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Research Article Weed & Turfgrass Science

Weed & Turfgrass Science was renamed from both formerly Korean Journal of Weed Science from Volume 32 (3), 2012, and formerly
Korean Journal of Turfgrass Science from Volume 25 (1), 2011 and Asian Journal of Turfgrass Science from Volume 26 (2), 2012 which
were launched by The Korean Society of Weed Science and The Turfgrass Society of Korea found in 1981 and 1987, respectively.
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Chemical and Physical Characteristics of Four Weed Seed Fibers
(Hemistepta lyrata, Imperata cylindrica var. koenigii, Metaplexis
japonica and Typha latifolia)

A Ra Yoon, Min Woo Lee, Seul Ki Kim, and Jin-Seog Kim*

Research Center for Bio-based Chemistry, Division of Convergence Chemistry, Korea Research Institute
of Chemical Technology, Daejeon 305-600, Korea

ABSTRACT. In this study, we investigated several chemical and physical characteristics of 4 weed seed fibers; Hemistepta lyrata
(HEMLY), Imperata cylindrica var. koenigii (IMPCK), Metaplexis japonica (METJA) and Typha latifolia (TYPLA). In chemical
composition, there were 74 (TYPLA)-88.5% (METJA) of holocellulose, 17 (IMPCK)-24% (METJA) of lignin, 0.22 (METJA)-4.2%
(IMPCK) of ash, 2.2 (HEMLY)-7.8% (IMPCK) of hot water extractives and 0.4 (IMPCK)-6.3% (TYPLA) of solvent extractives.
Alpha-cellulose proportion to holocellulose was similar among weed seed fibers as 45-48%. The crystallinity index (CI) of raw seed
fibers was 53.2 (TYPLA)-65.9% (HEMLY). However, CI of the chemical treated fibers (EDA fibers) was a little increased and
showed 61.1 (IMPCK)-71.8% (METJA). The maximum thermal decomposition temperature (MTDT) of the raw seed fibers were
312, 321.8, 331.5 and 341.6°C in METJA, TYPLA, HEMLY and IMPCK, respectively. But the MTDT of the EDA fibers were 327,
327, 341.7 and 360.0°C in HEMLY, TYPLA, METJA and IMPCK, respectively. Taken together, they showed a similar or better
characteristics compared to the reported or commercial natural fiber resourses. Accordingly, they seem to be practically applicable
as renewable resources for a new natural fibers.
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Sttt y-cellulose (%) =100 — [ai-cellulose (%) + B-cellulose
(%)].
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Fig. 1. Chemical composition of raw seed fibers or chemical
treated stem fiber obained from various weed species. HEMLY:
Hemistepta lyrata; IMPCK: Imperata cylindrica var. koenigii;
METJA: Metaplexix japonica; TYPLA: Typha latifolia.
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= &1, sugarcane bagasse & sponge gourd (Guimaries et al,,
2009), artichoke (Fiore et al,, 2011), 23, slu}l2}7| &7], &3
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o] o] HERIAE YENYFEE= crystallinity (%)%} cellulose
crystallites order (crystallinity index, CI)&= 479 84S
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Fig. 2. XRD pattern of raw seed fibers obtained from weed
species. HEMLY: Hemistepta lyrata; IMPCK: Imperata cylindrica
var. koenigii; METJA: Metaplexix japonica; TYPLA: Typha
latifolia.
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Fig. 3. XRD pattern of EDA fibers obtained from raw seed
fibers of four weed species. HEMLY: Hemistepta lyrata; IMPCK:
Imperata cylindrica var. koenigii; METJA: Metaplexix japonica;
TYPLA: Typha latifolia.

H Ao BA7] AR (raw seed fibers)7H2] crystallinity
index (CD)&= AA7Ne}F ¥F7He]7h &4l ER-52 4
Aog Wity a8y &gy d-drte A2 (EDA)
T Qlojxl A7he] Cl= uEsbelvt 718%2A AHY %
SFaL w2t Afolo| A5t SR} 2| W} o} 217}
69.3%, 67.2%5 e ItHEig. 4). ?FH 2752 4% &
4 Sele] EDA A& CIF 27] 29 EDA 4% Cluch
2 4aoloichFg 4. T3 EDA 447 TR 57
AA-f-(raw seed fiber) Er} CI7} AHEA 0 2 ==t (Fig. 4)
ol IetA Bl Fet Bl 1d 9 7|EF EEo] AlAE o
$17} oldl AT} o E WAL QI Ao ofAT
o TFE Eo| CI 2AFATS} vlwa) 2 uf, 4 e
7he) o] FA e FA = Prosopis juliflora 34 46%
(Saravanakumar et al, 2013), Kapok 45.8% (Mwaikambo and

100 1 1w
o A B
T 04 ]
£
» 10 ™ Il
§ " w
2 wl 5
£
= 1 o
§ 404
= 4 n
= H n
iy 0
o [}

HEMLY IMPCK METJA THYLA HEMLY IMPCK METJA THYLA THYLA
(need fiber) (5o

ed fiber){ stemniber}

Fibersources (weedspecies)

Fig. 4. Crystallinity index (%) of raw seed fibers (A) and EDA
fibers (B) obtained from four weed species. HEMLY:
Hemistepta lyrata; IMPCK: Imperata cylindrica var. koenigii;
METJA: Metaplexix japonica; TYPLA: Typha latifolia.

Ansell, 2002), Wrighitia tinctoria A3 49.2% (Subramanian
et al, 2005), Cissus quadrangularis ¥-2]/d-F 56.6% (Indran et
al, 2014), Sansevieria cylindrica ¥’d% 60%, ramie 58%
(Sreenivasan et al, 2011) Xt} #SQFal, Raffia textilis 64%
(Elenga et al.,, 2009)21= H|S=31% 0, 24=1}] 74% (Reddy
and Yang, 2005), thu} 87.9%, Sisal 70.9%, Jute 71.4% H.r}
= (Mwaikambo and Ansell, 2002) W¥& #H3sFo|Qit}. 1Lt
%GNS AR AR, 25, 9F1e) EDA A
L 70% 19]9] CEZ o] Sisal 70.9%, Jute 71.4% (Mwaikambo

and Ansell, 2002)2} SA}SE =2 E H )
o159 AIE B U, B FAUFE AT EL |
ofell A i FAR G ARt ALY v E4S W
A

hl =
o]aL 7] wiZel 5 dEzltol gLt SE% 7t

Kul
s

EXkdRe| WS A (Thermogravimetric analysis, TGA)

o' Hfe €4 54 242 &=l mje Fadt
Ar g Al Eshed 59 g LAt EFAA 53
25 Alxstaxt & gols AR 38E= 92 2ofA
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Fig. 5. TGA (A) and DTG (B) thermograms showing the
thermal stablility of raw seed fibers harvested from four weeds.
HEMLY: Hemistepta lyrata; IMPCK: Imperata cylindrica var.
koenigii; METJA: Metaplexix japonica; TYPLA: Typha latifolia.
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2 Aol ] FA ] FAM - (raw seed fiber)2] 79,
a7 w48] AP A&EE 22 AR, b
F7H, E55 EFolA 213°C i, W= o|H Tt w2
250°C glom, FA4% Fali7t TrE= 22e AN, vk
71, 2RE, woj|A] ZHz} 340°C, 330°C, 340°C, 360°CoIA] A
FAR P LA ER @A A5-9] FH8l|UY S (Saravanakumar
et al., 2013; Yao et al, 2008) LEFH A th(Fig. 5). ¢+, 7}
2 2o Bl Ul 2==(%/°C) Brte, E5E,
A A7), "ol A ZFzF 312°C, 321.8°C, 331.5°C, 341.6°CEA]
ke 7t 7P WA wrt 7 =2 Holdlok & At
oA} ARG Af-FolAls w7t rt 7Y 52 =2
1(213-330°C)ol| 4] E-3lj7F Al&s] A=A udER
e Jaf7F F=515ke] shoulder peakE 7F2l A2 A AN,
H= 0 Folaer vrtel= F513t soulder peaks X
o] 2] ¢Fttt(Fig. 5). Yao et al. (2008)2] E 1o A Jute,
53t £7], ¥ 9, wood maple 52| AE= FUAER
2= B3l fF o2 o AR shoulder peak”} S35} Lt

120

100

Weight (%)

600

20

1.5 4

1.0 4

0.5 4

Deriv. Weight (%/°C)

0.0 4

0 100 200 300 400 500 800
Temperature (°C)

Fig. 6. TGA (A) and DTG (B) thermograms showing the
thermal stability of EDA fibers obtained from raw seed fibers of
four weeds. HEMLY: Hemistepta lyrata; IMPCK: Imperata
cylindrica var. koenigii; METJA: Metaplexix japonica; TYPLA:
Typha latifolia.

EFER|TE tjat, kenaf, H12], wood pine 52 shoulder peak
7h S35 gpetehin o A0 Bk F(species) E= A
27130] ket AL Balebo] O Ao o AT, @
H 350°C o] 5 525°C717 2] LW FAARLI] 2
Aolglo] YTHet 40| Hlgg Hohgol ML) ot
2lad Bl 7TEr A2 23 el 2 oA (Yao et al,
2008).

-

Eai7F 48] =7 AlRE = 2ee AN, E5RE,
ukZz7le], wol| A zkzk 213°C, 213°C, 265°C, 300°C ©] %1,
ZA3t Bt FREE LEE AR, 2R, wFt,
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7t ot 7| 22 o AXIT 1 virte] el o
EDA HfollAi= 360°C o] % 525°C7}A] 9] 2L=r QoA &
= QI FAIATE A9 gl

Adrd 0w FA 2] FAR-2F EDA AH7te] d&dl &

]

A Aol s & A%, AR, 2HE] A9 Mz

247} 20°C9}F 30-37°C Aol H w2 =0

| Qofsteh. ol ws} wiZrte] 4G 7]
9] EDA 448 thE 184820 3412 1) (fillering),
wrh o e LA ATE BAS Hold 4 U8
ofujshy] ol A 2wl gze] B 4 gl ol
Fo e FAME 2AY] WER A pust Hrh
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]
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44 S7H AT TRl Q= AoR F5H &, v
Z7+2] 9] 2] 3} holocellulose $Hefo] T2 Fof vl A
A o5 =11, holocellulose®] T3t a-cellulosel] H]-&-&
AijHon we B Bt 1) ol 71y W
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3 2 koA EEsiEe 548 YEidie Jler B
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Table 1. Holocellulose components of the investigated weed seed fibers.

Portion to Holocellulose (%)” References
Sources of fiber
a-celluolse B- and y-cellulose o/ B+y)

Hemistepta lyrata (seed fiber) 45.25 54.75 0.827 This work
Imperata cylindrica var. koenigii (seed fiber) 46.57 53.43 0.872 This work
Metaplexis japonica (seed fiber) 44.14 55.46 0.796 This work
Typha latifolia (seed fiber) 47.98 52.02 0.922 This work
Typha latifolia (stem) 55.26 44.74 1.235 This work
Cattail leaf (T. orientalis) 54.31 45.69 1.189 Kim et al. (2010)
Eucalyptus 66.01 34.61 1.907 Jiménez et al. (2006)
Pine 81.53 19.93 4.091 Jiménez et al. (2006)
Sunflower stalks 58.67 41.33 1.420 Jiménez et al. (2006)
Vine shoots 41.14 58.86 0.699 Jiménez et al. (2006)
Wheat straw 53.12 48.78 1.089 Jiménez et al. (2006)

YHolocellulose = a-celluolse + B-cellulose + y-cellulose.

*Values are relative pencentage of B-cellulose and y-cellulose to holocellulose.
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