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Fiano (FN) ~ Sauvignon blanc (SAB1) ~ Semillon/Sauvignon blanc blend (SEM/SAB) ~

Marsanne (MR)% = & % i+ Semillon (SEM)4r Sauvignon blanc (SAB2) =& < {4 p|3# ¢ &
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T Fae hERgAITyH > #4895 v (FAOSTAT, 2014; Scoma et al.,
2014) » * S EEFEOE § X 75% (Zhu et al., 2015) - @ BEIF1H % A (Wine grape pomace)
A FIEERAL DY FERBRASLAL RS (mus) ~ R A S fETF 2 R o
=0 5P R EY AR A2 Py % FM AR & (Abarghuei et al., 2010; Christ and Burrit,
2013; Cuccia, 2015; Beres et al., 2017) » B 3T3% A 7 4p HERIEH 3 AR 7 2 R G %

% o8 fe 2 (Bindon et al., 2013) -

MDD DLHBREP TRF R s SFRFDEL IR TR B0 L350
CUEY i 5 F A R E e R Y ohps 4 (Jiménez-Martinez ef al., 2017) o — & 3
B0 Blde:p? % (gelatin) ~ ¢ F-9 (albumin) fé F-v (casein)— B F IT L AFRA @ H
(Sarni-Manchado et al., 1999) o A @ T EF 7 B 8L S 4 it Fv § @ X AR R o
Blder 2 PR S AL R0 fod Fev o FIP B F S F F A e 30 5 # (Marchal ef al.,

2002; Maury et al., 2003) -

H % (Tannins) ¥ 3 = /F? £ & Ofssg it &4 4 % flavan-3-0l RSP - R H > Hie
FpRd e v g3 £ & 9F F(Moreno-Arribas & Polo, 2009; Ribéreau-Gayon,
Glories, Maujean, & Dubordieu, 2006) = ‘= Fjigra 22 H %k & - B £ & (mean degree of
polymerization, mDP) % ;2 & + & fip i* (galloylation) & i+ 4p B (Ma et al., 2014) - f2. & 5§

CHEERS DAY A 2T - BRA oM E B R & (X 100mg/L
catechin # & )(Manns, Coquard Lenerz, & Mansfield, 2013; Pedneault, et al., 2013; Sun,

Gates, Lavin, Acree, & Sacks, 2011) -

AFREFUHT S AN TR B 2T kAR



=

10

11

12

13

14

15

16

17

18

19

20

21

22

23

B e RN LR R F HE PR RS 2 B

Jiménez-Martineze et al. (2017) %% De Vries et al. (1981) » 4% Apolinar-Valiente et al.
(2010)2 zz ez W i CWMe il 8 & % 2 @ = (s 0 # {o il (Monastrell, MO)
B+ AR FKABH % (Cabernet Sauvignon, CS, VIVC-1929)i% 4 & 11 - 10g § & £ & 15mL
Aok A S A BRI 0 % 96%¢ fE T 40°CT KB 30 A 4 - i S iEHE <P E R (Alcohol-
insoluble solids, AIS) )4 jg it £ * 70%2 fE 5B~ BT & pESE 5 23t 70%2 fipe
218 AIS * (3 ik 4 96%2 fiE & 96%2 fig & ihie— = 0 B {83 20°CH B Rikse o 3]0
CWM & * # £ % 13mg/mL(Apolinar-Valiente et al., 2015) - CWM £ 2.5mL MO = i
300rpm 2 £ 90 & & £ 12 18000g &< P~ ik » 4 ®]12 Phloroglucinolysis (PG)i2 f=%%
W72 75 %247 - W HPLC & =7 % (2.5X0.4cm, 5Sum C-18 ¥ 41> 5 % A {r B
4 &) 5 formic acid fr acetonitrile) o ¥ $] P &4 F 2 malvidin-3-glucoside & *F &8 {7
£ - MO CWM 2 CS CWM (i B4R 2 2 g flx A pl 4o p2)ehis & fp pros g »
FEFRB(RRBRERER S ZE ) AE S 5 1o 2)ahie s P ¥ (gelatin, G1 ¥ G2 (% k2
B¢ KjRR)) - 8 2 F-9 (peaprotein, PP) ~ fi¥# 7 A& 4 (yeast-derived compound, YM):i&
fFrig e B % Apor(Table 1)#73 2w g s MeiF)?P T3 272 2(FF 25 = 68%) >
MOpPCWs ~ CS p2CW e YM2 & F £ % (64%) - pCWs T it 15 B 3 422 5k 2.2

AR SpEA G 0 3 SR E A A2 - K W(Guerrero eral., 2013) o L b 5 A7 RIS €

1

% (<5 %k A (Table 2.) > # ¢ 12 MOpCWs ~ PP %9 % % (64%) > ¥ ¢ mDP #i & & 7

S

MOpPCWs ¥ it 4 § M+ EH$ o Ra #rj ewig* SEC2 T RAOERFETE
% 1 ** Phloroglucinolysis /% (Table 3.) » ¥ 7 CSpCWs eificie »+ % fAR|E S 2 ¢ 4217 (e
pCWs i3 £ 975 2w ? ficld £ BB ) ¥ i £ F) 5 U P i il &2 58 PG 2 » 2

i L H B o

SBEE AR TERRY
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$E & 7 oHW(F 4 bentonite~ 4e B foiFph - A2F (T &) M E R R0
1-3-9g); ZFREO0~4~11 %)% 72 %2 - > ¥ F (red Frontenac, Landot (L.
4511) X Vitis riparia 89)# R BLETS » % i+ 81 3§ 5 A 11 700 b 4e ~ 251 3 EEH
¢ oo 4o r 30 mg/L 57 SO2 3t 4°CT iz 4 % MO SR iR 0 2 18 B HE(1.8bar) = ik A
Ko F - BEFERFEL 2K 0B “ﬁ% F0 B s iE'J?zﬁ:'}?Jt 4r 30g bentonite ~ 7K % 4¢
# 60 2% 80°C20 ~ 48 o 2 {S:B (T AR >0 IL LI 42 > #-500mL 7 (jn)/?]‘4 v
PA %P E R AR R o #7 250mgL oA
Saccharomyces cerevisiae 24°CIFpE 3 f% 16 » & {F HPLC-FLD 4 47 o @&+ it % & % 2
3 8- %A Bl(Figure 3.) > 53 By 487 (Table 4.) : ¥ i iF P Fv TR 2 &
FPES GESS S G E R T HAS T ARAML G R MM BT 2
I e Al Y R0 Bk R YIFPH 8 pE ¥ 1 (end of alcoholic
fermentation, eAF)# 15 T ' 4.9 % o 3t 4 g e @ 7 e Og/L B % ¢ V' e R i i T ey
Fli > 3 FRAE R (TableS) e G MF F AT P it 3 FT 79 Fadf o
Bk b H R €0 Fod BT o TR b H R enip 4R # Y FE
eAF 2 L85 11 =2 v FRARFH * o 86 A § § A Hred ®nipdle
F]fe eAF B¥ 0 Bov IR R E U H| 28 B 0 530 eAF (5% 11 % 5 % KT 2.9
IR H 5 2 h4cHE®B > T @& * bentonite iz iF? o Fv FIER A o A&
M eAF 5% 11 X » 3-d FR&R € 3% bentonite & 4c #c17 § /AP &7

REHFTF AT ALY FHTNIPHMF)Y hi B RFG e RDEF A

3
PRI % 7 2 (totalment, Tpg) e -7 2 H M Y 2 B8 = g5 0 2iF)Y SR E
=F A kT MG R ONEH pE e i 27 (Figure. 4) o 7 At MR TR
defid A e BERUR TS & o F 5 bentonite 4v § F A2 LiF) T Ui L RET
FRAOGXEAMEF RDZP/EG 2G50 T FatidRw ndps
g 8RRk 2 B ¥(Figure 5) 0 2 f k- FHEREARTE? « > w6
REZFRIIEY PERA(P.05) FH AT L AR LZ L Eahie

[ o R F RS 4 38 Og/L H Benleippt @ % F R hehmn o HBEA B %
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A Al eHE B 7 £024 % 04 & 5 oligomeric flavan-3-ols > polymeric flavan-
3-olse F-d FUH|H BT - § F AR F)Y v FEI Z AT F

5 "4 3 % % F (Bautista-Ortin ef al., 2016; Kilmister et al., 2014) - 4n 3g/L+ H

BEAGEHCEBRER R FFATFRT {4 L heAF S F 11 2 - H Bk
REETET WOPa WPar{ 5(152258) - Fai kf et 285+ 2R

& & (Cheynier et al., 1998) » & ¢k 4c H B 23 4 ,ﬁi\ L H %A 4 B & (Gambuti ef al.,

2010) -

B AR AT R ATARRL LT Al

FHEBFA3p AFFEZALNT SN F F T30 180°CE% 10 ~ 4518 & M B > T
BB LA F el e R R AR 7 e B A Bl e Sg T35
lg & 5g % & ### * (grape seed powder, GSP) » T 4&ff 1 /| Pt 2 /| s e fi o JFy
Fiano (FN) - Sauvignon blanc (SAB1) - Semillon/Sauvignon blanc blend (SEM/SAB) ~
Marsanne (MR) 2. # 48 T+ > #3744 5 bentonite - % & % /*: Semillon (SEM){r Sauvignon
blanc (SAB2)® R4 %]4c 5~ 10 ~ 20g/L GSP » 20°C™ £:f§ 1 -] pF > 41 _EL%/T 4v GSP -
Z e R &Y B {rpp ¢ & {78 2 (Table6.): * infered /B pH & A ¥ p¥ ~ UHPLC B Z_¢
i FpRH- kv F (Grape pathogenesis-related, PR protein) # 7z Thaumatin Like Proteins
(TLPs){v chitinases » 2. Jk & ¥ 2= ~ * UV-Vis ** OD280 ip|fi~ 4f ¢7 catechin § € ~ *
CIELAB il 3 iFpE ¢ o %% 81 GSP F R 1 /] PF{s € & 2 %0 jFP ehgv FRAT
"% (Figure 1.) > #p#d-#1%2 FN ~ SABI ~ SEM/SAB ~ MR > # 5g/LGSP 4c » & & 1 /| p*
{8 PR v JER & BT " 53%45%62%7r 48%F “f GSP 7 el E 2@ o SABI
% MR > { § AL > PR §d £ 0t 54837 o % SEM/SAB # %% TLP sk 7 =

4

-
B

9

¥ o GSP 7 ¥ & 4 iF% (haze)?) = (Figure 6.) - FN ehiF5% 58 GSP 7t Frda
SABI + SEM/SAB « MR 4 5| &5 # 10g/L GSP ¥ » iFjff # *c » 5 1 15g/L 4 £~

§

- £

W
S

oV R AFIEBECEFES > &2 D ‘*K;}q‘Fm,ﬁ%t’ 5130 ;‘r LA
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)Y chdv F o GSP % 4 54T > Flut OD280 ¢ = (Ribéreau-Gayon ef al., 2000) - i
2§21 GSP EfEN S D v Y o & PR v 4349 S9ipk (Siebert, 2006) - 7 457 i
% GSP 4 6 FCR PR S A BB o gt GSP 4 g RIFPRTIR T i 4
%o FEAEE E € > F ApdRdp4] a0 bentonite 0 R § T E o ",% 7 MR &5 ¥ £
B (%) > H# § i3 -t SEM 4 » SgL GSP» 4 BT % i< 85%iFyh bi o 145
chitinases 2 75%TLP; fr $: 4 & SAB2 % i* @ ¢ " i< 71%:F )55 &9 » 2 chitinases # TLP
o § TR R BT GSP T A 2 R P o ) 0 d R e ek
%4 o T AT 5L ¢ R oM % (Singleton & Draper, 1964) © iz i e GSP % %

YOS R R Y R0 5 2 R e A 0t 4 bentonite

~y
4

i

5

BF Bk FRHCT 5B MOpCWs v CSpCWs I Jig * S {rifd ‘o Fpi it > o pr g
* o ekt Fed R AR T e Bk BT pCWs $HE el PR § it A 2
HBargand @7 ann LRt havkz gek o 29 12 MOpCWs fo PP * 4 8
B R B o BF]F AATERIGEY 0§ FARFIRD 2 A TS X RE R iy o

WF g U E A e s T BT E B i 4 o E B PR o B

by

PR AT R A A 3gLE R TSR TR E R AR AR
BT RIGEY §E A GSP et e B PR SRR Y 0 B R BA GSP T H S R
B o TR e AP e (E SRR R B D e g R
FERE A PRBRPF LS AT AN P RREARY 2 £ PR o F

R EEREATZ A REF TG LAY N F Iy LS o
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Table 1. Concentration of the remaining anthocyanins in wine before and after the use of

different fining agents.

Del-Glu Cyan-Glu Pet-Glu Peon-Glu Malv-Glu AC AT % adsorption*

Wine 494+29h 142+07e 752+47f 416+33g 3224+218: 89.8+09g 592.6+32.6f

Wine + G1.1 36.5+34f 9.7+£09d  551+59de 312=+3.8f 241.5+269d 68.7+69f 442.7+47.7¢ 253a

Wine + G1.2 36.5+42f  99+09d 554+64e  304+3.0f 237.1+282d 674+7.1ef 436.7+49.7¢ 263a

Wine + G2.1 29.1 £1.0cde 7.8 +03bcd 43.5+2.1c 252+ 1.6 cdef 196.0+12.6cd 56.5+2.0de 358.1 =19.6cd 39.6bc

Wine + G2.2 258+2.1led 7.5+05bc 39.0+24bc 22+ .01.7bcde 171.4+ 15.4bc 48.7 +4.6cd 3144 +26.7c  46.9bc

Wine + PP 1 31.7+4.9ef 89+ 14cd 469+ 70cde 269+ 4.4ef 206.4 +28.8cd 59.3 +8.5fg 380.1 £55.0de 35.9ab

Wine + PP 2 30.6 £0.8de 8.6+0.2cd 454+ 1.2cd 257+04def 2004+ 10.4cd 57.1 +2.8ef 3679 +15.8cd 37.9bc

Wine + YM 1 20.3+44ab 6.1+ 1.1ab 304+58ab 17.8+34abc 129.9+23.4ab 404 +7.0bc 245.0 +44.9ab 58.6de

Wine + YM 2 172+18a 53+04a 255+24a 144+ 14ab 109.1 +9.0a  34.1+38ab 2056+ 18.6a 653e

Wine + MO pICW  16.1 + 1.7a 52 +0.6a 243 +3.0a 142+23a 101.1 +14.6a 259+25a 1869+24.5a 68.5¢
Wine + MO p2CW  19.7+0.6ab 59+ 0.2ab 30.3+0.1ab 18.6+0.labcd 130.1 +0.0ab 30.7+12a 2352+22a 60.3e
Wine + CS pICW 248 +3.0bc 74+09bc 389+4.0bc 238+2.5cdef 1724+ 17.4bc 394+3.7b 306.8+30.9bc 48.2cd
Wine + CSp2CW  24.1 +5.1bc  46+3.7a 251+ 151a 288+ 13.6ef 1089+74.1a 403+58b 2319+741a 609e

Abbreviations: Calculated as the difference between anthocyanin concentration in the
solution before and after use of different fining agents. Del-Glu delphinidin-3-glucoside,
Cyan-Glu cyanidin-3-glucoside, Pet-Glu petunidin-3-glucoside, Peon-Glu peonidin-3-
glucoside, Malv-Glu malvidin-3-glucoside, AC sum of acylated anthocyanins, AT total
anthocyanins, % adsorption was calculated on total anthocyanin content, G1 gelatine-Vinigel
Seda used at the minimum (1, 0.3 mL/L) and maximum (2, 0.8 mL/L) dose, G2 gelatine-
Vinigel Cristal used at the minimum (1, 0.3 mL/L) and maximum (2, 0.8 mL/L) dose, PP
vegetal protein-Proveget 100 used at the minimum (1, 0.05 g/L) and maximum (2, 0.2 g/L),
YM yeast autolysate used at the minimum (1, 0.2 g/L) and maximum (2, 0.5 g/L) dose,
MO/CS PCW cell wall isolated from Monastrell/Cabernet Sauvignon pomace of a standard

red wine vinification (1) and a red wine vinification where a maceration enzyme was applied
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(2). Different letters within same column indicate significant differences (p < 0.05) according

to a LSD test.

(Jiménez-Martinez et al., 2017)

Table 2. Concentration and composition of the remaining proanthocyanidins in wine before

and after the use of different fining agents.

TT (mg/L) % adsorption*  mDP EGC (uM) ECG (uM)
Wine 1043.3 £57.1h 6.1 £0.1b 1811.8£57.2h  227.34+11.9h
Wine + G 1.1 732.6 £ 6.5g 29.8a 6.1 £0.1b 1273.1+£12.1g  158.8+1.9¢
Wine + G 1.2 676.2 £ 37.4f 35.2b 6.5 +0.0c 1181.5 £21.8f 149.8 + 9.6fg
Wine + G 2.1 580.9 +£33.2¢ 44 3¢ 6.1 £0.2b 9925+ 11.9¢ 106.8 £6.2d
Wine + G 2.2 517.1 £6.0d 50.4d 59+0.2b 895.0+9.6d 94.1+1.7¢c
Wine + PP 1 4393 +194c¢ 57.9¢ 6.8 +0.2d 790.5 + 17.1c 95.5+1.5¢d
Wine + PP 2 371.5 £ 6.4ab 64.4f 6.6+0.1cd  773.1 £28.0c 76.0 = 1.8b
Wine + YM 1 370.3 £ 5.6ab 64.5f 6.9 £0.3d 598.7+20.2ab  68.1 = 1.8ab
Wine + YM 2 3434+ 12.1a 67.1f 6.5 +0.3¢ 5443 +£17.2a 64.0+3.1a
Wine + MO pICW  376.6 + 7.9ab 63.0f 59+0.1b 607.1 +19.7ab  91.0+0.2¢c
Wine + MO p2CW 4102+ 124bc  60.7e 56+0.1a 625.8 £17.5b 99.3 = 4.0cd
Wine + CS pICW 5524 +348de  47.1c 6.6+0.1cd 9449+178de 1312+54e
Wine + CS p2CW 585.5+11.3¢ 43.9¢ 6.7+0.0cd 1002.2+33.8¢ 1447 £6.8f

Abbreviations: * Calculated as the difference between PA concentration in wine before and

after use of different fining agents. TT total tannins, EGC (—)-epigalocatechin, ECG (—)-

epicatechingalate, G1 gelatine-Vinigel Seda used at the minimum (1, 0.3 mL/L) and

maximum (2, 0.8 mL/L) dose, G2 gelatine-Vinigel Cristal used at the minimum (1, 0.3 mL/L)

and maximum (2, 0.8 mL/L) dose, PP vegetal protein-Proveget 100 used at the minimum (1,

0.05 g/L) and maximum (2, 0.2 g/L), YM yeast autolysate used at the minimum (1, 0.2 g/L)

and maximum (2, 0.5 g/L) dose, MO/CS pcw cell wall isolated from Monastrell/Cabernet

Sauvignon pomace of a standard red wine vinification (1) and a red wine vinification where a
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maceration enzyme was applied (2). Different letters within same column indicate significant

differences (p < 0.05) according to a LSD test.

(Jiménez-Martinez et al., 2017)

Table 3. SEC Percentage of tannin retention calculated in phloroglucinolysis (*) and of

phenolic compounds measured by size exclusion chromatography analysis (**).

% tannin retention (*)

% phenolic
retention (*%)

% retention at different time ranges (**)

Time (min)

10-11.5 11.5-13 13.17
Wine + G 1.1 29 12.0 43 12.3 13.6
Wine+ G 1.2 35 32.0 30.0 323 33.0
Wine + G 2.1 40 33.8 343 353 36.4
Wine + G2.2 50 379 34.6 37.9 39.1
Wine + PP 1 57 35.6 27.0 333 36.0
Wine + PP 2 64 38.8 31.0 37.1 41.3
Wine + YM 1 64 32.6 14.2 31.5 36.0
Wine + YM 2 67 379 16.6 36.5 41.3
Wine + MO pICW 60 60.6 55.0 53.7 63.9
Wine + MO p2CW 63 534 44.8 49.1 60.5
Wine + CS pIlCW 43 50.8 50.1 46.8 554
Wine + CS p2CW 47 50.8 48.3 47.1 55.2

Abbreviations: G1 gelatine-Vinigel Seda used at the minimum (1, 0.3 mL/L) and maximum

(2, 0.8 mL/L) dose, G2 gelatine-Vinigel Cristal used at the minimum (1, 0.3 mL/L) and

maximum (2, 0.8 mL/L) dose, PP vegetal protein-Proveget 100 used at the minimum (1, 0.05

g/L) and maximum (2, 0.2 g/L), YM yeast autolysate used at the minimum (1, 0.2 g/L) and

maximum (2, 0.5 g/L) dose, MO/CS pcw cell wall isolated from Monastrell/ Cabernet
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Sauvignon pomace of a standard red wine vinification (1) and a red wine vinification where a

maceration enzyme was applied (2)

(Jiménez-Martinez et al., 2017)
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Figure 1. Comparison of the size exclusion chromatogram of the original proanthocyanidin
in wine before and after the use of different fining agents. Abbreviations: G1 gelatine-Vinigel
Seda used at the minimum (1, 0.3 mL/L) and maximum (2, 0.8 mL/L) dose, G2 gelatine-
Vinigel Cristal used at the minimum (1, 0.3 mL/L) and maximum (2, 0.8 mL/L) dose, PP
vegetal protein-Proveget 100 used at the minimum (1, 0.05 g/L) and maximum (2, 0.2 g/L),
YM vyeast autolysate used at the minimum (1, 0.2 g/L) and maximum (2, 0.5 g/L) dose,
MO/CS pcw cell wall isolated from Monastrell/Cabernet Sauvignon pomace of a standard red

wine vinification (1) and a red wine vinification where a maceration enzyme was applied (2).

(Jiménez-Martinez et al., 2017)
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Figure 2. Regression of tannin concentration of experimental Frontenac wines as measured
by protein precipitation and HPLC-fluorescence. Wine samples from the end of alcoholic
fermentation (e-AF) and day 11 after the e-AF (corresponding to days 0 and 15 of the

winemaking process, respectively) were included in the analysis.

(Paméla et al., 2018)
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Figure 3. Heat map of the protein and tannin concentration of experimental Frontenac wines

made with untreated (control, CT), bentonite-treated (BE), and heattreated (HT) must,

fermented with (WP) and without (WOP) pomace, and with different doses of tannin addition

(0,1,3,and 9 g/L) at 0, 4, and 11 days after the end of alcoholic fermentation (e-AF). Red

and blue colours represent the highest and the smallest concentration of proteins or tannins in

wines. Data are ranked from the lowest to the highest protein concentration, 11 days after the

e-AF (a), and from the highest to lowest tannin concentration, 11 days after the e-AF (b). (For

interpretation of the references to colour in this figure legend, the reader is referred to the

web version of this article.)

(Paméla et al., 2018)
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Table 4. Repeated measures analysis of variance (ANOVA) for protein, tannin, total pigment
(Tpg), and co-pigmented, monomeric, and polymeric anthocyanin (CA, MA, and PP,
respectively). Main effects are: must protein treatment (MT; untreated, bentonite-treated, and
heat-treated must); pomace (P; must fermented with and without pomace); tannin addition
(TA; 0, 1, 3, and 9 g/L); and time of maceration (TM; 0, 4, and 11 days after the end of

alcoholic fermentation).

Effect Protein Tannin Tpg CA MA PP

F Value Pr>F F Value Pr > F F Value Pr>F F Value Pr > F F Value Pr>F F Value Pr > F
MT 280.32 < 0.0001 2.48 0.1032 117.69 0.0003 134.05 < 0.0001 236.81 < 0.0001 156.33 < 0.0001
P 231.91 < 0.0001 1411.91 < 0.0001 18.13 0.0003 9.01 0.0062 38.96 < 0.0001 6.82 0.0124
TA 17.13 < 0.0001 4 556.99 < 0.0001 2.95 0.0604 1.19 0.3426 13.48 < 0.0001 201.91 < 0.0001
™ 142.43 < 0.0001 659.07 < 0.0001
MT*TM 104.29 < 0.0001 15.37 < 0.0001
MT*P 1391 < 0.0001 51.15 < 0.0001 42.05 < 0.0001 15.55 < 0.0001 20.40 < 0.0001 70.71 < 0.0001
MT*TA 56.84 < 0.0001 3.56 0.0102 7.07 0.0005 1.96 0.1258 1.05 0.4290 4.08 0.0026
P*TM 20.93 < 0.0001 125.07 < 0.0001
TA*P 20.34 < 0.0001 1152.41 < 0.0001 1.38 0.2723 1.68 0.1971 1.35 0.2821 54.17 < 0.0001
TA*TM 0.93 0.4798 185.55 < 0.0001
MT*P*TM 21.42 < 0.0001 5.41 0.0007
MT*TA*TM 3.24 0.0008 4.19 < 0.0001
MT*TA*P 3.47 0.0071 7.64 < 0.0001 8.21 < 0.0001 5.14 0.0016 0.43 0.8514 2.32 0.0505
TA*P*TM 0.32 0.9265 16.51 < 0.0001
MT*TA*P*TM 1.57 0.1194 3.09 0.0012

(Paméla et al., 2018)
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Table 5. Protein concentration (mean + standard deviation (SD), mg/L BSA equivalent) in

experimental Frontenac wines made with untreated (control), bentonite-treated, and heat-

treated must, fermented with (WP) or without (WOP) pomace, and with different doses of

tannin addition (0, 1, 3, and 9 g/L) at the end of alcoholic fermentation (e-AF) and on the 4th

and the 11th day following the e-AF (corresponding to days 4, 8, and 15 of the winemaking

process, respectively).

Factor Day after the e-AF (Time)
e-AF (day 0) 4 11
Pomace Tannin (g/L) Must treatment Mean *= SD Mean = SD Mean + SD
wp 0 Control 12943 + 798 aAx* 101.79 + 10.35Bax 4270 = 690aCy*
Bentonite 30.08 = 3.50b AB z 41.75 £ 7.95b Ay * 26.83 = 422bBz*
Heat 58.50 + 3.78cBy 58.70 + 11.58 d B x 9364 = 1.22bAx*
1 Control 11559 + 3.14abAx 87.52 + 9.38abBx * 45.03 = 198aCy
Bentonite 3536 + 4.69abAy* 36.54 + 6.37bAz* 2914 = 1.83bAz*
Heat 62.88 + 5.17cBz 74.66 + 1223 cABx * 87.43 = 17.39bAx*
3 Control 117.38 + 6.55ab A x 87.17 = 811 abBx* 39.33 = 424aCy ™
Bentonite 36.30 + 6.80ab Az * 50.70 + 5.35abAvy* 38.69 = 454bAy*
Heat 9259 + 1.55bAy 96.37 = 10.94bAx ™ 91.87 = 9.85bAx*
9 Control 109.19 + 1244bAx * 73.86 = 591 bBy* 3584 + 197aCz
Bentonite 49.86 + 10.35a A z* 61.20 = 577aAy ™ 53.89 = 11.50 aAy *
Heat 13355 + 7.64aAy* 129.16 + 4350aAx * 14578 + 2373 aAx *
WOP 0 Control 161.11 + 1575aAx 87.35 + 11.43aBx 69.45 + 9.18aCy
Bentonite 20.10 + 751 aAz 15.04 = 3.44aAy 9.55 = 0.67bAz
Heat 61.27 + 889cAy 50.84 + 3.44bAx 4591 + 21.18a A x
1 Control 125.73 = 10.20bAx 48.31 = 311 bBx 4253 = 421 bBx
Bentonite 12.82 = 1.85aAz 15.26 + 251l aAy 10.61 = 1.77bAy
Heat 55.45 + 6.50c Ay 4516 = 476 bAXx 40.24 = 5.48aAx
3 Control 117.77 + 3649 bAx 36.88 + 404 bcBy 2411 = 545cBy
Bentonite 16.26 = 3.72aAz 18.48 + 0.57aAz 1342 = 419abAz
Heat 81.60 + 20.38b Ay 7281 £ 971aAx 5360 = 7.37aBx
9 Control 69.06 = 0.47cAy 26.84 = 528cBy 26.64 = 7.04cBy
Bentonite 27.83 + 18laAz 2284 + 288aBy 2592 = 443aCy
Ileat 106.17 + 21.29aAx 82,20 = 7.95aDx 53.95 = 13.18aCx

(Paméla et al., 2018)
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Figure 4. Total pigment (a) and co-pigmented (b), monomeric (c¢), and polymeric
anthocyanin (d) estimation (in absorbance unit), in experimental Frontenac wines made with
untreated (control), bentonite-treated, and heat-treated must, fermented with and without
pomace, and with different doses of tannin addition (0, 1, 3, and 9 g/L) at 11 days after the

end of alcoholic fermentation.

(Paméla et al., 2018)
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Figure 5. Oligomeric (25 units of flavan-3-ols) and polymeric (> 5 units of flavan-3-ols)
flavan-3-ol concentration (mean, mg/L epicatechin equivalent) in experimental Frontenac
wines made with untreated (control, CT), bentonite-treated (BE), and heat-treated (HT) must,
fermented with (WP) and without (WOP) pomace, and with different doses of tannin addition
(0, 1, 3, and 9 g/L) at the end of alcoholic fermentation (e-AF; a) and on the 4th (b) and the
11th (c) day following the e-AF (corresponding to days 4, 8, and 15 of the winemaking
process, respectively). For a given combination of Dose*Treatment*Day, small letters
compare the oligomeric flavan-3-ol concentration and capital letters compare the polymeric
flavan-3-ol concentration of pomace treatment at the 0.05 probability level. The statistics for

the other combinations are available in Supplementary Material.

(Paméla et al., 2018)
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Table 6. Composition of selected wines with and without GSP (roasted and 1 h contact time)
addition or bentonite treatment at the dose required to heat-stabilize each wine, including
Fiano (FN), Sauvignon Blanc (SAB1), Semillon/SAB (SEM/SAB), Marsanne (MR). Results
are shown as means and standard deviation of triplicate experiments. Sugars are expressed in
g/L of glucose + fructose and the values of A280 are expressed in g/L of catechin equivalent.
Different letters in the same column indicate statistically significant (p < 0.05) differences for

each wine type.

11

12

13

14

15

16

Wines Treatment Aazgg pH Sugars AE L a b C H

FN Control 0.64 = 0.05sb 3.22 + 0.02b 0.7 £ 0.0b - 98.0 + 0.0b —1.14 * 0.01b 7.40 = 0.01b 7.49 = 0.01b 98.78 * 0.02a
GSP 26 g/L 233 = 0.14a 332 + 0.0la 31 * 0.1a 11.01 = 0.45 94.7 = 0.3c —1.45 + 0.09a 17.88 = 0.36a 17.94 * 0.36a 94.64 + 0.35b
Bentonite 0.55 = 0.01b 3.21 + 0.02b 0.7 = 0.1b 279 = 0.26 984 + 0.la —0.38 + 0.02c 473 * 0.25c 475 * 0.26c  94.56 + 0.01b
0.6g/L

SAB1 Control 0.56 = 0.04b 3.17 = 0.01b 0.5 = 0.0b - 99.6 + 0.0a —1.89 + 0.02b 5.46 + 0.00b 568 = 0.16b 109.0 = 0.2a
GSP 28 g/L 231 = 0.13a 3.26 = 0.02a 3.2 * 0.1a 13.37 = 0.65 95.7 + 0.6b —2.26 + 0.06a 1824 * 0.55a 18.29 * 0.47a 97.1 * 0.4c
Bentonite 0.52 = 0.01b 3.16 = 0.02b 0.6 = 0.1b 2.78 + 0.12 99.5 * 0.2a —0.78 = 0.02c 292 * 0.16c 3.04 = 0.18c 1055 = 0.3b
05g/L

SEM/SAB  Control 0.55 = 0.01b 3.17 = 0.01b 0.5 = 0.0b - 98.6 + 0.0b —0.32 * 0.03b 3.49 + 0.04b 3.50 = 0.04b 9519 * 0.47a
GSP 25g/L 2.74 + 0.06a 3.29 + 0.02a 25 * 0.0a 1583 + 0.40 94.2 + 0.3c —0.46 + 0.02a 18.68 + 0.30a 18.69 * 0.30a 91.41 * 0.06b
Bentonite 0.51 = 0.00c 3.18 = 0.01b 05 * 0.0b 1.23 = 0.05 99.4 + 0.0a —0.23 * 0.03c 254 = 0.0lc 255 = 0.0lc 9526 + 0.69a
0.4g/L

MR Control 0.67 = 0.02b 3.28 + 0.02b 0.4 = 0.0b - 98.1 + 0.0a 0.46 = 0.12b 3.80 + 0.02b 3.83 = 0.04b 81.98 + 0.07b
GSP 32g/L 291 + 0.17a 343 + 0.0la 3.0 * 0.0a 16.01 = 0.56 92.4 + 0.1b 050 * 0.18ab 1875 * 0.26a 18.80 * 0.27a 88.39 + 0.6la
Bentonite 1g/ 0.62 = 0.00c 3.31 = 0.0l1b 0.5 + 0.1b 0.65 £ 0.08 98.3 = 0.1a 0.68 + 0.0la 3.26 £ 0.04c  3.33 £ 0.04c  78.21 * 0.23c
L

(Elia et al., 2019)
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Figure 6. PR protein [TLP (white) + chitinases (grey)] content wines treated with grape seed
powder (roasted, 1 h contact) compared to untreated control. a) Fiano (FN), b) Sauvignon
blanc (SAB1), ¢) Semillon/Sauvignon blanc blend (SEM/SAB), d) Marsanne (MR). Percent
values represent the decrease of PR protein concentration in treated wines compared to
control wines. Values of thaumatin and chitinases are expressed in mg/L thaumatin

equivalents and are presented as means and standard deviation of triplicate experiments.

(Elia et al., 2019)



10

11

12

13

14

15

16

&

: ANTU=2
a ANTU=2 A\“\‘3

ANTU=2

Z\G\ﬂ\ :
“ %
A
! h\“m ANTU=2

Figure 7. Heat test stability for a) Fiano (FN), b) Sauvignon blanc (SAB1), ¢) Semillon +
Sauvignon blanc (SEM/SAB), d) Marsanne (MR) treated with grape seed powder in different
ways: raw, 1 h contact (red, squares); roasted, 1 h contact (blue, circles); roasted,2 h contact
(green, triangles). The wines were considered stable when ANTU < 2. The values of haze
(ANTU) are presented as means and standard deviation of triplicate experiments. (For
interpretation of the references to colour in this figure legend, the reader is referred to the

web version of this article.)

(Elia et al., 2019)
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Table 7. Comparison between wine produced after treatment of juice with 5, 10 and 20 g/L

GSP (roasted, 1 h contact) compared with untreated control wines.

Wines Treatment  Azgg pH Sugars AE L a b C H
Semillon Control 0.58 + 0.0lc 3.26 + 0.0la 0.1 + 0.1a - 97.4 + 0.1b  0.55 + 0.10a 7.42 + 0.20c  7.44 + 0.19¢ 85.76 + 0.89b
5g/LGSP  0.63 = 0.03c 3.28 + 0.0la 0.0 = 0.0a 066 * 0.36 97.8 = 0.4ab 0.53 = 0.21ab 711 = 0.27c  7.14 = 0.28c  85.91 = 1.64b
10g/L GSP 0.85 * 0.01b 3.28 = 0.0la 0.1 = 0.0a 217 + 0.43 98.0 = 0.3a 0.85 * 0.21a 9.51 + 0.29b 9.64 + 0.35b 84.90 * 0.83b
20g/LGSP 136 £ 0.07a 3.31 £ 0.02a 0.0 £ 0.1a 529 % 0.61 96.0 = 0.0c 0.25 + 0.13b 1261 = 0.73a 1262 + 0.73a 89.90 = 216a
Sauvignon  Control 0.68 = 0.00d 3.16 = 0.01c 0.1 = 0.l1a - 99.6 = 0.1a 0.55 = 0.11a 592 + 0.21c  5.94 = 0.22¢ 8472 = 1.00b
blanc  5g/LGSP  0.82 * 0.02¢c 3.20 = 0.01b 01 = 0.1a 1.72 = 0.71 100.6 = 0.7a -0.31 = 0.7lab 579 = 0.94c 5.83 = 0.92c 93.78 = 7.07ab
10g/LGSP 1.05 + 0.04b 3.26 + 0.0la 0.2 = 0.1a 258 = 0.63 99.7 + 0.3a 0.40 * 0.28a 8.45 + 0.49b 8.46 + 0.50b 87.36 = 1.83b
20g/LGSP 1.50 %= 0.03a 3.27 * 0.0la 0.1 = 0.0a 420 = 0.08 1004 = 0.2a -1.45 * 0.04b 9.52 * 0.32a 9.60 * 0.29a 98.79 = 0.49a

Sugars are expressed in g/L of glucose + fructose A280 are expressed in g/L of catechin

equivalent. All results are presented as means and standard deviations of triplicate

experiments. Different letters in the same column indicate statistically significant (p < 0.05)

differences for each wine type.

(Elia et al., 2019)
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Figure 8. a) PR protein [TLP (white) + chitinases (grey)] content in control and treated
Semillon. The % represent the decrease of PR protein of the treated samples compared to the
control. The values of thaumatin like protein and chitinases are expressed in mg/L of
thaumatin equivalent and are presented as means and standard deviation of triplicate
experiments. b) PR protein [TLP (white) + chitinases (grey)] content in control and treated
Sauvignon blanc. The % represent the decrease of PR protein of the treated samples
compared to the control. The values of thaumatin like protein and chitinases are expressed in
mg/L of thaumatin equivalent and are presented as means and standard deviation of triplicate

experiments.

(Elia et al., 2019)
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Figure 9. Heat test stability for Semillon (blue, squares) and Sauvignon blanc (red, circles)
treated with grape seed powder (roasted, 1 h contact). Wines are considered stable when
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experiments. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)
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