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ASD - Analytical Spectral Devices

CAS - Chemical Abstracts Service (US registry num)
DDW - Deuterium-depleted water

FR - Full-Range

Glu - Glucose

HPLC - High Pressure/Performance Liquid Chromatography
NIR — Near Infrared

NIRS — Near Infrared Spectroscopy

Nm — Nano Meter

NREL -National Renewable Energy Lab

PLS - Partial least squares

Rha - Rhamnose

RMSE - Root Mean Square Error

RMSEP - Root Mean Square Error of prediction
SWIR - short-wave infrared

VIS - visible spectrum

Xian

NN NNl I asi7na a1

6 > 7w NMdnN :0"M1%0Nn N1'NAN 071V N'OI7IINA '"MIYNYN 71727 0TV X NINNRD DY)
"2 10 57 yaarw 117 'ox ny 2030 mwa |1"72 7.5 7w ndovm nimd Tvi 2000 nawa 117
25 .X"IT> 19 2V DTRN "N 1K D2 10D D¥NA NID'RA TNNN 19w o qona .t 2100 mwa

DIXIN ,M7IYN [ITAN JIX'] 0'9NIYN NYYYNN '91Y 7 7V DXYNN YN7 oNxm 1770 omann
.01 0Mmn

NAIVY 021771 It *21ITA% OR[N D'NVY DNIN] ,NIINNKRD DY IXDY QNIYAN YIN'Wn

1'n 1 2100 1P DY 77221 07NN NITY DY 2"NIKA KNAITY? KIXAY [N1IW 93,0171 07T
NNTNRA 2IT7 TN DR X7 W' 17X 757 .0%71p2 [1ITn it qon 1oin 7y 0'y'swnin 0NN TN

2 nINYPNI NUNYY DN DPINN DM 7¢ N2 Nimdi RN

10


file:///C:/Users/admin/AppData/Roaming/Microsoft/Word/mean.htm
file:///C:/Users/admin/AppData/Roaming/Microsoft/Word/mean.htm

NINTX 07700 D' DNIR 7Y AN' oniy X7 19X 1790 D'RYIIN NIy XN YN
['2 Y'Y YR DYPNNA D7 1ayn .0'wao nnii (DNaIkn) 0'7'0I9 DR T NN M L NIREN
qQon It 7w 1IX" — DN D'RPTRN ["MIAN 'on' 7720 'R T It 7w DvoMEn DNIpnn Y
2.0"75NN - D"7'019 NN NN ™Y NAXIM NRANIRD APV DI AWK AR NI YT
D"0A7D DNTAMN NNIPN Y O'RXIN DX 0171 0'R9T? 'aTh ZIvn DX [INQ7 IR
12'N W1 D10 270 IR 0NN 'Y DI XN 7INKRD KIN [IYRIN (2T 2T N ey
.DPT NY IR D0 12D MIY MY D707 xXImn 2rTran
NNIAN DNNMT XN D70 0P7T PIYY DMP'wn DNENd DNTam 178 0917w naon
N'oN' IX"7 072 17X 0'VINYKR .O7ITAI DRIYA DT NID'Y NIV'YWA 1AXIY 20 YTl n'on!
AEND 178 DT 70 NIZNN,0MI9XN DDIXN NIRTY QUMD n'an 17X DN v 7111 0iwe
3 nIANEN DIYA NNONNN PIWN NIYATA TIAYY 210' X921 AT 1IKY 790 K7 D2 07Ty
150N 7V Y'axN? N1 LI78 DUR7PN NNIENA YIN'yl W'Y 'N2A0N UPOKRN NDIYNA )17 1avn
'D'Y'OUN D'N"YI 0'NIIA
DI — ANNRNN VRPOXA 7117 o'nn TR 'Y (COZ) axnn 1A PN9N 11 N7 .1
MW7 2 ppm 7w 07y NTTNI DYAI71F 07T 7Tan win'win NiInpya
,010M1 [IWU'T 77100, NI'R7PN NIY7OR NIXQ 2'0101'R WIN'WN NRXIND 0NN 0NN prn .2
.N'D0MULKXNI DINNN M 7710 D20 NATIPRN NDWANI Y727 'Mivawn 21 12'0
.00 NUPWUNT7 10N 0'RYNIN L,N'NY M WIN'YNN DDA 0PN 7Y qon upox .3
NAI07 D'PINN D' YIN'YN NIARYA NARIZRD 7200 NOMT a7 nWyiw MINIWN 21N
U' DMAI7IMN D'P7TIY XXND ,0NNK NN NIRRT D' win'y nniy'? o0ta7nan o'y
L4 Aanr nnma n'rw nyown
DNA7 717y, NIKPN '00IAN NNIZNY WIN'Y2 2ITany nli7 N1 178 011N 7y nnona
N712' 101N NIAPYA 17N (1NN 7W [TAIRE DY7PRN 7V DII9X M7 NIMIvAwn Niyswn?
D"I9¥N D'NIYAYND D'7'7UN D'OPONN 7Y N1ANA .NNMP-NN2 NATIER DDV 1IN'YWY DTRN
ZANI' D10 D"9I7N NINND NX'YNA AN MIKIAN 0TVIRN NX 207 NI ,N2071 DTRY
70 XINY NI'YAN 7V NN IN'Y NIRNND WIS'NA N [ TPNNN N1 znn 7v 990 xwnn
D'X77N D'NUYA NYA9NT WIN'WN NIVPN ,NNIAA 'UANIX 7R'NYI019 DY 2171 2777 pn v
.D'PINN 0'N 7¥ DNIAN NDMIXN NNN9NLL|ITA IXY? D'wnunin

(XD AXINY NIY'TN 22 7V 210 Myn ninn , 7NN NNAIY NZXNN NIXXYW AKX

11



"wTn yp .2

NN Nixx.2.1

72D NNWII NRANIXR X' 072 WNIND NPRN -NIXR] WIN'YWA DY70 NNIRaN 7810197 NIy TN
NX NN 071vnw N 20-n nXNN 7Y 0'yawn NRwa N'0ane ndon Ix 19 -n axnn yxnxa
091N Nawn

771> N2 NPAYN2 ' O'RNIN DYNIRA DNIR? ANMON NTD T A9IPN ' Tan7 NN
NNIY NIPYN 7¢ win'mi 021 DENn 097710 DYARAN DM NIKPNAN N'YYN L, NMT7NR
.CO; niu™o DI¥xnx? 217 IR W07' DA DYINAN LD NIXK DNTY2 D7 02T X
NNAIT) DMPNA DNIXT D'N7UNN (IR DNIEAN V2N 1T NI Y nxaoimy miynwn ipn
US project of the National Renewable Energy Lab n'xjpnkn nmix7n n'oinn 7w 1t
®> (NREL)

,0'9INN NP2 NIXR-NPRA 7W NI 7172 [1an KIXN? [N, NIFKN 20 NIXK 2D NIXK NPRN
[I'RY NIXK XIXN7 N DNK DN NINNSNNY DN NTAX 'N0YN N7 W' DN DNITRA
NIXX7 NPOON ON"'RIXNI D'N 7¢ NT'WYN D200 .0'NINSN 0N NIDXI 17X D'NUYNI NITNN]
.CO3 7 I'aT i1 NTN2'OI0I9N NAIVY? YN N1 ,(D'01'"0N) [ITA DX 7D DX

NIX NIYApN [0 ATN'0IVI9N '7NN2 - DMANIX DNIN DIXY? NYNN N2 [0 D OX NIXKD
QoA .0MDI0 [ I NIZIR7IM NIX2 NANIXRD MK NNAYAL VIIRNNA ¥AN TN NN
D'IIX 070N 27W7 N710' 1IN D1IA7N1 DINIY AN2A02 DXININDNA NIX''N NXRN DND107
.(mixotrophy) n*aIx-'xi

AX{72 "A0IR NIN DX W TIRA XY DA DY NDSDIN NI 1770 Dni7na 77 nrna
2210 NI (120 YA NTNNY 712 NN 1N QYR .NIYA YIaN un7 A"z 2 Ty CTIRN Diaa
5,6

DNITRA [IY'T IR NI9SNN L[ITA NAIVT7 NIXR-NPRA 27U DM NIK7PN RIXAT N2 'MIon 91X
TINA NII¥2 D"'YAL NNIPNY WNNWN? [N71D' 7722 '2'0 0K TIXA NIXX TIA'Y .0712 DIY
'N .20 W 52 072 min 0'22n nimnal N'NN9 7220 NOMNT NOXWA K77 vynd a7y
IN'YI019 NI7Y27 NIXRN DX ND9IN [N7Y NNRAN NNIRD N70N1E ATYUN 2T DNnnn
.8 pmgin D'27T X7 MIDR

NOOIANN NAMIN-127 NINONI IZNNN N9 NIXXK 7ITA7 NI7IM NN pw' n'oxaw Tiva
TN N'NNA 1 NIRXND NIXN

NIX D'PTNN 1770 D'RXANN . NIY NIXAINE 0M210 7W D'NIAA DTIDM 7Y 0'Y'aYn 0gnn 150n
[122 D771 D' TINY DA DN IXYT DXRD 7Y 20IRD NN DI7AN 7RYI0I9] N1ANN

nrmD Npan ¢ 2N [Han v' niiyn 0'n NIXNY? Qo .0"MNNI 20xN-11 [ 70NKR-11

12



2xxa019n (Ulva) nnzikn NxX? ,NIpn'D NN NIXK 2N NS0 NI'YYN? wnw? ni7ntDn
DY NPTN NXX X'DY (11N NN 2 ,N'00IK N1'NAN D77 NIXY7 21710 21pnd AN nninan
NYNN 7 20N TN 2xp 9NN 7Y DdAvnl 0N N2 NDN2 077 N NNk nnmr
-11%7 1M2'ON AWK DY 'NNY? DNim 7my 270N An7iIkne n'on' VIYS N7YW NN ,Nnna
JUITIVO V7NN 120 7NR

6,9-12

20" 17w 1IN n1ann L (Ulvan) [xn7ix 'm1o1an 1010 210 Nk k¥na Ulvan nex 91T ,Xnarm?
nolionn L(Biorefinery) M1"onian Nyl win'y IN 001N D'YIN'YT |*ayn in DNy

NN Y 252 071 RN 7IINK IXTYY AN 719

(Biorefinery) maxomia.2.2

N1II'VIN N0'9NN ,N'oN' wTN awim 1'0 biorefinery n 7w 2%71wn — 'aronaorkn van
DN 7W 2NN 1A KX 27 .NIN'D 7¢ DMIYKRY D'A7W] 0'RYNY DNIY ,N7¢ winmnl

2" awm'7 nirmwewnol

nxa 1997 nmiwa Ymain " green biorefinery” awmn Kamm et al. '"y niniw naTann 97
NNIZNAI D210 , NN 7Y AR 217'w D710 N7V NN NN X' 7N MR TN
D"A17"2 072 NN 7w N7nropn NI ('U0™MIN) 9PN WIN'Y 11y DUNITT NfAI7100

ANNMP-N2 71T NITR JINN DIMRYALNZNTD Nonikan NX 017700

“‘complex construction ) niad> M NN NIMYN :N1N122 17'NNA WIN'Y Y 10N
AwNd L(“fully integrated systems”.) X7n |9ixa nia7iwn ndwna 97nin (and systems”
(12N N72177 nonia 7y NRIY DM DTS NI0'YI 10N T WNANWNYT KIN '0'0aN |I'van
.0"xIn

[1an X7 N7D'D NI NIMIIoNN NIV'YY? ARIYNL IT NU'YA D' NIYAYNN NRNNON TR
NN 71757 0710 DNXINN .0IMI'MY7 N7109 — NN9N DIXAX OY '910N NIZ77 DX 7w AN
[12N7 NNWOXR W'Y D NMjzal NLV'™7YW? DN 00NN L ITAl DYAD DN L0z ORI
,NMT 7Y Nooann 1'7NNn N'MA .00IW nXP XM 737 nn 7y wnnwnb 1'70n nrRa
Ny TYN DIIWD D'RIYA DIYATE 072 MIND 279 Niynl TNR T¥XA NoniRn NID'RIE 100N
.N0NIN 7U NRI9SNN NX DON7 [N IT 1072 .NIN1IN ATH N7

:NNOID 1"7nNn NX a'xn Kamm et al.

1314 (biomass) feedstock-mix + process-mix — product-mix

.Balboa et al. 7w znna xi¥xn7 N1 N1RONIMN W 'Y wIN'Y? nnait

13



DN ."Sargassum muticum™ nmin NIXX-NPXN 7w noniraa 719'07 7' '70n axin 7NNl
DN .71V 7Y 752 MIYN XN XYY NI [N YIin'y 7¢ N'0'oan n0'SNn 7y 1Dnnon
NI'YYN 11217 )Y 752 D2IY 0NXIm 6 X7 In7xn P T W npnt o 2w 0n'nn Ny
D'MIY"T? DNXIMI I '90IN ,N'RI9N NYYYNY DNXM NIX?PN XM ,n"va71 oIx? It

15 nronoip

M1'R9111A7 (n12on) Ulva n¥x.2.3

n7Tan Ulva Fasciata - nizix aion N'mipn npin' N¥X Unnwn? 11N 17 agnnn NaivY?
Nd"WR N'09 N10n NMava mpn n¥kn °. 2w a0 YW Dmaexn pniTKa
V%7 prolon T 772 (Ulvales) o'xnaonn na1o ,(Chlorophyta) nrrzin'n nnown?
7 vownl nIxan MITRAL DTTIA DMVN YW DPNIYa NP n'7Ta Ulvan .nonin

NNI2AN N7DNNT N7Y DNRAN 7170 Q%7 NIAPYA TIN' 20 MY DNXEF DIRRY NPRN-NIXN
.1 nmmno Yv

NNI2A 7270 7Y 7R¥I0I9 NIVA [N AN N7y N0 W Ulvan nnownn nixy NprnY?
AR ITAT IXRYI0I9 11D

18-20

[ITA NIVKRT? 2T1 AT PR DN [0 ,NI2Y 01w 12D oIt Ulvan 91 2w oni'wn ,jim 1iznd
2L nvM2m1 DnaYN ,01MoN YW 0rNATH 0 07900 ,N"YAYI DTXY D'VIMVIA NN'YY
DUPN NNIRAN 7R'YIVI9N NN AN NINNKT7 1WAY pnn 017 07T win'y na'nan
DIYN DNRIoNN 75%-93% n7Dnw arnTinan no'nn Ywxd Ulva lactuca aion Ulvaa
D102 WIN'Y W' D 10D .71IRNNI 71IRNIA L[IVXX NPON7 NO'ON '7NN7 0'01) NWN'Y NXNAY
27722 "791N9 — 1,2-propanediol 1ix*7 072 Mmind> Ulvan n¥xa mmda aun 1'ny 7T1mxIn
NIO'ON K70 178D IX NIAY' X7 NIDINNYT XW1DI 0NN NIND NISNNN NYYYNL XNAIT? waTn
. %2 noon D'win'wvl nma

nniv Ulva nixx nixinp 7w moHn 20702 NN DRIY NDIN7 270'w X¥nl 0MTiR 0Yznna
NIXXN DA DUX77N D'2IT2% NNITa .0%pPXRN1E 0D N2'NAN ANIT D202 NI7TAN 178D 17'9X
,0M :]122) D"N2A0 D'NMIIA W 21 190NN DRIYA 7ITAN A7wa NIYSwIn N NIK7EN
2unY% ,010n MIN 7Y nNRa DM 2R nin v p7 .o nniwnl (D1 0K IR L0000
INIX 7¥ 7120 72V Y'OUNT 712' 0'MIRNN TNR 7 7D an7 NI W' ,N¥R DMPY '9'¥D0 1DI0
Nn73p% (D"V1ANI DUN20N) OW'OYN DN DNIXY NV™YIE NPAY? NV'Y TN ,nin
NN 7IY NYUAT W'Y X 7V XD DININAN N2'VR70N NNAYAN NO'Y .WATIN 1ID'WN

MR NMIXA TV 1NN N1 ,NYImMmY

14



NI'NAN DTV 21727 ARNIYNL TIN' I'7IN'ND [TV X¥N1 NPRNA NIXKA N'01A NOTIN 7¥ DINNN
NIXN7 N2 Yip NIREND DN 1787 DM NIy Dmyimn Niphaoont v pn v
' NIXEZN 79 NN TIRA VYN N722m NI

23-25

NI NINRNND NIXXD DX 1INAY7 17 "WWONNY ,N'1070 K71 NWTh NL'Y D'YSNN 1IX DY
UNIN NTAI'Y D'I0VNI97 DXNNA MDA 200N NIYATA ITNY'Y 1780 DMYTAINND 0DXY
A¥{72 NLV'YWA YInMY% IX'Y1019 DY 71ITa 2T Npa 7ar iy DYana A nune now
72771 DIYN 717N 27w NIXR 7w 07T NiMd 7007 7211 NNDIN N0'Y NN AN
NNITN NNAYN NIV NIV NNID'R N'XP70 Y¥A7 117 AWORNY N'MD N71DN 72V DY TR
JIXKRN 7w 0'RAN

.N'SZ0NVPOO0 7y nooian 'ndnn 1p7NN2 |II"I1'7 117N2 NNIX LMD 20N 'INT? N0'YN

(Visible, NIR, SWIR) a'a1j701n0;790 N1ya NIXX 7w n'm a70n nin1i.2.4

[N0'D DY NIINNKN DY MIYNYN '11'Y NN ,NTY 71T 7Y NIRZNA NfNIIonn nNavnn
.D'NN¥2 D' DN 7Y MIDNRI NN INT? ,NMTN NIooInn NIV'Y 7w

N'NIN DITR XK191'X N'TNL,N'9I70NVIZ90 NOOIAN N'NTA (1A NNIY N'™MTN NIV'YWA

NYIR7 UIn'y Wyl N'91AIMI0 AT TA™M NN DTN L, N'0I01179 AT L(N'91AINNN)

. 2629 pnn¥n 25702 D1IY D1UONN

JNPNN NI¥K 7W N'2'0101'K NNAYN NIV'Y NIKA WIN'Y? NIN902 VTN 1IRXN X7 D '9 7V X
NINYNMIN NINTpInn At'72axn niv'wn nnx n1'n NIRS - Near Infrared Spectroscopy
NN NINTENAN YTAN NN NIMTY 751 oynd  MIyAwn DIY'D 2NNl win'va
NINTPNN 7V AN 2 NDNNON NIFMIR'RN NIRXIND N7271 1T N0'YA win'yd NfNivawnni
.Dminn N1an 7w niman N7 N 0'2unn chemometric analysis -n ninna n'7'apn
DNLVPO0N 7Y MNONA DNIN 7Y MDY 2DINN 7Y NN TWONN D'AINNDA 2 27'wUn
3933 maninn mnpa apnnn

n'nw Sir William Herschel 7wnn ox'7'11 70 "y 1800 nmiwa naiwx1? n2ann NIR n ninn
YNUn DMK NRXIY 79 DIND DX TIT? N0IW |nTa n'7'a XN DNVP90N NX ,DIINVON
780nm 7w D'NNLA 720 DIIX M7AN NIA'YN TIA7 ,NRNIN DNVRO0N 7Y DITRN NXPN NITRA
% ‘Herschel infrared’ na n1i>n — 1100nm

N XNAIT? ,001w 09 12 vyna panwn NIR 7 pron'nnn 720 DK NIV NITANY AR
7w nnoa inixk orman IUPAC (International Union of Pure and Applied Chemistry)

'NXNIY N7apmn np1nn 2InNn nwn? nont'nnn niNvo1 17'x1 780nm — 2500nm

15



near-) NIR > omTam 700nm — 1100nm ,(visible) VIS %7 n'on"nn 400nm — 700nm
.(short-wave infrared) SWIR > o 1am 1000nm — 2500nm ,(infrared

7¢ N'TINY AYP'TI'R NNY D700 ,0M7IN 072 7Y N1'0R70 NL'Y7E NooIANN N'LVEO0 NN
DNIN NMYYNA 12D DAY DMINNA 17X N7 2NN win'y ¢' D7 ,I'MIIDNIE NN N1an
.3 MIX77NA NI'N NN DAY 7Y NIRIBAIE DN NNTANAL [ITAI KIS DY

737 12 jryvan 7y ooian Atnmin 0NVEsoN My NIV TN NNIXA 0NNAIN DT 7Y '0'oaN [I'Van
nmY Moy 1019 U NIRMTA NN N'VANNLEIR MNP DY N7 W ik 717
2570 NN %Y N Awyn? .min MR IR DRDINN DAIVRA DIN0PZRN 7Y NANIRD
.MIY 17¥ D1IVI9N NY*72 N7ID' 12N ARXINDI NINYA 12 NANIRD NN DAY )2 MY 'NIVX
NANINNN P70 DTN V2191 NI NDININ NANIRN N7 ATIN [NOR?RA 10190 Y'Y NKY
DM10102 U771 NANIRN TN L(DIM'N (12D NNNR DRANIX DAY Do My ¥a 770)
XYM Nann a7 %% axa anim imiky NNt ann nnn nwyn'Yl

pwonn ,NIR N1 AN DINN2 NIVP90 NITTNY WIN'WY O'RIN 0NN ,0'NNY a7
D2XN 27 NNPITIR DN YR 29117001 DN N70NA TIN' DN7Y 'MDN N1ann Y NinA
[NIrn? "ayn nrva pw HPLC -0 a0 nitapnn nimoSn AT Tan NIV'W? QWK A17mon
X7 P71 nTTTAN Nw¥ann 172y 0750 IR NAXN 7Y 00N NIDMINA [N ,20 AT DIDIIRY D71 DN
37 pmal7rT'el DA DMWY 7Y qUIY A101Y NIN'RNN

TIX W' NIMID'R NIRXIN 72177 NIn 7y IR 11070 NI'RIENTNA NI AT NY71017900 NV'YWN
NII5N ¢ 72m ann nw'w inon NFm2ol N9 NIvasnn 'onl Ayt 71’ yixaa
X7 NIYSWN 752 DAN2 WX DINWN 21T 'KIN L, NNYN YW DT NN DAT (12D NIFZRYI0ID
Yin'yl 0IIY D0'XIN] 21 NIN'AT 1900 7y 001NN 10 N'™MA7 N2 NR'WN MY NIMRIY
21 nx nnp? am .PLS (Partial least squares) 12> D'Rxnn DNYN 11 20NN 7TINa
Mo 20NN A YPEN NR'YNY 7Tmn DR DNTYA NM7E abvnl Uy Y nimaTn
ann2 wimwn 278 Y1inn nim'R naivYy wnnwnY nimaTh DN 19N YApnng Dinopooy
n2arre /Mmo TR nn L,SWIR 1 NIR Ak QRN DR 077100 DNLVPO0] 72 DIIR
w' NIR 2 ,7'97170n 120 photoactive pigments Dy n'¥7i01'" W' AR1IN JIXT AWK NN
w' SWIR 2 Tiya ,"220IRkN 1IN D'A'D DNYR DYI XN2 'MAI9N VNIRD RN DY DYYI0INR

27 JIY NINNS NIANINIE D210 ,0mn n|'7|,7'7|n oy N'¥7M01'NX

16



0.7

Chlorophyll: High Reflectance of ! Atmospheric water
=\3 0.6 Absorption crop in the Near-IR Absorption Bands
>3 ! '
= i :
£ 0.5 : :
z i
=3 s i
S i ;
S 04 ‘
s ;
= i
g 03
= :
< )
0.2
0.1
L i a A a ' A a a i a a a i a a a
0.5 1.0 1.5 20

Wavelength (microns)

¥ qmn NP7 .0NTNA NYIYY DINNA ATY 19172 YW 1019'0A ANTRNA DNLVPD0 1 X

DY [¥Xnn MM YR 79 npaa n9'onnl (NIXXAD) 0'NNY2 Annan omn N7n 972a
.0MN 7Y P70 wiar y¥ann NN NN 371310 X NINAIR NI7IRTIn

NITTA NIooIAN NPT win'y 1wy ,Ulva aion Npxn NIXX 72y 1yxannw ongnn TINN 0yn
(700-2500 NIR 9w 72 m7x (400-700 nm) VIS nxMIn DiINn2 72 DIIKA 02 NIf707P90
DNUVNIS 190N 7V YIXNT7 715' 7a0 DIIX NIV Y DX 2A7UNN ITNND WIN'WY R¥N1 .NM)
humic acids % fulvic acids (FA) |2 7wn% .nx¥X2 DN Y 22 oN'D IR NTVY? D7D'Y
JIXNA D21270 N7DN W >N N7 7Y vRaxn? Naw - Xynl 72701 n'o'xoo nnaima (HA)
D' NIRXNNNA NIYANDN DY @70 qipy? 2worn 1770 7220 'nio 1w 117'wa wim'vin
39 (0'oan7an 2an DK 770 YW 10 DNXE DN NIZIEYM) NPT XA

nimD NN N0y oy NIR 0 NP0 7w 217'Ww arvn MPnna 117V 1YY 901 ['ayn X¥Nn
2070 a7 MRR YT 727 N7 Nk ninfaan (chemometric evaluation routines)

40-42 .0'NNX2 DAl N'M'DN NT"YYN1 DA DIV 0DMNin

aAnNNA NM2AA IR [I'vIn.2.5

D' DNl It ,N"ANIX ﬂl"ll|773'7 N2'VINVIX NN'YN] 7IXN 127 X1IAN2 2IMd7 ont'Nna
n720N 1A't 27w nv'wa oinnt .WUlva aion NIMIM NPXRN NIXXA YIin'Y |In D"9'7n

n1'NN L,NLVIYO N'nN NL'YN TWUKXD .]'l'l'U|7'70 NIX2 NIXXD NNQWN NAIVYT7 NI¥XNA DNDIoN

.o0n XY

17



2 NNaA 1NMVN NTAIN

71N Ulva Fasciata N¥X2 D™DI0 'TIDM 'IA'TY ,"NID'X 'V0'VLVO 7TIN NI NV'Y NIN'D

.VIS & NIR 230 ™IIX DINNA n'S70NLVEO0 NooIan NAI71DLY YIN'Y

A7NNN YN NNTan

:D7Y Y7 AENNN 2N 'MNuNn DX A'Wn? Nan 7y

T2 7V NINWN D0'0I'MI0N TIDN NYOYWN a7 NNINN DX WYIKT? IN1on - o' Tn 1o A1
.Ulvan nixxa '910 nMdIo
N 'MINN2 ITNIM DNVP90 00IAN 77N N'A7 NIDN'A NN2IN INNVNA — P'Y 1o .2

.Ulvan nxxa 7117a0 1210 7121 nim'7 VIS,NIR,SWIR

a7nna yn nmaY xian A1

AN INIX 12100 N7DN2A 1T IT NI7TA TWK NIXX nxiay ]'\'71|71 TIXN NX NYTAN p7NNnN NNUN
N7'N 77N N NYWOKR'Y DN 'NINNA NIFMY7 WA 12100 TIDNA IWN WX ,TITN? 01NN

JND'Y

NIN'RNNN NIV'YN NIX 1 TANY71 [IN27 DNNVNAY DIV 7TIA TOQ D101 1YXIA [IYXRIN 1A7wa
YN 27w y¥annw i 10N N1IV7 TN

NNOIYNT7 X'ANYW TN DR 7277 Nan 2y 27 ,NIXK 2IT'2%7 Niiani N NIYSIR NNty
NL'YWN NIR'YNYT TY 110N NNV 77 NNRIY 71T NI0'Y 1102 QN1 NIMRD NIRXINY

210N DIXT7 NNUSIRN

18



N71DN 7Y D"N20N D'NIIAN 7W NYOWNN NIX [INQ7 N10N 'R 7" '10Ma D w7 2awn

IDI0N 'TIDM 7Y MW NYOWN 17 W' D YITY 017U 7 1'7Y ,'9'¥90 DI NN DX ' ,0M1D10N

L1072 17N M720 NINWND YT AT DOIA LNXN

NNAR NIXX 7¥ NYATIN DXXINN DX 12T 7W 19102 IXM' 0NV DYIAN ™Y DY D'719'0

:D"10IN 2PN 112] DNITYA DY'TIINN DNVNI9N DAxXIN 1 N7a02 .MIY 0M210 N70N NIt

AT NTANY? 1720w D717'winl 101N 170N DNTan? 0RIMoE n7a0 - 1 i

N7 n'ipy

772972 2737 IN°1 RANTY ,1PRD MIXK 217932 MINeaY 1127 2277 e
772°20 27271 0*°N2°2077 2°UNRI97 92 IR 271 HY 22U IR 72 770
A7 5Y MIMIND N12°722 IR MDD 2°2 MERT DR 7737 101 19 1 o0wha
M257I7 N1D7YN2 WAL 2210 TNV WK 0w 777 110707 P10 10012
AT SY12P2 M1 DR YX2AY 73770 IN0IW NI DY IPRD MIXK 21703 M2vwnn
WK D°RINA YXIOW *10°17 ,ONWRIT PION2 ,MDTY 71001 ,N1OR DO
NHY2 "0°1 N2V WY TN ,0%NART 17937 PRIN DR 720 7782 0T
LA IO M2

992Pm2 TIR 1IPRA NIXXR 9239 NP3 707 VI 2OIONYN 1R NN 70w
TPOW NOMIPA R WINW 1177AT 197 .N°YALT 1022202 NIXK 1027 X2
DORIN MW TWAIW *10°37 NDIPN 932 7127 7PN WK MO IR
.2°INWn 0»N2°20

20°77 PIANW 572 ,°10°177 N2°207 7123 MIT7AY NION NV O¥KR R1HAY w0
210°37 72712 2PWRNNN WK ,0°NWn 0°°N2°20 O°RINA O3 I0°17 TR 93
12 77X MD12 MERT OW °I0IDY TWANA W1 IWOHR? N21M M%7 N2°20
X272 AUIWD 771%2 I0°37 TRAN2 03 1NTAPY MNW MTTH YEIAY 7 1001w
ANOWNTA YOI

MXK2 0°°9I077 123077 2712770 ATANAT 2N FINWHA Y ¥O0DWa0 Nan oY
WX 79N °N72 7INWNR2 017 N2°202 WANWID D°I11WA IR ;10717 2102
DIPWH 117 VIWD 12 VIADR 13771 Q2719977 DY AYOWS DY 1197 9D 007N 1K
D277 0D 2O0NAY DO 1R 101 AT TR NP2PYY NPT 182
DNYBW: 1991 10°12 0°1197 257 01D (27°N2°201 0L DOV BWNT
Baliirlala

TN 237910 119°7 NOWAR DTN N°°12% MIDNT 9917 KO P naun

19

[N AN

MIRYA %177 0°R1N2 7071

DoIpPn TXR2 Y

TYRT D M MmNy

M1 N

17N °nY2 7INWwR DT

POV 90 TP D7 N2



T 29007 1 70 ALY 77A7 199 WVIS \NIR -7 m1nn2 nn 21upe0 yipl
MY 910 T DX 21 WKD , 7T 7910 T Y DTN N33 DX nab
1P — Ulvan nexa o»pw

"7n'VSIND 110N YN NN [IYRY QY .2
JIIYN NIFYOINRD 12N111 1100 NN TAIN [ININ DY2I'WNI D2IMVMPN vn 7V Jnnona

D'NIND D'75N] YIN'Y YY1 ,N'WI0N D207 MNIA NANPN 1201 10N DX Y¥A7 Nn 7y
NZ90N D'727n 071N .N9'N2 DMARI 07 |1DNA [1D'NN D' qIn 72y Dmpmnn 107 40 v
Ii7n qun 150 -3 7w Pnanarfon 3 -3 Y 7niya o' IN2 NNRIMANN N2AXYNN nyIp om
D'01"MVIN TIDY D'N'IN IR NIXKRD 7Y N'WA0N 2170 N0 DR 20N DM P71 9Inn
"y QYRR VIR NP90N NNt qona ,*na ANk TKA baseline -0 YV TRIv NA'RwN ITKA
N'X71771'0 X1 DOTIAN VRN 701 7D N'MNNA DRIMNN DYDY Y7 NNAINAN NAXYN

.0mn 7¥ 21y NdNaN MY o' Y nownn

1010 WTRYI 1IN 07 I nxR X0 Ulvan ,'® Ulva. fasciata [tn X'n 1017 n1n21w n¥xn
D'N2A0N D'XINT7 NNNXNNI NN NNITNYA X0 Ulvan 729 nn L (jrTn 192 uin'es nx))
N7TA X' (Y ,2'2R) NN DRI YR NRIN '917'nn nyswin Ulvan .yaxa D nwnn

2 M0 7Y NI XN R L,M0R DNWO (01N ,1FN0) NNEN NRIYALNIE DN QX7
20N NOIPN 72 NINT 7T Ny

DMIVX D'72n) "DA7IT" DPNN 02T 070N Ulva NIXYR 7w 'R0 ' [1Dnn NLWA 901
[1PN2 NIAY DY 12D N'WAL N2 NNAIENTTA DA7ITA AT0I7IRD (2717 1Nan 7w 7'0079n
N2'N2N NAMIN 27T MK NTOI7DIRNY NINYT [N AITRA D'RINYI D'NMYT TINN DNRNmM 371
J1'on

7w 21 190NN D'YOYWIN ,0NNINN 'TIDM 12D 17w N'M9N NI7IR7mMn D200 N¥RN N1an
,MINN (12D D"IIX'N D"NI0 0'ANIAN D'YOYIN D77N1 NXXN 7W NI'0IA NIRIDN OR7N ,0'NIA
() mniIn) oMt 0'v1'"MVI N7DNI PH ,NN1015Nn0V

,N1MP 112D N2 DNINN D7D 2V1 XX 272 170N 2V y'own? 0'710'n 0'mIian 3"no JImn
2V 19N 'M72n0 NINwnd 0'01'0Nn Y 01T WNNWNT? 1702 ,0'01'* 01 NRATE,NI0N9N0
NIVYONN NYAN IT NU'YA UIN'YW7 N2'0N .NIXKN 7W NIANN NM0172IXN NIX NINA7 Nan

25107 0'90IMN D'VIMIVIN NINDA DLW ,DINKRN D'NAA0N DNVNT97 NRIIYNA ,N'oN'N
JITIT NIfMDAI DYIAR DIATA [IYTN N90IN NNTAN N .VIA7 DN9IY 2ITan

7w 2xNn7 NIXRN DX X207 N2 (N7, [720) NIXRD 7W DM'YD NATAN NN NTya D yIm

2T AN xR 7Y DY'OWUN WK |ITD NN qTIY IR 101N 7w 2x¥N7 '017'NY7 I N'7N'09IN NITh

20



110NN 'TIDM 7V AN 2 D'Y'DOYUN NIXKA DY 'RIN UKD NIXRN 7¥X DY D2 IXY7 01710
7 nxxa 1dion

N1'N D' 9"NuNI NIIX'NN 9"NLVN ,YNWN N1 [12D DUNAA0N D'RINN IN' A7 NNINN
7"10 DMVNIdN) NMIY? NNK NITNANXD NIMPIMAN 110N NIDNA 702 0T NNRA ANy DY

.(NYWIX "N1NNI 1010 170N Non

0'75nn M 21man '7nn mman .3

,YNN2 NIVIIDAI 10N YN NI'NA 7Y DIIWRIN D7WA 17ANNY NI'YYAY7 mayn NNY N 7y
N7TIA NN DOIN X7 TWK |V NVWA NXX 72 7W 09 71T NNWORN TWK 2172 NIXNI0N N1DIN
yiRpn nx7ipon 7'7nna o' Navn wornl (1man Ny nwiy qunl)

(7' *0In DTV Nain nizo7o0n ,n"o 10 > 7w pnivai n"o 15 X n"o 15 %Tiaa ni?0%0 NN
[91T 22 7V NX¥UNN 7W NIYYN NYORY '0079 NIVIM N2AIN NIXPZN YA YRR NxXNonY
70 ,0'N 7517 0N NXMUVNN NAIA IR VIAP7 [N NXNI0NN 9'N2 D'0INN NITYA 70NN

Y T¥NALL,O'RNN 2 NIXK 12YN TNX TXN Yan'i 0'nn 19 72un n"n 19on opm:' |i"vn np7ny
'NIN 1721 omn Jma n"o 10 2 7w iy IMINA Nyn 72 Nimpmn 'Y 0 NIXRN 72 7 1mee

(2 'k X)) DMIT N0

21



TNX TXNY 7D DM 1197 0N AXMUVNN [IT'K NIX TYOKRN 7'00790 NIVINY NI70701 1A'N ,NIXX 7ITA7 A¥MVN 2 WX

.0IYUS 27un NAIVY 211 ATION N'AN Y TYNI DT 2172 'XAN 1727 NIXRA 'D

NIITONA NIXXN 71T'A7 N'¥OIX 1IN N7'NNA NIXMILNA 10N YN NTANYT 17'2INY NiR'on
7502 nyn 75 N2YN'Y T N'WOIN NNIXA 101210 7510 1N2 0'019nY P 107 40 A *ona

'Y O0N MiIynn n'1an T?ﬂ)’]l .NANYNN "V I'TMNNNN 0101W VMIRD NNTYA

['R IT NIX2 NYYNY71I NRDIYA DTN DR NINT? 0T 729 ANt X7 X0 nnp'vn nvan A
N1'N2N T N¥N 72 W 21722 NINTENNN MNKR 7IT'20 N9IPN IXT 2Y7 NNWOK
ONK 0NID 72 IX YaY 7pun

2107V 170N N'T'O 1WA9IY DN LIDNND DN'YT7 NITTIA NIXRY NYSIN NNOX] 71Tan mra .2
.DXNND PTYYI 770N 1NN DXX IT'RA NINT? 'WIZ ' 17X DNpna ,'7ona

NIY NII¥2 YN 75 NIV NIXKD 7D ORN TWT7 [N X7¢ 0Talynn nyan noeon n'va .3
7502 N¥YNRN DIZ'MN NYann 72Iman Y nyswn 'RY NN7 nva v p7e,7ma npronl
D'VIA{72 D'N'IN 11X DNIX D'N2A0 0'ANIA DNIR 7V Y'OWNT7 717V N¥RN DI .0 IN?

.MI0IONVI ,NIIRD |12 NI¥RN 707

22



D"anini niv'y

.3 2I'N2 ININN 70NN DIy 10N

NNTNA NIXKD 77wWn nniaT
yIavwh nnx v viap

NNAR NIXX N'7ap
n'719'0N "oy NINBoINN

NIR 2T DINLF90 DIYN
NITh 737 2100 nIn

niwa' nin'aT

NIR TN DNVPS0 DIYN
nTn 9% war anin

27 A2 TN niomn
NIX¥KN

257 D"MdDION 'TID'M NIXXIN
NAIT

D'NT 0'0IYXV NN - NNTN [N011N
ﬁl 'ﬁ
T'NXR NIXX V17NN 07732 22 NId>MAY
v wnwv IYrT -0'"19'0 3 3 - NI¥X 71T N
MTANN "oy NIdMNAaN niynv
N0 NINAT NIR N0
—_—
nTayvna
NI NINAT wi" NN
— —_—
NI NINAT NIR N0
— —_—
NTayna
niyar nin'aT arNTnN
S —_—
nm»
NNTNAN AT7NT'N Nomn HPLC N
nNnvn
,wa'/a101 NIR NIXRYIN N'0NAN vIN'Y 3
HPLC nIXXIN D'INWN NN

TIRI72 TIDY 1T'NY7 TN N7Ap
Ulva n¥xa

23

NIXND 101 ¥ AN"T D'YAN - 3 IR




NIl TTIA 719'0 Dy Ni¥x 16 — jwxa o .1

o0 naon1i.1

IXNQ 0DMD10N N71DN 7V D'0I'MI0VIN TIDN NYOYN 227 NNINN NI DX ||n1'7

100 1yn1.2

50% nnoinv |7'90N9*719n N77¥n N1 101D 0*7onN 0Ty 107 40 751 1w Nnaa

.Ulva nixx 7w (Thallus) n'o170 8 nai1 nx¥"un nnain 7on 732 ,n1Mpnn

712D 1TAIN 17NN NINYNANIT D'0ITMI0A TIDM N90IN D' NT 11012 17N 'M7an nInwnn
D' D'72701 D'TINY D'7200Y (11N L1100 DI'0Q N¥N 721 TI7'071 TINAKN ,TIZIZA :DMdIoN
NY7 0'NT DNINWI 0'N20N D'NMIIAN DY DNINN TR DNT N77¥01170 IR YVIRI

.0"719'vN

NI'V1A NIWYOYN 7NV ' 7"10 10N9] NIA'YNN L, NTTIA NXXA D' D'0170N 1IN AT 102
TIDM NIRYIN 2 WP N710'D DR TN 221 NIRXINND 7V 2Pnn N¥R 7 (m'pi 0T'n1)
,7"10 70N19N (DT 10N NIRYINN N727 TNKYT) WD 1072W DRI .IN1IY 719107 DMdIoN
[IT) .IWIN™M7 N0V N'YA NIAPYA IRV ,NW X770 100 NNLNYT '"MINN 11'RY

.(Qunna

DN IX D'V K77 NXXLPTN 210 YAX — YIRITEN2'NAN MNIM NPTRN NNRIY NXYRD NN
niTn' 16 7 nd>nna n¥xn .(01a 80 7vn n7pw) o170 niT'nt 16 7 2'90N NXXN NLVY qoNAal
0N w2 NATYA TV Wit nX? 7pwn — 1" 0.4-0.6 "2 vaw 7pwnal 2'no 5o v 7Tia
yY¥27 N'0' INAIY NIn 7Y WRIN 1N90IN NI70700 TWKRD NTID1 N¥MI0NY7 101210 0'VS 8 'D

JITI9MN NIXRN INKR ;20N

NYYN71 0N NOIZN 72 IWrT qoIn K7 NT 70121 NI wn'y TR 751 2 07202 axmy 195
1012101 YN 7D IAXWIY D'D ' D'MYRPN D'0I'I0N 1I'D 700 INIKA NIXKYT? D'ATH D'VI'0N
D'PPIT D' 10" 2 70w 1w T nomn 7'n 90 yiawa oy 901N awn 7517 .Nidnan X

.2 Nn'7202 y'oinw 95 NaH,PO,4 p1a 16 1 NH4Cl p1a 64 nooina

24



NaH2P04 (mM) NH4Cl (mM) noITW 709N 11397 | H3n Tpon
(2"%)
0 0 0 1
0.15 1.34 90 2

. mM -2 nooin Nnind '97 107 40 7¥ nHN2 DTN ,(NIXX 16) IWNIA 1012 D'7DNA NEITN - 2 a7a

nDIv 0'719'0 5 oy nixx 100 1011 — 1w 101 .2

11030 navn2.1

A¥{721 ,NNIAA NI'AKRA,TIRIZA 2100 1210 TIDM DDA TWOXR'Y 7TIN N7 NIdDNN NNDIN
DINN2A NP ITNNA YIN'Y . N'9170NLVRO0 7w N'a171100 NTYA (High Throughput) niniaa

.NIR (Near Infra Red) -n DInNaI NnXMIN
11010 YN 2.2

2717 ININA 17TIRW NIXX 19011 INR'71 001700 NIXXN 16 10'n muwa ,nixxn 100 1oma
27172 NN NI7TA NIXRD . (DTT2 nx¥xn 0'ol7u 100 1x*7 N1 X7 N1V N1*Nan) DN
.NT 12D 2717 MR NIXXRD PR NN 10N N2A07 NNXNNY 1Yn7 IN1IY D NI DY
21PN NXYX NNIND AT ['RY R 7Y

Dol (7TIA NM%Y ,Yax) NINITT DYNID'R 0'09 NN [IWRIN 1017 NNITA AT 1102 DA
[TV wiar ANX? 7pwn —1"1 0.4-0.6 2 yvaw 2pwnal 1" no 55 7w 7132 01T 0roI7u 1Dnm
193 .nixun 10 >"noal 7'0079 NI7070 nxVN7 101010 NIXX 10 75 .N1Ion wan NTva
IWNXD ,0'INYN D'01'M0I TIDM NO0IN 7W 0IIW 0'719'0 5 NTAIN AT 102 3 N7202 ANy
D'MPIAN 072NN NITMY [I'RY NITI91 NIdYA 'MW NNTN DY 10 ik 10 oy 719'0 D%
nwn My 10D v Iuni 107 40 XN 7500 N9 .N19n INIX 071071 0NN T'NR 7NN NIva
.MpPnn 50% -> nnoinw |7'01N9"7191 n7'7xn

NH4Cl p1a 64 nooina oIt 0'n 107 2 N7'9NY N0'N NITYA VIAwd DYS NYIT 07000
4 072021 a¥INY '9D 0IY DO'MN TIDM 19010 701 727 YwKd , NaH2P04 nha 16 1

AIX NP NNXIY IR 2pyn? (Onset n1an 7w Hobo) 1101 201 01210 0*7onnn 7707

27 [7NIN 90112 110N NOIPN 72 |UN? NYW 72 DNUNIDN DX DAT 27N UKD .NIVI9NUVI
D1'N D"N2N0N D'RINNY XTIZ AN DR2DIN NNV .NIDIAN 72N NINDN VIR 9011 1101

.AN1nw '93 0'7Onn D% ot ANt

25
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0 0 0 1
0.0083 0.075 5 2
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0.5 grof dry
sample

1* Hydrolysis
solution

— >

2" Hydrolysis
solution

— >

\4

41K Yo 721710n9n Moy nTNTNN

N 1** phase: 120 °C, 30 min, 2ml H,SO,- Sulfuric —

Acid 2%

2" phase: 0.165 ml Phosphate buffer 0.5M

\ 4

3" phase: base react neutralization with >

PH = 6.5-7.0.

0.575 m| KOH 3M

1°** Hydrolysis
solution

—_—>

2" Hydrolysis
solution

Neutralized
solution
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25 Ji71a7a 7 . 0.22 p0na Nn1o nomn 73 PH 6-7 7 Ar'7nTnn nomn 7m0l Ny

1N NN N90IN DAIZIRAPAN

HPLC n1yva nin» 4.9

Dionex ICS-5000 HPLC n>yna nwnnwn NT'710TNN NO'AN 1NN 02100 NX Nnd? nan 7y
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.Guard Column a1on 11717 "'y Naan1 AminoPack 10 a10n N'U'7AR NI7IRA WIN'Y NYY)
NYI7Y 7V 112102 NUNNYN NTI907 .0IN" NTNLVRYRY AgCl DY MDNLVPIR 'K722 NYNNWN
(5 n7202 "INV '9d) n'onn

2 MIV19NV %Y MWW 'VNIVIX DAITA 1NN NIXNATATE 30°C 7v Nnwa MaiiEn NN1v1NL

.0.3 mL min-1 7y w1 N1 071N N axp .4°C

Time (min) A (water)% B (20 mM B (480 mM
NaOH)% NaOH)%

0- inject 0 100 0
10 100 0 0

.HPLC — 0 n>yna win'¥ 7171019 — 5 n7av
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0UITIVO O 1190IN "IYN 11021 TI7'0PI TINAK ,TIRIZA ,TITNT 12'¥1 DNIX DN2I0N NWITYY
UN'y TNIRN DTN NNAIT 727 nyviap Nimd2a ,NIXKA D7 X7 D10 1'0Y TR W
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glucose 15 0.283 283.019
rhamnose 9.5 0.179 179.245
xylose 3.1 0.058 158.49
arabynose 9.5 0.179 179.245

.0'VITIVO NIo'MN N2V — 6 n720

_ st7 st6 st5 st4 st3 st2 stl

Glucose (ug/ml) 14151  70.75 3538 17.69 8.84 4.42 221 1.11
rhamnose (ug/ml)  89.62 44.81 2241 1120 560 2.80 1.40 0.70
xylose (ug/ml) 29.25 1462 731 3.66 1.83 091 046 0.23
Arab (ug/ml) 89.62 44.81 2241 1120 560 2.80 1.40 0.70
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— N 'WON 7Y 7Nn'uIRD NTTTMN N0 N7 nan 7y 50 '9 n7nn AT NN no'n X .1
75 19010 ,XNAITN 7¥ AT7N TN nomnn Y0'Y-Np 30 7w nimd N7 AwXd LHPLC
DDW 7w 1.395 nooin "y 7"n 1.5 7 07wIn N9ani NIRRT 112'2RN NOMNN 107-NpN
.water
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Prediction (20 samples)
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Slope 0.653
R? 0.583
RMSE(%) 1.238
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Prediction (20 samples)

Slope 0.583
R? 0.607
RMSEP(%) 1.315
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Abstract

Growing population, increasing quality of life and longevity, imposes new pressures
on all industrial sectors involved in the production of food, chemicals and fuels. The
effect of the pressure is expected to increase the use of land, drinking water, fossil
fuels and natural resources. The increased use of natural resources could lead to the
unpredictable changes of climate, loss of biodiversity and to inability of humanity to

maintain eco-systems sustainably.

In the last years we can see many efforts leaded by governments together with the
academic institutions and industry to search, develop and implement alternative
solutions that will bring to reduction in using those non-renewable natural resources.
In addition, they are focusing in finding alternative renewable natural resources that

will have the same function.

The following research focuses on the development of high-throughput tools for
breeding of a new renewable feedstock - macroalgae.

The local macro-algae \ seaweeds that has been chosen for the research is the
green seaweed — sea lettuce cold Ulva lactuca. The main goal is to find the optimum
way to extract the photosynthetic energy potential of the Ulva (sugar and fats) in

addition to proteins and other interesting chemical compounds.

Achieving this goal can be addressed by implementing the biorefinery concept.
Biorefinery is a collective term for the complex system that includes biomass
production, transportation, conversion into products and products distribution.
Biorefinery design depends on a large number of factors, including availability of
feedstocks, advances in the biomass production and processing technologies,
environmental impacts and socio-economic conditions. It can be implemented in

various industries as: biofuels, food, feed, medicine and cosmetic.
There are a few benefits for using macro-algae due to its fast growth rates in

compare to land crops, high carbohydrate and other compounds content. Seaweeds

can be cultivated offshore and onshore and do requirearable land neither fresh
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water, most of its nutrients needs are provided from the environment and the sea

water therefore there is very limited or no need for fertilization.

One of the challenges of building an effective biorefienery process is the selection of
the most suitable species for the given environment condition at the offshore
location, this process define as selective breeding, which is not used today at the

macroalgae field

There can be large variance in the chemical content between Ulva thalli even in the
same environment. Like other cultivated organism the seaweeds in the aquaculture
are affected from both the environment it grown (water and nutrients, light,
temperature etc...) and from its genetic variability.

Therefore to have a high concentration of a specific sugar, usefull for example for
bioethanol production, we need to have understanding of the effect on a specific
material and a method to improve genetically specific individuals and control it's
environment to get the needed benefit.

Although there is a clear need in the market, this area of selective breeding of
Macro-Algae isn't developed enough. Technics being use in the Fareast for long time
to increase the seaweeds cultivation quality and efficiency are based on manual
methods selecting for different criteria such as color and size. Those methods
partially bring some benefit but are limited to very small scale of aquaculture farming.
Having a more accurate breeding process, required for modern large scale
agriculture, one should use analytic chemical methods, the main problems with this
approach is the high cost and time consuming. Therefore, when using those
methods, it always done statistically on a partial group of the population, which bring

to less accurate results for the breeding process.

The goal of this research is to define an effective and economical method for the
selective breeding. Therefore, there is a new method that will enable selection of the
best individuals based on predefined parameters with specific material composition.
The method should fit for high scale cultivation and with high-throughput potential.

Such a method will enable us to explore high volume of seaweeds and get an
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indication of the ones with the highest content of needed material content for

breeding.

Traditional breeding in agricultural crops was transformed by the introduction of high-
throughput phenotyping with imaging methods such as imaging spectroscopy. In this
research we are using Near infrared spectroscopy NIRS method, it is one of the
widely used technologies with an overwhelming application in virtually all fields of
science. Spectral signatures based on selective absorption provide unique indicators
of pigment types contained in the thallus **and can be used as indicators of the

macrophyte type and condition.

NIRS has been extensively used in plants for high-throughput breeding. The goal of
this study is develop a statistical model, based on spectral measurements of VIS and
NIR wavelength that enable determination of the levels of specific carbohydrates
(Rhamnose, Glucose, Xylose) in the green macroalgae Ulva fasciata. Having this
method it will enable high-throughput phenomics of macroalgae from specific

environment, to make them an important feedstock for sustainable biorefineries.

The research was divide to two parts The first part was an experiment on a small
population of 16 Ulva thallus divided to 2 groups where each group get different
treatment of nutrients, The goal here was to examine the influence of different
nutrients concentration on the carbohydrate content in the samples after 3 weeks
while the other environment condition kept the same. The results confirmed our
assumption that by feeding the macro-algae in different nutrients concentration led to
differences in the carbohydrate concentration of the Ulva biomass, which the main
sugar is the glucose. Having these results we continued with testing of our
hypothesis that a correlation between the spectrum and the glucose concentration

exists

The second and main experiment contained 100 Ulva thalli that were divided to 5
different groups, each group was fertilized with different concentration of nutrient
fertilization, after 3 weeks we get a wet and dry spectrum for each sample. With
HPLC we got concentrations of the 3 main carbohydrates in the Ulva biiomass:

glucose, rhamnose and xylose. Using multivariate regression we developed models

68



that predict the glucose concentration in the wet Ulva biomass with 60%

predictability and in the dry Ulva biomass with 80% predictability.

Conclusion

1.  The main conclusion from this research is that it is possible to build a
statistical model based spectroscopy in range of wavelengths VIS, NIR,
SWIR, to predict seaweed Ulva carbohydrates concentrations (wet and
dry).

2. The module for dry seaweed gives a higher significance result in about

20% than the wet seaweeds significance result.
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