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ABSTRACT. Appliying statistical design techniques,
good adhesives from cassava starch were obtained by
the acid hydrolysis at 96 to 98 °C . The most significant
variable in the range that was studied was the ratio of
water to starch which in general shouid be 2,5 and could
be 1,5 if it is used the higher acid concentration (1 %)
and time (10 min) to obtain a semiliquid. Employing the
reiation 2,5 considering the higher concentration (1 %)
it was obtained a semiliquid with the shortest time
{5 min) but a tiquid with 10 min . Also with the ratio 2,5 it
was passible to obtain a good paste employing the sma-
Ilecr) acid concentration (0,5 %) but the longer time
(10 min). '

RESUMEN. ‘Mediante la aplicacién de téchicas de
disefio estadistico se logré obtener buenos adhesivos
mediante la hidrélisis dcida de 96 a 98 °C de aimidon de
yuca de Guyana. La variable més importante, en el rango
estudiado, fue la relacion de agua a almidén que en
general debe tomar el valor de 2,5, pero puede
emplearse 1,6 si se toma la mayor concentracién de
acido (1 %) y tiempo {10 min) para obtener un liguido
muy viscoso. Utilizando la relacién 2,5 y considerandola
mayor concentracion (1 %) se obtuvo un liquido muy vis-
coso en b miny otro bastante fluido en 10 min . También
fue posible con la refacién 2,5 obtener pastas blancas
usando {a menor concentracion de acido (0,5 %) y fos
tiempos mayores (10 min).

INTRODUCTION

Starch has been obtained, probably, for the first time
from corn, and has been used as food by the Romans
and Greeks . Starch is found in corn, cassava, potatoes,
sweet potatogs, wheat, etcétera .

Starch represented by CsH100s is constituted by two
polymers, ong linear (amylose) and another branched
{amylopectin}

Starch is employed in great amounts in the Food,
Paper, Textiles and Adhesive Industries. Its employ
should increase with the general decline in the utiliza-
ion of petroleum®®,

in this paper it was studied the acid hydrolysis of cas-
sava starch to obtain dextrins in solution which enabled
Js to develop adhesives for different purposes as for
example; white adhesives for printing, offices, labels,
paper bags, etcétera. .

EXPERIMENTAL METHOD

The acid hydrolysis of cassava starch was studied
following the techniques developed by Lopez Planes and
col.*'® employing hydrocloric acid (HCIl).

A 2* factorial design was chosen to perform the
experiments considering four independent variables'',

X, acid concentration (0,5 % and 1 %)

X, time of reaction at 96 to 98 °C (5 to 10 min)
X, ratio of water to starch (1,5; 2,5)

X, borax content {5 and 10 % on starch basis)

The matrix D of experiments shows which exper-
nents should be done:
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X, {acid concentration} X, (time) X3  water ,
-1 (0,5 %) -1 1 starch
1 (1 %} -1 (5 min), -1
-1 . 1{10 min) -1
1 1 -1{1,6}
D= |{-1 -1 1(2,5)
- 1 : -1 1
-1 : 1 1
1 1 1
0 (0,75 %) G (7,5 min} 02,0

At the bottom if this matrix is also shown the centre.
experiments that were performed.

In order to save space it was wrote only the 2° facto-
rial design for the first three independent variables (X,
X, X5). The fourth independent variable, X,, was consi-
dered by doing the above experiments with 5 % borax,
then adding the required amounts of borax to half of the
adhesive produced form each experiment, to make
10 %. That meant that 16 experiments plus four centre
experiments were performed.

With these results it was should be able to determine
all the coefficients of the following polynomial:

Y = bo + b1 X1 + b2Xz + baXz + baXa + b2 XXz +
+ b13X1 Xz + b1aX:1Xa + bzaXzXa + baaXeXse +
+ b3aXsXa + b12aX1XoXa + br2aX1XoXe +
+ b13aXaXaXs + bza4X2X3Xl4 + B123aX1X2XaXa

by means of the well known regression matrix''

B=IX X" XY



where:
B vector of coefficients =
= [by, by, bz by, Baeobyaggl’
X matrix of the independent variables

X' transpose of the independent variables
Y vector of the results or yields

The selected results or yields were- the so- called
time for tackiness, measured as the time in which a
piece of paper of 3 cm iong by 1 em wide adhered to
another similar piece, spreading the adhesive on a
1mm portion. The time in which the adhesive was just
able to sustain ai400 g weight was measured.

It was also made tearing test, which was simply to
tear the portion where the twa pieces of paper stock
together to determine whether the adhesive separated
easily or the paper was broken. The later case was des-
cribed as a positive test which meant that the adhesive
really the two pieces of paper together.

Some important quslitative properties were aiso
noted. For example, the physical statg at room tempera-
ture of the adhesive. When a solid was obtained, it was
determined whether a gsl was obtained or not. It a gel
was obtained then the adhesive was considered unsui-
table. If the adhesive adhered to the finger when tou-
ched it was considered suitable for mechanical sprea-
ding.

RESULTS

The experimental results are shown on Table I.
Taking the time for tackiness as the yield the
16 coefficients of the polinomial were determined;
obtaining: _
Y =125 — 34X1 — 28Xz — 82Xs + 24Xs + 20X: X2 +
+ 31X Xa — 8X1Xa + 31X2Xz + 21X2Xs — 24XaXa
+ 22X:1X2Xz — 30X XaXa + 14X:XaXa — 9X2XaXa —
— BX1X2XaX4

The variance of the pure error was determined by the

usual equation for 2 repetitions per experiment, obtain-

ingﬂ
2, = 2 306
S,, = 48

The 95 % confidence interval for each coefficient

should be:
=‘2J S!p./lﬁ =24

Consillering this, the polinomial should be written as:
Y = 125 — 34X, - 2BX, — 82X; + 31X, X, +
+ 31 X2X3 - 30)(,)(2)(3

2Sh:

First of all it was noticed that the vanables X, X, anu
X, should be increased in order to diminish the time for
tackiness, X, (ratio between water and starch) was the

most important variable. That mean that the ratio 2,5,

should be used and this shouid.permit us to obtain a nigh-
er volume of adhesive per 100 g of starch. in the
second place, time and acid concentration should be
increased. It is very important to notice aiso that the X,
variable does not appear in the polinomial that means
that the borax concentration is not significant in which
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case we should use the lower concentration.(5 %j). Besi-
des'it is observed from Table | that the experiment 10
{10 % borax) behaves worst than experiment number 2
{5 % borax}. The same happens for numbers 3 and 11.

TABLE }
Time for  Tearing  Physical
Experiment tackiness Test State Remarks
) : '
1(5 % borax) 00420 0o good  solid, gel Does not adhere to the
: finger. Dilficolt to spread
¢ (10'% borax) 240; 30%; 360 no good - sobid, gel . Does sot adhere to-the
finger. Very difficult to spread
2(5 % borax) 12010 210  positive  semisolid Cream colour. Adheres to
pasic finger better than
aumbér 10 _
10 (10 % borax) 240 to 300  positive  seeisolid Cream colour. Adberes
paste ot $0 good to finger.
(simost & gel)  Tend t0 form bale
3 (5 % borax) 60 to % positive semisolid Cream colour. Adberes to
_ paste finges
11 (10 % bocax) 270 to 300  positive  solid, gei “Croam polour. Docs aot
A adbere to fiager
4 (5 % borsx) 60to75 positive  semiliquid White colowr. Adheres very
: o good to finger. Vesy good
12{10 % borax) G0to 75  positive  semisolid ‘White-cream colour. Adheres
paste very good w finger. Very good
5 7St090  positive - solid, g White-cream colour. Docs
. sot adhere to fager well
13 1045  positive  sobid, gel White-cream colout. Docs
o a0t adhere 1o fager,
: Sifficult 10 spread
[ 15 w 3 positive  semiliquid White tolowr. Very good.
Adberes very good
o to finger.
T iSto20 posiive  semiliquid White colows. Very good.
Adhcros very good
to finger
7 15 t0 30 positive  semisolid White colowr. Very good.
paste Adberes very good to flager
15 4 to 45  positive  semisolid White colowr. Very good.
pasic Adheris very good t0 flages
8 30 0 60  positive liquid White, Adheres very good
o ¥ Singsz. Vary good
16 Wio60  positive  liquid White. Aditros very good
®© Bager. Very good
C2(3%borax) w45  positive  semisolid . Dech~cteam colour.
paste Adhercs 1 flager well
C-3 (10 % boeax) 120 to 150  positive solid, gel Dak-cross colour.
Adhezes 0 finger not
0 wei
C4 (10 % borax) 150 10 180 poswve  solid, pel Deark-tress colour.
- Adbares 1o flager not
o woll
"CS(5%bomax) Wwdd posite  somisolid Croam. Adiwres 10, Buger
paste

Considering this and the general results, four adhesi-
ves are recommended for different purposes.

Numbers 4 and 6: suitable for book binding,

Number 7:

-labels, offices, paper bags,
etcétera.

suitable for book binding, offices,
boxes nom—water resistant, schools

Number 8: suitable for book binding, and offices
{where a liquid id preferred).
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Applying statistical design techniques, good adhe-
sive from cassava starch were obtained by the acid
hydrolysis at 96 to 98 °C.

The most significant variable in the range that was
studied was the ratio of water to starch which in general
should be 2,5 and could be 1,5 if we use the higher acid
concentration (1 %} and time (10 min) to cbtain a semili-
quid (experiment 4}, -

Employing the relation 2,5 considering the higher
acid concentration (1 %) it was obtained a semiliquid
with the shortest time (5 min) but a liguid with 10 min
(point 6 and 8).

Also with the ratio 2,5 it was possible to obtain a
good paste employing the smaller acid concentration
{0.5 %) but the longer time, 10 min (experiment number
7).

The results also showed that it was better to use the
smaller borax concentration (5 %). Without any doub
the results showed that cheap adhesives for different
purposes can be obtained from cassava starch,
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e
PUBLICACIONES

En este libro se realiza una extensa revisién biblio-
gréfica sobre estudios epidemiolégicos, clinicos y

~experimentales relacionados con estas dos enferme-

dades, cuyo anélisis ha permitido fundamentar posi-
hles bases moleculares y celulares de la existencia de

.una regularidad de las defensas del organismo anta

las infocciones, la enfermedad aterosclerdtica y las
neoplasias. Los elementos esenciales de esta interre-
facion estarian representados por componentes del
metabolismo lipoproteico y del sistema inmune.

Consta de un capitulo introductorio donde sa reali-
zan glgunas consideraciones generales respecto a las
defensas del organismo frente a las enfermedades
infecciosas, ateroscleréticas y neoplasicas. Un
segundo y tercer capitulo donde se analizan las rela-
ciones del metabolismo lipoproteico y el sistema
inmune en la aterosclerosis y el céncer respectiva-
mente. Un cuarto capituio trata de las interrelaciones
entre estas dos enfermedades sobre estas bases, y un
quinto donde se seiialan elgunas consideraciones
finales relacionadas con las implicaciones y perspec-
tivas de investigacion derivadas de este nuevo enfo-
que.
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