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ABSTRACT

Background: The demand of recycling renewable agricultural by-products is increasing. Radiation breeding is a method used to
improve saccharification efficiency. Thus, we investigated the effect of gamma ray irradiation on the pretreatment and enzymatic
hydrolysis of the stalks of Senna tora, an important medicinal plants.

Methods and Results: S. tora seeds were irradiated with gamma ray at doses of 100, 200, 300, and 400 Gy. In the pretreated bio-
mass, glucan and lignin content were higher in the M1 (1% generations of irradiation) S. fora stalks than in the M2 (2™ generations of
irradiation) stalks, this can be explained by the higher degradation rate in M 1. After oxalic acid pretreatment, the concentration of
total phenolic compounds (TPCs) in the hydrolysate increased in the gamma ray treated seeds. The highest relative increase rate in
crystallinity in the pretreated biomass was observed in M1-400 Gy and M2-100 Gy. The cellulose conversion rate was higher in M1
than in M2, except for 200 Gy.

Conclusions: Gamma ray irradiation at an appropriate dose can be used to improve the efficiency of pretreatment and enzymatic
hydrolysis, thereby increasing biomass availability.
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AqURde] tekshe dAlet mHje] F73AES sk Pl ek SJEEE HFo] x| QMEE AT F

M2 oz FHEAET Atk (Jung ef al., 2016). nom, olikstets HEaHE 7IE 4 Ak (Mansouri ef
A o] g0l Y vpol Quj AR AE UL EARE dl, 2016).

A H71E, B 2 A BAHE 5ol dor X&rhssial Hlolouj e AEZ oA FHuAER o Blade] §714

AN 7Fssths Aol Atk Ryu er al, 2011). 53] 21, 22 AgHo] e 2= Hlo| QujAZHE Hlo] Qo8-S

F, S5, M 5 FAELS OiRE Agog o)X AArsl7] eiMe Axe el a4veRs] 3o Fasitt

Tt EUSt vl 5 AR SE 7 e Sl o (Gupta ef al., 2009). A= tIF-2e] FrAEZ 229 o
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QhLoh, U7el, BARS Fu AHglel A
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2 At} (Kootstra et al., 2009).

kg 2HE AR} [Senna tora (L.) Roxb.Je= T3] o
WA 2RO HdEHoR & WA 3 7 715S
71e AERE dEA Jdon kst EA Hed SES
o 2ghsle] sl S e ZoZ BAHEIY (Lim
et al., 2004). o|8|g &5 AYve AHA TA= f-83H
FEH AT FAER AEE ETFARe] vlo|omie
Edgt 852 o] &HA] Falal WEHAAL = AA ol

=7V AIEE (KOSIS)e] E-82=AAFs) SARE ] <]
shH =l Ak ok&2HE F AWAtE 2015 4, 2016
WHoll ZHz} 1.088 /10 a, 4.088 /10 a® AAE = Ao ByH
o} (KOSIS, 2017). &A] HujollxE vlo]ml2o] 49lej&g
o] T AFEo] AAF] v} o3 FAHS s ¢
shed wid WA Z8A 9 EZ7 vlo]omjz Fik
Eo] &g ugt geket Ad7Ee] AEHZ Ut} (Lee ef
al., 2017). w2t Ayar 271 WHA e sHHEe] A1g
& SHAA oA & vpolemjig &go] JFsE Ao W
Ial=0

o] =
AT

49 SFAE &8 5
Zhsgaky ek (Kim et al., 2008).

o= vlo]l om0 g3} 888 F7MA717] A3 Wy
v A gigt At EEekA o] Foix| AL Sl
< AR 3 A AAEE FATeER P 58S
Z F dtke A3 B ok (Kim et dl,
2016).

7o) HEA vlo| 28] F2E HPAA HERQX,
FrlAER e, Blade] ®alE fFieste] Fuljzt vlo]on)
2 Yz 44 JAFsa ASE o e B £57} Z7)ete]
qA7EES] 895 T (Xin and Kumakura, 1993;
Binod et al., 2010). A3k vlo]eumjxo) 2 Zruld S %
AFsE A7} ol FRtel] ZALste] Hlo]Qmje] A
g 25 I A4e A e Aol FAvpde A
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glstarA} st
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1. SAM=E

2 A 2014-2016 @ A5 HEAAE AT TP

ZAF Al (Co-60 3,000 Ci, Nordion Inc., Ottawa, ON,
Canada) WollA HHARA (100-400 Gy)ol A&d A9t
[Senna tora (L.) Roxb.JZAZHE B9} 7EX& A|AS &
710 Rlste] Aol ARgelth. SAk 105 7H9] Zhol
A EFlolo] HFES ¥iL Zo] 2cmé] FHE B A4S
1 94 Ao} 25Ce] A3 2% sl oAzl F, st
L 7oA 30cm (HA o= o] o] AfulsiAT

Arpds AR At FAE oA AEste] 2ol v
Agiel AWt 2715 M1, 2 the Aldle] 29a 2715
M22 W eth. & dolMe ekl 2AF il mE =
71¢] A2l 8 g3t &35 Wlashy] flete] mbdE AL
SHA] ¢k AAE UIRT (control)Z o8-8tk ABAr &
7= ZF AT deJ2 I=2A g & 238t 20-80
mesh 7|2 Fste] Aol 28313
2. HIO|ROH~0] S&HE Fxie|

el Zlael e Aua 2719 S Ax ARE
Hlas7] Qs AAAIE 25 g sS4 Fa) &< (0.1 M, pH
13200ml & &3gtate] 170ToA 60 H7F 342 wkg7)
(rotating digester/DM-848, Daeil Science Co., Ltd., Seoul,
Korea)llX] 2215 F3Js19th. W58 & Wg7|E 15 &
7 HRAFHeH, aygnto] eujieh AYTREIE S o3
“rE]ate] 4TColA W Bttt
3. DA~ K WEDrRHLE PR R

Axe] A5 aPdupolemis FAHE #4S NREL
(laboratory analytical procedure determination of structural
carbohydrates and lignin in biomass)soll 25 S=aysIAtt
(Sluiter et al., 2008).

AxE] & PrrisctE o 8 & (FFILes, A
A2 X2 ol ), F7]14F (acetic acid)E T EIAHE

[furfural, 5-hydromethylfurfural (HMF)]-= HPLC (e2695,
Waters, Milford, MA, USAYE ©|-&3sle] &35t dH2
aminex 87 H (300x7.8mm, BIO-RAD, Hercules, CA,
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USA)S ARESFS™ refractive index detecter (2414, Waters,
Milford, MA, USA)E ARE-&FATE ©]67¢2 5 mM H,SOs&
flow rate 0.6 Ml/min® 2 55 & FoF 231}

W7 HEE AR EEE o % H=3PE (total
phenolic compounds, TPC)®] &2 Folin-Ciocalteu’s reagent
WH (Singleton et al., 1999)S-2 UV-VIS spectrophotometer
(UV 1800, Shimadzu, Kyoto, Japan)yS AR&-sle] =431tk
(Singleton et al., 1999).

o)1=
AR

4. X-ray diffraction (XRD)2A4

JEule] o ~o] AAsE £42 3D high resolution X-
(EMPYREAN, PANalytical,
Netherlands)E ©]-8-3F] 2 0=5-50°2] W ollA 712
40kV, 30 mAe] BMzHAoF TP AR wet 243}
Ak AlEel et 284 B (Crl)> SegalFell o3l the
I e 2oz ATt (Roncero et al., 2005; Yang et
al., 2009).

ray diffractometer Almelo,

Crl=[(looz = Lam)/To2] < 100
Lim: 2 0=18°9] peak intensity
Topz: 2 ©=22°9] peak intensity

5. 015wl

b Ak whE dAE] AWAt £71¢9] 93 7S
B7ksl7] f18te] EavEslE AAEITE HAAAE 4 g9
A2 wlolQuj 2ol sodium citrate buffer (0.1 M, pH
4840 ml E H71sdek 30C, 150 rpm 2N 1 A7 &
¢t shaking incubator (JSSI-100C, JS Research Inc.,
Gongju, Korea)ollx] wRESE = pH 482 Z4E3ATh
Autoclave (HB-506, Hanbaek Scientific Technology Co.,
Ltd., Bucheon, Korea)oll A 121C, 15 7+ €A 3,
Cellic CTec2 E4E vlo|ulj2 o 120 4 7Vl &
2 Z7F 3 50Tl 150 rppme 2 WHHSPAA 96 A7
24 AZF A0 2 1 ml A samples AF3H3ATE

Savhede] Sl Add 9EF ke HPLC
(e2695, Waters, Milford, MA, USA)YE ©]§-3t] =431t}
BAE AEE BT 045 m filterS TA1A A 54|

48 AN

g

=

6. SH=M

bl Ak A At 2719 dAE], 5247
3 a5 gRlat7] 918t Two-way ANOVA 418 A
Ak Aol BAH F4L p value 0.05 PITL S
ol4o] Akl HEEIFCom IBM SPSS Statistics 23 (SPSS
Inc., Chicago, IL, USAYS AMg-3ted 4131t

1
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A
1. DSU0|QA MM

e AR, AiE g Re] AolE ERls] €]
BARAE T

A A e 2ARPE FAEA A3, M1 Y100 Gy
o} 200 Gy &7 ARlollA FF7t, Aoldt, glad 5 F8
TR el FomEk Aot S Skl 100 Gy
o} mlawate] 200 GyollA Aol glrde] Fhefo] 747t
17.55%, 17.12% =7 VR e™, 257 T2 9.37% A
YERTH (Fig. 1).

M2 ] H+t lade] ke ol 100, 200 Gy =712}
vlaste] Zubid EARRFO] ZHRE 300, 400 Gy =x1olA
11.44% =A Yepdth (Fig. 1). X2 A Al SAEA
A, S50 olghdellA FelF zle|7h vER o, XA
AoZ Ml (FF7h 36.55%, oFHld 0.50%)2 H| st
M2 (32.52%, 2.65%)PI1X FF7te] sk 7askal ofg|d
o] grgo] F7kslaitt.

AT F v AP SAEA 23, MIdME F8
T3E ] Afel7h gldlem, M2 Wi thE¢ 200 Gy

|

Table 1. Degradation rate of Senna tora stalk treated by oxalic
acid pretreatment (unit: %).

Control 100Gy 200Gy 300Gy 400Gy
UM1  42.45+0.43 44.89+0.22 38.41+1.07 42.72+0.24 42.96+0.29
IM2  34.89+0.71 37.61+0.34 35.61x0.50 34.98+0.64 33.59+0.35
Pretreated-mM2
g0

- mControl o100 Gy =200 Gy
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Fig. 1. Chemical compositions of Senna tora stalk treated
by gamma ray irradiation. The same lines are
significantly different at the 5% level between dose of
Tgamma rays each generation. Mean values = SD
rom triplicate separated experiments are shown.
*Different superscripts letters (a - d) within a column
show significant differences at p < 0.05 between
dose of gamma rays in each generations by Tukey’s
HSD test.

Hylan



2x2 - 2Hs -

ro

27 Alolollx 273t T
gk Zpol7} rERsiTE

Axe] T wpol ez iE FEI gade) Had e
o] Azlg] Az} wlwate] MIolA Z2F 43.59%, 78.65%,
M2ollA 247} 2535%, 5839% & AtjFow Frlsglon,
ol AFZ Skt A aet RIS (Lee ef dl,
2009). AA2] F wloluix ] FFI glod ] F
2 7R M2¢9} Blaste] MIolA 5 A4 YERET
(Fig. 1). oJAL Ha Hal& MIolA 42.49%, M2
3533%= Ml =2 Eafl&o] ot Zo= Alsdrt
(Table 1).

At EZA vlolomAs AR F AEZ 29 B14-
glucosidic bondsE YA o= Fljsl= Ao LA Yo
), 50, 100, 200 kGy®] #nPd-g vlo] o) ZARSIA-S
) b Aol SIS Blady) e Al 2ES

Z¥z} 43.02%, 37.11%2 ]9

25

HEY - 012t - Ol

wajsler gxbdelely BRaE vl Aok (Kim ef al., 2016).

2. WEDIEolNE MEEAM

M1, M2 A"} [Senna tora (L.) Roxb.]J&7] H37E3]
AEL] Fo QRS QYRR FEQon FEIAA A
A AdZ2ze vjsl] @A YeRdT (Fig. 2).

ol SARE HAEe] HMFA EHO= FnAER e vt
AMelz o g B93-S ov]dit}t (Jeong et al., 2014). SAF
atol] ofgt FulAEZ 0 20 HelFel Hale aie] H2A
S PN A BARRS 295 A FAold (Kim er
al, 2011). M12] 100 Gy 27 Adz22 v w& FF
Q2 RS Hal8o] 44.89%% ol Uehd dow
TEITH (Table 1).

W7 FESIAE Yolle HaAs|EdE 4#7] acetic acid,
furfural, HMF, TPC &°] HZ=UT} (Scordia et al., 2013).

M1

Concentration of components (g/2)

mControl

o100 Gy

2200 Gy =300 Gy 400Gy

aadaa

Glucose Arabinose

Acetic agid HWF

Furfural Formic acid

M2
25
@ mControl 0100 Gy @200 Gy 0300 Gy o400 Gy
3
2
c
[}
o
o
o
£
5]
Q
G
c
S
o
= abaabbab
i) =
= : b
(e N

Xlose Arabinose

Acetic acid HF

Furfural Farmic acid TPC

Fig. 2. Sugar and inhibitors in hydrolysate during oxalic acid pretreatment. Mean values
+ SD from triplicate separated experiments are shown. *Different superscripts
letters (a - d) within a column show significant differences at p < 0.05 between
dose of gamma rays in each generations by Tukey’s HSD test.
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dtg 3ol 9lo] 2g/ L o2l HMF, furfural 5+ gk
Aqkel] HAZAR] Gas F= AR dEA Ut} (Castro er

al,, 2011). Furfural %] HMFe B8] dhzoz =74
Bton, ole 9o Hall&E ol o7t Alow FF
o2 Wrh A Fal7t FHHASTE 2vlgtt (Jang er
al, 2015). TPC= 2l2d Fallibe & A sitEe vE
e Aog o|AL 24k Axjgld o) FEHeR g1
de] Zaf7} ol Fol S ekt

e AP W7 Wl et AR HlaL
2, M1 W 100 Gy 294 & e 7P w3 $EA
49 s 7P WA vEbTh v, 200 Gy &

7P S FEe B3 7P 5 ko] Uax 139%2101
ZEAoh. M2ollM = e 2AMo] SS9 E
AxF 7Hashal HEASER Y] w57 FUkshe el %
HATH 2E Aol e 2=AF 271 F 100 GyollA 7+
w2 v g v wro waAEde] A=
Fo] L7 HHs] MgE A= Helrh
Al p7Esiie Wl W A Bl 23, 2

F Q29 TPCE= M2 (765 2.02¢g/ 0)9 Hasle] Ml
(14.22, 435 g/ L lA =& w2 AtERon, Az e
M1 (17.85g £ )3} ¥lmdke] M2 (1935¢g/ L Yl =2 %

rlo

2 AAERT o]Re g A agunjolews W) AR
2re] oJgks uke. Ao g ALgHTh MI, M2ollA tiET =4
3} vlwste] b Zele] 98] TPC F=rt S71skom,

E3] 7mpd Ao Z7)sh| wel TPC
7S RISk} (Fig. 1).

o=

T=7F Sk

S"

§31[ﬂ.()|0|]|.|___| __rDUC-I _/\-I _,_/\-I
A A5 Az 719 2AAsk=E S4s17] 98] XRD
BAS Fasldnt (Fig. 3). 243ke B4 A3, Axg A
Hlo] 9 uj o] AAsIEE Mo 30.08 - 34.19%, M2o1|A]
30.97 - 33.21%= YERETH M1oIA 7k 2kl 200 Gy
77}%1 57@%‘& AAsl=rt S71sI2H, 300 Gy o) dolA

2slslnh A § ARstee dxE A HMOHH*
o} Hbﬁkﬁ BT S7FIGh ol gl oe 4&
Q2=0] uAAA g} zolgte] 73l wiiEo|th (Sun er al.,
2014).

A nfo] e AR RY ZF AlthellA] Zhepd ALkl o
£ A4l dFs Ado] A=A ekt X & 4
W2l 2719 Ha AARIEE M1 (48.08%)F Wwsked M2
(51.34%)1M =A Jebsdth. 32 $ vpo|om2 A4sl=
o] Z7HES vIWBIE W, ZF At W) b ARl o
2 7P 2 /RS M19] 400 GyolAl 66.16%, M2¢] 100
GyolA 66.30%% YEREo™, At i S7H-S MlolA]
50.88%, M2°lA 60.71%= YERTE WA AdlE 753014

r\r
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Fig. 3. Chang;: in the crystallinity value of Senna tora
stalk by oxalic acid pretreatment at various
gamma rays irradiation.
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247 voleuze] PR F 7PY WS FE A
AER e Gavbkrael] o) dehez Mg 7k
FFFe22 FIETt (Zhang and Lynd, 2004; Zhao et
al,, 2008). EA71ES] 3 AWzl 271258 AAE T
%“’ﬂ}‘ﬂ :Elg‘-__‘?r_O)ko] b—}g};o HPLCE Egﬁ _—q,]-o] O}oﬂ ou:] /\-ﬂ
SR 02 A8k ik A= Fig. 49 2t
Ao ot Aol Halle GavlrEs] 5 AE2e
WS FXs e, o]A2 Alo|ghe] EafjElo] MERQ
2R gk 540 FHo] Foiite olee SEEF
T} (Berlin et al., 2006).
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Fig. 4. Cellulose conversion efficiency by enzymatic
hydrolysis. *Different superscripts letters (@ — c)
within a column show significant differences atp
< 0.001 between dose of gamma rays in 2"
generation by Tukey’s HSD test.
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