg A thm il , 2236 7 ah 288 tbith 2. A0 e n]—Hi )
LIAZHRAR A BERLIESE 30 AR (A LS SR R, SRAERARIPECRIFAE 50 m LLE, 235045 Y1, Y2:-0e
Y30, 2014 4EF#H5)5 79d (T1, 7 H23H ), 88d (T2, 8 H1H ), 103d (T3, 8 H16 H) , 118d (T4, 8
H 31 H) RERMT, F—UCRHERTATRLLFOY, B, 4T 5 FIRRGES F RGBS, T
BEENENTIRFTRER, KIEHRRE 1 000 MR J5 3 IRMEERLMH—BLH, Fhrigi
FESL, R SRAEEEARAREU L, G — KR RAE 50 Bifh . SRR YR TR ET, I BRI
(imp YISt
1.2 A%

121 HRAE  FRNEHERCRAA RS RIBRR SRS, R TR T . 5 12.5 cmx12.5 cm
BB LR 2 PR e 4R ( JelE Whatman® ) FFRiE4l, BN 65C BLEE X T-HEA ( Xtemp, XT51180V £7%1)
THEEERE M (R 2 KRB EBES AT 0.05%, FlE) , BNEDTHEShE A BB LR
BTRSFEILY, JHON 65 CHEH HREEEIF AT IRAUNE (ALL SNl 8E IKA) . B2 gt
SBONIEARELH, 65 C T T EEE My, BB TR & H .

122 JERieE6NE RARKIEE (YG-2 BIZKHIE:) , MAk=alimmit (B2 30 ~ 60T, EZjE
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bR PR AT ) SHRESE TR . SR AT EE ] SR 3 K EE AORESHE R — T b G TR
. R HI7E 53 ~ 55°C, Akl iisg 2> 10 h, fhfe sebe e MR P U I8akes, 7EKin
R SR T B A T . Y ESETRIA AL 30 mL A TMEEST, BT R, 76 m XURE 3% 43 i 0 il ik
R, AT HIE] ) S R — SR TR A A T IR SRR B e . i 5 B UERACELON 65°C 1A N T45
ZIEE M,,
SR (%) = (M-M3) / (M-M ) x 100%.

1.23 JEMiBR el 2 ZSHd GBIT 17376-2008 J5i2:%F LLIAZARIMZEA THIliRAL. , B 60 mg LLIAZAIMAEZE 5 mL #9752
REY, HBEEBI4 mL Soeke (fnka, BigEZEGAR) EeE, RMEBRE N 200 pL &5

PCHIHREAE (HREEA 2 mol-L™) |, 35 FBEZERIZIE SR 30 s JG i e s . ARJGIIEIHIIANST 1 g TRIRE
W, REHRSE, PRE A, R RS AT E . B2 pL B E R GC-2014C BISAH AN A ( H

A SHEAA ) BT P THRIIR I E AT . SAH RS B EAREFEMAR A 30 mx0.32 mmx0.25 pum; i
GIE A 130°C, fRFF 4 min, 7E 4 min (WTHE 210CJEA#EF 10 ming HACHERS; FERES 1.52 mL - min; 43
Tkt A 15:1; SERECE R 200°C 5 AEEE R 230°C . IRIEHT FHAOARESL 11 Fh ( £ AccuStandard A#] )
RUPA SRERR WG . MRS . SENRER S . MRS . WIMER S . IR S . AEAERRH R . R TR
R HEE . (AR G . VIR NG . ARUETR AR, F MR CR R I T O R S P S BRI 2R T RE I . SR
P T AR — A A NE R A A X S T,

1.24 AL RIEREFR R AR R A Excel 2007, SPSS 18.0, Sigma plot 12.5 A%, TS & &l E 45 5K
B8, G ESZEAR G T 20007 5 J7 25025 5 8 0 SR B/ N 8 2580025 ( LSD ) i 7 2 HU A,

2 HER G5

21 AEBEHEMHFHESENSH

PR BRI IR & B AER AR R A B 5 RS E 4 M) S P38 5510k 9.87%, 38.30%,
72.06%, 71.65%. FHEIAZHFFABMARKES, WIEE2EEEIESEINNES. T1 2 T3 MiFRRR
L, M T1 A9°F3) 9.870%0H4 MIE T3 “F34 72.06%, EifEEREIR 75.79%, H T3 AUfE S & T2 i & 200k 2
fi5s T LUGHIE S B K, AR RE (K1) o EREMR, T1 £ T2 FRErmiss 2R s b
T, (A A 2550, M5 Bk a) ) 25 SR s N o
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Figure 1 Dynamic changes of oil content in kernels from 30 hickory trees at different sampling dates
Pl & 8 h 2 R FEhlE 28Ik, 7ZE0ERl (£ 1), IWERFlilE & 8RN L E
B, AEIEARTE], LGRS 5 R BAEH 2 BI2E SR R . ZEIEERI (£ 2) , il
LRTETI 5 TARERAEE; BRIL2Sh, AEFhFLENBIMPZ MR BENER . XRS5
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KR TR S E AR AR 5
F1 LT iR B RERTEN

Table 1 Two-way analysis of variance on oil content in kernels

A5 SR SEJ5 A H i ¥ FA&
HaRkE] (A) 1726.31 29 59.53 991.04**
TR BEHE (B) 65 284.50 3 21 761.50 362 291.78**
AxB 3366.67 87 38.70 644.25%*
R%E 7.21 120 0.06
Hit 70 384.68 239

i RRERREE (P<001) .

®2 Wizttt FhalE R BETRMTRAENEME EILR

Table 2 Multiple comparison on oil content in kernels from 30 hickory trees at different sampling dates

L E W X% %R WEKP
P<0.05 P<0.01
T3 72.06 +0.34 a A
T4 71.65+ 2.63 a A
T2 38.30+0.44 b B
T1 9.87£0.23 c C

F3 WM FARALZEN BRI EkEMESEARILREFEZEHS I
Table 3 Pairwise comparison on oil content in kernels from 30 hickory trees at different sampling dates

T4 H BRI P LB AN A A LERAREUEEIELEI% B REHEE0IE %
T1 53 12.18 87.82
T2 13 2.99 97.01
T3 35 8.05 91.95
T4 266 61.15 38.85

H5 25 B ) AN R B[] P 3 435 NMAG B T2 EINEE, 450 WAE 3. & 3 vk, FEMTIAEKER,
E R BFENASIT S GIZEEN, T2 ifteflaes, ik 97.01%, ) T3 BB FrEd, (HIREEA A AR A
Feh I % SR, 25 R B I ZH A T S I LU I 38.85% , Hith 28 5 i 2 &b 4 R 2 B & 5 B B
BEBA ] —H S AL BRI RN A AR K R B R, ) — B ) S A R R g & B EE R
2.2 FFRERRER RIS T
221 MFHAEABRAA X AR E T OA MR 10 FRARIATR , (HAS ] 8] s AN [EPRE S P
BIFPZEIEA E AR, Hh LR IRR B (T1) &%, KESERESERGH 11 Filsiig, 2 13, T4 5
BB A 0 ~ 2 MHESLRERSKE 40 11 FPAEIGNR . | LAZBkIMASh R ZAONEIREA 5 Fh, BIERAEE (toR
BNETR ) . WEIRER . MR . IR . WRRERTY, HoPARAHER . REIEERRLIRAINERGIR, Hith 3 MO ARRANEIIE ;
e A 6 FRIBHANE HEE A IRAAEHEE (A SRERE . 1E4ERR . 1LalR ) , WAAMRAIEIE (iR
B2, J¥MR. RWER ) o FEAREIEE S, BRT 10 MNbRiEIAIRSN , AP TEHABARFBINENIR , (HIXFR o Nahime
VETRRRAET /N, WTREEAELLAE IR BT -

ER AR B AT 0, 5 P ZERHAIR AR & AL SEHGIRAY 90%L) |, 7E 90% ~ 97%; H'E 6
PR (PSR . feAERE . WR T TIRIGIE . \haiR . 7R . RUSER ) M S EHER, SEABVEIEN
1% 10%. Heoh, senattdmimlsa bR Ment 32 BURAEIER | SENSIR | IR . MRS RRERPY, H R GC-MS
FEIGIIE 13X 5 MR R LA A E SRR AFIRE, e, %HiX 5 RASHARR T Sh A4S A /347
222 WMAREMIBA S ENATN HE 4K, IERRER LR B R B IRANRIE A R R
1E 13.21% ~ 34.99%, “FIEIIAZIE A 17.85% ~ 5.72%, S FFEHE, TS AWIIREN =02 — A,
H T2 28 Redm Ko BRAHTR | GEHEIEROUAEN & R HLZW TR, FIE AR /3 7]k 15.48% ~ 4.57% . 2.38% ~ 1.50%,
Horp A /DB SE T4 ARSI RENETS ; BRANERARRT S B4R S R TB) BB T2, R ARERAH X & 2 e
REFEHEWE T1, H T1 5 T2 AREISERAH & B2 5 REHEAR K.
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Table 4 Saturated fatty acid content in kernels from 30 hickory trees at different sampling dates

HEiE B i) /% FrifE22/% A5 5 2% TRAE% e/ MEL%
FrAE T1 15.48 + 0.96 5.27 34.06 23.41 0.03
T2 10.79 +0.72 3.92 36.37 18.96 2.93
T3 5.17 +0.20 1.10 21.30 8.16 3.16
T4 457+0.06 0.33 7.18 5.12 3.94
TR T1 2.38+0.15 0.83 34.95 4.68 1.29
T2 1.92 £0.11 0.60 31.07 3.05 0.47
T3 1.60 +0.06 0.32 20.36 2.48 1.08
T4 1.50 + 0.04 0.20 13.62 2.09 0.00
FERFEHE T1 17.85 + 1.00 5.49 30.74 28.09 3.69
T2 12.71+0.81 4.45 34.99 21.92 3.40
T3 6.55 + 0.26 1.41 2155 10.65 4.24
T4 5.72+0.14 0.76 13.21 7.16 411

223 Aol gt e '@ AL A MR 5 ul%, ARSI EEA MR . TR AT .
IR T4 KA B R d@ad i, AANSHTERAG E SRS, FE M 74.197%Hi1%] 90.20%; T1
HHTER AR &, HUCHTHIER; T4 B 2R, HUORMER . BRI & 2 W, T3 MEA
3 67.18%, T4 WA FIE, {HAEX S ERAMEE, B TLHIMT Y 3 5. MM F-XMRT & 8N T1 B 45.24%
FEAIRE T3 BFHY 16.34%, 3] T,BFEAEXT &2 X FIFE 21.48%, HoFHMASE SR LN KX R,
WX PIFPREIGNR Z BT REAFTEAH AR 1L . ERIR A T- XA & & T1 Bt 8.49%, | T2 B FFEL) 4 15,
5 T4 B R4 1.54%,

BeAh, HERTE T1 RS R R B R, IR AN RRIRFE T2 IS R R B R, SillE& 2 ERA L
5 AR AR RN & B R0 2 SRR IR ANEIIR B /M %2, HREEM RSN, X R 5
TREEBSRAR /N, THERAHXT & B A8 S R BN T1 B 38.21% B Wi/ N2 T4 Il 13.35%, FREIREER K .

F5 WHHFARELYEREAOMEHIRSEST
Table 5 Analysis on unsaturated fatty acids in kernels from 30 hickory trees at different sampling dates

ez HsfTa) Y% FrifE %1% A5 5 R 0% TARAE% /IMAE%
R Tl 20.45+1.43 7.81 38.21 40.33 7.58
T2 58.69 +1.92 10.49 17.88 89.04 34.56
T3 67.18 +1.94 10.62 16.09 81.36 41.05
T4 66.01 +1.64 8.97 13.35 76.24 33.32
R &Y T1 45.24 +2.37 13.00 28.73 63.30 7.58
T2 23.01 +2.07 11.35 49.33 44.99 2.73
T3 16.34 +0.87 476 29.15 30.79 9.64
T4 21.48 +0.41 2.24 10.45 26.44 16.49
AP RRIR T1 8.49+0.77 420 49.43 15.17 0.48
T2 2.34+0.26 1.44 61.85 5.11 0.15
T3 1.68 + 0.10 0.57 33.85 2.45 0.00
T4 1.54 +0.06 0.35 22.80 1.94 0.00
FEAHNSE T1 75.85 + 1.42 7.79 10.26 92.23 62.19
T2 84.04 +1.27 6.98 8.31 95.49 71.14
T3 88.84 + 1.00 5.47 6.15 94.48 74.80
T4 92.54 + 0.67 3.69 3.99 94.52 75.08

3 Wik

B LR AR KA S, Hlle S B2 R S AN K, X—45 R 5 MEP MR, H5k%
BompEMEEh 2 — 80, 7 AR R 9 AR IAZ IR g R R AEE () A0 DRk,
T1. T2 MMFFEEATESAER, A UEMISENRDIREIERE .. F SRR, T2, T3 MFFiMiE S 26
FrsEN, HIERAEEGE 2 f% (38.30% ~72.06% ) , [RIBS-HAEREE 1N e Tkt S s As Ak T3 %) T4 Fif



2 TRIEAE, 55 AR L B AR M & 2 R IR 3h 528 1k 15

THIME S EIEA TR, HERAR, FERIAZHEIFICORIRIE, TP ierh RIS S A AR i &
et

LB A TR, HRM IS B h 2 D R RIR S R TR, M2 G . RIER T
WIS SRR B IR SR 005000, 1R%2 1 Bt I i i . ARIAP R A T LA X 6] —pkiturr, 3R5R
FRMFHAR—F, (HAAI LA ARG & B E 2R, JUHAE T2 i, (HEGERP RIS, IR Sbka) ) 22
SN AR, AP &R A 22 5 T EOR iR S T SRR R R 22 R Y, TERTESR
PRI & B 22 5 B SO/ o

ENTIRHZH e AR ST BB bR, WO ROk, Iiisbt 2 Fh 2L AEIIR P ARRRIR T & L
Bk, RHAERFLEVI, Ml e IR b E IR A AR, X458 5 R o
ZER—5 TEIEHRh R R, RO AINRIRA A & BAEAWTIEUL, Fh B A RR Y
SRR, AR AR S BRI, JUH R BRI IR B B R, HARA
EWFIRFIA RS ATR S & SRR R (r=-0.982, P<0.05) . Byt A ARG 5 2R th i Al
WHRFALINR, FFAF SR ER RIS — R, BRI e & U AIENER , g & A SR
A AR ERTERINIR , PRI BEN A SR AN e MRS, SRS NENIR S 3 BRI HIZs &
RIS, oAb, bR R AR & RS TR S R, TLRAEIS, e FIRRI %
B, BRI RS TEREE AL AR AR TIRAR R, RTREI AT i S AL IR R EREA T, LR R
PUEPR R B E— PP THIBRAE T4 BAEXT S BART TR, MEMERE A S EA RSN, HPiE b2 E
FHMRKR (r=-0.990, P<0.05) , PIZMIBEFAMEA TP, SARANETTRRE AL S A
FHRKELFEBRPAL) 10%, FPLZPbiERE R . SRR B, bbiE A AR i E TR
PAE™, HOIMBEIF R & M. 25 A MG & BAE T3 5 T4 ER AR ZMPI AR, 360 T3 ~ T4 M) 2
AR PSRRI B AL, MR 11 RhISIRRAAR SR

25 LRk, TEIAZSRN AR B ERI, s S B tbit, EM TR TR, Bk
FAS ARG, BRI S R R PR, DR NSRRI T E A BBt o
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