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AEEREN S EEAESHR
STUDY ON WINE’S ANTIOXIDANT CAPACITY AND BOUND VOLATILES

2011

I 36 24 YRS P S A P R AR R R AT T (R B A D) R S A T 45 A S/ S, A R
TH 5 T 0P8 B o DO R )i, AR ST Sl 6o i 2 S 0 P RS 1 e ) L e A A P A 1 ) 5 e
Wi 856 8T UG LU I A A BRI IR PR 64T T 5

TG SR A A WO OO - BB FEREAL . /AR BRSO MU A S KL FE e R R —
(IR SAMEI VR, 2R U 2 T R Pl TERR B BRI &R 2 MR it RN
AWEFCUERA, ] L R e R A = e AR b B O U s SR ARG, W e 1 e 55 1 R R
] P A A0S B AR T 0 1) R 26 LA R A T R AT B S o AR A T 5 (R N\ A7 e O [ it 5 e 3
AR e 1 H 5 | R AT JE ] P AR A AR R a8 A T [ 1+ (Vitis Muscadinia rotundifolia) 072578, R IEFf
(Vitis Vihifera )L, {17 %5 T 0 i IE il B4 A D 8 ) o g PR RORY: it 0 2 VG g DL o PV v A A TR PR AR AR L
BR G, R R NAR R IAN 2,2 52- AN AR — SRR & CAAPHD 1E2h B H LS R, hnideAn i i
b, REF 37T°CIIRNVIREE (g AR —30, RIS R SR RYERFE I SR G IR,
SR 0 hy 24 hy 48 hy 72 h i, A S RGRAT 0 HPLC W03 JH [ B 42000 1) 6 2 28 0t 7= 1) 7 - 2 JH ] e
(7-ketocholesterol) 7 dit o X WROV R LI 10 5 A0 A N AT ST, 45 R RO R /R (Merlot)
L 7REER (Cabernet Sauvignon) ZL41%5 10 2 A4 ZRALHIFMH] e B H L5 1 & R IR B 4 A IR /g s BRI o
I Fd (Chenin Blanc) 54k (Sauvignon Blanc) 1% 25 W4 — 3t B AT AL FIH] 1 B 265 | J 1 i k]
R4 ARIRI TR 75 AR BRIV ol 1 2 Y 00 s JUEL ] e A A R 0 3 DR DR o 0 2 V9, 270 280 Y i R o et
A I RE 72 2 T A I [ B A A RE T 50 A% IR R IR /K 1 5 AR R BRI AW LR R S = o
5l ok 140.6mg/L, 132.5mg/L; [FAAE A BE ¥ 5437 4 0.7 mg/L, 1.0mg/L; 1 BRIV A 1115 B -5 240 AU 11367 %6 14
LA RS RS 10.6mg/L, 11.0mg/L; HEE BRI S =N 0.3mg/L. A AT 7O T LR ER
01 FIEL ] R P A A T B i T B o ) [ W 0 A R S O 4T A W AT R, R AR W R
(Muscadine) 15 B FUARE /R T 210 44 W09 0) B ER 25 | 1R L ] e 48 A S B AR st (R Al 4 ) JLrbbig /R o
CLA 2 WS b B L | R R L B A A TR e D i T R 2R I . A I R U U LR R S A
A, EART LI, PRt & AA R R SR, B SR LR AW AT R SR
150.1mg/L Al 150.3mg/L; JLAZESES N 15.6mg/L 15 140.6mg/L. HELEALT RIS, IIAESAHE
PR NAR TG AS 5 A I, TR S 28 S B N B NAK I R G5 b, 1 6 26 05 v 3 2 5 i SR
I, e DAHENRT Y, 78 20 A A0 1 pR 3 R R E AT AR Ak ) L2 25 b (B A R R v R T R
PER o MCHRSEEG MG 45 38, Sl e AL AP LR RS8N 150 mg/L Zidy, IBafd RN R
60-70mL £ 4 114 5 fe A 28 A4 rh I 2 P2 I 2 1 L] e 1) 44K

AW AR SR A TR A (Vitis. vinifera) SRS, 5408 AR R R T 45 S A E R
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AT B SRR, LSRR & 1P RS . (R Y A e ek R v, 28 SR s i —3 43
SENF AW I A RS A S IR, DLRERERE IR R E R R, SRk —8 5, KR
VIMA AW AR, Bl BRRe; [N, 5—REg68FEWERER TKW, RAEMGWHEMEH,
RIS R A, B ARG MR W A R R ok, K S TDN. BP0 4 58/ A N
B W46 4 520 A 4 W VR S OUHER A SR B RGO i TR A W T A A SR A R R E L
AWFFCR A Lichrolut EN i3 My A% [ AHALIOR:,  FFH [IAHAEL (SPE) $HU A3 U A  h 45 & & & A
WA, SRIGTE 100°CHRLE FIRKAE Th S22 &8 E WA A, FRIH GC-MS FIFRERE & %
SEME TN GETANED . ARSI, A4 (Riesling) FIHIZ 1 5 AR E ERLL 45 37
L5 36 P GAFEANEDEEEE, HIRAA W& UL S YA R D RIE AT R T, KI5y R MR
HFAMNED . IR EEY) . W E UYL GRS TA W o RIS AT 68 52 0 i 244 9
SAEBEHERNE Y EAREREDECR IR 74T T, RS2 834 MODDE 6.0, I F i i 1 5 4>
PR S50 B v T iR SR AT Tt . BER S R R A W S B Ol R WAL . pH (H LS T
RN R P 4GS F A B FER R A —E . Sk Bk, 78 A4 amaEndt,
MR IE N 3.75 mg /ml 2| 123.75 mg /ml B, LBEAR 5200 2L [ AH AL 0 45 G 38 B A S P R B R 2
IEE, S iz, 5B RWANE RN ARS8 3.75 mg /ml £ 63.75 mg /ml I, &
AT AR A2 o T L (1 5 e AT 6 G o A AR S S S B S S IR e E 2R #, SR pH HS S
WA HAER, =02 pHAH. {EARRIRHAW T, MO 3.75 mg /ml £ 123.75 mg /ml I, &
W M L A A I G A A/ S A WICR e F R E, B RO SR TR HAEM, =2 pH
SRR HAEH: MRS R %N 3.75 mg /ml £ 63.75 mg /ml i, Z AT AR I f5 75 B ()5 W 4 45 05 b
AR 45 ST S EDRCR R L B E, 5 R SRS IER, =2 pH (H. Uftika
A PR T SRR B RN 23.75 mg/ ml o, SLARA I 45 S A E A D A AU [RICRANZ FIR
TIRm; W AR, FERE T RS A AR A E AR (SPE) GRS T
PR A A PR e A A A T 45 S S E ARSI T

K527 HPLC GC-MS

Abstract

At present, wine antioxidant function and bound aroma attracted many studies. In this research, we focused
on the capability of red and white wine to prevent cholesterol oxidation induced by free radical, the bound aroma
of wine and the wine parameters which affect the wine bound volatiles SPE extraction recovery.

Moderate consumption of wine can reduce the incident of Cardiovascular diseases, platelet aggregation,
stroke and some cancers, cause wine contain resveratrol and different kinds of phenols, and their antioxidant and
capability. So it is very necessary to prevent cholesterol oxidation inducing by free radicals, which will decrease
the incidence of above disease and mortality. In this study, capabilities of Muscadine (MCD), Merlot (MLT),
Cabernet Sauvignon red wine, Chenin Blanc and Sauvignon white wine in inhibiting cholesterol oxidation were
evaluated using cholesterol emulsion (CE) system, a free radical generator, 2,2’-Azobis(2-methylpropionamidine)
dihydrochloride (AAPH), was used to accelerate cholesterol oxidation at 37°C, the production of
7-ketocholesterol was detected after Oh, 24h, 48h and 72 h oxidation. In the research about white wine and red
wine, the results show that Merlot and Cabernet Sauvignon red wines have the similar capability in reducing
cholesterol oxidation reducing by free radical; and the Chenin Blanc and Sauvignon Blanc white wines have the
similar capability of anti-cholesterol-oxidation, too; however, the red wines’ activity are almost equal to 50 times
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of white wines’ activity. The level of catechin in Merlot and Cabernet red wines are 140.6mg/L and 132.5mg/L,
respectively; the resveratrol are 0.7 mg/L, 1.0mg/L, respectively; at the same time, the level of catechin in
Chenin Blanc and Sauvignon Blanc are 10.6mg/L, 11.0mg/L, respectively; and the resveratrol level of the two
white sample wines are 0.3 mg/L. also, the results demonstrated that the antioxidant capability of catechin are
much stronger than the resveratrol’s capability. In the research about Muscadine and Merlot red wine, the results
demonstrated that the both of sample red wines can strongly prevent cholesterol oxidation inducing by free
radicals, meanwhile, the activity anti-cholesterol-oxidation of Merlot red wines is stronger than Muscadine red
wines’; The mainly antioxidant compounds are catechin and anthocyanins, meanwhile, resveratrol was not
determined, the content of anthocycanin in Muscadine and Merlot red wine are 150.1mg/L and 150.3 mg/L,
respectively; and the content of catechin are 15.6 mg/L and 140.6mg/L, respectively. Compared with anthocyanins,
catechin and resveratrol are more readily absorbed in the bloodstream without degradation after ingestion, it can
be known that catechin rather than resveratrol may significantly contribute to the antioxidant capability of red
wine in retarding cholesterol oxidation. Based on the results of that study, catechin level of normal table red wine
is about 150 mg/L, consuming 60-70mL of the red wine would be helpful in inhibiting the oxidation of LDL
cholesterol of a healthy person for 24 hours.

The aromas of a finished wine are absent in many wine-grape cultivars (Vitis. L. vinifera), but are instead
generated during fermentation and storage from non-volatile precursors such as the glycoconjugates.
Glycoconjugates (glycosides) posses an aglycone covalently bound to one or four sugar moieties via an ether
linkage. During wine production, glycosides may be hydrolyzed enzymatically by yeasts and exogenous
glycosidases or non-enzymatically by acid-catalyzed hydrolysis. Following hydrolysis, the liberated aglycone
can have immediate odor impact (e.g. linalool) or else may rearrange under acid conditions to form odor-active
compounds (e.g. f-damascenone, 1,1,6-trimethyldihydronapHthalene). Because the bound volatiles always effect
on the wine’s desirable aroma, it is very important to determine the bound volatiles. In this research, the bound
volatiles of wine was extracted by solid-phase extraction (SPE), with LiChrolut EN polymeric packing resin,
then those bound compound were hydrolyzed in water bath at 100°C. In Riesling white wine and Cabernet
Sauvignon red wine, there are 37 and 36 different bound volatiles were identified. Those aroma compounds are
grouped according to the biological origin of the precursors which presumably generated the volatiles, using this
criterion, four large groups can be differentiated: lipid derivatives, norisoprenoid, terpenes and shikimic acid
derivates. In generally, the different wine parameters: ethanol level, glucose, pH and tannin have the different
response to those aroma compounds of SPE extraction recovery. In white wine ‘Riesling’, when then ethanol level
is between 3.75 mg/ml and 123.75mg/ml, ethanol is the most important parameter which affects SPE of bound
volatiles recovery , the following is glucose and GlucosexGlucose; when the ethanol level decreased, between
3.75mg/ml and 63.75mg/ml, the ethanol is still the most important factor, the following is pHxEth and pH; In
Cabernet Sauvignon red wine, when the ethanol level is between 3.75mg/ml and 123.75mg/ml, ethanol also is the
most important parameter which affects SPE of bound volatiles recovery, the following is ethanol X tannin and pH
xtannin; when the ethanol decreased, between 3.75mg/ml and 63.75mg/ml, the ethanol is still the most important
parameters, the following is EthxEth and pH. When the ethanol level is under 23.75mg/ml, there are no bound
volatiles compounds will be affected by wine parameters. According to our study, we figured out the wine
parameters affect the bound aroma’s SPE recovery; Meanwhile, a quickly, precise method was developed to
determine those wine bound volatiles.

Key words Wine Cholesterol oxidation Bound Volatiles HPLC GC-MS
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EFFECTS OF PRECURSOR AND ELICITORS ON THE PHENOLIC
COMPOUNDS BIOSYNTHESIS IN SUSPENSION CULTURES OF GRAPE
(VITIS ROMANETII ROMAN)

2011

I P R A0 A A 2 40 B I e A 7 v B B VR ZE A = R R R, I SSAE R AR K HERE , 1% ARAS
ERT LRI B, e NS 2 R AR A i R, i FLAS o PR, AN 52 b B B A5E R A0 2% AR 55 1) S ) o
AWIFFE 1 S0 ARG FE 3 SR A KR T TR I b, SR A 2R AR A= AR A AR, T T ik
I B A SRR AN R TR RS TR A A AR R AN R . DAET R AN R OB AR, A
WAYIEE S 7, LU Actin NS IEIN, I SEIE B PCR(RTq-PCR) 7 VEAG I A 2 R i = B (PAL) . /K
i 5 BR B (CHS) R 2K £ BB (S TS) S R X ik A8 ks M g 2E K i, /0BT PAL WG PEAR 4L, i
SN SRR SR B ) S R, WEET AR 5 R SR A A L 2 By ARk
(RSN, A 28 IR A AR S IR T Ak 2B = SR BRI A i« $RAT P o0 4 R F -

L P ESFEEE MR ER G EAHEIRENEZARAR

DL H [ Y £E 1 B4 %8 (V. quinquangularis Rehd). #k7i% (V. romanetii Roman). $17%%4(V. davidii Roman)
IR TP 761 24 W B 7R BS 2R (V. vinifera L. cv. Cabernet Sauvignon)f- A Ak 2575 [ I 30 g/L BERE. 6 g/L EBifli- 2.0
mg/L 6-BA F10.05 mg/L NAA, pH=6.0 [¥] BS #5375 Bl S E @ A2V EKER A, HEERA; AE
A B MBI S AERIFE R SR TR AT N, AR 2205 2 AL A A RE T B i
X R e R AH 2R e /N I DR B AR B3 > R A A R A AR > A ) A K T ) o A
G > BRI, SAE4LA MBI 35 mL BS B57E3E N 0.2 mg/L KT+0.1 mg/L NAA.

DA e oy 7 e K T 2 AP Al R R AR (P BT F A M R s A L S AR AR AR KRB bR e p i 2
RVE RS IR I () O s AR AREE IR I B H S IR AR LU T 4:1~8:1 2 1), n] LI AR e MR Al i &R

2RI 3. 4 F0 5 d REIZHRERKGRHIIER, FSFHRZMEMEREIHIER

TR AN A A IR i B A R PRI B K 40 /L I RERE RS RN M AR KR e K. LR A& RN
M1, 2 d g AE K, fRHE 3. 4 s d AN AR 4 B PRI A A e A KIS AT HEIE R, HLAR R4
HUE N, FHIVE R . BRI 27 2 D = U IR IR, % DRI 30T R 35 57 40 i AR 58 ) K /MK IR
R RERRRE S L-ANER>MI>ERE BT 7. P RE4IE L 40 gL BERE. 0.2 mmol/L  L-2K N 2R
10 pmol/L MJ 1 1.5 mL H #5551
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3EIMAYMIFNIES FREEIRS PAL. CHS #1 STS EERYFTIAZF0 PAL BYFE M

TN L-RKNZIR S, Wil PAL. CHS A1 STS JE DA [P IA s G N, 5 =AM R IE =38 T %
P52 A PAL. CHS I STS =ANEEIRI A A BORHRIBAER], MI. UV-B Fl UV-C 7e4bBi 5, kK
WIS AR ) R IE MR, BB F7 WIFE S g sk o

L-ZR N Z AR AL 40 PAL S5 PEAE 12 h BIA RIS K, M5 N, 4 Fiif S 1 A0 B 40 M i) PAL 751 2 XL S
A S — A HILE 12 h B, 55 AN EENIZE 3 d S A ) B . AT AR S FECA b H LS
PAL 3 TELE 12 h WIRGE ETF, ARJGHEE RS, 12 h I - SRAT PAL WSSk, #0553 d I M)
X PAL Wi PERZ KT L- RN 2R

JRIAMFZSFEERSMREAE. REEGENAEAENSERTE

Y AR R A P R B R R B T N T . 40 o/L REREREIRAN ML B . RAE LR
R P = e d e, LR s AL A A 2 1)) 22 57 B 25 (p < 0.05)s JRAE (B AN (1 22 P i i 5 oA
Qb B 2 ) 1) 22 5 A 35 (p < 0.01). 30 /L BERHVS IN7K fift % 5% 111 (Casein hydrolysate, CH) P4 Jl B Ky S
JE A 0 R (1R A ) & A K AR LL S CH (W, (EAE KA, 5ok & I I AR,

LR Z MR AL EE 3. 4 F1 S d WAty e =M AR RER =3, A 1. 2 d B4 Rm -
HT B 4 Fhb T A0y SRR R R A S AR, AN [R) AL B g v e R R 2
LB E K (p < 0.01), MIAEE) FIE P RAT 4 PSS T B TPERAR, IR TR R

o

ol

HIAARMIANS S 7B R AL, 30 g/L BERE. 1.2 mmol/L L-ZE 2% . 50 pmol/L MJ AT 1.5 mL B %S
A 0 P T R 1 A I R e v, A AR EE TR 2 A SR (p < 0.01). 50 g/L EERE . 1.2 mmol/L
L-KNZ IR 30 umol/L MJ 1 0.5 mL EL1# 175 T AR BE M A (0 38 & o dpe i, 5 SLA A3 2 TR) 1) 22 Sl J 3%
(p <0.01), FEHE. MJ FIELRTE T 000 B e 2 M 2 BRI = SRR i K. 45 2 40 g/L I
BiE. 0.2 mmol/L L-ZKAZ R 30 pumol/L MJ Al 1.5 mL B S 41L& 1 Ry A E AL (0 27 i f s 40 g/L
BEFE. 0.7 mmol/L L-ANZ R 30 pmol/L MJ Fl 1.5 mL LI 15 5 74L& (I I e = B i i o

AL RNHT 2 AT, DA R 2 TR B IR A M A S, W S I ai AR s AR BE, 159 2040
PAL. CHS Fl1 STS = ANJERI 1A AR FN PAL W& PR AR s 1200k S0 25 40 v T 26 YRR D) e i 23 SR AR (1 22 A
IR o BRI TR AR SRR AR B A I ol A 2B 7= b BAT IR IR N i 53¢

KA

Abstract

Great advances have been achieved in producing desirable plant secondary metabolites by the technology of
plant cell bioreactors in recent years. It both protects endangered species and solves human healthcare and welfare
issues, while neither impropriates cultivated land nor depends on geographical location, climatic conditions,
seasonal variations and growth conditions. In this study, callus were induced from the stems and leaves of grape
through adjusting the medium and the hormone concentrations, and a stable cell suspension culture system was
developed by selecting callus with high phenolic content, optimizing the conditions of cell suspension culture.
Precursor and elicitors were added into the model system that established cell suspension culture system. The
relative expression changes of phenylalanine ammonia lyase (PAL), chalcone synthase (CHS) and stilbene

synthase (STS) genes in cells were monitored by a real-time quantitative PCR. The PAL activity, cell biomass and
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the contents of total phenols, proanthocyanidins and resveratrol were also investigated during cell suspension
culture. The study aims at examining the effects of precursors and elicitors on phenolic compounds biosynthesis in
cell suspension cultures of grape (Vitis romanetii Roman), so as to provide theoretical foundation for the
industrialized mass production of grape second metabolites in future. The main results are as follows:

1. A stable cell suspension culture system was developed by selecting callus with high phenolic content
and optimizing the conditions of cell suspension culture

Callus were induced using semi-lignification stems as explants of four grape varieties (Cabernet Sauvignon,
hairy grape, romanet grape and brier grape), and the best culture medium was B5 with sucrose 30 g/L, agar 6 g/L,
6-BA 2.0 mg/L and NAA 0.05 mg/L, with the highest frequency above 85%. The induced callus of Cabernet
Sauvignon was easily than other varieties and the better was with semi-ligification stems as explants than leaves.
Factors influencing the growth of romanet grape callus were: medium > hormone concentrations > hormone
combination > medium volume, and the optimum combination medium for its growth was 35 ml B5 medium per
bottle with 0.2 mg/L KT and 0.1 mg/L NAA.

The Romanet Grapes Callus was chosen as the stable cell suspension culture system after comprehensively
comparing the contents of total phenolics, proanthocyanidins and resveratrol in the four varieties. The key to
succeeding suspension culture were callus passages, cell age and original inoculation sizes. The establishment of
primary suspension cultural cell line of grape, required that the transferring—culturing callus should subculture at
least 5 times, cell age 11 to 15-day and original inoculation amount 150 g/L and the volume ratio of the new and
the old medium for subculture arranged from 4:1 to 8:1.

2. The precursors promoted the growth of the suspension cultural cells that growth 3, 4, 5 days, while
the elicitors inhibited the growth of suspension cultural cells

The growth lag phases of suspension culture cells extended with the increasing concentrations of sucrose.
The largest cell biomass was achieved when grown in BS medium with 40 g/L sucrose. The cell growth was
inhibited by L-phenylalanine when the cell at 1, 2-day-cell age, but promoted when the cell at 3-, 4- and
5-day-cell age. The grape cell growth was inhibited by four elicitors, and the greater inhibition existed in the cell
with smaller age. Different factors affecting the cell biomass of grape suspension culture were: sucrose>
L-phenylalanine> MJ> fungal elicitor, when synergistic effects of precursors and elicitors were considered. The
best combination of precursors and elicitors was: 40 g/L sucrose, 0.2 mmol/L L-phenylalanine, 10 pumol/L MJ and
1.5 ml fungal elicitor.

3. The precursors and elicitors significantly promoted the PAL activity and the gene expression of PAL,
CHS and STS

The addition of L-phenylalanine enhanced the expression of PAL, CHS and STS genes in the 12 hours, then
PAL and STS began to decrease, while the expression of CHS gene increased continuously until reached the peak
at the 7th day. Three genes’ expression was decreased with the cell entering a decline phase after 7 days. The
elicitors showed marked effects on the expression of the three genes: MJ, UV-B and UV-C had significant
influence in the early stage, but the fungal elicitor was markedly in the late stage.

The PAL activity reached the peak at 12" hour after added L-phenylalanine, and then decreased. The PAL
activity with the treatment time showed a double sigmoid curve after induced with the four elicitors: the first peak
was at the 12" hour and the second peak occurred at different times after 3 days. When the synergistic effects
between precursors and elicitors were studied, the PAL activity increased rapidly within 12 hours and then

decreased, which was influenced most at 12 hour by L-phenylalanine. The effect of MJ on PAL activity was more
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than L-phenylalanine’s at the 3™ day.

4. The precursor and elicitors significantly increased the production of total polyphenol,
proanthocyanidins and resveratrol in the suspension cultural cells

The contents of total polyphenol, proanthocyanidins and resveratrol in the cells increased with the increase of
sucrose concentration. Total polyphenol, proanthocyanidins and resveratrol all had highest yields when sucrose
content in medium at 40 g1, and the total polyphenol yield reached significant differences between treatments (p
< 0.05). The production of proanthocyanidins and resveratrol had extremely significant differences between
treatments (p < 0.01). The cell biomass and the contents of total polyphenol, proanthocyanidins and resveratrol
were higher than those without CH (Casein hydrolysate), but the growth trends seemed similar and the time with
the maximum yield appeared unchanged, when sucrose concentration was 30 g/L.

The production of total polyphenol, proanthocyanidins and resveratrol was increased when adding
L-phenylalanine at 3-, 4- and 5-day-cell age, but the production was decreased at 1- and 2-day-cell age. Four
elicitors had greatly positive influence on the contents of total polyphenol, proanthocyanidins and resveratrol, and
the differences between the maximum yields of different treatments seemed significant (p < 0.01). MJ treatment
induced resveratrol production was the lowest, while the fungal elicitor treatment had the highest yield among the
four treatments.

Synergistic effect between the precursors and elicitors, the highest content of total polyphenol and resveratrol
was achieved with 30 g/L sucrose, 1.2 mmol/L L-phenylalanine, 50 pumol/L. MJ and 1.5 mL fungal elicitor, and the
total polyphenol content was 3.5 times of the control with significant differences between treatments (p < 0.01);
the highest content of proanthocyanidin was obtained with 50 g/L sucrose, 1.2 mmol/L L-phenylalanine, 30
umol/L MJ and 0.5 ml fungal elicitor, and significant differences were also found between treatments (p < 0.01).
Meanwhile, the factors affecting the content of total polyphenol were: sucrose> fungal elicitor> MJ >
L-phenylalanine, ones affecting proanthocyanidin production were: MJ >sucrose> L-phenylalanine > fungal
elicitor, and those affecting resveratrol production were: fungal elicitor> sucrose> MJ > L-phenylalanine. As a
result, the conditions with the highest production of total polyphenol and proanthocyanidin were: 40 g/L sucrose,
0.2 mmol/L L-phenylalanine, 30 pmol/L MJ and 1.5 ml fungal elicitor. The conditions with the highest production
of resveratrol were: 40 g/L sucrose, 0.7 mmol/L L-phenylalanine, 30 umol/L MJ and 1.5 ml fungal elicitor.

The innovation of this paper is that obtained expression changes of PAL, CHS and STS genes and PAL
activity, based on the suspension cultural cells by adding the precursors and elicitors; and significantly improved
the proanthocyanidins and resveratrol production in the suspension cultural cells, Thus possessing broad

application foreground in the natural food additives.

Key words Suspension culture Grape cell Precursor Elicitor Total polyphenol Proanthocyanidin
Resveratrol
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Abstract

In this dissertation, Cabernet Sauvignon, Merlot, Cabernet Gernischet, Cabernet Franc and Chardonnay were
selected to study the effect of regions, terrains, vintages to the anthocyanins, non-anthocyanin phenolic substances,
aroma composition and antioxidant activities of the grapes and wines by HPLC and SPME-GC/MS. Elucidating
the quality characteristic of grape berries and wines from regions of Yuquanying, Xiangning, Changli and
Shacheng. The main conclusions as followed:

(1) The total 22 and 23 kinds of anthocyanins were detected from grape skin of Cabernet Sauvignon and
Merlot respectively in four regions, from wines of Cabernet Sauvignon and Merlot, 37 and 36 kinds of
anthocyanins were detected respectively in these regions, the malvidin-3-O-glucoside among anthocyanins
detected had the highest amount. To Cabernet Sauvignon and Merlot wines, the highest contents of anthocyanins
was found in Yuquanying region of Ningxia, their content in Shacheng and Changli regions of Hebei was lower;
the ratioes of five essential anthocyanins/total anthocyanins and the malvidin-3-O-glucoside/ total anthocyanins in
Cabernet Sauvignon and Merlot wines from Yuquanying region were higher, secondly was Xiangning region.
Their contents with different composition in wines were lower than 23.9 mg ME/L, moreover, regional factor had
less effect on the composition of anthocyanins of Cabernet Sauvignon wines than that of Merlot wines. The
composition of anthocyanins in Cabernet Sauvignon and Cabernet Franc wines from three different terrain
conditions was the same, the higher altitude vineyard had, the more content of anthocyanins Cabernet Sauvignon
skin contained, the degree of discrepancy of anthocyanins which existed in different terrain conditions was less
than that of different regions; the hillside vineyard had more contents of anthocyanins in wines than the flat and
valley lands. There was little difference between two years grape skins about anthocyanins composition, and total
contents of anthocyanins in skin was closely between two years, and with aging period of increasing, the
composition of anthocyanins had no change, but total contents of anthocyanins was decreased obviously.

(2) The total 29 kinds of non-anthocyanins phenolic substances are detected both in Cabernet Sauvignon and

Merlot grape skins coming from four regions, the corresponding wines contained 25 and 27 kinds of
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non-anthocyanins phenolic substances detected, respectively, the discrepancy of the content and composition of
non-anthocyanins phenolic substances in 4 regional wines was less than that of their grape skins. The contents of
flavonols among five kinds of essential non-anthocyanins phenolic substances were the highest in grape skins,
secondly was the flavan-3-ols content. The content of catechin and epicatechin in Cabernet Sauvignon wine from
Yuquanying region was almost 10 times than that of Xiangning region, their content in other 2 regional wines was
not significant difference; their content in Merlot wine from Shacheng region was 2 times than that of Xiangning
wine. Those grape skins and wines contained the same compositions of non-anthocyanidin phenolic substances
from 3 different terrain conditions. It appeared that the contents of flavan-3-ols, flavonols and hydroxybenzoic
acid in grape skins of slope are higher than those of flat and valley lands. The contents of catechin and epicatechin
among non-anthocyanins phenolic substances were the highest in different wines, and their contents in slope land
were lower than those of valley and flat lands. Years that had less influence on the compositions of
non-anthocyanins phenolic substances, but influenced those contents in different degree. Compared to the 2010
wines, the contents of flavan-3-ol in the 2009 wines was lower, but the contents of flavonol was irregular each
other.

(3) It had been detected 36 and 45 aroma compounds in the two kinds of grape berries which made from
Cabernet Sauvignon and Merlot respectively, their corresponding wines contained 52 aroma compounds. Among
these compounds, the most high content were isoamyl alcohol, isobutyl alcohol, phenethyl alcohol, isobutyl
alcohol, ethyl acetate, ethyl caprylate, etc. Based on the OAVs values of aroma compounds, ethyl hexanoate was
able to exert a strong influence on wine aroma: it was responsible for a major part of the aroma characteristics
substance of Yuquanying Cabernet Sauvignon wine and Xiangning Merlot wine, ethyl octanoate was the aroma
characteristics substance of other regional wines. Compared to the other two terrain conditions. The alcohol had
the greatest proportion in total content of aroma in Cabernet Sauvignon, Cabernet Gernischet and Chardonnay
berries in 2009, of which the esters and alcohols were the main components of the wines’ aroma.

(4) The contents of phenolic substances in Cabernet sauvignon and Merlot wines from Yu quanying region
were the highest, secondly was Changli region; three antioxidant methods all indicated that the Cabernet
sauvignon and Merlot wines from Yuquanying region had the highest antioxidant activity, followed by those of
Shacheng of Hebei Province, while those of Xiangning and Changli regions had lower antioxidant activities.
According to these results, except for the contents of anthocyanins, both the antioxidant activity and the contents
of phenolic substances of grape berries and wines from sloping lands were lower than those of grape berries and
wines from valley and flat lands. Besides, the contents of phenolic substances drop with the increase of cultural
altitude. The phenolic contents of Cabernet Sauvignon berries from valley land and corresponding wine were the
highest, followed by Cabernet Gernischet and Cabernet Sauvignon berries and wine from sloping land,
Chardonnay is the lowest.

(5) The contents of phenolic substances between grape berries and wines exhibited corresponding
relationship; the results showed that there was a positive correlation between phenolic content and antioxidant
activity of grape berries and wines; except for SRSA method, a relatively tight coupling of the DPPH and
CUPRAC assays.

Key words Wine Loess Plateau region Phenolic compound Antioxidant activity Aroma



