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Fruit quality and wine aroma characteristics of ‘Chardonnay’ grapes in
different ecological zones of Helan Mountain’s east foothill
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Abstract: [Objective] The effects of diverse terroir factors in Ningxia Helan Mountain’ s east foothill
production area on grape (Vitis vinifera) berry amino acid accumulation and wine aroma formation are
investigated, with the goal of providing theoretical support for optimizing local grape planting terroir and

upgrading wine quality. [Method] The fruit amino acid composition and content were analyzed by high
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performance liquid chromatography (HPLC) in 4 plots (Yuquan, Yuma, Xige, Zhihui) of ‘Chardonnay’ grape
berries and wines made during the harvest period in Yongning, Qingtongxia, and Yinchuan, three sub-
appellations in Ningxia Helan Mountain’ s east foothill, with Headspace Solid-Phase Microextraction-Gas
Chromatography-Mass Spectrometry (HS-SPME-GC-MS) was used to analyze the volatile components in the
wines. [Result] The results showed that the total amino acid content of grape berries from plot Zhihui was the
highest at 6 876.62 mg* L', Yuquan was the lowest at 3 873.65 mg- L', and the difference between Yuma and
Xige was not significant, but there was a significant difference with the other 2 plots (P<<0.05). The contents of
alanine, arginine, phenylalanine, and tyrosine in the grape berries of the 4 plots, phenylalanine and tyrosine, and
glycine and proline. The aroma composition of the wines from the 4 plots mainly consisted of 4 types of
substances, accounting for a total of 95.1%, of which higher alcohols accounted for 49.3%, fatty acid ethyl
esters accounted for 22.2%, other esters accounted for 12.6%, and fatty acids accounted for 11.0%. By using
Orthogonal Partial Least Squares Discriminant Analysis (OPLS-DA), 4 plots could be better distinguished,
among which the differences between Yuma and Xige groups were small and could be categorized as one
group; the aroma substances that could significantly distinguish the plots were identified as eight by the VIP
score plot, among which isoamyl alcohol, ethyl tridecanoate, ethyl ethyl 9-decenoate, ethyl caprylate, isobutyl
alcohol were the main characteristic substances of Yuma and Xige wines; phenylethanol, diethyl phthalate,
dimethyl phthalate were the main characteristic substances of Yuquan wine. [Conclusion] The accumulation
of amino acids in ‘ Chardonnay’ grape berries and the aroma characteristics of wines from various sub-
appellations in Ningxia Helan Mountain’s east foothill were affected by the differences in terroir conditions,
among which, alanine was most affected by the ecological conditions and made a prominent contribution to the
higher alcohols of the wine’s aroma substances. [Ch, 5 fig. 5 tab. 33 ref.]
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Table I Meteorological data of the grapes in 4 plots

bk ZYa1 K /m K&K /mm H HERT%0/m AR C SR C

B 38.27°N, 106.04°E 1141 139.0 10213 15363 2257

i 38.03°N, 106.08°E 1166 722 1425.6 1783.7 24.62

[ 38.07°N, 105.88°E 1189 104.5 1569.8 17119 24.58

by 3 38.57°N, 106.03°E 1158 83.7 1351.2 1680.1 23.74
1.2 ##

‘B WA 4 MR AGER, R AMRE S, WATEER N 1.0 mx3.2m, kR “T
TR, FRESCRERY . FEREAEAEES, BE 3 EYFER, BAEE R 3 THMARN. TRIK
11 10:00 BT 5EBCRAE, BT BEALE 3 25 Rk 9 BH 7 SRR AR TRl BoRA 100 R SREsE, T &R
o [, RASEEMHLRAE 40 kg, FH T ERIE #4510
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13.1 HHRFARSBRMNE  WEFEAEFERE LR A o sh. FEPLIZEE 100 R 25 550,
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1) B8 i S, — M RN DO B PR MR 5 (pHL 8.2), Ui sl AH B AR FR 734K 45% W BE+45% L NE+10% K, Tl
1.5mL-min", &N 45°C,
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134 #HHBERAIATMNE  AAEEAIASEIR GRM . TR . FIEERR . FERIR) M A S IRIE
Fr GB/T 15038—2006 2515 . SR10938 207 7 s YT .

1.3.5 A&aMAmmE R TAS - A BC-SOH E0E BE B (HS-SPME-GC-MS) AR 20 Mk i Hh 11
FERYF, SRS )kt i .

1.4 EIESH

B EGe i Excel 2021 S8R, BRI 2R 5 25 537 LB SR80 AH S 43 B (8 SPSS 20.0 S8 AL, 4343
BT (PCA) FIIEAE i e/ N — ek 20531 4347 (OPLS-DA) FIH SIMCA 14.1 5¢ 8.
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Basic physicochemical indicators of ‘Chardonnay’ grape berry at harvest in different vineyards

22 ARESK ‘Bz HERIPFREBREKESW

MFE 2 Al 4/\iﬂzﬁ& BN A PRI 17 M EERR, BN 3 873.65~6 876.62 mg- L,
HiE R m, WERS 77.52%; 5. VaSET, 8 E R0 62.86%. 59.90%, &K
9.01%. 11.02%. PN 2RIk B e ey HARARIR FE ek A S H &M B vk B desy , BOVE RS . BRI £
SR 150.96%  23.50% . 47.88%; F ISRl TR B R AR, RS . WD B BT 13.09% .
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Figure 1
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‘Chardonnay’ berry in different plots

x2

Table 2 Content of 17 amino acids in

A [ MR SR o b e B/ (g L)

SR
B e [ by

W (Cys) 3.23+0.13 ¢ 5.34+0.17 a 4.94+0.20 ab 4.47£0.50 b
22 R (Ser) 382.16+2.14 b 490.37+1.16 a 428.26+36.84 b 393.93+27.94 b
HER(Gly) 22.18+0.86 d 32.80+1.44 a 13.07£1.39 b 26.56+1.74 ¢
HNER(Phe) 75.38+0.41 b 74.93£1.78 b 76.46+4.15 b 111.56+6.67 a
fig ZFR(Tyr) 38.04+3.18 b 88.84+13.20 a 82.90£9.92 a 72.81£9.61 a
REAIR(Asp) 204.0042.37 a 142.00+19.00 b 152.00+6.41 b 129.00+6.57 b
St AR (le) 42.3242.93 b 47.17£1.66 b 48.73£3.32b 60.35+5.34 a
R (Lys) 47.08+1.07 a 33.62+1.22b 33.79+1.26 b 35.15£0.22 b
JR R (Thr) 633.75+43.75 a 202.54+23.86 b 215.74+4.56 b 230.22+5.09 b
F R Z R (Met) 13.09+£0.94 b 15.62+3.82 a 13.20+1.40 b 15.19+1.60 a
R R(Arg) 383.05+31.63 b 1109.20+117.73 a 1056.90+121.30 a 1256.60+74.25 a
HHAR(Gl) 336.98+3.13 b 291.66+24.70 b 390.45+21.72 a 316.74+22.05 b
LA RR(His) 556.10+£6.12 ¢ 506.41£62.06 ¢ 1 003.00+42.08 a 673.08+46.95 b
[l Z 2 (Pro) 37.0440.44 d 44.51+0.28 b 41.89+0.58 ¢ 53.49+1.47 a
SRR (Val) 103.60+0.59 b 98.41+5.63 b 110.76+7.75 b 147.32+11.65 a
SLAM (Leu) 26.42+0.66 ¢ 29.34+1.24 be 30.48+1.29 b 43.54+£2.02 a
&2 (Ala) 969.23+84.64 ¢ 3095.70+80.30 a 2 491.60+346.67 b 3306.60+198.66 a
Mt 3 873.65+80.72 a 6 308.47+250.76 b 6 194.16+46.96 b 6 876.62+30.58 ¢

VLW AR PR ) — 28 SE RN ) b (8] 22 57 2% (P<<0.05).

23 AREEESER

RS 2 T RS B e, 0 10.63% 1 10.47%, B 3E T E R AGENME (P<0.05). MR E R
TOAY . EIRAHIE 12.72% . 13.06% . 46.78%.
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Table 3 Basic physicochemical indicators of ‘Chardonnay’ wine in different plots
M BRM(g L™ KGR/ % Al ERR (g L) PR W/ (g L)
5 1.78+0.18 a 8.57+0.33 ¢ 5.13+0.23 ¢ 0.47+0.008 a
e 2.30£0.34 a 10.63£0.51 a 6.68+0.24 b 0.26+0.042 b
PERY 2.06+0.16 a 10.47+0.52 a 6.66+0.05 b 0.30£0.032 b
AN 2.39+0.23 a 9.23+0.63 b 7.53+0.19 a 0.35+0.067 b

Yl [ B [ — R AR A ) e i) 2 S

24 ARESRK

NFE 4 W UL s 4 A A 4 T R TR A ) SR 2R A
SR 6 R, IRIIRCTRIE 1570, LR

B (P<0.05),
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Table 4 Aromatic substance content of ‘Chardonnay’ wines

[

A M AGR A  B T R (g L)

i e ER () [ L

gﬁﬁhols Eh%};@jﬁol 1365.12+127.51 a 773.43£112.62 b 770.49£13.66 b 158.55+0.78 ¢
%siﬁ%cohol 925.69+9.57 a 862.66+5.47 b ND 86.96+2.40 ¢
g:glffniiigl 7305.02+177.13 a 6 754.66+387.74 a ND 5 888.63+297.83 b

B ek gdloickiﬁ; 849.53+268.82 a 833.09+229.96 a ND 170.72+£11.39 b

higher alcohols i&@ 67 651.73+6 792.64 ¢ 85 388.09+720.55 ¢ 237 743.66+14376.85a 111 508.16+11219.45b

pentanol
:z:heanfiyl alcohol 73491.50+4 895.14a  35308.36+1 865.92 b 36362.91+104.14 b 7 550.53+466.96 ¢
ig;ﬁsl alcohol 18 158.39£127.50 a 14 866.24+943.42 a 32 650.00+19 898.02 a 11 118.89+8 538.24 a
éﬁ%ﬁii%im ND 849.69+71.38 a ND 713.61£204.60 a
jﬁ%%ﬁfﬂoate ND 19 395.37£13 892.03 a 7 641.74+62.88 a 3395.78+1 548.68 a
fh%%%ﬁganoate 8567.73+4.72 b 16 190.81£3 173.86 a 7978.28+655.29 b 3488.91+1221.37 ¢
Eh%géiﬁi ND ND ND 1 067.36+446.99
fjt?}f{ﬁﬁiimfate ND 2335.67+89.18 a 4039.50+6.70 a 4538.05+1 505.90 a
:t‘h%{l?zéﬁicanoate 4620.70+£219.27 a 2382.70+18.12 ¢ 2908.18+16.55b 201.30+£55.31d
ﬁﬁ@ﬁﬁ&ﬁ‘é 14 502.81+7.48 a 4690.58+103.77 b 1456.76+196.27 ¢ 693.28+152.69 d
IRIRLE o

Zts}tl;rlsgatlgr}; acid cthyl linole[alﬁt\ei ] ND 3450.27+4591 a 2617.03490.62 a 3798.95£507.89 a
ﬁf}{ﬂﬁﬁ%ﬂﬁa@;aw 984.3347.65 ND ND ND
jﬁfﬁi?{im 2914.294652.12 a 1318.03£221.13 b 788.72+146.54 be 159.64+14.57 ¢
:fh;i%idajfimte ND 53479.00+41 818.33 a 23 658.25+£3 328.17 a ND
ﬁhﬁ%éfﬁme ND 1240.47+9.52 a 446.97+£26.48 b ND
j\?eﬁi;%%:aggg 67 008.84+6 023.37a 39 122.74+7 104.50 b 7657.22+1278.17 ¢ 7694.83+1 317.32 ¢
ef)tilj}ﬁ%aifileate 10 665.67+341.12 a 12 333.96+7 629.48 a 12 638.43+494.63 a 1680.52+1 578.52 b
Ih;lﬁi%ﬁinoate 2235.45+26.71 a ND ND 3232.67+801.90 a

B 7, e égfiﬁgietate 6987.00+1 052.42 a 59024342 194.35a 8133.66+272.24 a 1296.31+668.19 b

ethyl acetate — BT 2R

diethylene glycol diacetate

ND

ND

ND

2321.69+1 265.71




6 /1M N 7/ Nl = 3= S 4 2026 - X F1 20 H
x4 ()
Table 4 Continued
. NI A A A S VR B /(g L)
-~ iR e [l i)
LB 3716.37+149.96 2262.06+741.85 b 2249.03+11544b  2129.83£515.96 b
isoamyl acetate : Jba . . . . . .
%5 B b e
iﬁiﬁﬁa Egmm ND 3482.614289320a  2081.19+1382.78a  259.43429.32a
AR — g — 1
Egniayql];%ﬁgtgﬁ 65241.87+6 034.52a 37 685.92+7253.61 b 7643.73+1 32054 ¢ 8043.62+1 523.11 ¢
AL
Hofsk ih%l%—%iﬁkﬁ?e 3390.47£1019.50b 30375.67£19329.30a 11 010.59£1651.63b 4 596.86+397.15b
P HI<
other esters 5 B i
fjﬁ%ﬁ&%& ND 2 645.98+78.69 a 1683.01£942.06 a ND
A — 2y — ik
Eﬁift;li%&g% 6 052.05+246.06 a 3947.72+1 53543 b 4 006.80+768.02 b 829.80+181.27 ¢
_¥A 7y =
;‘Cifﬁ%ﬂ%%@gﬁtym 2286.60+77.86 a ND ND 188.3827.08 b
PR RS THR
diisobutyl phthalate ND ND ND 210.62+99.52
MR, 2 - A
[ cis,trans-acacodyl alcohol 459.76=19.46 ND ND ND
terpenes KB B
K t%igﬁﬁgff ND ND ND 230.60+22.71
pz:hg%acetaldehyde 4244.49+£156.94 a ND ND 131.31427.12 b
?l%?jf}ﬁ%hylglyceraldehyde 3582.8143.85 2 ND ND 1264.46+102.78 b
f‘fr%ral ND ND ND 954.01+106.08
2-H3-4-H TR
—_— 3 methyl4-methylnonanone 878.38+57.39 a ND ND 316.90451.13 b
aldehydes and ketones I -3 -
g ;tl}lj}élk?ir?yim?(etone ND 1 155.60+157.79 a 736.63+£130.77 b ND
25 = Wl M I
g-i;%oiygigbﬂutanone 10 110.69+390.08 a ND ND 404.18+76.62 b
mi i il
%gﬁ%-f?ﬁﬁﬂe 2580.11+286.21 a ND ND 479.684+20.02 b
%Zgﬁﬁiﬁne 976.11£59.04 ND ND ND
il 8516.19+388.31
octanoic acid . 3la 6191.71£5 300.76 a 8471.96+£291.86 a 962.55+259.98 b
A7
iﬁi‘ic acid 4015.64242.98 a ND ND 610.23+44.42 b
AR 1932.984293.18 1 268.05+226.11 b 1569.32+228.88
lauric acid . A8a X R . .88 ab 374.85+236.25 ¢
}?c‘ffnoic acid 1325.65+111.82a 1 849.35+551.47 a 1298.22+793.79 a 200.86+32.67 b
e g:ﬁiﬁiﬁfm acid 883.80+30.15b ND ND 1039.90+8.48 a
H
fatty acids & 7.k
Y iéﬁ(%cetic acid ND 1266.33+18.35a 9287.16+7 969.69 a ND
P 3904.55+58.02 6 840.62+79.54 b 7 443.61£100.89 14
palmitic acid . ALY A . . .89a 94.13+239.14 d
;T;%ic acid 5436.64+178.02 a ND ND 194.94+8.53 b
(=17
Sﬂ?&cid 2318.63£58.14 a ND ND 854.48+15.98 b
r@}%ﬁ%cid 3806.424+40.10 a 1166.18+28.07 d 13384142341 ¢ 2210.63+35.86 b
= ki
ﬁi?oaﬁﬁiﬁ 4 1443.87496.54 a ND ND 151.74+15.87 b
_ \
Hofk g’g:gi-,tfelgb%%phenol 200.97+19.52 d 1193.42+62.82 a 1075.45+41.35b 320.65+5.20 ¢
Fa < )
others T
phenol 59672433 35 ND ND ND
24 AT B ND ND ND 85.334.03

2,4-di-t-butylphenol

P NDRARAMIL . AR TR R — B BN R bR 22 5 3% (P<0.05).
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1 Ah . A0 4 Fh, o 37 B S B i v 25 53 135 (P<<0.05), TWURR TR . FEAHIR LG . At
i, AEERR R 2,5- U T JEMAE 4 Ao A] 22 5 B3 (P<0.05), 4 B ZMRER . PR Wik 5%
THR . B TR A . R T VUM OBR v E fe i, BRVURS . S B
S 58.89%. 93.93%. 2195.43%; 2,5- KT LB TR Wk B m AN, BGEME . RS . Dok
37.32%. 81.31% F 83.16%.

RS (K 2A) BoR: 4 DHIBRIGLOS BTSN F, RSN, HA 3 DR ) b
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Table 5 Content and proportion of volatile substances in the wines of the 4 plots
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Figure 3  Score chart (A) and permutation plot (B) of Orthogonal Partial Least Squares Discriminant Analysis of aroma components in different plots
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