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Abstract: This study was conducted to explore the terroir-specific characteristics of the phenolic compounds and colors
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color parameters and phenolic fractions of ‘Marselan’ dry red wines from Helan (HL), Xixia (XX), Yongning (YN), and

Qingtongxia (QTX) were quantitatively characterized. No significant differences in color parameters were observed among

the wine samples from these sub-regions. Color was found to correlate more significantly with vintage. Total monomeric

anthocyanins were significantly higher in XX (69.83 mg/L) than in YN (19.37 mg/L); myricetin was significantly higher in

HL and QTX (6.98 mg/L) than in YN (2.37 mg/L); procyanidin B, (-)-epicatechin, and (-)-epigallocatechin were significantly
higher in XX than in YN; HL had significantly higher gentisic acid (2.44 mg/L) than XX (1.50 mg/L) and YN (1.31 mg/L); XX had
significantly higher 3-hydroxycinnamic acid (46.37 mg/L) than QTX (32.14 mg/L) and YN (26.44 mg/L); HL (41.63 mg/L)

also contained higher 3-hydroxycinnamic acid content than YN. Case-by-case discriminant analysis based on the phenolic

contents clearly distinguished wine samples from different sub-regions. Correlation analysis found significant negative

correlations between malvidins, petunidins, flavonols, and flavanols in the wines and L* and b* values. Significant positive

correlations with a* values were found. ‘Marselan’ dry red wines from the Eastern Foothills of the Helan Mountains in

Ningxia were not found to differ significantly in color, but displayed significant terroir specificity in phenolic composition.

Key words: Marselan; phenolic compounds; terroir; wine; color
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Table 2 Climate survey of four sub-regions at the eastern foothills of Helan Mountain in Ningxia in recent 30 years

FAR ##E/m B FHRE/mm FH AR YT 4~10 A BREK/A  RFLH /M
HL 1106.2 38°57', 106 °35' 170.967 1746.7 1 681.69 187.33
XX 11109 38°47', 106 °20’ 187.697 1716.4 1 569.81 180.7
YN 1113.7 38°28', 106 °25' 170.533 1 720.55 1604.38 184.27
QTX 1118.0 38°03', 106 °08’ 181.66 1711.87 1688 184.3

E:a BHALHIEH 1982~2011 5F. b AMKERBEAATNALKET (4~10 A) KT 10 CHRARRBEZ A=,

BEERE—AO0CRKES /-0 Cxla6HF.
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Table 3 Color Indicators of each sub-regions
FROL*(RE) a*(4afk) b*(FE) Cr(fefE)

XX 32.94+12.45 55.44+12.09 14.22+8.75

58.57+9.88
HL 42.92+13.61 49.71+7.40 16.02+4.65 52.34+7.74
YN 45.86+5.53 45.35+£5.65 19.32+3.46 49.35+6.04

QTX 34.37+£5.99 55.67+£5.98 16.95+4.03 58.43+4.54
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Fig.1 Mock-ups color cards of each sub-regions
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Table 4 Monomeric anthocyanin content of each sub-region (mg/L)

F AR HL XX YN QTX
ERE 3-0- HHES 1274031  1.63+1.56"  0.30£0.29°  0.90+0.65"
HEE 3-0-FHES 0.08+0.03*  0.14£0.17°  0.02+0.03"  0.02+0.02°
AR E 3-0- H BT 1.40£0.14°  1.93£1.69"  0.37+0.34"  1.09+0.84®
WA EE 3-0- HEET 1.09£0.13°  1.70£1.45*  0.42+0.37°  0.77+0.40®
—WHEE 3-0- FARE 31.70£2.86" 45.45:30.21°  14.91£3.18" 29.27+21.75%
R E 3-0- CRALE BEE 8.62£1.80°  14.72+11.34"  2.65+0.62°  9.70+8.66"
WHREE 3-0- TEALF FHHET 0.39+£0.09°  0.63£0.56"  0.11£0.09°  0.40+0.35%
TR EFE 3-0- TRALF AEF  0.34£0.10°  0.59+0.50°  0.13£0.13°  0.33+0.25"
ZWREE 3-0- TEMLE HHEF 1.21£0.19°  1.99£1.68°  0.40+0.12°  1.03+0.87°
PRARE 3-0- F2BALF HES 0.08£0.03°  0.19£020°  0.02£0.03°  0.08+0.07"
ZWHEE 3-0- F2 BT EEF 0255007 0.37£0.35°  0.05+0.06°  0.23£0.21%
ReFEE 46.44+4.73"  69.34+48.72° 19.37+4.29° 43.82+33.56™

E: AR FHEAFTAR TR £ FAF) 2 EHAKFE (Duncan’s test, P<<0.05). F4&F].
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®5 EFFRBFFEECHHLSE (mgl)

Table 5 Non-anthocyanin phenols content of wine samples of each sub-regions (mg/L)

AT XX HL YN QTX
Al Al 0.33£0.16" 0.29+0.05° 0.21£0.13" 0.28+0.12°
—EMEE 0.30+0.16" 0.29+0.10° 0.20+0.17° 0.26+0.15"
A AR 4.94+1.85°  5.58+2.97 2.3742.40° 6.98+2.46"
HMEER -3-0- F EHFEH 31.1+£18.07° 24.31x4.13"  13.12+£3.93"  21.28+9.43°
s S MR Z 3.81+2.61° 4.21£1.53° 3.17+£3.81° 4.14+1.86°
WREF -3-0- ] HABEBER  8.25+3.27° 8.46+2.85" 6.87+3.66" 9.85+1.18"
WEE -3-0- K HEH  0.61£0.55° 0.43£0.25° 0.18+0.25° 0.68+0.46"
WA ZE -3-0- R5HH 0.09+0.08° 0.10+0.07" 0.07+0.05" 0.07+0.08"
TH% 3-0- AHBEF  7.69+2.25° 6.96+2.82" 4.9240.92° 6.35+0.68"
(-)- ZILEE 55.44+13.02° 35.73+11.57"° 28.71£7.93°  40.89+23.23"
H-FILE£E 12.35+4.80"  15.04+4.50°  7.36x11.19°  12.49+5.49°
N RitHEEB 135.82+34.67* 100.96+29.68"° 61.71£63.75° 119.21£56.20"
(- LEE 60.78£16.00"  45.53+12.52"  35.91+9.48"  48.45+35.17°
Y- QIIS 0.78+0.13" 0.93+0.11° 1.17+0.16" 0.90+0.30°
() AREILKE 7.61+430°  5.84+1.75" 1.25£1.94"  4.98+4.92%
ERTER 34.96£14.22°  38.66£6.52°  20.74+£20.48"  32.05+10.53°
R e R 1.5£0.60° 2.44+0.33" 1.310.93 1.82+0.69"
FART B
ISEES S 0.19+0.20° 0.18+0.15° 0.13+0.06" 0.29+0.28"
HEB 0.40+0.05" 0.40+0.02° 0.41£0.01° 0.40+0.02°
3- IR 46.37+13.75a  41.63£9.56ab  26.44+4.27c  32.14+11.21bc
AIANHERE
wipedk B 20.86£12.77a  17.16+4.33a  9.13%6.31a  17.61+9.59a

WS R, (E& 77 X IR 2 HE 78 1
My K )s 21 F, RS SRR O F, EHEEE 6
B, RERHR 4M, RERNER?2 M. £85
b XX & B A A 406.63 mg/L, &WFEET YN
ff) 233.36 mg/L, X5 R AT RN 8. &
BEEARE S, QTX BN & & d5 =i N 6.98 mg/L i
FZET YN[ 2.37 mg/L, HAh 8 Fi itk i {7 75 A [H]
TreXZmMAFEREER. FAESERBESE
REE MR, RN XX & E&EA
135.82 mg/L, &3 & T YN 1 61.71 mg/L, (-)- %
JLEEM (- BREIILFRBRIBHEFEES, -
RILERER, (- ILFER, FEILRRES Fr=X 2%
BRERER. ERERBFREY T, HL FRHE
TEEBEN 244 mg/L, BEET XX 1 1.50 mg/L
YN ] 1.31 mg/L, FHAth =F) 5 75 A 5] F-7= X AN
LR EER, 3- RERERIEAFR T X 2 [0 2%
RER, XX SEREN 4637 mgL, BEET QTX

AIYN, HL [¥] 41.63 mg/L 3T YN.
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Fig.2 Discriminant functions scores of wine samples by sub-regions
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Sup-table 1 Basic physicochemical indicators of wine samples by each sub-region

= HE KX KT E ARk
MAX MIN AVG MAX MIN  AVG MAX MIN AVG MAX MIN  AVG

AR

SEHE/(%vol) 1547 13.81 14.44+090 1618 1336 14.55£1.11 16.18 13.88 15.01£1.15 1534 14.28 14.94+0.40
BB /g/L) 727 520 6.12+1.05"® 640 520 5.57+0.59° 580 540 5.60+0.20° 630 5.30 5.70+0.40*"
EL B (L) 1.10 0.81 0.97+0.15* 0.86 0.64 0.76£0.07° 0.86 0.55 0.73£0.16° 098 0.68 0.82+0.09""
HAE(L) 393 1.00 2.18+1.55 133 0.10 0.79+0.51 400 0.87 1.92+1.80  1.60 0.10 3.74+0.86

pH 1& 419 3.67 3.91+0.26" 4.07 390 3.92+0.12% 397 3.70 3.86+0.14* 424 3.75 3.91+0.17"

Mizk 2 BFF-R2018FEEKBFKIERELE (Mg/L)

Sup-table 2 Monomeric anthocyanin content of each sub-region in 2018 (mg/L)

EEE = & ER KT F AR
ERE 3-0- N EHEY 1.66+0.02°  2.88+2.35"  0.40£0.31°  0.93+0.49"
HEE 3-0- M EEY 0.12+0.01®  0.27£0.24"  0.03+0.03°  0.03+0.01°
YEARE 3-0-nEEE 1.55£0.07°  3.17+2.37°  0.53£0.30°  1.08+0.48"
PREEE 3-0- HEES 1.10£0.02"  2.72+1.98"  0.56£0.38"  0.88+0.06"
—WHEE 3-0- FEEY 29.06+£0.77° 58.65+32.95" 16.60+2.29° 25.84+7.45
HERE 3-0- LRALFH BT 0.32£0.01°  0.56£0.41*  0.07+0.07°  0.27+0.17%
VAR E 3-0- LEALE AR 0.45£0.01°  0.96£0.67°  0.15+0.08"  0.45+0.23"

PR EE -3-0- LEALF HES 0.29+0.01°  0.84+0.55°  0.194£0.13°  0.40+0.03™
ZWREE 3-0- LELE HET 6.79£0.02°  15.80+8.21°  2.9940.42°  8.9143.24®
—WREE 3.0-FameHEHEE 0.85+0.05°  1.87+035°  0.35+0.06°  0.93+0.12%

ZWREE 3-0- F 2 mFE HAES 0.98+0.02°  1.95£0.97°  0.46+0.10°  0.91+0.13"
E: AR FEHEATARETFF XA £ 755 2 FHAKF (Duncan’s test, P <<0.05), F£&F.

Mizk 3 BFF-R2018FEEMKIERBEMESE (mgll)

Sup-table 3 Non-anthocyanin phenols content of wine samples of each sub-regions in 2018 (mg/L)

FAF = & E X KFE FiRik
ZRoL AR 0.24+0.03" 0.360.02° 0.26+0.14° 0.29+0.04°
ZEMEE 0.18£0.01°  0.40+0.02a  0.24+0.20°  0.25+0.03"

Ay A B 2.37£0.16° 6.06£0.69"  3.22+2.59™ 7.94+2.78"

WAEERA -3-0- FEMEF 19.94+1.38° 22.01£1.57°  13.63+4.96"  18.45£0.91°

S LS it & 2.44+0.23" 3.10+2.54° 4.76+3.77° 4.48+0.34°
W FE -3-0- H] HAEBE 5.28+0.28" 6.414£2.23" 8.61+3.19" 8.45+0.2°

WHEF -3-0- EHEF  0.26£0.06° 0.36+0.18" 0.27+0.27° 1.15+0.57°

W ZE -3-0- REHEHF 0.03£0.01° 0.09:+0.05° 0.10:£0.03° 0.01+0.01°

g

TAZ 3-0- F A4 3.79+0.49° 6.62+1.08" 5.05+1.12" 5.99+0.41"
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47 =" HE R KT E F 4Rk
(-)- ZFILEE 29.13+1.77°  48.13+2.80°  30.76£9.37°  36.16+7.51"
(H)- ALK E 12.05£1.28"  12.98+0.47°  11.04+12.43"  12.41+2.09°
BitEEB 78.95+15.10° 126.85+10.84° 88.37+12.7° 103.43+20.58"
SR AES
(+)- LE% 39.84+4.24°  52.70+3.45"  39.43+9.86°  36.74+6.64°
JB LB 1.084+0.01° 0.88+0.04° 1.15+0.20° 1.044+0.31°
(-)- ALK ZE 3.65+0.42° 8.68+3.66" 1.88+2.17° 4.50+3.08"
AT 33.01£1.65°  31.43+19.45° 28.32+21.65°  22.31+4.72°
BAET RRe B 2.06:+0.06 1.75+0.89 1.69+0.92 1.70+0.21
S stHEA KT 0.01+0.01¢ 0.38+0.22"  0.1440.07™ 0.49+0.18"
FHE R 0.38+0.01° 0.46+0.05° 0.41+0.02° 0.42+0.01%
2z N ab a b b
Bk A 3-ARAER 38.07+0.03 49.11+13.58"  29.15+1.02 34.33+2.56
ESS ohuodE BL 13.83+0.24"  17.96+2.87" 11.1£7.13° 15.1242.02°
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