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ABSTRACT

The microcrystalline cellulose (MCC) was prepared from oil palm biomass, empty fruit
bunch (EFB) for increasing the usability of EFB, The morphological, physical and chemical
properties of MCC made from EFB were evaluated by comparing with those of the com—
mercial MCC obtained from AVICEL,

The EFB—MCC had the wider distribution in particle size and there were many small par—
ticles around 10 um, There were no significant differences in the cellulose crytallinity and
the chemical composition between EFB—MCC and AVICEL—MCC, The properties of tablet
samples made by the common direct compression process were evaluated depending on
the types of MCC and the compression pressure during tablet making process. The tablet
made of EFB MCC showed the higher compressed structure, which resulted in the less dis—
integration by the water soaking treatment than those made of Avicel-MCC, The results
of this study showed that the EFB—MCC could be utilized as one of the commercial MCC,

Keywords: White waste paper, fluorescent whitening agent, fluorescence index, surfac—
tant, disintegration
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Table 1. Pulping conditions for EFB pulp

Concen— Temp Time Liquor
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(AVICEL-MCC) (EFB-MCC)

Fig. 1. Scanning electron micrographs of AVI—
CEL—MCC and EFB—MCC,

3.1.2 22N
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Blsh7] sl deAE dAlskalth. AVICEL-MCC
o] 7L QA A7) Bxy} FUFH 744,}}: o] EFB—
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A RS Fig.2g Faf # 2121@ Table 29|
A BojA)= At o) r A RS F A 2719 &
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Fig. 2. Particle size distribution of AVICEL-MCC
and EFB—MCC,

Fo|AE EFB-MCCE] 3717} AVICEL-MCCe] H]3|
o AR= AR & uj, EFB-MCCe| % A4
o7 22 Qakge] wol EA ekl fl= AR By
Sk,
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MOCS] ML 58 A9 o elve] el
2 Zog & £ Q=g EFBE A2 MCC AVI-
OBL-MOCSIake] WA 5718 A4S ) Sl 54
9 29 Aol ol T AER s fE B4 3
7k2 NSk, H7HE AAE 23} AVICEL-MOCSH
EFB-MCC7} Z+2F 80,05, 79.69=% F-AFSE 4=5=2] ujAy
=2 ekl 22 skelshirt,

Table 3. ISO brightness of AVICEL—MCC and
EFB-MCC

ISO brightness
Average Std Dev, High Low

AVICEL
—-MCC

EFB-MCC | 80.05 1.907 81.50 77.89

79.69 0.93 80.28 78.61

3.2 =15t 4 i
3.2.1 MCC Z3+Z 7t

EEEXROEE S -E LR e LE
oA ol2dt AER e~ AHS e AAS] AZ Al
VIS v, ARt He B Aeert =

Aol e A=A EAo] WA Lehdtie Bz
JTHO . XRDE o]&3dlo] 7+ A5 AAILRE =A3)
% Segall& o|-§5to] AVICEL-MCCe} A% EFB—
MCCe| AHeheg Eq.1 3402 AMsglnt. & A4

o] Al AAVICEL-MCC 75.6 %, EFB-MCC 75.1 %2] 4
Hoheg Ueho] Aaelel fARE 24otES 71
£ 7S BIskg o m o] od AutE vigo R A
Ste= AA A2 S0l F88 2polE 7HA A Gha
Aow maskt,
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i
(o]
ll
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32 Flo

Table 2. Cumulative distribution of AVICEL—MCC and EFB—MCC

Cumulative distribution
XlO X16 X50 X84 )(90 XQQ
AVICEL—-MCC (um) 22.26 29.38 68.58 124.56 144,25 213.06
EFB-MCC (um) 3.68 5.74 26.59 127.87 127.87 253.73
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Table 4, Crystallinity of AVICEL—MCC and EFB

—-MCC
Crystallinity
Min Max  Crystallinity(%)
AVICEL —MCC 550 2253 75.6
EFB—MCC 603 2423 75.1
3.2.2 MCC2| &s7| "ot

FT-IRE ©]-&3}o] EFB—MCC2} AVICEL-MCC9] s}
s} #57] W7 AAISHTE ABE- ol 1(669 cm™)
S C-H9] bending 1=, 2(896 cm ™) Wk &9
C—H bending 32, 3,4=(1050—1165 cm™) 1]Z=
C-0-C A= % 93, 56(1320~1425 cm™)& -
OH WU| ¥ 13, 1425% of2ulE 3 59| =4
Aol Az ARgof tigk w=om 6(1645 cm ™) &
O] FrEEAte] Aoargo] g AER QA0 & Ao
O] et 45280 2 Qlske] U= 324549 7(2900
em )& CH, T159] A1 1|39, 8(3350 cm™)2 — OH
Az

A 539 yepdict, AVICEL-MCCSF EFB—
MCC®] FTIR AHIEHo] QA3 Ao 72 Hol 3}sha]
Aoz sfelsich

3719 B4Rl A9 gt

Avicel-MCC
=== EFB-MCC

500 1500 2000 2500

Wavenumber(em)

Fig. 3. FT-IR spectra of AVICEL-MCC and

3000 3500 4000

EFB-MCC,

3.3 MM M= 54 "It
3.3.1 M| = ot

AVICEL-MCC$} EFB-MCCE 7}z o] g-381e] A 23k
AlA el =l FA S4 B7HE AAS] EAEE ¥
7Fstieh, T3k AR T AAY] e E EA4E AR
74 Eall Wrietoitt, EFB-MCCY] 5de 271eA
AVICEL-MCCe| v|sf &7} =2 AA|7F P == A

Hat - ZMel

© 2 I 9E=T) o= EFB-MCCY| W2 A 27] &
A2 AVICEL-MCCo| H]8j} A& oz AA| A|2A] 2
7} B/4do] S5 el Ao wEgle), o]
Sk Yo 2 A Fig 5llA Urefhs 2} 2ol AlA| &
oM Ao st uf st 2HE 7 A
= 702 vyt AA Q] T o) Bl Ao = S

Ao| o] LepbA] gloret,

25 m Avicel-MCC

10 40

Pressure(kg/em?)

EFB-MCC

2.4

Thickness{mm)
NN oNN
5 & 8 &

[
o

18

Fig. 4. Change in thickness of tablets depending
on press pressure of AVICEL-MCC and
EFB—MCC,

(AVICEL-MCC) (EFB - MCC)

(a) Surface structure(10 kg/cm?)

(EFB-MCC)

(AVICEL-MCC)
(b) Cross section structure(10 kg/cm?)

Fig. 5. Scanning electron micrographs of the
tablets made of AVICEL-MCC and

EFB-MCC.
332 =E8d g7t
Alzd AA7E 25ollA AH sl He S4E eE84

© & u|w H7stgict. AVICEL-MCC® EFB-MCC &
FollA AA AEA] FaE o] Skl wek Eof &

] H=1H T
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217 kit dotglis AAY o] ZHE 1

=

ou 10
kg/cm? & A x3 AAE ALstil= EFB- MCC7}
AR E&olA B dfelE= Aoz Ykt o]
23t A4 EFB-MCC2] Feja] EAJolAf 22 27]9
YAFE°] AVICEL-MCC Er} gho] &3] w3l A
o7 "—\’;]'E]'E] oﬁ;]— o];ﬂﬁ} EH Oi M—Q_ Ol-Eﬂ og O\-iPs]-
of A 2B A9 YA Afe] =7t FUsHA] H517] Wi
AVICEL-MCCo| H]s}o] Folfl/do] =otA|H, 20 kg/
em?9] g o]ifo ' sl A xE= A9 AL
B2 22 =0 AR AzHol wheh EEH /o] st
= A0E AdE g

80 - & - Avicel-MCC  —+—EFB-MCC

40

20

Water disintegration amount{%)

Pressure{kg/cm?)

Fig. 6. Changes in water disintegration de—
pending on the tablet making pressure of AVI—
CEL—MCC and EFB—MCC,
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& WS A 1} EFBRFE 1iE MEROA
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St ZA xR oA U= AAE Alzste] AA o A
AWElE 71290 AVICEL-MCC®} Hla BH7}sllar
At ohEa A
1) EFB-MCC$} AVICEL-MCC2}e] £8]2 E4S 3
7¥et A3}, EFB-MCC7} AVICEL-MCCo H3l 92}
7] Ex7h QA RESIGLAL, FjH R 2 A7)
of PAHEET} & ﬁ% R1ek 4= Uit
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A3} AVICEL-MCC% FB—MCCQH skt 24
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B ARSI oo o ajEt AL 2 9le)
3) Aol T2 A A B4 WA o) AEAH, B

E94 54L& w7Ist 23k, EFB-MCC7H
CEL-MCCe]l H]3jl eF&/do] o =2 A& gelg
9l9low | EFB—MCC7} 20kg/cm? &) o]AtollA|
Z A] AVICEL-MCCo|| #]3)] AA =7} $-
oz & FHdol WA et A& o 4 4l
o}, ol2jgt AME Fall YA HxE AT
23 AR A=A B A aaE L 4
Aoz rmg o%u}

2 odge A Aol (@A E
S111215L.070110)'2] 2| Hofl &J3}e] o] oA A Ay},

Literature Cited

1. Kim, D, S,, Sung, Y. J., Kim, C, H., and
Kim, S, B., Effects of pre—treatments on the
oil plam EFB fibers, Journal of Korea TAPPI,
44(6):36—42 (2012).

2. Kim, D, S., Sung, Y. J., Kim, C. H., and Kim,
S. B., Changes in the water absorption prop—
erties of pulp mold manufactured with oil palm
EFB by surface treatments, Journal of Korea
TAPPI, 47(1):75-83 (2016).

3. Bardant, T, B., Abimanyu, H., and Adriana,
N., Effect of pretreatment technology on en—
zyme susceptibility in high substrate loading
enzymatic hydrolysis of palm oil EFB and wa—
ter hyacinth, International Journal of Envi—
ronment and Bioenergy, 3(3):193—200 (2012).

4, Abdul Khalil, H.P.S,, Nur Firdaus, M. Y.,
Jawaid, M., Anis, M., Ridzuan R., and Mo—



10.

11,

o
ofn
0x

hamed, A, R., Development and material prep—
erties of new hybrid medium density fibreboard
from empty fruit bunch and rubberwood, Ma—
terials and Design, 31:4229—4236 (2010),

Tan, L., Wnag, M., Li, X., Li, H., Zhao, J.,
Qu, Y., Choo, Y. M., and Loh, S, K., Fraction—
ation of oil palm empty fruit bunch by bisulfite
pretreatment for the production of bioethanol
and high value products, Bioresource Technol—
ogy, 200:572—-578 (2016).

Jiménez, L., Serrano, L., Rodriguez, A., and
Sanchez, R., Soda—anthraquinone pulping of
palm oil empty fruit bunches and beating of
the resulting pulp, Bioresource and Technolo—
gy, 100:1262—-1267 (2009).

Chai, L, L., Zakaria, S., Chia, C . H,, Nabihah,
S.,

erties of PF composite board from EFB fibres

and Rasid, R., Physicomechanical prep—

suing liquefaction technique, Iranian Polymer
Journal, 18(11):917-923 (2009).

Khalid, M., Ratnma, C. T., Chuah, T. G.,
Ali, S,

study of polypropylene composites reinforced

and Choong, T.S)Y., Comparative
with oil palm empty fruit bunch fiber and oil
palm derived cellulose, Materials and Design,
29(1):173-178 (2008).

Alam, M. 7., Ameem, E. S., Muyii, S. A., and
Kabbashi, N, A,, The factors affecting the
performance of activated carbon prepared from
oil palm empty fruit bunches for adsorption of
phenol, Chemical Engineering Journal, 155(1—
2):191-198 (2009).

Hamzah, F., Idris, A., and Shuan, T K., Pre—
liminary study on enzymatic hydrolysis of
treated oil palm (Elaeis) empty fruit bunches
fibre (EFB) by using combination of cellulase
and p 1-4 glucosidase, Biomass and Bioenergy,
35:1055-1059 (2011).

Sung, Y. J., Lee, Y. J, Lee, J. W., Kim, S, B.,
Park, G, S., and Shin, S, J., Study of prepa—

ration and characterization of microcrystalline

2
rio

12.

13.

14,

15.

16.

17,

18,

19.

20.

cellulose from Miscanthus sinensis, Journal of
Korea TAPPI, 42(4):56—63 (2010).

Chuayjuljit, S., Su—uthai, S., and Charuchin—
da, S., Poly(vinyl chloride) film filled with
microcrystalline cellulose prepared from cot—
ton fabric waste : Properties and biodegrad—
ability study, Waste Management & Research,
28:109 - 117 (2010),

El-Sakhawy, M., and Hassan, M. L., Physical
and mechanical properties of micro—crystalline
cellulose prepared from agricultural residues,
Carbohydrate Polymer, 67:1-10 (2007).

De Menezes, A, J., Siqueira, G., Curvelo, A, A,
S., and Dufresne, A., Extrusion and charac—
terization of functionalized cellulose whiskers
reinforced polyethylene nanocomposites, Poly—
mer, 50:4552 4563 (2009),

Li, R., Fei, J., Cai, Y., Li, Y., Feng, J., and
Yao, J, Cellulose whiskers extracted from
mulberry : a novel biomass production, Car—
bohydrate Polymers, 76:94 - 99 (2009).
Battista, O.A., Hydrolysis and crystallization
of cellulose, Industrial and Engineering Chem—
istry, 42(3):502—507 (1950).

Fahma, F., Iwamoto, S., Hori, N,, Iwata, T.,
and Takemura, A,, Isolation, prepa—ration,
and characterization of nanofibers from oil
palm empty—fruit—bunch (OPEFB), Cellulose
17:977 - 985 (2010).

Jain, J, K., Dixit, V. K., and Varma, K, C,,
Preparation of microcrystalline cellulose from
cereal straw and its evaluation as a tablet ex—
cipient, Indian Journal of Pharmaceutical Sci—
ence, 45:83—85 (1983).

Chen, J, N., Yan, S, Q., and Ruan, J, Y., A
Study on the preparation and properties of mi—
crocrystalline cellulose, Journal of Macromo—
lecular Science, Pure and Applied Chemistry,
A33:1851-1862 (1996).

Gaonkar, S, M., and Kulkarni, P, R,, Improved

method for the preparation of microcrystalline

J. of Korea TAPPI Vol.48 No.2 Apr. 2016 53



21,

22.

23.

24,

25,

26.

27,

28,

54

o

cellulose from water hyacinth, Textile Dyer
Printer, 20(26):19—22 (1987).

Gaonkar, S, M., and Kulkarni, P. R. Micro—
crystalline cellulose from coconut shells, Acta
Polymerica, 40(4):292—294 (1989).

Shah, D, A., and Shah, Y. D., Trivedi, B, M,
Production of microcrystalline cellulose from
sugar cane bagasse on pilot plant and its eval—
uation as pharmaceutical adjund, Research
and Industry, 38(3):133—137 (1993).

Castro, A. D., and Bueno, J, H., Associacoes
de celluloses microfina e microcristalina Na
compressao direta, Estudos preliminaries, Re—
vista CIE Pollo Ncias Farmace Pollo Uticcas,
15:169—-181 (1996).

Nelson, Y, U., Edgardo, A, G., and Ana, A, W,
Microcrystalline cellulose from soybean husk:
effects of solvent treatments on its properties
as acetylsalicylic acid carrier, International
Journal of Pharmaceutics, 206:85—96 (2000).
Wanrosli, W, D., Mohamad Haafiz, M. K,, and
Azman, S, Cellulose phosphate from oil palm
biomass as potential biomaterials, Bioresource,
6:1719 - 1740 (2011),

Wanrosli, W. D., Rohaizu, R., and Ghazali,
A., Synthesis and characterization of cellulose
phosphate from oil palm empty fruit bunches
microcrystalline cellulose, Carbohydrate Poly—
mers, 84:262 - 267 (2011).

Ramli, R., Junadi N,, Beg, M. D, H., and
Yunus, R. M., Microcrystalline cellulose (MCC)
from oil palm empty fruit bunch (EFB) fiber via
simultaneous ultrasonic and alkali treatment,
World Academy of Science, Engineering and
Technology International Journal of Chemical,
Nuclear, Materials and Metallurgical Engi—
neering 9(1):8—11 (2015).

Haafiz, M, K, M., Hassan, A., Zakaria, 7., In—
uwa, 1. M., and Islam, M, S., Physicochemical
characterization of cellulose nanowhiskers ex—

tracted from oil palm biomass microcrystalline

oo

O - F0|7|& 48(2) 2016

EFB(Empty fruit bunch)Z 0|

S5 MCC M= 2 XM MM Fot

o

29.

30.

31.

32,

33.

34,

30.

36.

37.

cellulose, Materials Letters, 113:87—89 (2013).
Wang, D., Shang, S. B, Song, 7., and Lee,
M. K., Evaluation of microcrystalline cellulose
prepared from kenaf fibers, Journal of Indus—
trial and Engineering Chemistry, 16:152—156
(2010),

Shangraw, R, F., and Demarest, D, A., A sur—
vey of current industrial practices in the for—
mulation and manufacture of tablets and cap—
sules, Pharm. Tech., 17(1):32—32 (1993).
Suvachittanont, S., and Ratanapan, P., Opti—
mization of micro crystalline cellulose produc—
tion from corn cob for pharmaceutical industry
investment, J. Chem. Chem, Eng., 7:1136—1141
(2013).

Gullichsen, J., and C. J, Fogelholm,, Book 6:
Chemical pulping, Helsinki [etc.]: Fapet Oy
lete.], 1999,

Gosselink, R, J. A., Abacherli, A., Semke, H.,
Malherbe, R., Kauper, P., Nadif, A., and Van
Dam, J, E. G., Analytical protocols for char—
acterisation of sulphur—free lignin, Industrial
Crops and Products, 19(3):271—281 (2004).
Baurhoo, B., C. A. Ruiz—Feria, and X, Zhao.,
Purified lignin: Nutritional and health impacts
on farm animals—A review, Animal Feed Sci—
ence and Technology, 144(3):175—184 (2008).
Nadif, A., D. Hunkeler, and P, Kauper,, Sul—
fur—free lignins from alkaline pulping tested
in mortar for use as mortar additives, Biore—
source Technology, 84(1):49—55 (2002).

Heo, Y. D., Sung, Y. J., Joung, Y. J., Kim,
D. K., and Kim, T, Y., Changes in the prop—
erties of cotton cellulose by hydrogen peroxide
bleaching, Journal of Korea TAPPI, 45(3):59—
68 (2013).

Ahn, J. E,, Youn, H. J., Joung, Y. J., and Kim,
T. Y., Determination of crystallinity index of
cellulose depending on sample preparation and
analysis insturments, Journal of Korea TAPPI,
44(4):43-50 (2014),



38.

39.

40,

41,

42,

o
ofn
0x

Rawas—Qalaji, M, M., Simons, F. E. R., and
Simons, K, J., Fast—disintegrating sublingual
tablets: effect of epinephrine load on tablets
characteristics, AAPS PharmSciTech, 7(2):E1—
E7 (2006),

Lee, Y. J., and Sung, Y. J., Preparation puri—
fied cellulose from rice hull, Journal of Korea
TAPPI, 44(3):79—-85 (2013),

Nakai, Y., Fukuoka, E., Nakajima, S., and
Hasegawa, J., Crystallinity and physical char—
acteristics of microcrystalline cellulose, Powder
Technol,, 54:161-164 (1977).

Kumar, V., and Kothari, S, H., Effect of com—
pressional force on the crystallinity of directly
compressible cellulose excipients, International
Journal of Pharmaceutics, 177:173—182 (1999).
Alemdar, A., and Sain, M., Isolation and char—
acterization of nanofibers from agricultural

residues — wheat straw and soy hulls, Biore—

2
rio

43,

44,

45,

46,

source Technology, 99:1664—1671 (2008).

Rosa SML, Rehman N, De Miranda MIG,
Nachtigall SMB and Bica CLD, Carbohydrate
Polymers, 82:1131-1138 (2012).

Kumar, V., Maria De La LRM, and Yang, D,
Preparation, characterization, and tabletting
properties of a new cellulose—based pharma—
ceutical aid, International Journal of Pharma—
ceutics, 235:129—40 (2002).

Jonoobi M, Harun J, Tahir PM, Shakeri A,
Azry SS., and Makinejad MD., Physicochemical
characterization of pulp and noanofibers from
kenaf stem, Materials letters, 65(7):1098—1100
(2011),

Zhbankov, R. G., Infrared spectra of cellu—
lose and its derivatives, New York : Consul—
tants Bureau, Plenum Publishing Corporation,
Springer(2013).

J. of Korea TAPPI Vol.48 No.2 Apr. 2016 55





