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2 ATelAE Bde] FHe 3k 7R 3ol wAske A3ES AAIN SR sk ] $18] HPLC 7|9k vk
Z A AAE FHh, ool mE Vel 2520 FEs aEElnh @ Ao HEeE o)) $9 o] mdt
FAIS} BIEFA FEAE o] &8 &84 AAT S A8slon, C30 9 ARe EEato] A TR EAAL
F FEA 9 Ak SRS T PRIt 24 A, T 55T 140~160°CelA oF 21 /L2 Hj|ol| £
313 o), 180°CollM = o] ARE|2 ¢lall TAgy} EAlo) 5-hydroxymethylfurfural, furfural, vanillin 5 737} Z
HE S s FuiEkEe 2s ERIEgint 539, & A AIAES 53 feruloylated arabinoxylan®] G4 A
S5 W3] qselon, ol 140°ColM Hul FEF Bl & 1204 ferulic acidE FFHE-S W] 7
S B3 AFBIFTE B Ay vgW BAHS 7o g AR udvh BAMEe] B8t 34 gk =918 9%
AN 7% ARE AlTsi)

Abstract — This study established a comprehensive HPLC-based analytical framework to evaluate the products of dilute
sulfuric acid-treated rice straw and investigated the systemic effects of hydrolysis temperature. To ensure analytical
precision, a pre-treatment process involving ion-exchange resins and non-polar adsorbents was implemented for sugar
analysis. Furthermore, a C30 reversed-phase column was utilized for the simultaneous quantification of aliphatic carboxylic
acids, furan derivatives, and phenolic compounds. Analytical results revealed that the total sugar concentration peaked at
approximately 21 g/L within 140~160°C, while higher temperatures (180°C) promoted the formation of high-value
platform chemicals such as 5-hydroxymethylfurfural, furfural, and vanillin despite sugar degradation. Notably, the
analytical system successfully characterized the thermal behavior of feruloylated arabinoxylan, confirming its maximal
concentration at 140°C and subsequent conversion to ferulic acid at higher temperatures through alkaline hydrolysis
assays. This study provides essential analytical data for designing integrated recovery processes that balance sugar yield
and high-priced chemical byproduct generation.

Keywords: Rice straw hydrolysate, Sugar analysis, Secondary metabolite analysis, Hydrolysis temperature, feruloy-
lated arabinoxylan
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M8 A& v]go] 4 gol vlo] QofvhE 7 - vlo] @ g
e et AEE Sk gtk Tt B A nlo] em A=
TEA WRE/do] ol 2 A1 Fgto] o]H7] witel], dnkA o ®
2 Al 2] 2 (dilute-acid pretreatment)S A G5 A2l Al 7=
A7} 2 Q8T 1-4].

Fr< SHik(dilute sulfuric acid)y> A2 37 olA 718 Azl A}
BEE= A Fuljo]w, e f ] 2438 W AT, AR Rl @
UH)\ THE WS A T Ule e o] JEks Wt} 3] 7}

23l Al A E AR 2 A wES 256 &3 =LA
5]'7‘517(]”} A 7kra| o) 2ol thek =52 AAZ 93
A8 AAVEA] - Al olet. 1A A vo] @8] AF Zhitall=
F(sugars) 3T} FAlOl 9 Aital] 2 HhE-S SHbsE, o]
}7g of| A acetic acid 2} formic acid 5 2] A|W= 7125 A Xhaliphatic
carboxylic acids), furfural & 5-hydroxymethylfurfural(HMF)2} 222 &
-5 A (furan derivatives), L 2] 3L ferulic acid, p-coumaric acid
59 Hl&=3}8H= (phenolic compounds)©] 5”71] A A }(5-7]. o]
sh AR wE vAEY AT 24 G5 Adlste] HF
vlol @ 3-8 A &S A A g e rE, A 7t

sl Nol] EAeR= AeEa e 4 AR B 3 a8 ke
Q% F5 wAlolTt.

o] 5 918l vhaFst 4] o] AbES] $ht}. Chen S[71 &
T E7| AR delA A E = ALE SFEEAE FE
A, H=33aS C30 A4 HPLCE -s-A] sk WHE Al
313101, Zheng 5 [8] TUs AR E U O E GC-MSE °] &
0}0% T A S S FetA AT 5 Du

& S5 E71, &5, AU 55 kst dAe] 270004
7‘%?4 sto] WASk= A {714, AR EA, HERedE 5
40 o)’ W3lAHE-S HPLC-PDA-MS/MS W ICE FH9IsH 4
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et

et o] hekgk 24 J1o] Ao fEelE A
WO B A MR A L% WEE A8 E 26 1)
Ar JBL FRA R ML ATE A9 wwA Qo 7]
£ ATES G, AN, FAAEA 5 AEsiE 5
AT BHOI 5 30 el 0k 4971 ok,
AR YA L GF 71 F R R A 8 R
@ s e SR el 24 A FEA0R B
7Rk Al v RS olelet 712 dlolele] FAle A4
A58 0 A B AA 3 A FaF Ak 2910 7
g3k 9lrt

B AT el A oo £A% RAS o
P& B RS ek, AR AR ) B, A
% =AY, FHEA 9 HAEHELS HPLC 71 o 24
e Fgatol P4 8 P BASA 551 v w4 €30
oa} A& TG ke HPLC B4 2718 A8aj0] 72 4
BT E ANEAS FU B AA Rl FA S,
Riel % sl e 24 MEE AAH 0w v astel
o1E Fal & A el R AgRall L} 2 R
Y 9 B AT A G P02 AL, BF 3
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2-1. A=

2 ATl AFSE B dishuls A, AR n1dEe]
o N FHFUL HAL EFE AAE Y3 EE AE
%, Z1Z7](JEIO TECH, OF-21E)E AF&-3F0 100°Cel| A 12417k
QFAZE| 31t} ©]F grinding mill (Kinematica, PX-MFC 90D)=
| )=o) 1 mmolste] 7|2 F#8] =Yk B9 ghet 24
A AR B2 7191 @7kl olFato] FalE gl o, 'l
3}&(glucan, xylan, galactan, arabinan, mannan)¥} 2] 7' (acid-soluble,
ac1d-1nsoluble)v— NREL LAPs(NREL/TP-510-42618)°1| w2} =7
vk A% TR7IE0R o] BlAY] 2 7 A 63.6%]
SrshEd) 15.7%2] 2lzrdolflom, A 2442 Table 101 A|A]
BlGiTh #, 2 ATellM= F2 A A ] gl g“QL T8
A= (T IF, A= FF2 5 A4, furan derivatives 2! phenolic
compounds)S A&k 18 L A A 3ol -= HPLCE 74
FEA| o= S 71ER 3l A EC] A A E T, WA
1_14 315‘ x]“ﬂ‘ IS Jf-ZHﬁ]'EE E ATelM s AR 2dA

g, of st 2

2-2. &2 A 7ol

AHolgl A 98 Wk-S-7](Chrom Tech, SST-21215, W7 :2.1 cm,
97 :2.54 cm, 4°]:15 cm)°ll 3.37 g B3} 33.7 g2] 0.5 wt% 3
“F(Matsunoen Chemicals, 97%) =285 €3t} UHsk w575
TNE7](IKA, RW16) %2] sFetitol] 17438l A2l 2 U (Shin-Etsu
Chemical)® A% 112 -2 =3 $=ZF(JEIO TECH, HTBC-
2330AT)2] UlF-oll 18715 H1al 90 rp 4 WREEEl A 603
Tl 25 (80-180°C) S WA 7| WA HAS 71553519t
W ST 0] B B 011 b u7} 1A= Fatal,
-30°C9] of|gHe-& ¢33k W77 (EYELA, ECS- 30)01] 102 27} 2
A2 et & Jhgstainh vk U] U855 o174 (Hyundai
Micro, No.10, 6~10 um)=. o] Z}sto] B2l A7 7] 9} 7wl A&
Fejal vo| A (vialell =3I 2ol M= A Al el 2] 715=Hal ol
% 74 Aol FallE o] WAE = 917] wEell 022 pm Syringe
filter(Chromdisc, SPV-1322)%. 78| 98- o 7}3lo] 2]t 5
YR stk

FEH

2-3. M
2-3-1. 9 4

WS 2O 210 7 IR st $NS o 48 HPLC 2o

Table 1. Chemical composition of rice straw (dry matter basis)

Constituents % of dry matter
Glucan 36.86
Xylan 17.29
Carbohydrates Galactan 2.82
Arabinan 2.81
Mannan 3.83
L Acid soluble 1.03
Lignin .
Acid insoluble 14.65
Acetyl group 2.39
Extractives 8.27

Ash 12.25
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Table 2. HPLC operating conditions for sugar analysis (Aminex HPX-
87P column)
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Table 4. (a) HPLC operating conditions for aliphatic carboxylic acids,
furan derivatives, and phenolic compounds (YMC Carotenoid

Parameter Condition C30 column)
Elution mode Isocratic Parameter Condition
Detector Waters 410 refractive index detector (RI) Elution mode Gradient
Flow rate 0.6 mL/min Detector Waters 996 photodiode array detector (PDA)
Mobile Phase ultrapure water Wavelength 190-400 nm
Column Aminex HPX-87P, 300 mm x 7.8 mm Flow rate 1.0 mL/min
Column Temperature 85°C Mobile Phase Solvent A: 444 g H31.30'4 in4 L water;
Sample Loop 10 uL Solvent B: acetonitrile (99.9%)
Column YMC Carotenoid C30, 250 mm % 4.6 mm
Column Temperature 35°C
Sample Loop 20 uL
A% Tt Ay}, 2 qbeo] Srkekar wHE ARE- Al o] &4 (b) Gradient elution program for the analysis using YMC Carotenoid
i BA7E B o)) wel, @ 24 0] gebge fxjskd €30 column
A 2 9L ¢slsl &= 9l Axla] B o] " e Ado] A7E S Time (min) 0.05 vol% H3PO4 99.9% ACN
. olele A S8 S8, 4R AR St 24 0 100 0
WAL TRl 1450 B B e 9 A EF, 10 mLE 22 2 ;
60 77 23
=8]8kt o] GHLe S0 wWEA] [RA-67(0.62 )&} H]=A] 0 ” 46
FAA L493(051 gell 244 0.2 BhalA A skl -9 % 0 100
A (glucose, xylose, arabinose)®] & =252 3% o[UE <l 100 100 0
wglom, o= & A Il F AR £ Qo] Fo ErEs 120 100 0

AeA o AT 4= Q-8 HoFEr.

ol#g AAY A& A Nxﬂ 7]"“‘:’
HPLC Al2~El 0% #A319iT} & Aol Aminex HPX-87P 2
A (Bio-Rady& AH&-3l3loH, 4 vb}/‘ Z 7L Table 201 #4158}
STk AA AlE FA ) A, BFAIFE o] &3te] 7 IR B
FAIZHE g3 T E=A F & cellobiose, glucose, xylose,
galactose, arabinose2} mannose®] & 6%2] Fo] L& E o 3loH,

0] 59| M55 AlZH(retention time)> ZVZ}F 10.2, 12.4, 13.5, 14.4,
15.6, 163302 YEFSTE o] 3k 7|F o2 HAeE] 38S AR
AR g Y g AR 548 allsleit).

3o Al 5= Waters

2-3-2. AE FF2EAIARS] A4 9l ARk B4

Hio] Qul 2~ FhpEEa ) U A FEEEALES] EX) o] -5 &
Q13t7] Ysted F+ 7 Z ™ (Supelcogel C-610H 2! Cartenoid
C30)yS ARSI AA 7Es 9l C-610H Z2H-S 47 2.3
Al = Qo] A= B olE AgekA kst v B A=
FFEEAR] EA1E Sl lsiAE T Aol BT FUsHA
AZH=AE 702 A8kt C-610H9H €30 AR 2] 412191
B2 278 247} Table 3, 428} 4bol] AAIBISATE.

A= T2 EAS] 34 SlEl WA €30 AR ARE-Ste]

Table 3. HPLC operating conditions for carboxylic acid analysis
(SUPELCOGEL C610H column)

Parameter Condition
Elution mode Isocratic

Detector Waters 486 UV detector

Wavelength 210 nm

Flow rate 0.5 mL/min

Mobile Phase H3P04 7.751 g in 4 L ultrapure water
Column SUPELCOGEL™ C-610H, 300 mm x 7.8 mm
Column Temperature 35°C

Sample Loop 10 uL

7R S Bt §, A iR R Ae] ek R EE
itk WA e AR oFA71d SOl BFA (IRA6T)C FHA]
%1 %, 314 NaOH 8- 2. @23to] Alsiglct. o] dAj2] -
7l el ol EAfehs B S el diE w0l BE S es
Hrh gets] gelaby] §19 Bx dA sgEglon], Fa

21 4
2 3ol Alm o] iEk = glom R A sk Akl
AREBHA] okttt o) gA] ghagt A AlSE thA] C-610H 2 C30
AdlolA 24z EA8l 0L, 7 ARellA] 382 0% Sld A=
ZhEEARNES AR 7t U A AR o ® st #
T A B2 C30 Adold A IS ARrEIHS Ve w
T3t

2-3-3. FEA B AEsletEe] 444 9 A% A

ZhEE ) ol EAlshs FekieAl gl wlEseES €30 A
HE o] gate] Felstalon, A4 E4S fl8l 25 189 uv
2HER BlustAY, FE 37 2 ¥ (standard addition test)S
$85Flth. HPLC 4] 22712 Table 4a%} 4bof] AlA1E 2717} 2+
on UV AHEY B9+ 190~400 nmSITh.

C30 ZlE 0] 85t HPLC 24 oA dleEslhE = 7P & 9328
Hel x| o] AJFE(e]sF FAXE AR TS 494 W FJFHoz #
At f1stke], slld 328 wF-E AlRkel] ZASte] deAo R
EF A 235 292 cold trap= o] &3l A2 55 A5k
on o] FH(H;PO,, &, acetonitrile) 3] #H=7 2o E o]&-
sto] Rl gt A A TS AT O TN, o] FAS A AL

FAXE %3190t}

5% FAX £9°)3= NaOH 8=
AR e, TS Ao F Fu)h 4
NaOH §-9-& H7tste] &2e] 2308 Fofslgitt. 7 Ala &7
o]% 53t HPLC Z7dellA #4313l
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= 22 9 EHATHFig. 1), B ARE ol galo] 313k v

=R
A4 A= 33]) 549 F ko ® AT v AddelA g = ARl ELﬂTE F 57 A}, A AlmelAE o3 AL AXsh=
Q1% 3ol 3= X(relative standard deviation, RSD)&= R 3% T8 AlZbell A 7 7 &A= .01, 212} cellobiose (10.232),
Sl bA=g glucose (12.43%), xylose (13.5%), galactose (14.4-%), arabinose
(15.65-), mannose (16.33)% LERHTE.
3. 411 9 b Table 5014 & F Sl AAH, 7H-ds] 259 #A
arabinose, glucose, xylose”| ThH= ELOﬂ HlE) =2 528 Helor,
3-1. 2 24 A2 HE 7kEoll e HE 2AM = e =8 7 AL AEZ e A% v AER @ AT 7}
3-1-1. % 24 7—} olg FOo& VIR alH ASS AR B3] glucose A
o Grhs o3t ZlalE B Aol sl dAE] Y-S 2 QA0 FH P AHEolH, xyloser= 3H|AEE 22 F xylan
7% 3 HPLC 45 3%t A7}, g0l adH o] F3&| 4H&EF A, L-arabinose & galactose?} &7 0| AEZ @
350,00
] ]
) # Xylose
00,00
250,00
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200,00 v
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S g
] o |
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_ \ SR 4
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Fig. 1. HPLC chromatograms of sugars in the pretreated rice straw hydrolysate using an Aminex HPX-87P column (Hydrolysis conditions:

H,SO4 concentration, 0.5 wt%; temperature, 160 °C; reaction time, 60 min).

Table 5. Concentrations of individual sugars in the rice straw hydrolysate at different hydrolysis temperatures. (Hydrolysis conditions: H,SO4

concentration, 0.5 wt%; reaction time, 60 min)

Conc. (z/L) 80°C 100°C 120°C 140°C 160°C 180°C
Cellobiose 0.0076 0.0202 0.2151 0.9678 0.3558 0.1571
Glucose 0.9624 1.0773 13012 3.7034 44731 45364
Xylose 0.1041 0.2871 2.8544 11.7221 11.5649 6.0058
Galactose 0.0318 0.1492 0.7260 1.5891 1.6214 1.1409
Arabinose 0.3325 1.2782 22181 29727 23138 1.5060
Mannose ND ND ND ND 0.6657 0.3879
3 (gL) 1.4384 2.812 73148 20.9551 20.9947 13.7341
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’\«] olFthd 25 WFGSHTH 11]. B=3F, cellobiosed] EA = &

- 7% oligosaccharide Boi= 7] eHd S 23l Ah=o] E3E]of 9]
5 AlAFSH, mannoset F P AER @ A0 A THFO 2 A
g el A FreE Ao s deket,

S o

3-1-2. ] 7]_\?._‘}‘_}\]/\}- H)H
WS FS AP0 R 7alst § 92 sl S 30 A
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F-F2-22 IS Bl GAISE ¥ C-610H A7 C30 AilelA 2t
7} 8213194t 21 A 3, acetic acid, formic acid, maleic acid, famaric
acid, levulinic acid 5 & 559 AW 7l2 8] o] F Ay 15F
ol Bl F Aot M ARES BolH AEH 3/ C-610H A
& of| 4= maleic — formic — acetic — fumaric — levulinic acid =2
2, C30 A H |4 = formic — acetic — maleic — fumaric — levulinic
acid =0 %2 -2 ¥ O (Fig. 2), F ZH A Lozl 7t &2
EEE £2.6% ol 9] Afe]E BRI o]i= 5 Aol 714 A8

0me-
. (a) C610H column
oo Sulfuric acid ¢
Acetic acid
om2+
|
|
0010+
|
" Formic acid : Fumaric acid
. o I
] Maleic acid 1 , I
I 1 I I Levulinic acid
0004 ! ! 1 } 1
\ 4 v v I
o] . R
R i 5 N _
- 5 ] /+\ E
0000-| s VS ~ ; 7 - ———
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010 (b) C30 column
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0.06- o
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_ | |
3 k| I . . I
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Fig. 2. HPLC chromatograms of aliphatic carboxylic acids in the purified fraction of rice straw hydrolysate. (a) C610H ion-exclusion col-
umn, (b) C30 reversed-phase column. (Hydrolysis conditions: H,SO4 concentration, 0.5 wt%; temperature, 160 °C; reaction time, 60

min).
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O g WAYFY Aol daHA A=A
AA| 7 Hel] EATS: AskA Sk gitt

o] ¢} 2 8] =419 Aol= Ay 5499 Apoldl 7] C-
610H A2 g o] 2w SrA|(HE)E 7IRke = stof 7219
st e 2719 wet 22t #e-E e, #2277 2
formic acid$} acetic acid’} B2 wg] £2% 11, trFAkel
maleic acide ©]& FE 2807 13l o bellA AEd 5 Q.
Hhd, €30 A7 C18%.tF 11 & AR (alkyl chain)e A 973
Ao " A7 Fogo] o wE deo]7] el 540l
 formic¥} acetic acid’} WA, Atjd oz HFAH =7} &
levulinic acid7} 71 =4 &85t S maleic acid2}t
fumaric acid= A4 T2 xje] 2 Q1) €30 AP A FSH
=8E U

ols) e A A

ejm)si,

ke)

1% E A AT Chen & [12] <= <
5t (com stover) 2 F-& A0 7 AxjEjale] 4L RS

2931 A3}, formic acid, acetic acid, levulinic acid%* o} g} A %9]
fumaric acid®} maleic acid GA] HF YHEZ HES T B
T3S o= B ATtelA] BRlE oA AJFo] AAR EHA vk
o]l ujA8] F& FAE 7S B elA] FAEE RS 3

A
.

Korean Chemical Engineering Research 64(4) (2026) 105179

3-1-3. FHEA 2 wlEsitE T4

UV 29 ER] 247 255 7 ARS8l AA 7eEs)
N HEH BE FAFEA 9 He5sdE] uv 55 547

T8 AR BFEAek v weleint. 1% dlaE Al SlE, vanillin
9] B4= Fii3k(203.1, 229.0, 278 4, 309.4 nm)S 5 vanillind} L=] 8¢
&1 © ™ (Fig. 3a, 3b), vanillic acid 4] 217.2, 259.6, 290.4 nme| 4]
BEA R} s s AFE Y-S JEMITHFg. 3¢, 3d). B2 syringic
acid®} syringaldehyde®] ™5 AIZH 242t 382987 44,68 0%
e, 554 H7F 3 38353 44750 2 A HAs Tt
(Fig. 4). o8t 245 g o® & 352 Fi A9t 852 7
Lol 4o ® FH= I

C30 ZH-& ©]8-3F HPLC 4] A, oF 4832-2] HF-5 Aol
27}k

KX

B
=
&

P2 o] o]5 FAXZ g3 th(Fig. Sa). 3l

T-7H47.0-48.05)S F 303] W B3 5lo] A2 22.14¢0) &
< cold trapl 2 A& 553 A3} HF 1.14g°] 5595 g1
A FE N ferulic acid EF AEE F78o] 245 A7),
T ¥ =7} Heks) alw)o] FAXZF A3 (free form) ferulic acid2} tF
& I3} THFig. 5b). 014 dlld Z3k9lel] NaOHE

=
Azt A2l 35 A, FAX ¥ A= sk vk

s, whebA, S ARE o] &3 wak A A= B b ferulic acid ¥ == 5318HA] 5718l th(Fig. 5¢). ©] &g W sh=
) ) A SR EAS] EAE SEehe A SAE AA BA 7k e = Fd s Ao, o] 53l
Agsh, 71E Fd e S Sl 2 A Al e S FAX7} 2] o] 28] ferulic acids WEah= 2 JeidS &
SECEES s,
| 203.1 "1 2031 229.0
LU L a \ .
280 (a) | ‘ (b)
/o) 022
o) / \ 278.4
‘ 278.4 309.4
| \ 309.4 “ o
: ! 2 o1s.
L |
00
" e
" T T T T T T i
0 mx ol 4 000 008 oM 0 Jod b Jprm :))rm :.Jm m’m m}m Jm ’ml'm xn‘m
i Ao~
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A @l 7 @
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: * / '
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Fig. 3. Comparison of UV spectra of major phenolic compounds between standard samples and the rice straw hydrolysate. (a) Vanillin in the
hydrolysate, (b) Vanillin standard, (c) Vanillic acid in the hydrolysate, (d) Vanillic acid standard.
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AT

- (2)

]

o 15 Syringic acid

Syringaldehyde

Syringic acid 4

Syringaldehyde

Fig. 4. HPLC chromatograms of the hydrolysate solution before and after spiking with standard phenolic compounds. (a) Original hydroly-
sate solution, (b) Hydrolysate spiked with syringic acid and syringaldehyde standards.

FAX 9]22] UV 2 EH2 EF ferulic acid9} FAFSE 548
ROk WEE AIZR ferulic acid (50:)R.CF tha Z9)T) o=
ferulic acidell =4 Y(saccharide) “g+-0] AEE 749 wAFe] =A49]
S7Fato] HI=A R (C30 ZHel el A O] ihE w5 AThE BRlvh=
gt Aty o] 9 2 A= ferulic acid”} arabinoxylan®l] -2
o ~¥ A% JH 2 A= 71= B I (Williamson 5[13];
Buanafina[14])2} F-8}8H}. B Uo7}, Modenbach & Nokes [15] ©]
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Fig. 5. Chromatographic identification of FAX via fractionation and alkaline hydrolysis: (a) Concentrated FAX solution fractionated from
rice straw hydrolysate (b) FAX solution spiked with ferulic acid standard, showing two distinct peaks (c) Cleavage of FAX into ferulic

acid after NaOH treatment, confirming the ester-linked structure.
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Fig. 6. Proposed chemical structure of feruloylated arabinoxylan
(FAX) derived from rice straw.
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Fig. 7. HPLC chromatograms of rice straw hydrolysate excluding sugars, analyzed using a YMC Carotenoid C30 column (Hydrolysis condi-
tions: HSO4 concentration, 0.5 wt%; temperature, 160 °C; reaction time, 60 min).
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Table 6. Concentrations of non-sugar compounds in the rice straw hydrolysate at different hydrolysis temperatures. (Hydrolysis conditions:

H,S0,4 concentration, 0.5 wt%; reaction time, 60 min)

Components 80°C 100°C 120°C 140°C 160°C 180°C
Concentration (g/L)
Formic acid R 0.8885 0.9906 1.6428 2.1276 1.9409
Aliphatic Acetic acid 0.6702 0.9414 1.2851 3.2787 5.9275 15.7506
carboxylic Maleic acid 0.0016 0.0021 0.0025 0.0049 0.0087 0.0080
acids Fumaric acid 0.0116 0.0205 0.0145 0.0259 0.0315 0.0341
Levulinic acid 1.6429 2.0572 1.7827 2.3992 23637 57027
5-(Hydroxymetyl)furfural R 0.0172 0.0729 0.2618 0.6112 1.5764
Furan 2-furoic acid 0.0010 0.0070 0.0050 0.0217 0.0193 0.0643
derivatives
Furfural - 0.0098 0.0152 03152 1.6361 6.1696
4-Hydroxybenzoic acid R 0.0011 0.0019 0.0034 0.0054 -
4-Hydroxybenzaldehyde 0.0021 0.0024 0.0046 0.0065 0.0185 0.0194
Vanillic acid 0.0020 0.0022 0.0034 0.0060 0.0070 0.0126
. Syringic acid 0.0009 0.0011 0.0034 0.0058 0.0080 0.0217
Cgﬁiﬁﬂﬁzs Vanillin 0.0014 0.0018 0.0053 0.0087 0.0215 0.0413
Syringaldehyde 0.0004 0.0009 0.0022 0.0099 0.0158 0.0293
p-Coumaric acid 0.0052 0.0087 0.0262 0.0576 0.0607 0.0445
Feruloyrated Arabinoxylan 0.0026 0.0140 0.0990 0.1754 0.1133 0.0204
Ferulic acid 0.0010 0.0018 0.0068 0.0292 0.0404 0.0268
Aliphatic carboxylic acids (g/L) 2.3264 3.9096 4.0753 73514 10.4590 234363
Total Furan derivatives (/L) 0.0010 0.0340 0.0931 0.5987 2.2666 7.8103
concentration
Phenolic compounds (/L) 0.0156 0.0340 0.1528 03025 0.2906 0.2160
2} 78] HEgo] k] oS AlATRHTH24). v A= JEFS wASISITE A Sl A= HPX-87PS} €30 2
Fosha, £ AT A= 7R 257 G ofuel 1 He HE3 U 24 A RS 58 652 I 1752 FAES
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