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Abstract

This study ouflines preliminary investigations conducted to assess the suitability of cassava flour as a
raw material for the formulation of paperboard adhesives. The effects of different levels of sodium
hydroxide and borax on the viscosity and pasting temperature of cassava flour were studied with respect
to liquid Bauer-type and dry powder adhesives. The results obtained were compared with those of a corn
starch-based paperboard adhesive (dry powder type) currently in use in some Ghanaian industries.
Sodium hydroxide significantly affected (p<0.01) the Steinhall viscosity of the cassava flour, but borax did
not have any significant effect. The Steinhall viscosity correlated very well (r>0.9) with the sodium
hydroxide levels. Levels of sodium hydroxide of between 2.0 and 3.0 g per 100g flour in combination with
borax levels of 0-2 g per 100 g of flour, gave results comparable to the corn starch-based adhesive, Far
the dry powder formulations, the Brabender viscosity of the cassava flour increased as the levels of
borax increased. There was no correlation between pasting temperature and level of borax. The adhesive
formulation with 0.05 g of borax per 100g cassava flour produced an adhesive most comparable to that
made from corn starch. Industrial trials using the cassava flour-based adhesive produced boards with
acceplable bond quality. The results confirm the great potential that there is for producing paperboard
adhesives from cassava flour. Adoption of cassava-based adhesives would help in expanding the market
for the crop.
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Introduction dominated by imporied wheat flour (250,000 tons/znnum)
which is mainly used by bakeries, bul about 1,200 tons per
annum are used by the plywood industry. A preliminary
technical and economic evaluation indicated & potential for
locally produced cassava flour 1o substitute for imported

materials in the arcas of plywood glue extenders,

The lack of market outlets for cassava was identified in
needs assessment studies in Ghana in 1994 (Kleih et al
1994); and the need to add valve o cassava and improve
. producer prices was highlighted. This, it was cnvisaged,

could be achteved through adaptive research  and
technology transfer activities targeted  at  improving
marketing opportunities for processed cassava products
such as starch, flour and drjed chips.

Previous stratepic mesearch demonstrated that cassava
starches and flours are potential substitues for wheal and
maize-hased starches and flours (Rickard et al 1991 Tian
ctal. 1991). The next logical step was therefore to build on

- the past research work by placing greater emphasis on the
Fequirements of cnd users, market demands, industirial
specifications for quality and functional propertics and the
development of technologies with potential for wider
commercial uplake and dissemination.

A survey of the market for starches and flours in Ghana
(Graffham et al. 1998) found that the current market for
f-'tﬂi":]'l is approximately 5,000 lons per annum. Current uscs
nclude textiles (40%), plywond (27%), pharmaceuticals
(20%), paper (10%) and food {3%). The market for flour is
—_—

paperboard adhesives and as partial substingtes for wheat
flour in a range of snack foods (Graffham et al. 2000), The
exploitation of these outlets offers the potential to improve
the livelihoods of producers, primary processors and end-
users of flours and starches,

Adhesives  for  paperboard  manufacture  have
traditionally been prepared from com starch or com dextrin
and other com starch derivatives (Casey 1983). This choice
has been principally based on availability, but the higher
viscosity of the cooked com starch tended to make it more
favoured than cassava starch, However the low
gelatinisation temperatures of cassava starch and flour
enhances their potential as substitutes for corn starch, but it
will be necessary to increase the viscosity to an appreciably
higher level, Sedium hydroxide and borax are normally
used to modify the pasting temperature and viscosity,
respectively, of starch wsed in the manufacture of
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paperboard  adhesives  (Casey 1983) Two wypes of
adhesives are known to be in use in the industry ~ the liguid
Bausr-tyvpe adhesives and the solid dry powder adhesives,

This study was designed with three objectives: (a) o
investigate the effects of sodium hydroxide and borax on
the pasting lemperature and viscosity of cassava flour; (b)
to appropriately modify cassava flour for use as an
adhesive for paperboard manuficture; and (¢) o evaluate in
collaboration with potential end-users the suitability of the
modificd cassava flour {either alone or blended with
imported adhesive) for usc in paperboard manulacture, The
lower production costs of cassava flour as compared with
cassava starch makes it a more likely choice as a substitute
for the imported adhesive and is therefore the focus of this
study.

Materials and methods

Flour production

Freshly harvested cassava moots were peeled, washed and
mechanically prated. The grated mash was  partially
dehydrated in a serew press and dried in an electric bot air
cabinct dryer at 69°C for 14 hours. The dried grated
material was milled in a dise attrition mill and sieved with a
250 sieve:

Formulation of liquid (Bauver-type) adhesive

The liquid Bauver-tvpe adbesives were formulated by
preparng & slurry containing 25.7% (w'v) of cassava our
and varying levels of sodinom hydroxide (NaGBH} and borax
in water, The levels of NalH and borax were caleulated in
percentages as the weight of each additive per unit weight
of cassava Mour used in the formulation. The required
amount of flour was initially mixed with 50ml of water
follewed by the addition of the sodium hydroxide solution
and then the solution of borax, Finally an amount of water
was added to make up a suspension of the desired
compaosition. The levels of NaOH used were 0%, 1.0%,
1.5%, 2.0%, 2.5% and 3% whilst those of the borax were
0%, 2.0%, 2.2%, 2.4%, and 2.6%. The compositions ¢f the
varipus formulations made are shown in Table 1. The
Steinhall viscosity of the different formulations was
measured and compared with that of a suspension of an
imported dry powder adhesive (Rouquette 120 supplied by
Rouquetie, France).

Formulation of dry powder adhesive

Varying levels of borax were added to cassava flour and

thoroughly mixed in a blender. The levels of bomax used:

were 001%, 1.0%, 1.2% 1.4%, L6%, 1.&8%, 2.0%, and
2.2% (of the weight of the cassava f lour) for the initial
trials. The exact quantitics used are shown in Table 2. The
pasting characteristics of the differeml mixes  were
measured using 8% suspensions and compared with those
of Rouguette 1200 On the basis of the results obtained,
selected borax-modified cassava flours were then blended
with the imponed adhesive in mties of 3:01, 1:1 and L3, 10
study the extent 1o which the pasting characteristics were
affected. In view of the high viscositics obtained for the
previowns formulations, another set of adhesive formulations
were prepared using lower levels of borax (0.05% and

01%) and a lower concentration (6%) of adhesive
suspension was used for the asscssment of the pasting
characteristics.

Table 1. Compasition of liquid adhesive formuiations from
cassava flour
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Formuls

Composation
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Pasting characteristics

The AACC afficial method for Brabender Visoamylograph
as described by Shuey and Tipples (1980) was wsed A
suspension of the sample (6% and 8% wiw) was made and
poured into the Amylograph bowl, The stirrer was placed in
the bow! and the head of the Amylograph moved into
proper position. The starling temperature was adjusted 1o
25°C and the gear set to increase at 1.5°C per minute, The
Amylograph bowl was set in molion and the viscosity
recorded on a moving chart recorder, as the temperature
increased from 25°C w0 %5°C. The following measurements
were taken from the curves: pasting temperature, peak
viscosity, lemperature at the peak viscosity and viscosity at
95°C,

Steinhall viscosity measurement

Oe hundred milliliters (100 ml) of the adhesive was
placed in a Steinhall cup viscometer with an orifice of 6mm
diameter. The time taken for the glue mix to completely run
through the orifice was measured as the Steinhall viscosity
expressed in seconds

Industrial trials

Three hundred kilograms of cassava flour-based adhesive
containing 0.03% borax was used by a paperboard
manufacturing company for the production of corrugated
cardboard boxes. The performance of the adhesive was
assessed by e number of reject cardboard boxes from the
production linc.
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Table 2. Composition of dry powdar adhesive formulations
from cassava flour

~adhesive Formulation Composition
(% Borax Ceatent of Wi Of Cassava Flour W Of Horax

Floar} 4] (1}

] 200 ]

| 200 20

132 2040 24
200 R

200 332
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2 paH] 44

Results and discussion

The Steinball wviscosities of Bauer-type paperboard
ddhesive formulations using cassava [Qour and differcnt
levels of MNaOH and bomx are shown in Table 3,

Coefficients of comclation between sodium  hydroxide

Table 3, Steinhall viscosity values for liquid formulations of
cassava flour-based paperbcoard adhesive

Steinhall viscosing values for specificd Indvidual
Level af MaDH Tevels of borax correlations betwesn
wilded 0% 208 22% 24%%  26% horax levels and
Stewnhalt viscasity (1]
- s ] 17 17 16 040
L% 1% L& 13 & 15 o
I 5% 1% L] 1% a1 20 HEY
10% 7 11 n z 23 R4
1i% 2% 27 12 24 pl 07§
3 20 39 12 15 bt 4
Individual
conrelanons DAl 08y 09T DR 097
between MNafH
bevels and sternball
visLasiny (f}
Orverall comelanon beraeen WAl levels and Stemnbisll 0.54
wiggasty (r)
Orverall cormelation betasen beeax level and Steinhall -0 25
visgagiry (1} ==

levels and Steinhall viscosities on one hand, and borax
levels and Steinhall viscosities on the other, are alsa
indicated. A wvery pood correlation (r=0.9) is observed
between the Steinhall viscosity of adhesive formulations
and the level of NaOH in the adhesive mix, The variations
in' Steinhall viscosity with NaOH and bomx levels are

] s 3 15 3
B O Lol i Al by P ot {
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Fig.1.

Change in steinhall viscosties of cassava flour-based liquid
adhesive formulations with different levels of sodium hydroxide
and borax

graphically shown in Figure 1. It can be scen from this
fipure that Steinhall viscosity increased with increase in
NalH levels. There was, however, no correlation between
the borax levels and the Steinhall viscosity of the adhesive
formulations. These observations indicate that the Steinbal]
viscasity is an adequate measure of the effects of NaOH on
the viscosity of the adhesive formulation.

Even though borax is the viscosity enhancer in the
alhesive its effects are only evident when heal is applicd
(Casey 1983).  However the dissolution of  sodium
hydroxide in water, being an exothermic reaction, tends {o
produce enough heat to partizlly gelatinise the four in the
cald, The results above indicate that it is the viscosity
imparted by this partial gelatinisation that is actually being
measured by the Steinhall Cup Viscometer. It is therefore
understandable that the viscosily measured correlates with
the sedium hydroxide levels rather than the borax levels Tt
is common practice in industry for Steinhall viscosity
measurernents W0 be used as an indicator of the quality of an
adhesive mix. From the above résults it is obvious that this
measurement is more a measure of the sedium hydroxide
effects in the adhesive rather than the expected viscosity
effects of borax.

These observations are further confirmed by the fact that
analysis  of wvariance did pot show  any  significant
differences in the different levels of borax. However
difterences in Steinhall viscesities in relation w the levels
of NaOH added were highly significant (p=<0.01). Borax
levels of 0-2 g per 100g flour in eombination with NaOH
levels of 2-3 g per 100 g flour gave viscosities comparable
1o that of the imported com starch-based adhesive.

Table 4 shows the pasting characteristics of dry powder
adhesive formulations containing different levels ol borax.

Table 4. Pasting characteristics™ of dry powder cassava
flour-based adhesives conlaining different kevels of borax

Level of Borax Gelatinisation Peak Viscosity Peak Viscosity at
{Ba) Temp (') (8L Temperature:  95°C
{'C} {BL
i i 454 6.5 125
1.0 650 695 70 455
1.2 656 06 10 4535
1.4 638 762 e 430
1.6 644 795 734 443
1.8 489 200 714 485
10 66.5 852 755 450
2 fid.d B2 T4 A6
Correlatons
between borax 05 055 048 0B
levels and
pasting

characienistics {r)
*  B% suspensions of adhesive were used
BU = Brabender Tnits

Correlations between the levels of ‘borax and the difTerent
pasting parameters &8s shown in Table 4 indicate that the
peak viscosity and the viscosily at 95°C pave the best
correlations (r=0.80) with the borax levels. Comparing the
variations in viscosity with borax level as shown in Figure
2, peak wiscosity stands out as the best indicator for
asscssing the effects of borax on the viscosity of the
adhesive formulations. Even though the addition of borax
caused an increase in the gelatinization temperature, the
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Fig. 2.
Change in brabender viscosily of cassava flowr-based powdened
adhesives with increasing fevels of borax

increase. was only slight and unlikely o aflect the
performance of the adbesive very much. From Table 4 it
can be scen that at horax levels of between 1.6% and 2.0%
the peak viscosity of the cassava flour-based adhesives
compared favourably with that of the imported adhesive,
The results in Table 6, however, show that the cassava
flour-based  adbesives: containing 0.05% and 0,1% borax
compared even morg  favourably with the Imported
adhesive.

Blending the cassava flour-based adhesives with the
imported adhesive, produced mixes with much higher peak
viscositics than either the imporied com  starch-based
adhesive or the cassava flour-based adhesive alone (Tahble
5). The difference between using 0.05% or 0.1% borax for

Table & Pasting characteristics® of blends of impored
adhesive and dry powder cassava flour-based adhesive
cantaining 1.0 — 2 2% borax

Type of Modified  Ratoel  Celabnisa-  Pesk Feak  Vascomty

FlourfAdhesive  Modified Flous ton Tomp. Viscosity Tempera- st 950
10 Imiparicd ) (ALY e () (BL)
Adbesive

Impaited Adheimve ol G0 BH) N 1B
(Rouquests 120

Caszava Flour 1 695 RS L] 00 458
contmining 2. X%
Bomx

Cassava Flingr ul 6.5 120 7740 408
containing 2. 3%
Barax

Cassavn Flour 13 615 1154 T4.0 230
contalning 2.7%
Barax

Caszava Flour K] 630 1160 T0 m
contuining | 4%
Barnx

Cazsava Flous fH 635 365 755 435
contaipng 1.0%G
Borex

* B suspensiond of sdhesve were wsel
BL} = Brebender Units

the cassava flour- based adhesive, cither as a neat adhesive
or a5 & blend with the imported one, was not very
significant. This can be seen from the comparisons in Tahle
6, The lower level of borax was, however, considered
preferable in terms of the economics of production.

Current trials involving the manufacture of cormipated
cardboard  boxes using cassava [lour-based adhesives
containing 0.05% borax pave very satis factory results.

There were no rejects from the production line and (b
products were extremely satisfactory to the production
manager who assisted in carrying out the trials. Furiher
trials involving blends of the borax-modified cassava floyr
with the imported adhesive flour are to be carried out ag 5
follow-up to the current trials

Table & Pasting characterishes™ of imported adhesive ang
dry powder cassava flour-based adhesive containing 0.05%,
and 0.1% barax

Type of Medified  Ratioof Lrelatini- Peak Peak Viscoupy
Flour/Adhesive  Modsfied Flouzssion Temp  Visessily Tempers-  af QEe
1o I pamed [y (AL nee {50 (BLR
Adhesive

Imparted ] 7 210 LS s
Adhesive
| Frospuette 1200

Cazsava flour B3 T4.0 250 R4% I
comtaining 0 | %%
Lt

Cassava flour (4 4
wotiisining 0 1%
bomx

Crssrvn Mour LR 131 P 10 70
contairing 0.1%
borax

Caszavn flour 14 695 205 Q2.0 200
conamng 0.1%
by

Cassava flour 13 122 278 243 118
containing 0 05%%
barmx,

Cassava flour 1:1 H9% i} B 200
contmining O 05%,
hora.

Cassava floair 321 TL5 225 R3.0 .|
containing 0
b,

Cassava [lour [R1] TLa i) 827 200

canmining %

trax
6% suspensions of adhesive were ussd
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Conclusion

Fram the resulls above, it may be concluded that for the
liquid Bauer-type adhesive, MaOH affected the Steinhall
viscosity  of  the  adhesive formulation much  mom
significantly than borax. The viscosity charactenstics of the
cassava  flour-based  liguid  adhesive  formulations
containing 0-2 g perl0g flour and 2-3 ¢ per 100 g flour of
borax and MaCH respectively, were comparable to that of
the imported corn starch-based adhesive. The performance
of the liquid adhesive formulations weuld however have to
be assessed through industrial trials before any meaningful
conclusions can be drawn, The dry powder adhesive
formulated from cassava flour and borax has proved to be
an acceptable substitule for imported com starch-based
paperboard adhesive. A horax level of 0.05% (wiw) is
recommended.
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