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FEE. HERIGERERE (Spd ) X 1% RSB SUN A B 52, A iaUe LR R AR A ORE, TR AR Ak SR RS
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(LDA) B FE W54 (PCA)  WIHAN [FAL IR E WA L 2E 5 . G5 RER U] AN R AL 6 2 SR S0 v LA 1 37 Fhd 1k
FAWIR,AUHG 9 FhEEZE 10 FhEEZE 8 RS 1 FPEEZE 1 FIERIZE 2 FREAZE 1 FRERZE 1 FREASE 1 RhRAE 1 FhEEE
Ko 1 FhZe3r2s, Hirp 0.9 mmol/L Spd 8 A B ) 4 4 SR S v B R B AR A3 B 1 fe = Dl 28 085. 39 pg/kg, 3 CK
$E 15.63%., 0.3 mmol/L 0.9 mmol/L 1.2 mmol/ LA HEAbFIE) I 2548 &5 T A R S rh 2 BRRAL G & i,
0.6 mmol/L..0.9 mmol/L 1. 2 mmol/ LV AF M Ab ¥ i & AR T A4 L bl 28 RS & i, iAo pr gk ik
ZE I 53 AT 285 R B P T AN 245 SR BB AT DX S [ 5 IV A e Ak BB 7% R ) A R4 SR S I UBR . PCA AT LDA 928 1
FIRATFEE 2 FE AT TTRRR N3N 99. 98% 95, 67% , 3% W A% JER AR TR R0 0 Ak L[] 4 KUBR [X 43 BE 85, 4 LT
R TEJE WG ] LASR 5 T R A A SR S A S B i, O TR MV B4 0. 9 mmol/L,
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Effects of exogenous spermidine on aroma components of Riesling grape
berries
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Abstract: In order to explore the effect of spermidine (Spd) on the aroma components of grape berries, we used
Riesling grape as the experimental material, and sprayed different concentrations (0.3 mmol/L, 0.6 mmol/L, 0.9
mmol/L, 1.2 mmol/L) of spermidine at the flowering stage, fruit setting stage, fruit enlargement stage and color-changing
stage,, with spraying water as the control ( CK). The effects of spermidine treatment on the aroma components and contents
of grape berries were analyzed by headspace solid-phase microextraction ( HS-SPME) combined with gas chromatography-
mass spectrometry ( GC-MS). The PEN 3.5 electronic nose was used to non-destructively monitor the aroma components of
grape berries, and the monitoring results were subjected to linear discriminant analysis (LDA) and principal component a-

nalysis (PCA) to clarify the differences in the principal components of different treatments. The results showed that a total

VRS E 8. 2022-10-22 of 37 volatile aroma substances were detected under
HETE . A RHE R H (21CX6NA080) ; H A RHE k& different treatments, including nine aldehydes, 10
T ( 18ZD2NA006-4) alcohols, eight hydrocarbons, one ester, one ketone, two
BRGNS F(1997-), B HAST A, BEMT A, T8 S acids, one quinone, one phenol, one terpene, one ether
TR 5 A ATSY . (E-mail) 2890908083@ qq.com and one heterocycle. Among them, the highest content of

BIEE HTLI, (E-mail) yangjs@ gsau.edu.cn total volatile aroma components was 28 085.39 pg/kg un-
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der the treatment of 0.9 mmol/L Spd, which was 15.63% higher than that of CK. The 0.3 mmol/L, 0.9 mmol/L, and 1.2
mmol/L spermidine treatments significantly increased the contents of aldehydes, ketones and esters, and the 0.6 mmol/L,
0.9 mmol/L, and 1.2 mmol/L spermidine treatments significantly decreased the contents of terpenes and acids. The results
of principal component analysis and linear discriminant analysis showed that the electronic nose detection results could bet-
ter distinguish the flavor of Riesling grapes treated with different concentrations of spermidine. The contribution rates of the
first principal component and the second principal component of PCA and LDA were 99.98% and 95.67%, respectively,
which indicated that the sensor recognition effect and the flavor discrimination between treatments were better. In summary,

spraying spermidine after anthesis could increase the content of aroma components in Riesling grape berries, and the appro-

priate spraying concentration was 0.9 mmol/L.
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1. 0 ml/min , AN RS



4 B SRR o E

A R S SR R 1749

S BT 2 T B TR T RE R 70 eV
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Table 1 Sensitive substances of PEN3.5 electronic nose sensor
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Table 2 Components and contents of aroma substances in wine grape berries treated with different concentrations of spermidine ( Spd)

HEAIER ( pg/ke)

FRA 43 F
CK Tl T2 T3 T4

ET TR CpoHy 53.79+8.50 a 52.33+8.04 a 73.53+19.94 a 80.63+1.14 a 68.93+9.31a
+=4k Cp3Hyg 74.59+8.78h 70.48+11.15b 71.18+2.45h 103.52+5.50a 84.23+9.21ab
T C14Hy 186.87+31.06a 207.89+12.13a 189.86+16.34a 132.56+27.03a 124.16+10.63a
IET ke CysHy, 76.63+2.66a 77.99+12.40a 84.99+2.27a 34.97+5.55b 28.07+3.63b
E+7ke CieHa, 12.6620.04a 13.1122.42a / 9.80£0.07a /

BT HFA O b CioHy 1667.16692.03a 1 704.43+121.01a 1 294.12+50.66b / 498.45+10.64¢
Rk C,H0 1.96+0.71b 20.25+12.23a 11.28:1.79ab / /

iR CeH,,0, 49.93+4.55a / / / /

HR C,H,0, 15.04+0.76¢ 31.49+0.60b 50.88+0.92a 53.19+0.56a 30.64+1.31b
AR C,Hg0 83.22+2.26h 104.88+12.19ab  124.32+10.24a / /
(Z)-3,3-ZHEIRWCFL OB CpH ;30 37.51+4.05hc 68.55+15.89ab 87.43+20.05a / /
1ESFEE CgH 30 57.53£9.72¢ 257.03+41.81b 337.74+27.16a / 51.17£5.10¢
fih=pi CgH g0 3678.56+89.27a  427876x91.60a 4 384.47+118.77a 3 612.20£197.16a 3 555.84+541.3%
IETRE CoHy0 16.65+0.70a / / / /

S A CyH g0 14.81+0.34h 20.45+0.72a 8.19+0.08d / 11.10+0.04c
1-BEge-3- 1 C,H,,0 28.23+6.33b 30.92+7.18b 47.62+1.78ab 78.69+21.59% 39.75+4.55h
2- - 1-FE CeH,00 6 373.72+88.53b / 4765.87+72.37c 7 238.47+161.28a /

4-Z 31203 CioH50 28.560.66¢ / / 32.90£0.77b 39.11x0.61a
3-FSE-4 i CeH,,0 31.18+0.84a / 25.64+12.38a 20.04+0.47a /
ECE CeH,0 3299.45£179.25¢  2258.99+160.01d 3 797.69+106.39b 4 445.96+106.01a 3 829.21+141.79b
L CgHgO 112.25+4.22¢ 73.24+14.89d 169.02:1.07b 391.35+12.43a 41.6626.74¢
TR CoH ;50 79.77+19.32b 99.27+18.82ab  108.28+16.97ab 157.67£23.53a 120.27+11.88ab
2-CU T CeH )0 4 859.81+66.59¢ 8 500.63+14.05a 6 134.84x15.74b 8 304.76+27.71a 9 038.84+70.68a
B CppH,,0 4.75+0.08a 6.31£0.73a 6.511.21a 6.09+0.21a 5.26x1.44a
IEEEE CgH,60 18.4321.05a / 11.39+3.00b 11.4120.07b 10.6120.05h
JFi-3- O 47T CeH,00 262.90+32.37b 253.86+1.71h 266.03+5.89h 346.18+4.63a 285.30+7.94b
(Z)-14-FSE-8- 7S 1- 4R C;Hu0 35.48+0.40a 3.4120.06¢ 5.52+0.07b / /

2, -2, 4-BE IR C,H,0 20.40+0.65h 21.30+5.19h 412128.71a 34.12+6.02ab 21.52+1.91b
F 5 g C,H30, 187.96+22.06¢ 229.41+19.2b 244.83+6.94h 281.84+11.43a 247.36+12.77h
2- 2 HE-3-H - 1-Beds CgHyq 21.11£0.11a / / / /
D-FEM CiHyg 22.06+1.29ab 24.60+2.17a 22.77+2.60ab 17.52+1.65b 17.92+0.28b
B-TEN CioHyg 57.32+1.83a 53.35+21.35a / / /
RWAYS CisHy, 14.89+1.31b 14.46+3.22b 16.22+1.61b 28.29+4.65a 17.53+1.99b
2- 2 HEII CHgO 370.95+36.34ab  379.46+9.54a 361.87+2.75ab 309.308.17b 310.93+23.44b
2,6- ORUT B4 H R CsH,,0 2391.19+23.95a  2533.39+2827a 3 196.37+42.29a 2 604.72+37.57a 2 431.49+29.35a
2,6- AU T HATR Ci4Hy0, 12.55+2.41b 15.41+2.08ab 26.05+691a 25.24+0.38a 11.001.68b
K17 C;3Hy0 28.58+0.82a 28.67+0.74a / 27.31+2.01a 32.23+4.99a

CK ;W5 7i 775 7K R B 5 T ~ T4« VRS 2 Mo it 1 52435914 0. 3 mmol/L.0. 6 mmol/L 0.9 mmol/L 1.2 mmol/L, [F—47/A[f]/NG 8 3 7% kb B[] 25 5

13 (P<0.05) ;AR ARAIF
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B A A R S PRI s R 2R B A Y R
J5FETR . BE Spd Wit vk FE A3 0, HH R D AR R £ i
BT RE IR AL S, T3 AbHF A 4G R 5L
Hh R 5 s g 2 e, b KOS 35 757 49. 94%
CK #j2j Sac v LA i 3 CUfR | R 2 e ML 5 1
ANIFLHR BE Spd ARFRT A 20 AR S v SRS 3 FOR L
i CK A B,

A AOFRT A A S R A L Y R 2R i
A 2,6- BT B-4-HHR Wy B[R AL HR R Y 2, 6-
TORCT B4R SRR B AR

Table 3 Types and contents of aroma components in wine grape berries treated with different concentrations of spermidine ( Spd)

ik (1) i (peks)
5
CK Tl T2 T3 T4 CK Tl T2 T3 T4

(e 8 7 6 6 6 2 107.71+56.33a 2 140.69+60.21a 1 729.90+41.39b  389.78+21.29d  821.38+23.55¢

RS 10 6 8 5 5 10 349.97+83.74a 4 760.59+57.33¢ 9 781.27+64.28b 10 982.30+71.09a 3 696.97+34072d
[l S 9 8 9 8 8 8 693.24+40.25¢ 11 217.00£65.32b 10 540.48+44.87¢c 13 697.51+78.12a 13 352.67+82.35a
[I7ES 2 1 1 1 1 64.97+6.33a 31.49+4.35¢ 50.88+5.17b 53.19+4.12b 30.64+1.17¢
L& 1 1 1 1 1 187.96+22.06¢ 229.41+19.2b 244.83+6.94b 281.84+11.43a  247.36+12.77b
TR 1 1 0 1 1 28.58+0.82a 28.68+0.74a 0 27.31+2.01a 32.24+4.99a
fit s 1 1 1 0 0 1.96+0.71b 20.25+12.23a 11.28+1.79ab 0 0
PS7ES 1 1 1 1 1 370.95+12.11a 250.80+10.38¢ 125.21+11.26d 5.97+0.21e 310.94+12.45b
il7es 1 1 1 1 1 12.56+2.41b 15.41+2.08ab 26.05+6.91a 25.25+0.38a 11.01+1.68b
g 1 1 1 1 1 2 391.19+23.95a 2 533.40£28.27a 3 196.37+42.29a 2 604.72+37.57a 2 431.50+29.35a

[ FES 2 2 1 1 1 79.39+12.11a

77.96+10.35a 22.78+5.63b 17.52+4.26bc 17.92+2.13be

CK.T1~T4 WL 2 i, F—47 TARR/NG R R AP 25 5 .35 (P<0. 05)
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Fig.1 Cluster heat map of volatile aroma components in grape berries treated with different concentrations of spermidine ( Spd)

23.1 FAARMHAREFEL MRS YIRS S
H(PCA) [Bl 3 J&55~60 s 75l S #ia b /S
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AL FRA S LA, W] T1 AR B S T2 AL PR A9
ISP B T3 AbFE 55 T4 4 B %) 3 28 S SEAE S

Iy b A BN . B R, CK 5 T, T2
AL FHAY I B WA | LR U AR R R AR —
FEMZR, CK 5 T3 T4 A FREE 2 o AR —
0, UL AR SREAL, BR T3 A1 T4 A FRZ A1, H
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Moy B ASTA) e B Spd A B ) 8 4 SR 52, B Spd Ak
X 8 20 SR S 4 R B A A B S A R
23.2 FaEA AR HREFAEL RS 0 &KMEF] A
AT (LDA) A [R] b 375 w45 45 S 50 b 1 k1
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Fig.3 Principal component analysis (PCA) of volatile compo-
nents in grape berries treated with different concentra-

tions of spermidine (Spd)
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