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Abstract ; Santai walnut kernel with different development stages ( pollination 30, 60, 90, 120 d) was
used as the test material,, and the nutritional indexes of oil, fatty acid, protein, amino acid and functional
components, such as squalene, vitamin and phospholipid were determined to study the main nutritional
indexes changes and their correlation during the development stages of Santai walnut, so as to provide sci-
entific basis for molecular breeding of Santai walnut. The results showed that the oil content of Santai wal-
nut increased gradually in the whole growth period, especially in the first three development stages, the
oil accumulated rapidly and the oil content increased significantly, but in the third to the fourth develop-
ment stage, the oil accumulation was stable. The polyunsaturated fatty acid in walnut oil was the highest
in the second development stage, which reached 75.60% . The protein content in walnut was the highest
in the second development stage, which was 17. 8% . The contents of total amino acid and essential ami-
no acid in walnut were the highest in the second development stage. Both the water — soluble vitamin C
and vitamin B, were the highest in the fourth development stage, while the content of lipid soluble vitamin
E was the highest in the second development stage. The content of phospholipid was the highest in the
third development stage.
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61.051% , kIl TH bR & & Z RO FI AR DT R 41, i
THEENIIREME RS, 4R R E B MR
85 M rOoRLE I i ORLAR 10T A i R R
PR E i R R SRR R
FECH BN, UL 6 BB IR A 8t AR R E T
G2 A BEY AR vh T 8 Ak (Juglans regia
L) Wi s 1 5T IR 7 558 3 48 bn Sl o3 A= B
AT T A A B T D, HAE Tk
BRSBTS Wi = X R R R
W R AR 7 B9 . A SO = R ERAZ AR )
ST R4 ARRENR E B B SRR e
TR 2T 4 AR 1 BT VR R (R R SR
TTRGHT, VA = B Rk ) A A 3R AR
TR LR 3, A R M B Bk T B R b -
AN KT REHE DA B = B4 15 300 JH 25 50 JL it
1 MRl5RE
1.1 XA

Pm KBk =& Zpki A ks 4, 782
#i5 30,60 .90 120 d, 43I FE Tk 3 #klR]—* =&
sn AR R T TR AR A AR P R b 4 D7 L REAILR 47 SR
S50 AN, BB T 45 CHEFR T R, B Tk
W) T AR A, 25 o

I G Sl a3 2l ( Merck ) 5 8 Bk A
HEVRI, BT R B0 1 000 g/ m (W3 [ 55 HE )
FEifFgE L) 5 1IE O e A A AREN = UL A
G4l

WA 015 5 R O AT 5T 3 K FH A (LC - MS/
MS) , S AH 538 — P9 2 AT AT B R 5T 3 3K ] AR
(GC -Q -TOF)
1.2 RKE&H&
.21 JEARFEFREIE

BT, K5 GB 5009. 5—2016 H & — kA 5
FlE K AE GB 5009. 6—2016 HraE kA ; fE £
R4, KPR GB 5009. 88—2014 #4515 i g, 1K 45
GB/T 5537—2008 w5 ik kil B oo R, iK% GB
5009. 87—2016 il ; 4% 71 2, {K & GB 5009. 90—
2016 A,
1.2.2 AR e

e 2 C kB GB 5009. 86—2016 i, 4iA:
% E, {4 GB 5009. 82—2016 rh2f—ikAal, i
# By cRH LC - MS/MS U5 , BARI & F ik anF -
O SL R I, FI RIS OB FF i 2 AR, BRI
100 mg % Tk, BT 4 CokFE LT, IR TE 3 1k
DL R BCR SRS 7E 10 000 g T #5010 min, I HK
VEW, 0,22 wm fFL e B8 R A A B S R AT

LC -MS/MS Il 5, @ LC - MS/MS Il & 2% 1.
Acquity UPLC H CLASS Y AH 3% 4% ; B AcquityTQD
G #5% 1) T 1% A s ACQUITY UPLCr HSS T3 {53 41
(2.1 mm x 100 mm x 1.8 pm) ; #: ¥z 40 °C ; #E k=
2 pL; st A S B, WahAH B 2 0. 1% R %
W, VRIS TE] 6 min A3 EU ) WL 15 FRL I 55 5 - U
(ESI) &£ 500 °C, Ti% s i 5 500 V, % A (CUR)
172.4 kPa, #1755 L 25 (CAD) SR B . 1F
S HEPUHAT(QQQ) H, BN B X Al UL Ak Y 25 7
i ( DP) FIAIE S BB SEA THF R

&1 BELE]

A [A)/min - i/ (mL/min) A/ % B/ % Hh&k
R 0.30 10.0 90.0 IR
0.50 0.30 10.0 90.0 6
1.50 0.30 95.0 5.0 6
3.50 0.30 95.0 5.0 6
4.00 0.30 10.0 90.0 1
6.00 0.30 10.0 90.0 1

1.2.3 20 Fp g JE 1R 20 Bl i e

B AR i, B, 2 40 H i, TR
A1, FRELZY 100 mg (K52 0.000 1 g) IRAIEFES,
BT 20 mL K T A 15 mL EhBR AW (Eh1R
HBaiKERE 1: 1) , fEKRE P A SEAERA,
WEL FKBE A (110 + 1)°CE R HEAE b, K
22 h BURER R . KV H S 0K A# B g B 200
pL 2 10 mL 38, 28T, A 1 mL @4k (Fr
) EWIE 78T H 1 mL pH 2.2 (952 i it
JE it 0.45 wm A HLIERE, EHLSHT .

IS WAHR ] Acquity UPLC H CLASS ; J5i
TR AcquitySQD2 A5 il #5 ; ACQUITY UPLCr HSS
T3 %4 (2. 1 mm x 100 mm x 1. 8 pum) ; £
35°C ;R 2 pl; sl A A HIEE, B 25 0. 1% H
PRV VR, DEMGERTH] 8 min , 466 BE LUAZI WL 2,

F2 EREELLH
BfEl/min - ##/(mL/min)  A/%  B/% ik
Ry 0.30 4.0 96.0 EfH
1.00 0.30 4.0 96.0 6
4.00 0.30 90.0  10.0 6
6.00 0.30 90.0  10.0 6
6.50 0.30 4.0 96.0 6
8.00 0.30 4.0 96.0 6

1.2.4 IR NE DI R 2H Lt I

KHI GC - Q — TOF & IR Wi 2H L. FREXS ¢



2020 4 %5 45 % 55 8 T

i g 83

MR RES 439 10 mL iE C A A BE 3 7, A
W, S EI BRI, FRERZY 0. 05 g BBkl T he i
HL A 2% S AN - HFHEEE W 8 mL, (80 +1)%C
K BT L A R T 2% A 7 mL 14% = AL -
FH S, (80 £ 1)°C KA R 22 I 2 min, 5% 11
ik, PoKIE EBCT belif, MG H B =0, A Y
5 mL 1EBEREREE 2 min, FRIAGR AL 8K IR,
FE ) . W R IE PR BUA TR 5 mL & 15
mL 3R H A 3 ~5 g TOKGRER AN, JRHE 1 min,
BS min, W R JEVE R S HEREE R DU E

W7 F5 - L HEAR 7890B — 5977B “AH A 15 ;
TG - WAX A 3E4E (30 m x 250 um x0.25 um) ; &
JEFHR AP ER IR BE 120°C , L 3 °C/min F+ % 280 °C ;
HERE EIR B 270°C s AN a2 R, i 1.0
mL/min; A {7 & 100 kPa; #EFE &L 0.5 wL; 433 L
10: 1, SRS M, mAUE — ik 1o
1.2.5  JhiRH e i i i e

KA GC - Q — TOF 2 ff i ds o B 1.2.4

PR AR 0. 1 g, IIAZY 2 mL 2 mol/L & %A Ak
B - CBEAW B SR HE 80 CAKIB T Ak
40 min, B3f% 10 min #RF% 30 s, OWVETHE AR
KRR A E =L RE A 1 mL 7K AT 5 mL JE
CLe, B EHRY 2 min, &850 K RS R
40 mL EFEA T, T2 H 5 mL IEC e
SAEH3 W, AT 3 IRAHUR, 75 80 C/KIR FZE T,
/NI, DB 1 P A S mL 1F O e 45,
FI 1 mL RS2 BOARGE 0.22 wm JEIR, #88 2%
FES /NI 0

W 5E 504 : TG - 5MS 3% 4 (30 m x 250 wm X
0.25 pm) , FEAE FHREE 300 °C, HAth 257 1.2.4,
1.2.6 HdmabBe

FIHT Excel 2010 £ 57 J5 p ¥ s &, JF #4700 20
538,35 ] SPSS 21. 0 #4778 57 iU AH O 43 #7 -
2 BRSS9
2.1 RRAFHR =86 B R BN B4R,
TA(LE3)

®3 TALEH =8 B HERERRHBAREN %
FEA SR AR PEGTR BEARTR AR RIATH WRREE  SFA MUFA PUFA ST
FE1  1.6+0.6 25.92£0.07 1.47 £0.08 2.22+0.56 3.39+0.56 38.16+0.76 26.09 +0.25 30.32 5.02 64.26 0.398
FE2 39.6+0.9 10.30£0.21 0.14+0.02 1.910.98 11.42+0.48 57.37 £0.45 18.23 +0.18 12.49 11.83 75.60 0.079
BE3 66.00.8 8.20+0.820.11 +0.01 3.40+0.23 26.75£0.37 51.85+0.38 9.26+0.22 11.81 27.05 61.11 0.035
B4 67.3x1.1 8.12£0.24 0.13+0.04 3.00£0.37 23.70 £0.36 56.38 +0.28 8.29+0.12 11.32 23.98 64.67 0.023

TERE T RE2 RE 3 RE 4 235 AR IS 30,60 ,90 120 d SRAEHIFE . FIAl.

&3 AL =& ek Em R e A R K
BT R ERT 3 MR B AR 2RI LR,
T R TR 3 B0 4 R E L AR R
TR ARIRTESS 1 KB E mBm, 5 0wt i
%, 2o 88 8% ARG RGN 3 M ER
W BRI, S 2 258 3 B, BRiR T
Oz TR 4 REWRA T AR R K F WS
HASEAN K, FE 1. 91% ~3.40% Z [8] ; ¥ R 76 /i 3
MNREW S EZEETE,1E3.39% ~26.75% Z [8];
WAMBRAESS | R WS EERAL, Jy 38. 16% , 1E55 2
KRB MG SRm, 0 57.37% , Wil F 306X — B 1Y
Z AR 2 (PUFA) 2 ANE KA & i fe e
ik 75.60% 5 WIRKFRAERT 3 & B 1 & it SR A,
H26.09% ~9.26% , 7E il g BRI A & B d s, A
B4 RFYHEERK, £ =6 BhK4 NEE
Wi A D BRI AR R R S e e, R
0.398% , ik & A LE K B 25 0. 023% , 1 76 35 38 1%
BErP K I IFRR™ . AR TR (SFA) 5 AER 1

KBRS 2 RE B MR 2 R R R
N AN AR TR (MUFA) 47 4 R 7
JeTt i )E WA R B, 2 AN FIIR TR ( PUFA) 5 &
TES 2 T W o MRMITRA Y16 ORI R A f
HEMMNPBREZ —, RN E IR ERIE T e,
G B v U o O T R S G RAE o , AZ M g 0 A
PR HLHRE LA & i AR SRR AL O el o )5
Wi A FRE I =6 B S 4 B o
WL R At i i 2EL A PR 3 1k K-, 4 2 47 o i
T R 2H O BREHE AL, o) I AR 5 7 S A a1 3
AL

AFEEFW =G Bk il A A 7 R 41 %
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x4 AEEZEH =& %SRS AKX ES
iH RUES FRHRR FEHR R filfl R R R VI ER VR
R IE 1 —0.952 * -0.915 0.725 0.967 = 0. 807 —0.991 # =
AR —0.952 * 1 0.994 = = -0.5 -0.857 -0.936 0.902
hEmE -0.915 0.994 = % -0.413 -0.801 -0.958 * 0.851
B i 1R 0.725 -0.5 -0.413 1 0.874 0.180 -0.796
R 0.967 * -0.857 -0.801 0.874 1 0.635 —0.983 =
DIRGHIA 0.807 -0.936 —0.958 = 0.180 0.635 1 -0.731
DA —0.991 s 0.902 0.851 -0.796 —0.983 # -0.731 1

T s # FRAE 0. 05 7K (COUI) R FARIE 5 # 7R AE 0. 01 K (XU _F i 3 AHE

2.2
EREH(ILES)

FRAF] =& Bhka s e A8 kR

XHARZHERE dh 2 B I E S5 R AR bk
¥ 30,60 .90 120 d SRAEKE & Y 8 1 5 120

H(1.96+0.85)% , (17. 8 +
2.18)% (16.51.37)% . °
HAAEN 2 KB MR e, ES 1 KB M. ~
AN =& & hEZ A A L% S,

1.25)% . (15.0 =
“H EMEARS

x5 FRAEZEH =& ZM -hEEBRARTH mg/kg

AR FE1 FE2 FE3 FE 4

(=1 59.0+1.2 140.0 1.0 124.0 2.1 145.0£1.5
% 52 i 33.0+0.8 735.0£1.0 217.0 1.3 86.0+2.3
AR R 1150.0+1.8 100.0 £2.3 ekt

N E R 61.0+1.0 702.0 £2.6 234.0 3.1 13.0+1.8
PNRES 313 A H 126.0 +1.4 39.0+1.0 62.0+0.9
EAW R H 102.0 £1.7 33.0+0.4 55.0+0.3
NE TR 1216.0+3.2 87.0+0.8 198.0+1.8
SR R 101.0+1.8 643.0 £2.7 169.0 £2.0 116.0 £2.2
SRR 135.0 £2.8 586.0 +3.1 172.0 1.3 173.0 £3.2
IR 63.0+1.0 719.0 £1.3 240.0 £0.8 137.0+1.3
241 5 i 127.0 £1.0 944.0 £0.6 214.0+1.9 117.0£1.6
R 69.0+1.2 194.0 £2.8 80.0+3.0 44.0 0.8
NER 127.0+1.0 297.0+0.3 141.0+1.3 50.0+1.0
BRI 775.0 7 554.0 1 850.0 1196.0

TR 546.0 3 836.0 1186.0 756.0

HIZS Al =57

RMEAN TR 7 A i o
G 13 PHEEIR AL (R R RN AR EHER
SRR LR A RR AR T ML R
FER . 13 PRI 2 KA W& AR
WA HEAR AR RITABEAES 1 AE M
AR o R EIEMRAES 4 KA TRE, X

5 FERER GBI, 4 NMEBEYIN B IR S
HTE 775.0 ~7 554.0 mg/kg 2 a], AR T2 IR
ST 546.0 ~3 836.0 mg/kg [,

2.3

RARAXFH Z& btk C g4 %

By B 4k A LF e AT ML P e kK B

Bfig o TAL( LA 6)

6 AAABH =8 ZRPHEE CHELEEB, B S ERFEREMMFEEZE RER BENTK
Be I Vi/ Fe/ T fr L4/ Vy/ i/ 031174
(mg/100 g)  (mg/kg) (mg/kg) (mg/kg) (g/100 g) (pe/g) (mg/kg) (mg/kg)
1 0.80+0.08 3.60+0.27 1718.0+2.6 31.08+0.96 37.10+0.08 121.0+1.0 2.24+0.37 75.00+1.08
B2 1.20+0.07 4.70+0.14 4998.0+3.2 33.84+1.64 17.80+0.26 381.0=1.3 21.62+0.25 53.74+0.88
BE3 1.90+0.09 3.40+0.05 4925.0=1.6 36.06+1.25 12.10+0.34 187.0+0.8 9.40+0.18 100.90 +1.14
BE3 2.20£0.05 6.40+0.07 3529.0+2.0 26.03+0.82 12.30+0.15 182.0£0.9 6.29+0.25 61.65+0.66

7 6 AT 46t 3 C A LA 4 A 7 L
FhEg 34 A B WP 44 B, S RHE 3,60 ~ 6. 40

mg/kg Z (0], 5% 3 L H W

PO =N =]

G o E ST el
TESE 2 KRB Wi, ik 4 998.0 mg/kg;4 NREH
RERICR B TE 26.03 ~36.06 mg/kg Z [H], ZE LI

JEAN R £ 27 4 & 8 e i is AR W de v,
37.10 g/100 g; iR ME4E/E R E & H1E 121. 0 ~
381.0 pg/g ZIAL, R4 2 i Wy, aX e iE A
SR I BRIV 5 e M A AR SR T R B2 2
K E IR, O 21,62 me/kes IR S RAES 3 KH
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Jre, H7E5 1 ke & |, 8 0.398% , 1M 1E
B4 REWE R, A 0.023% . Ak i A
JEIWGRR (SFA) Ei 3 1 K BRI 2 K E I N
B2, M T B B BN, BN i RN R D R
(MUFA) & i7E 4 DR F eIt m e A TR,
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