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Xylan
OR OR
OR OR
Glucomannan

OH OH
jo\%\ RO 0 g RO Ou,
OH OH

R = sugars, uronic acids, H or CH3CO (acetyl group)

B-(1 — 4) glycosidic bonds
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Amylose Amylopectin
OH
OH 3
3 o
HO 2 "o
OH OH
OH : OH
O
o) 0]
HO OH HO 0
0 R S o
o HO OH
OH OH
O o) O
a-(1 — 4) glycosidic bonds HO
OH
a-(1 — 6) glycosidic bonds O
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Homogalacturonan (HG) Rhamnogalacturonan-l (RG-I)

OR
g b

0 (0] OR%HS
OR OR; 5 o H ORx-y
o} o} 3
(@) Rzo
R,0 (? OR, o
Ry o R 0

i
o ORy Ho
OR 0
o) 20
R,0 OR, ™0 O
OR
R4 = H or CH3 (methyl group) O~ a-(1 — 4) glycosidic bonds
R, = H or CH3CO (acetyl group) a-(1 — 2) glycosidic bonds

R3 = sugars or uronic acids
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H4CO
3 N-"0H

HO
OCHj

Sinapyl alcohol

HsCO
3 :@/\/\OH
HO

Coniferyl alcohol

/@/\/\OH
HO
Coumaryl alcohol HO
A OCHj,4
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Phenolic acids Flavonoids Stilbenes Lignans Tannins
i R
=
A a1 X
B OH o B OH HO A
HO— XN X z >
Z HOA | C 5-10H R
= A |
i HO; A\ /B !
I 47 OH
X" "OH N £
HO-
=
Flavanols Flavonols Flavanones Isoflavones
O~
L Cr L o8
OH OH o O
O (0]
Flavones Chalcones Anthocyanins
OH O " O
o) O O | Oy
| =
0 (0]
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Fatty chain region
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(0] (0]
o Palmitic acid (16:0) - C1gH3,0, Stearic acid (18:0) - C4gH360>
(0]
Myristic acid (14:0) - C14H250, Oleic acid (18:1) - C1gH3405
(0] (0]
HO)J\/\/\/\/\/\ HO)WW
Lauric acid (12:0) - C45H240, Linoleic acid (18:2) - C1gH3,0,
(0] (0]
HO)]\/\/\/\/\ HO - - -
Capric acid (10:0) - C4gH2002 Linolenic acid (18:3) - C1gH3002
o o OH
HO)J\/\/\/\ HO)J\/WVW
Caprylic acid (8:0) - CgH1502 Ricinoleic acid (18:1) - C1gH3403
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Temperature (°C)
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[ RNDEN WKA G ¢t IO RE NI ¢ GOYNtos ¢ qldl®foc UT 106! T 1 Y

fOWeT T RqQRYUAWqG6 VW WHE OE W RR O W@ HUR # W /Y [l
G!'T1IYqo6Wl GeaWRYUT RqRYUY WIU6¢ URGHA M AN MR RYa
qé Wl Roget RYUWe UT W Rt t Yie qRY pdIVWoncUl cLGERRYIGIR 2 119d LN
HYO GYeOMMIBaI W UT e "qRYUWRU Wa 6 WG Y N ¢ | pRyfdrthieR # LWn Y |
promotes water dissociation, generating higher content of hydronium (H and hydroxide
(OH) ions. With these property changes in hot pressurised water, namely subcritical and
supercritical water, under hydrothermal conditions allow water to function as a catalyst,
solvent, and reactant, facilitating biomass conversion through dehydration,
decarboxylation, hydrolysis, condensation, aromatisation, and depolymerisation® M * fllP
NI WnYl WAWqd KWW e ARl RagRA¢ G We 0T Wt 2 Gl HI RaRHCE G
#YU2101 +t RYUWYNnWARYG¢ét t WRUQYWARYMS DG RHACT AWARY
N¢ Ao q 131 t0G1 Y Gl qRIIt tO¢ g tOl Y Y G t0qllG GUI ¢ aqel 13tO¢ U

nl YG&tou6eUNIOWqtoe g

Room temperature

Properties HTC HTL HTG
water
Temperature, T(°C) 25 130 250 400
Pressure,P (MPa) 0.1 1 5 50
Thermal conductivity,” (W/m.K.1¢)  607.50 685.24 619.14 451.30
Viscosity,, (10°Pa.s) 890.45 213.13 106.58 68.02
Dielectric constant,” 78.50 49.37 27.15 12.16
lonic product, pKy 14.00 12.16 11.20 11.56
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Microwave heating ~ Conventional heating
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§ Estimated annual amount of
3‘ currants pomace in Poland:

15-20 thousand tonnes
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RUHG 2T RUNWGY G ¢ AIJA UM WRUOIARE diRIY U FAdLR WA L) e Mgy 8 & o U mille 1
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Composition (wt.%) Poland?®36364 UK® Austria® Sweden®
Moisture 7.5 3.2 - -
Ash 3.3 2.8 - -
Fat 25-5.9 10.8 16.2 -
Protein 11171126 13.3 17.4 -
Polysaccharides? 38.77147.2 38.7 - 14.1

Cellulose 12.0117.2 13.6 - -

Hemicellulose 1447253 14.5 - -

Pectin 2.77115.6 10.6 - -
Soluble dietary fibre (SDF) 30 25 6.9 -
Insoluble dietary fibre (IDF) 46.9 474 58.6 -
Klason lignin 37.9159.3 35.7 - 41.9
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Klason lignin analysis

Objective A1 (i): Characterisation of blackcurrant pomace Moisture/Ash
Objective A1 (iv): Isolation of solvent extractives and their SETER:
characterisations CHN, ATR-IR, TGA
Solvent
GC-MS, LC-MS, Lipids '
H-NMR Bherolise Heptane Blackcurrant
TPC, TFC, TAC, E—— Ethanot TT1 pomace
DPPH nthocyanins 1:1 Ethanol/Water
Pectin extraction l Objective A1 (iii): Production and
Supernatant Centrifugation Hydrolysates Water extraction —» characterisation of defibrillated cellulose
et Defibrillated Lo
HCl extraction clibritated - 13C.SS-NMR
Ethanol Citric acid extraction cellulose (DFC) SEM. WHC
precipitation Klason lignin
Objective A1 (ii):Production Objective A1 (iv): Characterisation Alkali analysis
and characterisation of pectin of anthocyanins-rich hydrolysates bleaching Hydrogel forming
ATR-IR, *C-NMR, TGA ) : 13C-SS-NMR,
Carbohydrates analysis ™ Pectin (BCP) Anthocyanins-rich  |—s LC-MS Bleached defibrillated WHC
Uronic acid content hydrolysates (ACN) TPC, TFC, cellulose (BDFC) " Hydrogel
TAC, DPPH
TPC, TFC, TAC, DPPH l ’ 1 forming
Oble"t“'e. Al (v): Films fabrication with sodium alginate (NaAlg)
Repurposing of blackcurrant pomace
via microwave-assisted hydrothermal SEM, ATR-IR, DSC Mechanical properties Antifogging property, Rheological study
treatment into pH-sensitive films Water contact angle, WVTR Antioxidant property Acetic acid/Ammonia detection

[ RDEN @HOA | YHIJI | 1Ol Re NI ¢GORTG2t gl ¢ qRUNIOQE 1OV 2131 ¢ 00 10¢ RG T OV n OA T ¢



96¢ GalBaf O YT e A#qRYU

§HTUHQqR I KY TTel®BgRR\UKOE UT IORG6 ¢ | ¢ Haqlll Rt ¢ qRYUIKY N IOGUHqR U

AurqRUWRY Ws RT Wd! We GGG RWT WRUW2e¢!l RYet WRUT 2t ql R
AYt GUqRAL AWect Ws DadWet WROWq6 DWW W2WaYGCaGNWUqWYnWIT RAG
¢ U7 WGH¢ PHRFEGRE DT RPRYUAWGUHqRUWRY WY Ut RT 131 T Wet We Wi
YI RDRUOWe UT Wt q¢c ARt 6 JFPTHIB 9Hde Uttlq RIY 6 & (LEU MG B 6 In R & R WY
T gl GRUWVI WA! WRqt WHSE G RAC i M1 ¢ IR dle i IR BE dMOHIR RO G ¢ |
bic~bWGUHqRUWNY! Gt WNUG WRULWaS VWG 13 1JG & W HIY ik e DA + W
GUHqRUWHc UWNIUG Ws RaE@ R e WS 16 VO TIUD IRRES amU&AWENS g RY Ut W |
i Ra6 WRat We URe DWGI YGUI qRIIt AWGUHRHqRUWRY WOYquwyYUa! W
DGadt R3IUI AW q¢ ARGRY I AWwe UT Wagé RAT WURUNWE NWUqWRULWN Y
Gl YT &%at 10

OUGRT DWHY G G I HsRAFRYHIGE V#dg R WT 31 R2 1T Wnl YAaWHRagl 2t L
Hicrat Azl | ¢cUqUWGUHqRUWI Rt Gac!t W Rt qRUAN MU Haqal ¢ Gl
Ynwl 6cal0¥YnNnecaésRGe0O Y WEHOE A6 DT WGWHqRUb AWEt Ws 100 We LW
AHYza Ul Ws Rq 6 R G VMRS Dt wddi|ci: Gopire 3 1JHQLA G ¢ Ht H@Gll IYd @ drtle @N &l 10 A W
RUT 2t ql ReaWTe RANDWG! YHIJL + RUNALWCE HHOUE HEARIE ¥ ¢HR HIRIO 10 LUt o 131
AcOFR¥AU0UT WGUHAqRULEGEIE & HRHIY (RE ol TUAAW WE WG WENT 301 1313 WY n |
OYHBEdU¢c WNé¢t¢eHae !l YURPPUITCERD WRAVIg@RgWYh W GeadaWeayYeUqt
b en@lizinnidt qRUNDLWE WG It + WARPe UR6 IT WGUHRqRUW ql e Hagal I

YV YEROW | ¢c HqRYU¥ & H LY HK I WRGToHRIIABqROWN I YO W
HacHt Hal | ¢cUqWGYGe¢HRUWNY! WGYqUUqReTOGWRYY GUgqRALWIEC GGHU RHA
5¢t Wet DT Wet welwedaqll Ge\iRe MIID WS I0H G R WY+ dlagd HdR ¥ & oL
¢ HRIY U2 AG VIR RiE WEET WG 1A q RUEISNR R Reop| R YLLIE Yaud G ¢ 13 ¢UM @ L
Jt qUl R3ACqRYUWs Ra6 We GGl Y+ R FaylddlnllG et RSy Ul WP NDE S WK 164
DEHPYGOWUqWUIGeadt R3IUI WGI YGWIY@R BIUPUIEE G BHR@ IR HIUE @ 1 IR
b ecRA0 W WN Y Wet RUNDWE WHYY G 0qRHLWR BRI WG i @ @0 HDLE LU0 o 11 134
t RDUR3HcUqqO! WERNGEWI WNectcecHge!l YURHIE FRY allH YW q U q Wel T
nl ¢ #qRYOULHIMY R &6 RigRIYG@HW! T Wagé! W WgRG I RMEII¢c qldl We Ug
qPlUNnYOTl WRUHI et DWRUWGSWUY GO RALWRY @ a1336 Auct UR (LD LfisldFld R
NI Ys @GS 0 Y H Y AkRce it kdcRU USEE ® 6 WD GRd ¢ d & lqRYUMWAH2 t 1O
IJGRT 1J ki RIARKU 1) 3FFEREqER R'¢R U LW

FWGPWUqRYUNDT WIel dRVI AW~c NWs et WARKUW e #HELDE Y nadd

q6Rt W qal ! AWHGecHt Hel | ¢cUqUWGUHRqRUWs RGGWHDWNI ¢HqRYUC
cqWi ROWI WU qWaq W BN WH@T WA MESMMIT Ws Raé WHY U213 0qRYU

nz



96¢ GaoxlBaf O YT e®#qRYU

GUq6 YT+ AWRUHG 2T RUNWSs ¢ q I S MIdCOY & W diNOHDH+ 1 L aR (F TO KO
GUHqRUWNI ¢ HqRYUt Ws RO LA AINREGOR HE GO 1 RO 5D Mg REL
NOW~Ab Wt GUFAQUEYATHIVAGE!I AY 6! T 1 ¢ qlWe Ucda! + Rt oWf Uwel
N[ 9AWN 94AWec Ul WeUqRY+RIT ¢Uqlic FRR2 RIGWMOR® 0 WE Gt Y
§HTUHqR2WIOY M0 RRRGWC UT ORS¢ ¢ HqlJl Rt ¢ qRY UKY n 1Ol

oWttt Yt DAWqS WG YY qwWe A2 UT ¢ UquWl WUWs ¢ HG WY
t et q¢ RUc HAiBWaRIUDUE W1 UcqR2IWgYW ! Ugqé 1dqRELWGY
b e HOE WepI@HBIg@R2 D0 AWRWU2RI YOG WUqéeaWnl RIOT @
YINe¢URRYTI AWl ¢T ¢cHRORq! AWe U7 WRqt Ws RTIIW GhH aJ& Y U L
He ULWA I WER BBGHICOcRA G WY1 Wi WHEc UYHGE DA RACT WG Dal ¢
YAqc RUWI Wqdé!l Yenos W aql YUNR WG R U @ I¢ !0 ¢RI RUG 1D WH W i C
¢ UT We H6 ROBIJLWE 6 R D R OMILY 310 2 IBtlq2 Waddal We + 13 WY n WwWa RUL

t RDUR3HcUqWWU2RI YOGUUqeawscecAecl Tow TTRaqRYUC
mel nel @0 Uel OV+WPA 1J a6 et~ bl ShlzH cc(NUHBLYPY T el ;p WHT 2 | RU
G T 1 YOa!t Rt WYnWt e2nel t WaIGd 3w A0 HHIALNFH YL 6 RId RILF
T 1 Yual!teqUt WeHqt WGI RAGcl RU! WgqYWRUSRAR WG RH

ARYt ! Uqé6 13t Rt WG YHIIt + 13t IOWNGS Rt WRUBRARqRYUWH¢ U LW
RUOVDORHRIWUHRIY We UT Waet UMRBHe b G| B GHBEVRAL WD L

2 1 W~ IDGRLE 136 Y Ut qpnd @IDUBRHRY s ¢ 213W6! T1 Yqb 1l @
CGUHqRUWE UT WHIJGG e 0 YV JUEGE I§WR Ricaitt dUnR ¢ LWEI RWIG e H o F
6111 YHG O YD CEMHEEREVESOIC g WY MIN 9 Alls 6 RAGS WRY W6 RNG G

t RDUR3AcUqWeaYeUqt WYnWeEhelJYet WeHRI RALWSs ¢t qlJHOLW
Gl RYIl WaqYWGeWrqRUWzt DWRUOWHNDI q¢ RUWE GG RAE qRY Ut
HqR2¢ qRY GIWH LRFHRLD G YAH a1 0GH Uiq IdH) 2 RIGRY 0 it + SWHECc
GgavyUAWEe WA WE #ERII2 1T Waqdl Ye NS W~c NALWLENGL ¥l 13T
M LLIFO™=

Néet AWK WE HREAIW ¢ Uql It RT 2 0WeE nqldl WGWHEqRULWI
scqlll Allc 90 AWARR! RAWE ART WeqW2¢l RYet WHRYUHIUG
qUlGGUI ¢cqel It Alls RGO WHLE &l N BN NHEBEH Y10 T2 lHsoARdY dJ LY én NI
HIJG G2 O Y HOWA(RMNP | JEDHN KDINEPR H1 Y5 ¢ 2 JWGI YRIJE T ROND Wq Y
Het 0T wY Owy+ Rt qR U Pt 1ANMBAORE HNEREYanmic HARID #q R U W * ¢
GUNaGRAVGO2GYt DWe U7 WRVGG2 0 YEBBIGHRY & G WIGR & & R U LG K
¢ GGl Y+IOWNNIMW 9AWeUT WYGqRGa G WHRHDGG2GYH DW IAYDG
56RASGWINCT + WqYWqo6Wn Yl Gc¢ qRYRINGARGTHS & Al Bilké &I

o O

nT



96¢ GalBaf O YT e A#qRYU

qé e GGUIl WG GUIl ¢qal UWgYWNIMUM 9We2YRT+ W WAYAGGYt R
| JGY2¢0WYNWSWAGRAWDGGa T Y WOWNSIWII InYl AW U3AI RGGe qlIl
s R WA RY ¢NIIT 1O

N6 uwrée UNWt WRUWq6 WWAYAGYt RqRYUALW ql e Hagel WAaWe U1
cUci! qRHAcC O WqUHE BRI RUAWRIPBE g1 RO MIRHEAIYE IENAHI) W EE ~ b
T RO I ¢ AaRF¥IWNAIFHHAPGEBRBIA0 ~ BIRGMAMMBIOROIT IOWRNS YW GUHRZ HLWCE
Ynlad RVIMIR e B Y WIJ+ ¢ G ROV WE U7 WH YsGEGE | 1 FLRp® IR LISC 1 HRy) RU2CIOT 11
CHBRI DUWIRME YRe 0T WIFaql ¢cAqRYOUWRYUT RgRYUY We qWa YT 131
D+ql ¢AqRYUWY n Wi RN U YAHIIAHIta Hi2Y I | ReALg LR @) LIS ki DU ¢ OR i Lo L
nYYT Ws ¢t qlWgé! YensWewt et q¢ RUeAGWWe OT wnl wulwe GGl Y
Gl YGUI qRIY WY nWaq6é W Wt edqRUNWIRNUYHRDGG20Yt DAWRUHADG 2
¢cUT Wt ql eHgel cGWRARYAGYt RqRY Ut 6 UNIRRARG (LG ¢ Yi G I | aqjaJRLLdY 6 LD}
RT WUqRN! WGYqUWUqqRe¢cOWEGGUIRAC qRY UL 1O

§ AT IUH q R 2007 T dGi R2 B KRY n 10t Y 862610 (EaHOII3H oR t ceroRRYAIFOMAAQET U@y 6 Y H |
1T 1 YOt ¢aldt

70¢cHt Ael g UQilBWEs WG W RASW Yel #UWYNWAHRY ¢ HqR21J LW
¢cUq6YH! cURUY Wl 9 + b AWG6WNUYIRAWEHRT T AW ¢2Y0VYat AWA
q¢ UURMBHIGUI U R21IWI 13t D¢l A6W6 ¢t WnYret DT WY OWq6 IWI+ql ¢
Gl Y2RT UWe Ws RT W Wl ¢ U ridiry & WeHRM @ Y dpiR t3e @i @ay o a@ ol 01 W
¢ UqRORFPHIR AR YWIUG6 ¢ URIIWa 6 13 WY AR RA | L AUdhy 21 GURoBRJITH LY
2¢clecHONWNY! WGE¢!l GecHVe qRACTWE GGURHC qeR¥ Ulgllc t Ws 10 0
bl E NKO'Z &

Aunel TROUNDWARYU2VUqRYUcOWIFql ¢cARqRYUWA W6 YT + ALC
Glq6c0YuiAWIq6cecUYOaAWY!I We AWIqYUWWe!l ywWarYGaYUG! WG GO
Aacecratreal |l ¢ Uaq U LGRS cUDCEYUIGEIAyBH@ U Y 6 We UT Wwe #qyY Uuwel 1
Dfaql ¢cAqRYUW Yi2WUqt AWq6 IRI Wet DWRUOWNYYT WG YT 2 Hat |
GYqUUqRe¢ O WEMHMUdaHN A @t Tata@id qé ¢ UY a We UT Ws ¢ qdl Wel JWRY
CHANDGqUT WnY! WniyYilde CRGRECFHGRYR+ 602Ul I WY nWIqdé ¢ UYTWe
OIEWYNnWIq6 ¢ UY W6l aiil YO +oml | ccorldiR Y U LW¢ PARIG Ra!6 WG ME (Mo Wk R
DagécUOYaW RUIGT RUNWES IIWE RNG 1Jtmqdly 191 AR Biapalc 6 Y U N L
Ww 9 ¢ U mdpRile 7 Vi ROJULH ! ¢pGiRd qRFROUN @ GART 10 GEpR URT R U
Nie AMRPFAAWE U7 W 190 GéqrRRURYY @GALIL WRT 130 dire RIDTLLEO IUDlé 1
[ RNz | &JAINEOE MY 2 (dTREOUIDYIM WG Viloe=a ™ 791 R qURAYYOEQUITO ct@d # q| ¢ HqRY
¢HRT RAWAYUT RqRY Ut W6 ¢t WAIOWR BWE'UWagYWnel q6 131 WIUs¢ U

ny

e}

cda



96¢ GaoxlBaf O YT e®#qRYU

OH OH
OH OH
J¢ : Jq
HO N on HO N on
=
=
OHO OO O o OH
OH [
o
OH

OH HO HsC
oH OH OH OH
OH  oH
Delphinidin-3-glucoside Delphinidin-3-rutinoside

OH OH

OH OH
J¢ Je
R NO®
=
on T Z 0 [0 _o—O0"
OH 1) OH HO <HBC;
OH
H OH OH OH

0
OH  on

Cyanidin-3-glucoside Cyanidin-3-rutinoside

[ RNDEYW AIKO 6 IJG RHC GO ql e Hgel Dt KOYntOnVYel OG0 ¢ RUKE U«
oYU2NU0qRYUcawt Ya2WUqWUFaql ¢cHqRYUWGS Ys D211 4
GYs W DaWAqR2Rq! AWe U7 Wl Yhe RI JWn VYl W6 RNEMER Rq
Y201 AYQUWa6 3t W | ¢ s BevRr2HIALdCRIYAAE! GlldGa Fopplovdigh Vi Gl
¢ttt RE T Ld+ BB RIORAEY Ve € 2 R q 1JT 113+ e & & opOR Y q 1IT LL
D+ ql clbie REFAUIG 2 at DT WUGWHq! RALWS JE A [HESC 2RI UeHIT 1201
D+EqUUt R21I0! W gqelT RUT WnYI W 9 + WI+qNé6BgRWO Wb Y
Ge20WN WaYUt gl ¢eqlT W T erw#IT W Ya2WU0quaYUt 20 GqR
CHORINV2RUNDWARYGGE ! ¢ HO IJWWIRWLIGA 13 QUERY GG ¢Y AT TLLL Yol H
D+ql ¢dthAqRYU
~ Bt WAXIPWOW UGY! qll WgYWJIU6cUHDIW 9 W RIJGI
q6c¢c UW=MEWs 6§ JUWGII nYIl &Y Illg & qellyoidE # 8 BRENLEY 2010 IRFLR
201 ¢cdWnermqYl t AWRUAGaT RUNDWG RHEIpVYE RBUB RIG WIS &b
t RDUR3 H¢ Uqoid WRDG REUBIIFICEL AW 2 1J1 ! 1O
f Ullq6 Rt Ws Y1 t Alls JWe R WY W WAEY2 I WAHGE At He |
Gl H q R U WIR+RcHER i dp RYUG (61N o0 /88 WAN@AIMILE Y U2 W0 qRY U¢ o We H#HRIT
c 90 AWeTMOYMHIDEIR | RAEWE ART b Alls 6 RAGNIG VWLV HEP RO IT L
| RESWNI ¢AqRY UL Wn | Y 1AW~ RO sLLRSTY 0 LGHE 19 LLDFF dLEs | RaopFS alldyl 6 RY
AYU20U0qRYUcawt Ya2UuUqWU+ql ¢cHqRY Ut Wet Ry O i U Gla ¢
R+ qal IJt LWKRHRIK 2 YRA AUHBq HHI0cd o VLD | GolIGHEKeOYECH |11 | Rz LI T LWa Y
gl aRUVDWg6 WG 3t JUHDWY nW 9 + WRUWaq6 IWII* ql
UqRY#RI ¢UqWc HqR2Rq! Ws ROGWedt YWAWDWRU2 It qRNE q

—( o

(@D

no



96¢ GalBaf O YT e A#qRYU

SHTUHRHqR21IJBA G40 €¥Hh RUNIO Ynio Alic At Hal | ¢UgdRIGHFIAICIBIJIO 2 R
1T 1 Yqél Geatogd WOOR &R & KDRE & ¥ H0G ¢
[ YYT WG c¢AHWOGGRUNDWRY WeWaeTY!I WReet DWYnWArYUneat RYU
AL ¢t 13t Wt eHS Wet W7 13t a WA &Y i BIRA@ 16 13 LW ALT Ay by Gl e EYIR ORI LA
RUnYl GeqRYUWYUWN! 3t 601t AWt ¢cnldq! AWYI Whe ¢ Ra! WY™nN Wn
Cl W Rt Hel T T WA! WHYUt 2a W01+ W e WWgYWaYUngW RYUWE HY 2 q
NYWS YORqY! Wn Y MRUEGHAIAILFR ¢ Y WRWG WIqD RE WG Iq6 YT + W6 ¢ 2 13WHIIIIL
¢l W RGO @ENOIFAWERZ A W Whe RI JWOVYWeT T RagRYUca Wl el Ye ql
RURYI GYI ¢ qUT WR UARYSUIINLYIVM T YIS GresRt YenrURIRAO YY1 D¢ URY G Wa e T
2YUeqROWWYI NeURAWAYAGGY2U0T+ Wt 2 A6 Wet WY BEAERAWE ART + W
N6 WWIRHI YARcO W UINHEUqqRYVBUVHHYRGYEDDO We U1 WG YaqlJb
FRenYVYT WHe UWRUATI Wet WW2YadeqRaUIWYI ne URAWE G RUIIE OW]
GRect el RUNDWaS W WG et DWYn Upgy e G LR EG IGRRVLIBYO RRHEEUDR G
b7 foAWsERAGWE ! WWHYGOGYUGEWeat T Wet W GYRGE¢NWWRUT RAEE
OUC2YRIT cHOGNWnYYT W e GGa! WHAERUR EWHYI GRICYITLES Fdf tallt LecH
2¢lecHINW Yal #HUt WYNWARYcHqR2UVWAYHB GYBOHR: IWe U qilql 2
GYGc¢HIUAWE WG e TY!I WGI YT eRAqWeE ngll WTe RAVWG!I YRWtL T ROUNDAL
GUARqRUAWE UT WHRJGG2 Y BAWG! 13+ 13 Grolt TWé TULL REERR HAE )Ry YUY GLER
tet q¢c RUCHOGUWAeqUl ReaW W2R00YGa WU qoaletigRYIIE & Wl wn Y
GeHt ¢NRUNWEEql REOH WRY WNI Ys RUNAWG WIT WagVYwe Ulle Gt 21 NI
ARYGc¢tt WRUqYWEHQR2 WS 8T Ws Rq6Wae RAYI T WGl YGUI qRIJY
921 1 WOquWl Wt V¢l ArREWYUWARGecHE Hal | ¢cUqWGY G e RIIWGE ¢t Wi ¢
Ucqgel caWrRYaY!l ¢Uqt W 9 + b WY!I W RI WDHqG! Wet RUNDWGY G ¢
HYGHARU¢Cc qRYUWs Raé6W2c¢l RYet WHRY GY G9®IN st 118 LEATLLI&H IWOLY G LU
| Dt RT e¢cGWARYGctt W WaecRURUNWENqUIl WI+ql ¢ HqRYULWRY W
HYU2 11 qUT @R UgMUIREI GYal 12 Haqt OW~ Y1 Y2101 AWArYU213U0qRYU¢ 0
AHRYGYO! GUI+ W eHSWet WGUHqRUWe UT WHRUANe 6 REGIWAE CRHC
GYt JWWU2RI YUGUWUqe¢aweUOfout et q¢ RUGCHRORq! WHYURWDI Ut 1O
~RHI Ys5¢2WDWE! T1 Yq6Wl dGctiWl+ql ¢cHqRYUWGS ¢t WAHIIIIUO WI
ml RIJUOT 6! We UT WIOQRHRVWU QWA WS YT WnVY!l Wagé WWRY YaeqRYUWY
2¢1 RYet WARY GEIMAME G2 | WDI@Y WHY U2 DUqRYU¢ G WqUHASE URKNe I
BUUI D! WIORAERWUA! AUt 6 Yl qUl WGI YR+ RUNDWaqRG It awe OT wi
Do WHQR2UVI0Ut + WnY!I WARYGY@®EY & IR 1ag 1310 NI 111 ¢ Sl R FILNG ¢ d AU

e

PM



96¢ GaoxlBaf O YT e®#qRYU

Gl YORt RUDWI Wt cdqt WROWWIUE ¢ URRUNWaS6 IWI+aql ¢ HqRY
cUT W 9 + AW 2WWYWRAG!I Y2 1T WHIJG O WSV W Rt | 2 GqR

9 Afu@¢ GYUt R2IUDWGRNGWUqt AW ¢ 2 WA 0OWSs RT 10
G WUt ROR2VWRUqUGGRNUWUOqW3aGat AWy ol ROPAFREMEIT UL
fORY!I GYl ¢ qRUNDW 9 WRUqVYW3 GGt WHeOWGWET WaV We WH
qélGWIoNUNAQR2IVJWRUT REcqYI + WnVYI WaYURqVY!I RONDWN Y VI
AT RqRYUcda! AWRYGARUORUNDW 9 WU*ql ¢ At Ws R
¢cnNéel WeUT WHPYGG2GY DAWRY WAY Q6 WHRYT WNI1 ¢T ¢ At Wwe U
RUT a2%™du ! 1O

EN201 ¢ctiWqUWHS6 URNe It 9 WR U A SHRUINHILEFNRGEIF G In A 17|
| JRUN Y #&1a wleu2eld llFROIALGT YGYH DT WnY! WRAGGI Y2RUNI
] YOIRgil@iia UT W qOlIRW A YT 2 #1IJT Wa 6 W ! gEIDE G R0 qURIE W ¢
20T Ul WHe¢OHRR2QWARSGY!I RT DWYI WARUHWHGST Y] RT WWHI Y
GUARqRUWRUqUI ¢ HaqlWls Raé WH¢ G HRa G WRY Ut WYl WARUHAIWR
G6! t RAcCUUHY wWHldg @ IRWe G YI G6EYet WaYaWHa2GE! W ql 2Hqe

RGGI Y211 WG UHG ¢ UMEHES AS ¢ IHdREIOMRAI ¢ 11 WRU2 13t q RN«
AYUT RgRYU WY n WHT PAHIRROLS W 5 WM Weg aiA WR U Ws 6 RA
GYt RqR2UJG! WEoNHRqUT UINMBHEIG O VREIGqOEEIRIBYT aqgRIT HH I
UcUYHI ! qc¢cdt Wet We Wl 1R pEiyE gFRXGUN (Wiop W el Wioh b alVRUD e
D+ql ¢HqUT W JT WHECAHAECNDUW 9 WNGUIWYGRBLREE 6 WIGILE
qécqAc UWAP Wzt T WnY! W 61 RG Galdhill Ui Y6 IaIH R OLR dy 'O1Ra (¥
bagl 30N q6 10

fOWq6RY W qea T ! AWAGecHt Hel | ¢cUqUWGY Q¢ HDpUs RGO
| 3t GYUt R21UW 9 AUWGUHqRUWEY We WHRYGYO! G we Ul 4
Gl YT e HqRYIDUWYRGSZIIW YT ReGWecadNRUCqUW3 GGt oWt § GY
ARGz qcUYet 0! WI+ql ¢HqUT Wet RUNDW~c NAWT 3 YUt
¢cU7T WIAMBPBRBRUIUqWedqll UcqR2UWqYWHYU2UIUqRYUCE O WI#

RRIO[ DT { BYHME+ qREDIWININ WMGY & ¢ #1J

] RUMIKRUWDER A 1| JANRRIERIWITEYISII T RUNWGH ¢ UqU¢ qR2 1J LW
Rt waYGavYUG! Wet 7T Wet We Wk GRAWWY!I Wy ¢2Yel RUNDWRULU
GYT I OwWa uT RARUVWI 2 W VY WRat W Rt qR U Y RER LIS Ic 1 G
DFaql ¢ #Hat WE RIEW 2RIAGYINRIFIWAR RAIt Alls 6 RAS WIJI+ 6 RARq We |
¢cURR] cGacaqVl ! WeUT we Uq RS e D Al 6 dquueE |t W Ela 10 g1y G

PN



96¢ GalBaf O YT e A#qRYU

¢UT WRat WI+ql ¢cHqWRY WRUOAI Wet RUNWOW #HAYI T RUNLWqY Wa 6 13 LW
OURqUT W ¢qRYUt Wei] 8EN NpbAWNGYACUTWORUWRUIWHME ®AHqQR
sRa6Wl + ReWeHAY2 UqRUN WHAYD LLLGT GPIE LLLEY én AL LY ! ajld & | LAHLHE RiCojGRY2| ¢ oppt RINYC
q6UWEz21 YGUWcUWaGc! t JqUWEHDRBIWIKNEYAMMMWgY WN! Ys Wneal a
5RT UGl WeT Wet JWYnwWNRUNUI WR U Wa6RINEHOAINIINLG TU L RUGHHIER 1J 1 ¢ T
I DAYNDURY UT WENITdGq6 WAUOU3 gt 1O

o N
£l ° s
L s, W
» -
$ A
N g
MINTON
DONELLO
GINGER
CRYSTALLISED
GINGER -~ P
:‘NGER(;%
A
'._:y’
Y v
N —

[ RNEY AW RUNIII to¢c UT rold+1d 16 R T o In ¥ANaRAIPHIKDE 2 ¢ RG ¢ H T 1
RUKWUIO GcAYUIOEG6aqaGt xdpdpsssaclicAYUparRY a2t dh

AHet T oYUg6 Jtot 3! s YI T O NRUNIJI KOGI YT 2 HaqCO

b WNRUNUI WRY W RASWROWYGWY! 3+ RUY wWe UT Ws RT 3G ! Wet 13T I
¢t WANPWUWE WHEY!I I ¥t GYUT RONDWI R WWRUWq6 D@IBRE DLW WYY
YRt AWRYUq¢ RURUNDWY g(NMWEMI IR VAU REN W 0 quUy oo DWwm2 Yie G|
DRUNWI WHRYG ¢t + Wedl WU el | Uy Rifhes el RErRRY O ! AWNRUNIII L
RUAGzT RUNDW gqedtt WeUT WaKe213t AWRY W RI WHEagpd ! W WU0qWqY
2cleWec URGC T WNIJIITNNRAMNE DI Y We e ua BE 6 JWIU2R!1I YUG U
Gl YT er#RUNDUW 2HGWEC WG ¢! PUIW2Yde GUWYnWNRUNWUI Ws et qAWRU!
qYWN! JYU6Yet JWNet It AWlqd I WWRY We Wt gl YORWRUAWUqR2 1JW
921 1 NUqE!qRORE IEWRY UWYn W G lERlcqilenlRUDAEI SR d Gof IJAKGYA o 6] F
¢UT WARYWUWI N! WA YUT Wt ROGUHWWHRY G ¢ttt WHel URUNDWY I WHY
qYWRURAI PDERNDN G OWY NI Wq VYU YOGUWYNnWgé e URe JWHYGGY2 01
NDRUNIUI Ws ¢t qUWedt YW WG Wt W0qt weUwl+HP¥aaWUqWYGGY! qe

o
111



96¢ GaoxlBaf O YT e®#qRYU
40 -

31

L]
+a
1

b2
b2

Publications

15

mmlle

T T T T T T T T T T T T T T T T
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 20257

Years

Jitoc UUe ¢ b

[ RNDEW WIHKD 2 G HIJI OYn lOG¢e GUJI t tOGe A |
Het T Y Uoq6 |

iR
E6qaqGt xdpdpsss5 45 IJHYNt HRUDUHDIAHY G dh HOH
YSYWa

t 6
c

N HOMIOR OWf f Wbl = b alllH q |0 #IRIBPI ¢ ¢ RIGY ¢ w1

b WrHYOE 2001 WHW6ec2RYel WAYUqRUz Ut WY W 6 RN q

NI YsRUNDWI DT eAqRYUWRUWaqS6WWHRYUt 2 GqRYUWYnWGI Y
¢T T RGMERIDINDKD T W3 qt Ws Da 0 WRUqY W6 RE Wal WOT AWet WRqL
Ucqel ¢cWRUNI DT RIUqAWEUT We Wal ¢T RgRYUce oWl 134 1]
C2¢RICARIRG! WYNWNROUNWI W 6V qt WROWG ¢ RUT\GEIWC G L
NGl InY!l UAWqSE NWE RAWY N Waé R W WDHqRYUWRYE WaV W G
ct WedlAVT e #qWYn WTe RAVWG! YT e#qRYUAWRUqVYWHRY #
Nl eas Y1 £ WYnWAIL VYWs ¢t aldLUARROVA HOERID 101 ! Wi 132 DG Y GG 1
] RUNIWI WEYGCEHWIWS RGGWS ! | qWANKW e AT WH il Wa V.

D+ ql ¢cHQRYUWN Y Waé IWI IHY 2 1 1 0¥ HILDIRITNAJIID WEY AR G GaLL

T Yo HOUWORoEI VREQWT WS! T 1 Y6l Gedlgl WeqaUaqgl
H6cl ¢cHRqUl Rt qRHE We UT WG Y dHI? [¢ORE0 10 WK TR 16 R & 10 B8 1D R @
Rt W¢ Ut @ d HEtdc Uqallt qel #6We UT WGl YqURUWGS! T 1 Yal! i

ARSI YT 2 Hqt 1O

SHTUHqR®DIFO | CB@RIR >Rt ¢ qRYUIKYN O+ ql 21 T IODRUNIII HOC

] RUNDWJI Ws ¢t qUWrReé UW2¢l ! WRUWHYAGGYt RagRY UWIT ¢
GUqé YT Wf Uwe UWRUT 2t ql RedWwWAYUqU+FqAaWNRUNII WGWL
ANRUNWI Ws ¢t qUKIOWEqRGt We UT Wale23t Alls 6 RAS We | 1L
GRaqGUWY! WOYWHYGGW!I ARcOW2¢c e N6WEYs N2 Allgd 13!
Ct W anNel + AWt q¢ | HE AWRIIG G VN cIIFAHEWIING R R1J10 10 2@ § 1+

PO



96¢ GalBaf O YT e A#qRYU

YnlWagdWWHEYOGGYt RgRYUWY nWNRUNWI Ws ¢t qlt WGI YT e AT WHY qé6
Tel RUDW WIHEYUT ¢!l ! WG YHIIt + REDWPHNY e #HS Wet WYaWY! 3t ROUWII+

NYWARqaql WeUT Wt qcUT W6 WWHRYIGYt RgRYUWY nWNRUND
Geqll ReaGAWNWUOWI ¢qlT Wnl YOWT2 RAVWG! YR+ RUDWGI RYI W
GNq6 YT+ WRUAG2T RONDWG YRt qqal WWe 0T Wwet 6 WHY @l qwe Uc a4
N] Awe¢ Ul WGAA? W s R I GRIDENHIERDGIGIERII TIIULbef IIASUD R ue 1t W s RE G LW
AYGGI 6WUL R2ZIUWGI Y30 UWYNnWaq6 WIWGE! +t RAYRSWAGRHAEC O WG YGU

Ne Ao ctoe UT IoRY G GYH RqRY U108 KR HOY n IONRUN I 105 ¢

9YUGYt RqRY Ut Wi E G U q UM ] RUNIJINNI
b 6 ® IOTN MIO p
Al YqURU N N FQINMOLUD P
Eqcl AS NT KEMUIO p
AusqRU N HOZIDHDN P
CENHIIERVRA NN O HO YU HIX ny 1o
EanDcl M FO NI HDF P
cUGRHEDGO20Yt 1D p ON IO
x RDURU p NY O

P



96¢ GalBaf O YT e A#qRYU

Klason lignin analysis

Objective A2 (i): Characterisation of ginger pomace Moisture/Ash content _ ‘

Objective A2 (ii): Isolation of scCO, extractive and its CHN, ATR-IR,TGA, —| Oil-free residue
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Feedstock Extraction Solvent Essential oil References
techniques yield
Spent ginger Soxhlet Heptane 4 %wa 4
waste scCO; CO, 2.51 %w?
CO. T Ethanol 4.12 %w?
Ginger pulp Subcritical water Water 0.50 mg/g® 123
Ginger rhizome Subcritical water Water 1.06 mg/gP®
peel
Fresh ginger Solvent-free MAE - 1.12 %w 124
rhizome Microwave-assisted  Water 1.71 %w 125
hydrodistillation
MAE 1-decyl-3-methy-  0.72%w 126
limidazolium
bromide
Dried ginger UAE WaterrEthanol 27.53 mg/gP, 1?7128
3.05 %w
Ethanol 21358 mg/lg *°
extract®
MAE Water 0.51%w 130
Microwave steam Water 0.57%w
diffusion
Microwave- Water 0.95%w
Ultrasonic steam
diffusion
Microwave-assisted  Water 1.85 %w 131
hydrodistillation
Low-temperature - 4.90 %w 132
continuous phase
transition
Subcritical propane  Propane 2.06%w 122
scCO; CO; 1.54%w, 122129
413.45 mg/g
extract ®
CO;, 1 Ethanol 6.06%w 122
Ginger powder scCO, CO. T Ethanol 6.42%w
after scCO»
extraction
Ginger powder scCO, CO: T Ethanol 3.20%w
after scCO--
EtOH extraction
Red ginger Enzymatic extraction Isolated cow 26.28%° 133
rhizome pulp rumen enzymes
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