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ABSTRACT KEYWORDS
Triumfetta Tomentosa B(TTB) is one of the plantsthat grow naturally in the Triumfetta Tomentosa B.
Kenyan forested regions of Mt. Kenya, Aberdares ranges, Kakamega and (TTB);
theMau forest. Traditionally TTB leaves have been used asfood, thebark is Bast;
used to make ropes or weave baskets and the stem is used as firewood. Fiber;
Among thefarmersliving inthe Mt. Kenyaregion, the TTB bark isnormally Characterization.

treatment with a bleaching agent (used for general laundry purposes), with
an aim of getting a stronger fiber. The objectives of this research work
included the study the properties of TTB bast fibers. Comparison with jute
fibers was also undertaken to gauge its suitability for use as grain (maize)
packing material. TTB stemswere harvested from Mount Kenyaregion, step
retted and then characterized. Surface and chemical characterization of the
TTB fibers was undertaken using modern equipments such as FT-IR, SEM,
XRD and tensile property measurement egquipments. The chemical ingredi-
ents of thefiberswere al so determined. Theresultsobtained in thisresearch
work using the XRD equipment indicated that TTB fibers have cellulose |
structure, whichis common with most bast fibers. Comparison of the chemi-
cal ingredients of TTB and jute fibers reveal ed that the raw TTB fibers con-
tained higher percentages of lignin and lower levels of hemicellulose. The
treated TTB fibers contained higher levelsof cellulose and reduced level s of
ligninand hemicellulose. Treated TTB fibersexhibited finer count and higher
tensile strength when compared to the raw fibers.
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INTRODUCTION invision 2030, Kenyaplanstoimprovethe economic

situation of the country, by adapting wealth creation

Kenyaisathird world country that haslaunched dtrategies. Whiletherearemany opportunitiesfor wedth
vison 2030toenableit movefromanagriculturd toa  creation, Kenyacan makerapid stridestowards eco-
highly industridized nation™. Inorder toachieveitsgods  nomic empowerment of its people by harnessing its
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natura resources. Kenyaissituated inthetropical re-
gionsand has pleasant climate. TheKenyan climaecan
alow thegrowth of avariety of plants, whichincludes
exotic andindigenoustrees. Onetypeof shrubswhich
grows wildly in the Kenyan forested regions is
Triumfetta Tomentosa B. (TTB). Thisplant (TTB) also
growsin many other sub-Saharan countries?. InKenya
TTBgrowsnaturdly inforested regionswhichincludes,
Karuraforest, Mt. KenyaForest, Mau Hills, Kakamega
Forest and theAberdareranges. Traditiondly, Kenyans
haveused TTB leavesasfood, thebark isused to make
ropes or weave baskets and the stem isused asfire-
wood. Amongthefarmersleavinginthe Mount Kenya
region, the TTB bark is normally treatment with a
bleaching agent (used for genera laundry purposes),
withan aim of getting astronger fiber. Unpublished re-
portsindicatethat TTB isrich in nutrients needed by
animalsandisthereforefeed to domesticanimalslike
goats. Thiscould betruegiventhat TTB leaveshave
been reported to be one of theimportant dietary ingre-
dientsfor gorillaslivingin mountainousregion covering
Uganda, Rwandaand Congo™®!.
WhileKenyaisendowed with suchplantslike TTB
it however hastoimport grain packaging materia, such
asjutefibersfrom Asian countries dueto lack of re-
search of thepotentid of locally availablenaturd fibers.
If properly harnessed and commercialized thebast fi-
ber obtained from the TTB shrub could be used to sup-
ply raw material for the grain packagingindustry. Con-
sidering oneof theimportant grainsin Kenyaasan ex-
ample, Kenyaproducesover 3million metrictonnes(3
billion kg) of maizé“. Thistrandatesto approximately
33 million bagsof 90 kg. Sincemost of themaizecrop
israinfed, morebagswill be needed to storethemaize
to cater for emergencieswhich might includecropfail-
uredueto drought. Giventhat thereisapolicy by most
African countriestoincreasefood reserves® the need
for morestoragefacilitiesand isboundtoincrease. In
Kenyalikeinmany other Africacountriesmaizeispacked
injuteor polypropylene (pp) bags. Whilejutewasthe
manmaizepacking materid in 1970spp bagshavedomi-
nated thegrain packing industry dueto themerefact that
pp bagsarecomparaivey cheaper®. However for grains
that need to be stored for more than three monthsthe
useof pp bagsmay lead to afl otoxinspoisoning. Reports
by severd researchers™*Y have proven beyond any rea
sonable doubt that the use of pp bags for storage of
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grainsleadsto grain damage. GrainstorageinAfricais
acomplicated issue, affected by thepoverty leve, Gov-
ernment policiesand social-economic factors. For ex-
amplemost farmersprefer storingtheir own grainsin-
stead of theuse of large silosasisthecaseinAsaand
western countries. Thereisanew trend reported by
Mutambuki™, wherefarmersprefer to storetheir own
seedsonthefarm for planting inthe next season. This
will definitely increase the need of storage bags, and
could be one of the reasons jute exporting countries
arepredictinganincreaseintheuseof jutebagsin Af-
rican countrieslike Kenya™. Thereforethe need for
theuseof naturd bagsfor the storage of grainsin Afri-
can countries cannot be overemphasized. Infact the
commercidization of thegrowing of jute-likefibersin
Kenyacould lead toimprovement of theeconomic sta-
tus of someof the peasant farmers,

Apart fromtheafore-mentioned advantagesof natu-
ral fiberswhen used for grain storage, natural fibers
have another advantage over syntheticfibers; they are
eco-friendly. Likeall plants, natural fibersuse up car-
bon dioxide asaway of making sugars, and produce
oxygen. Studieshave shown that the carbon dioxide
assmilation of kenaf (ajutelikefiber) ismuch higher
than that of other plantsliketrees?. If Kenyacould
identify alocd jutelikefiber and commercidizeit for
usein grain storage and packing industry, it will also
contributeto carbon dioxide assimilation, and thiswill
beinlinewith Kenyan Vis on 2030 which also empha-
sissustainableeco-friendly devel opment. Considering
the possible potential of the TTB bark fiber and the
problem of grain storage currently experienced in
Kenya, thisresearch work aimed at studying the prop-
erties of TTB bast fibers. A comparison of the TTB
with jutefiberswas al so undertaken.

MATERIALSAND METHODS

Materials

Thefibersusedinthisresearchwork wereobtained
fromfreshly cut semsof the TTB shrubsgrowingwildly
inthe Mount Kenyaforest (seeFigure 1). Freshly cut
stems, which exhibited abasal of approximately 7 cm,
wereretted for two weeks after which the barkswere
scraped off and washed in running water. TTBfibers
were extracted using amechanica method fromthe
retted barks. The extracted fibersweredried under the
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Figurel: TheTTB plant (flowers, leavesand stem enlar ged)

shade and divided into two main samples. One of the
sampleswas not treated and hence code named raw
fiber, while the second samplewastreated usng ado-
mesticlaundry bleaching powder, accordingtothepro-
cedure adapted by thelocal farmers. Thissamplewas
code named treated fiber. Theraw and the treated fi-
berswere characterized.

Methods

Thefiber sampleswere characterized using severa
instrumentswhichincluded FT-IR, SEM, XRD and ten-
Sleproperty measurement equipments. Thechemicd in-
gredientsof TTB fiberswereaso determined. Thissec-
tion presentsabrief descriptionsof themethods used.
(a) Fiber mor phology

Scanning el ectron microscope (Hitachi TM1000)
was used to observethe morphol ogy of thefibers. The
longitudinal and cross-sectiond viewswereconsidered.
Thetesting wasdone after the sampleshad been accli-
mati zed to sandard testing condition of 20°C and 65%
relative humidity. The SEM voltagewasset at 15K'V.

(b) Sudyingthechemical groupsin TTB fibers
Fourier transforminfrared spectrophotometry (FT-
IR), Nicolet 8700 was employed to determine chemi-
cal groupsinthefiber samples, using arange of 4000
to 400 cnr?. Spectraoutputswere recorded inthe ab-
sorbance mode as afunction of wave number.

(c) Testingfor thedegreeof orientation usng XRD
X-ray diffraction meter (D /MAX -2550 PC) set
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at 18kW, 30mA and scanning rate of 2° min* wasused
tostudy thecrystdlinity of thefibers. Thescanningrange
was 5° to 60°.

(d) Physical properties

Thetensilepropertiesof thefibersweretested us-
ingasinglefiber tensiletesting equipment model LLY-
06, following ASTM D-5035 standards, whilethefi-

ber finenesswas determined using Chinese standard
GB/T12411.3.

(e) Sudy of the chemical ingredientsin TTB fi-
bers

Thechemical ingredientsof the TTB fiberswere
determined by using the Chinese standard GB/5889-
86 for bast fibers, where the percentages of wax, wa
ter solublematter, pectin, hemicellulosesand cellulose
present in thefiber wererecorded. The procedureis
givenintheappendix.

RESULTSAND DISCUSSIONS

Fiber surfacemorphology

Theuseof SEM to study the surface morphol ogy
of the TTBfiber asdiscussed inthematerialsand meth-
odssectionyieldedtheimagesgiveninFigure2. The
cross-sectional SEM imagesindicated that thefibers
were clustered together. Thisisaphenomenaobserved
inmany other bast fiberslikejute and hemp™.

Thelongitudind view of theraw fiber indicatethat
thefiber iscovered by somegummy likematerid. The
gummy likemateria appearsto have been reduced by
thetreatment doneto thefiber asit canbeseeninthe
longitudinal view of thetreated fiber.

(a) Thechemical ingredientsof TTB fibers

Thechemica ingredientsin TTB fibersweredeter-
mined asexplained inthe material and methods sec-
tionsaregivenin TABLE 1. Thetreated fibersexhib-
ited anincreasein theamount of celluloseand hemicd-
lulose, and areduction in the amount of lignin. Com-
paring thechemical ingredientsof jutereported by sev-
eral researchersand presented by Rowell and Stout!*¢l
(cellulose (63-72%), hemicel lulose (13-22%) and lig-
nin (13-14.35%)) theraw TTB fiberscan be adjudged
to contain higher percentagesof ligninand lower levels
of hemicellulose. Higher level sof ligninwill render the
raw TTB fibersto exhibit aharsher handlewhen com-
paredtojute. Thetreated TTB fibersreported higher
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levelsof celluloseand reduced levelsof lignin.
Chemicd Groupsof TTB fibersA study of thechemi-
ca groupsundertakenusing FT-IR asexplainedinthe
Materialsand Methods sectionsaregivenin Figures3
and 4. For theraw TTB fibersthe peakswere moreor
lesssimilar to the pesksexhibited by jutefibers®. The
peaksat 3342 cm* and 1034 cm'! could be attributed
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Figure 2: Cross-sectional and longitudinal SEM for TTB
fiber

TABLE 1: Chemical contentsof TTB fibers

Ingredients TTB-raw (%) TTB-Treated (%)
Cellulose 69.65 78.37
Lignin 17.9142 6.6169
Hemi-cellulose 6.61 8.59
Pectin 227 214
Wax 0.9 0.36
Water soluble 2.65 3.92

tothe O-H stretching and bending groupsrespectively.
Thevibration peaksat 1612 cm™ could be attributed
to C=C stretching, whilethe vibration peak at 1246
cm* could beattributed to C-O stretching vibrations.
According to Favaro et a*", peaks at around 1242

cm* could beattributed to hemicelluloses present in
natural fibers. Other peaksat 2920 cm* and 1317 cm'?,
could beattributed to C-H stretching and bending vi-
brationsrespectively.

The FT-IR spectra for the treated TTB fibers
showed that the raw and treated fibershave minor dif-
ferences. The peak at 1246 isless prominent in the
treated fibers. Thiscould bedueto the reduced amount
of ligninasshownin TABLE 1.

(b) Thecrystallinestructureof TTB fibers

The XRD patternsfor the TTB fibersgivenin Fig-
ure 5, showed two magjor peaksat around 16° and 22°.
The peak around 16° is however split into two (see
TABLE 2,)) withtheraw fiber having 15.15° and 16.497°
pesksand thetreated fiber having 15.057° and 16.26°
peaksrespectively. Thisisclose (but not the same) to
the XRD for jute patternsgiven by Wang et a8, This
patternisdightly different from thethreepeek pattern of
14°, 16° and 22°for cdllulose 1 crystalinestructure. As
reported by Wang Y Pet a!*, thesplitting of the pesk at
around 16°, can beadjudged to bedueto the overlap-
ping of the 14° and 16° peaks. Thereforethe TTBfibers
can be considered to possess cel lulose | structure.

Thedegreeof crystallinity for theraw and treated
fibers was 66.42% and 69.46% respectively. Thisis
higher than that of jute (53.8%) but |ower than that of
ramie (72.2%) another bast fiber commonly grownin
Chind™. Higher degreeof crystdlinecouldlead to higher
fiber strength. Thereduction of the percentageof lignin
(amorphous) content in thetreated fiber could have con-
tributed totheincreaseintheleve of thecrysdlinity.

(c) Fiber tensilepropertiesand fineness

Thefiber tenslepropertiesand finenessweretested
asdiscussed earlier inthematerialssectionsaregiven
inTABLE 3. Thereported fiber strengthfor TTB fiber
islower than that of jute. Thetreated of thefiber with
the domestic laundry bleaching powder managed to
increasethetensile strength of thetreated fiber. This
could bedueto theincrease of theamount of cellulose
asreported earlierin TABLE 1, and the reduction of
ligninwhichisamorphousin nature. Theincreaseinfi-
ber strengthinthetreated fiber could a so be supported
by theincreaseinfiber crystalinity. Asreported earlier
thetrested fiber recorded higher fiber crystalinity, hence
ahigher tensile strength coul d be expected.
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Congdering thefiber finenessasgiveninTABLE 2
thetreated fiber exhibited finer when compared to the
raw fiber. Thiscould be dueto thefact that the domes-
tic bleaching powder could haveremoved someof the
gummy likemateria holding thefiberstogether, hence
reducingtheoverdl fiber diameter.

TABLE 2: Theinterplanar (XRD) for TTB fiber

Raw fiber Treated fiber

D(nm) 2Thet(%) d(nm) 2Theta(®)
5.879 15.057 5.8429 15.151
5.4468 16.26 5.3689 16.497
3.9718 22.365 3.9798 22.32
3.6448 24.401 2.9976 29.78
2.9645 30.12 2.5859 34.66
2.5787 34.76 1.9549 46.41
2.3547 38.189

1.96 46.282

TABLE 3: Physical propertiesof TTB fiber

Fiber tvpe Strength Extension Fineness
YPE  (eNITex) (%) (Tex)
Raw 24 324 41
Trested 27 4.46 33
APPENDIX

Chinesestandard GB/5889-86 givesthe procedure
for thestudy of chemicd ingredientsof hard fibers (leaf
and bast fibers). The procedure involvesthe determi-
nation of the percentages of wax, water soluble matter,
pectin, hemicdlulosesand cdllulose present in thefiber.
Itincludes;

(1) Weighingasampleof fiber (about 5gms) and get-
tingitsovendry weight (W,)

(i) Usingamixtureof benzeneand methanol and boil-
ing together with the fiber for 3 hours. Wax dis-
solvesinthemixtureand isthereforeremoved from
thefiber. Oncetheboilingisover thefiber should
bewashed inwater and oven dried (for 2 hoursat
a temperature of at 105°C) to get the bone dry
weight (W,). Wax contented can be cal cul ated by
using thefollowing expression; Wax content (%) =
(W,-W,)* 100/W,

(i) Water soluble substances can be obtained by boil-
ing thede-waxed fiber indistilled water for 3 hrs,
and thereafter getting the bone dry weight of the

fiber (W,).
Water soluble matter = (W -W,)* 100/W,

(iv) Bailingthe dewaxed fiber withammonium oxaate
solution for 3hours (pectinwill dissolveintheam-
monium solution) and then getting the bone dry
weight of thefiber (W,). Theamount of pectincan
be cal culated by using thefollowing formulg;

Pecti (%) = (W,-W,)* 100/W,

(v) Boailingthefiber fromtheprocedure(iv) abovewith
asolution of Sodium Hydroxidefor 3.5 hrs, and
getting the bone dry weight of thefiber (W,), and
then cal cul ating theamount of hemicelluloseusing
thefollowing expression; Hemicellulose (%) = (W -
W,)*100/W..

(vi) Determiningtheamount of lignininthefiberinvolves
first dewaxing anew st of fiber sample, which has
beenweighedto haveanintial weight of W, and
then dewaxed. The dewaxed sample can then be
dissolvedin concentrated sulphuricacid for 24 hrs,
followed by filtration and collection and weighing
of theresidue (lignin) (W,). Theamount of lignin
can then be cal cul ated by using thefollowing ex-
pression; Lignin (%) = (W,,-W,)*100/W

CONCLUSION

A study of the propertiesof thebast fiber obtained
from Triumfetta Tomentosa B. (TTB) a shrub that
growswildly in Kenya, was undertaken. Two mainfi-
ber samples; raw and treated fiberswere considered.
Surface, chemica and physica characterization of the
fiber sampleswere undertaken using modern equip-
mentssuchasFT-IR, SEM, XRD andfiber tensileprop-
erty measurement equipments. The chemica ingredi-
entsof TTB wereaso anayzed.

Theresultsobtained inthisresearchwork indicated
that TTB fiber has Cedllulosel structureand itscross-
sectional morphol ogy wastypical to other commonly
known bast fiberslikejute. Thetreated fibersexhibited
higher percentage of fiber crystallinity. Comparison of
thechemicd ingredientsof TTB andjutefibersreveded
that theraw TTB fiberscontained higher percentages of
ligninandlower levelsof hemicellulose. Compared to
theraw fibersthetreated fibers contained higher levels
of cdluloseand reduced level sof ligninand hemicdlu-
lose. Treated TTB fibersexhibited finer count and higher
tenslestrength when compared to theraw fibers.
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