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Studies on Utilization of
Residue from Tapioca Starch processing lndustry
T. SUSEELA, A. A. M. KUNHL N. P. GHILDYAL, B. K. LONSANE AND SJY. AHMED - -

’

- Fermentation Technology Discipline, Central Food Technological Research lnstitdte, .
P . ) Mysore 13,

A number fo industrial units on large scale as wall as on a small scale manufacture
of starch and sago from tapicca tubers and chips are there in our country| In the
process of manufscture, about 20 percaent of waste fibrous residue is o!?tained
which is not heing utilised efficiently though it contains a high percentage of
starch, The paper presents details of its chemical composition and the results
of studies undertaken for its utilization to obtain glucose syrup. Analysis of this
byproduct indicated a starch conten"nt of (0-85 percent. Results of hydrolysis
of the materisl by acid, acid-enzyme or enzyme process indlcated a conversion
of 92-85 percent. The hydrolysate was found to contain other sugars in saddition
to glucosa. Data are presented on the optimisation of certain parameters for - -
the abovae two processes. The possibilities of utilizing the hydrolysate for the

production of slcohol by fermentation was also explored. Tha fibrous residue
wwas found to contain 756-30 ppm of hydrocynic acid on dry weight basis.TAbout

0.% and 1,0 percent ot the hydrocynic acid present in the material was found to Al,
remain in the hydrolysates prapared by acid-enzyme and enzyme-enzyme process
respectively. |

Cassava (Manihot esculenta Crantz). popuiarly known a{t\piocq‘:, is one of
the major tuber crops of the world, being cultivated extensively in“tropical countries’
and perhaps, provides a major source of calories to about 300 million pel}ople in the
waorldl. Though a native of Brazil, it i‘ip&oduced in &bout 80 countries dn the total
world area of a magnitude of about 9.4 haz, The worid preduction in 1873 was over
S0 million tons and was worth about U.S.$70 milion a years. It was intrgduced into
cultivation in ‘India before over 160 years and about 700,000 acres {(\/ere under
cultivation in Kerala State alone in 1970t - On dry weight basis cassavia contains
about 83-82 percent starch of which.55-60 is racoverable as starch. ‘ )

In india, the most important products of cassavais industrial starch and a
sizable portion of the cassava produce is {Jtiiised for the production ofistarch and
-sago by a number of industrial units both on a large and on small sca!e, In the
"process of manufaciure of ‘starch about 20 percent of waste fibrous| residue is.
obtained which is not utilised efficiently at present though it-contains over"SO percent
starch.  In the past, the largescale units were drying this material for selling as
_a cattle feed. However, due to the increase in fuel costs -the drying| has been

discontinued and its disposal is posing sericus problems. ' Some of /the smal}

scale units sun dry the fibrous waste and-disposs it as cattle feed. b e et
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Wbm was thercicre undertaken to study the pcecibilities of utilising the
fibrous waste for obtaining glucose syrup by hydrolysing starch present in it with
acid, acuﬁ enzyme and enzyme-enzyme processes and subsequent conversion to
valuable ‘n‘ermenta,tlon preducts. The present communication describes its chemical
compesition, its hydrolysis to glucose and data on the utitization of the hydrolysata
for the plloduction of alcohol. !

Experiments and Discussion

Chemical composition: Samples of the sundried fibrous residue wers
obtained | from alargescal¢ unit as well as from a small scale industry and were
analysed| for their major chemical constituents by standard methods of analysiss
Hvdrocyanic acid content was estimaied by acid-hydrolysis methoed®,?,8, For estima-
tion of pentosans, the powdered sample was trested overnight with 02N sadium
hydroxide solution and the filtrate was used for determination of pentoses by Dische
and Borehfreunds’ mathed 2

Acid hydrolysis cof the fibrous residue: A slurty of the residus was made
with acidified tap water at pH 1.8 and was autoclaved at 15 psi for 60 minutas. The
raducing sugar in the hydrolysate was estimated by Shaifer and Hartman mathod:o,
Studies were camried out ta find out suitable concentration of the fibrous residus in
the slurry|for eéffective hydrolysis as well as the effect of pH on hydrolysis

Enzyme hydrolysis with az-amy/ase : A siury of the residue with water was made
and the pH was adjusted to 6 0. The slurry was kept in a water bath maintained at
60°C and |experiments ware conducted with different concentrations of cc-amvlase
and a reagtion time of 60 minutes. The enzyme reacti n wWas stopped by heating to
80°C for 10 min. and the hydrolysate was analysed o;rjhe reducing sugars. Ina
similar set up studias were also carried out to determine tha optimum contact time of
the enzyme with the starchy waste.

Acid-enzyme hydrelysis : 10 percent .sturry* of the residue in acid soiution ata pH
of 1.5 was prepared and autoclaved at 15 psi for 80 minutes. After cooling and
adjusting tha pH to 4.2 amyloglucosidase at 0.49, (v/v) level was added and
incubated at 86°C for 48 hrs. Raducing sugar was estimated in tha hvdroiysate.

Enzymse-anzyme hydrolysis: To a 10 psrcent slurry hydrolysed with oc-amylase
(Q.49% v/v) at 80°C for 63 minutes, diffarent concenfrations of amyioglucosidass
wera added after adjusting tha pH to 4.5, The reaction was continued for 64 hrs and
reducing sugars were estimated. Under a similar set up, studies ware also carried out
to determine the optimum contact time of amyloglucasidass,

Faper chromatogrephy of the hydrolysate: The hydrolysate was quahtanvely
anelysed by paper chromatography by using verious solvent system.

Alcohal production from hydrolysates: Tha hydrolysates both from _acid-enzyme
and enzyme-eqzyme process were ussd as a substrate for atcchol praduction by a
slcoholic strain of Saccharomyces carevisize. Hydrolysates with or without concent-
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ration were suppliemented with minerals with the following composition: {NH,). SO,
(0.19%), (NH)e HPO, (19%) and M3S0,7H,0 (0.03%) and pH adjusted to 4.2
were insculated with the vegetative cells of the yeast and incubated at room
temperatare (28°CY for § days. The aicoho! formed was distilled and estimated by
a standard method. '

Chemicals: All the chemicals usedin the studies were of laboratory grade fc.amyiase
and amvioglucosidase werg produced in the {aboratory by ttilising the know-how
‘developed for thase enzymas in this Laboratory. 1,i2,13 14

‘Chemical composition: The chemical composition of the waste from lprge scale
unit according to the present analysis along with the data reported by Su gramanyan
at alid are given in Table 1. Except for slightly higher starch content in sample from

TABLE 1 CHEMICAL COMPCSITICN OF WASTE FIBROUS RESIDUE FROM TAPSOCA
STARCH PROCESSING INDUSTRY

gm/100 gm sun-dried wa;‘xte—\———;
- Anelysis seported by

- - -Constituent - s ~—-— - Gample-frony farge- scale industty  — -~ Subramanian effal. 15
Moisture ’ ‘ 12.50 , 11.20 -
Starch : : 61.80 : ©oBg.20 |
Crude tibre 12.80 1080 :
Crude protein | . 1.50 0.85
Total ash 0.58 N 1.45
Free reducing sugars 0.37 '\j 1.20
"Hydrocyanic acid 0.0075 . — |
. Pentosan expressed as Xylose' 1.95 ' —
Fat _ ' — 0.30

Hemizelluleses

Other polysaccharides. P ; ‘

fignin etc. 8.4595 18.20
{by difference) ’ ‘

smali scals unit other constituents are mors or less similar in satiples both from smali
and large scala industries. i

Acid hydrolysis of the fibrous residue: The results of the acidihydrolysis
af tha wasta material in the slurry at different concentrations are!| given in
Tahble-2. The conversion of starch to qglucose decreases as the ‘corncentration
of the waste in the slurry iricreasss. The percentage of conversion of starch was in
" the rangs of 24 to 58. Srudies were aiso carried out on the effect of initial pH of the
slurry on'the saccharification and the results aré prasentad in Tabie-3. The results
indicatad that the percentage of hydralysis decréases with the increase irl pH of tHe
sturry.  With pH 1.0, the conversicn rates were 80.38 and 104.6 percent for samples
from large scale and small scale units respectivety: At pH 2.0 and: above, the
conversion was less than 1 percent. ) o '
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TABLE 2;

Cib HYDROLYSIS OF THE RESIDUE FhOM LARGE SCALE STARCH PRQOCESSING UNIT

24,57

9, material jn the slurry Percant starch in 94 convarsion 1o sugar
Sun dried Dry wt. basis the slurry Based on starch Based on materiai
{dry wt,)

2.5 . 24875 1.427 58.40 38.10

5.0 43750 2.853 44 51 29.03

7.5 | 6.5625 4.280 32.99 21.52
10.0 “ 8,7500 5.707 16.03

|

Sturry of tljue material was made with acidified tap water at pH 1.8. Autoclaved
for 1 hr at15 psi. Sugar was estimated in the filtrate,

TABLE 3 ACID ZHYIC)VHOL'YSIS OF WASTE RESIDUE—EFFECT OF INITIAL pH COF THE SLUARY
Sample from farge scale urit Sampls from small~scale unit
pH of the Conversion to Presence of Converson 1o Presence of
slurry Glucose (%) starch in Glucosas (9,,) starch in
Onstanch  On material  Resicus after Fiftrate On starch Gn matorial  Residue altor Filtrare
basis 'Abésis (dry wt.) hydrolysis "’\:{ basis basis (dry wi.) hydrolys:s
1.0 80.38 52.42 — — 14 6 75.75 + —
1.5 21.56 14.06 $ — 27.27 18.75 + -
2.0 0.7% 0.49 +4++ A4+ 072 0.52 T + 4+
2.5 0.6% 0.45 + 4+ ++-+ . 022 0.18 + 4+ A+
i . '
10%, slTrry of the sundried material was used. pH was adjusted by HCI.

Autoclgved for 1 hrat 15 psi.

Sugar was estimated in the fiitrate.

Presenge of unhydrolysed starch was tested by jodine soiution.

Enzyme-hydrolysis with oco-amylase: Table 4 shows the effect of various Concen!~-

raticn of cc-a
the sample fra
cc-amylase.

mylase on the hydrolysis of the waste material. The convearsion rate in-
m small-scale industry increases with the increase in concentration of
However, the conversion rate in sample from large scale unit remained:-

nearly, constant at concentrations higher than 2 percent co-amylase (v/v) in the
slurry. The data on determination of optimum contact time of the enzyme with-
substrate are given in table-5. An incubation time of 60 min. was optimum for the

hydrolysis and any

conversion.

further increase in the contact time did not improve the percent.

60



TABLE: 4 ENZVME HYOROLYSIS OF THE WASTE RESIDUE--EFFECT OF CC - AMYLASE CONCE NTRATION

: Sample from large scale unit Sampie from small scale unit
an-amylase Percent sonversion  Prassnce of starch in  Present conversion, Presence of starch in
cane, to Glucose to Glucose
mi/i00

sl o . - o . . e

slurry i

On starch On mets-  Residue Filtrate  On starch  One mate-  Residue Filtrate

basis rial baeis  after hydro- basic riel basis afiar hydro-

’ {dry wt,)  lysis (dry wt.) lysis
h .

0.4 - 4565 2877 44+ w4+ 2837 1940 4+ 4
10 B34 3483 4+ + -+ €653 48.18 + + 4+ + 4 4
2.0 72582 4730 ++-+ +-++ 7256 5255 +++ +++
3.C N. D. N.D. N. D. N. D. 75.45 < 5783 + + + —
4.0 6864 4477 4+ 4 — 8962 6490 44 L
6.0

64 00 4200 <+ -+ — 93.93 6802 ¢ ++4+| o —

0¢;, sturry of the sun d/ed material (pH 6.0} was autoclaved for-1 br. 2t 15 psi
nd incubated in & ¢hakera}ate' bath at 6C°C for 60 min. after the additign of the
enzyme. {(The enzyme had an-activity of 2300 units/ml}. Sugar was dstimated
in the filtrate. Unhydrolysed starch was detected by iodine test. :

N. D.—Not détec?ed.

"; " TABLE 5 HYDROLYSIS OF THE WASTE MATERIAL BY QOC—~AMYLASE...EFFECT OF TIME OF{NCUBATION
|

, Sample from Jarge scale univ S'ample from semall scale unit
_Resction time _ Parcent conversion Prasence of Parcent conversion Presonce of
" of ox--smylass  to Glucose ~ starchin ts Glucoss ‘|starch in
{min.) : -
] Or: starch  Cn matsg- Rasidue ©On starch  On material Sesédus
: basis rial basis after Filtrste basis basis {dry wt.) aftar  Filtrate
) {dry wt.} hydro- hydro- ;
lysis tysis ;
i 36 1834 11,96 +++ 4+ 156.41 11.16 A 4
60 36.68 2392 444+  — 34.81 22.20 4+ -
80 .,Ao 10.04 +++ — 2819 20.41 b —
120 25.57 16.68 ++ ¢

— 46.16 =~ 33.43 + 4+ -

109, slurry of the sun dried material was prepared by autoclaving for 1 hr.
at 15 psi; cooled and oo —amylase was added at 0.49 (v/v) level. Incubated
at 80°C on shaker water bath for different periods. Reducing sugar was

estimatad in the filtrate. Presence of unhydrolysed starch was detected by
todine tess. ) 1
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24-27 per cent conversion of s

Acid-eazyme hydrolysis: The hvdrc:iys‘s of the waste by acid traaimem shqwsdx )
tarch to glucose and the subsequent reaction of the

acid hydroJysate with amylogliucosidase resulted in 96- 98 per cen‘t convarsion of
starch 1o glucogs (Tabie 6.)

TABLE 6: HYDROLYSIS OF THE WASTE BY ACID-ENZYME PROCESS |
Sample Sample
from frem
Tietails - iarge- ~ small
scale adaie
unit unit
1. Weight of sundried waste material 500 gm 500 gm
2. Percent moisture in the waste 12.5 - 13.0
3. Dry weight of the waste 437.5gm  435.0 gm
4. Volume of acidified water ‘ ) 5000 mi 5000 ml
5. Woeight of starch in the slurry {dry wt.) 28534 gm 315.00gm
6. pH of the sluny 1.4 , 1.4
7. Starchlconversion to giucose after acid hydrolysis ‘
i) based on sundried waste 13.759%, 17.199,
i} based an waste material (dry wt.) basis 18.72%, 12,759 -
iii) based on starch wt. 24.10¢, 27.28¢%,
8. Starch conversion to glucose after further
hydrolysm by amyloglucossdasa ,
i) besed on sundried wa@)materia! §5.06%,  62.299,
ii) based on waste material (dry wt. basis} 62.93%,  71.B%9,
i) baLad on starch wt. 96.499, 98.87¢

The slurry in acidified water was takenin a bio reactor vessel and was autoclaved

for1 h

activity 9100 unite/m!) was added at
i

r. at 15 psi. Cooled and pH was adiusied to 4.2 and amyloglucosidase
0.4%, {v/v) lavel and was Incubatad at

56°C for 2 days stiming at 230 rpm. Reducing sugar was astimated in ths filtrate.

Enzyme-en
sgguently

obtained aré presented in Table

industries
studies on
of 24 hrs
conversicn

zyme hydrolysis: The samplies hydrolysed with ac-amylase were sub—.
troated -with different concemrdtlona of ﬂmyioqiuws:dase and the dat

. With samples from large and small scaie
he rate of conversicn increases with ths increase in enzyma leval. The
the contact time of amyloglucosidase indicated an optimum cantact tima
(Table 8), Further increase in incubation time did not improve the
rate.

82



TABLE 7 ENZYME-ENZYME HYDROLYEIS CF :!'HE WASTE :’.;‘-ATERI.GL«EFFEC'! GF
AMAYLCGLUCOSIDASE CONCENTRATION

Sampie from large scate unit Ssmple from smsll scale LLM!

Amytogiu . |
swsidasa Percent convarsion 1o Glucose

concentration On starch On maoterisl On starch - On material
mi{100 mg basis basis basis besis
sty (dry wi.} . {dry wiy

0.4 N. D. v N. D, €56.29 47.88

1.0 80.80 52.70 69.35 50.22

2.0 98.63 64,26 S1.47 £3.99

4.0 107.71 70.25 83.89 60.75

6.G N. D. N. D. 16C.67 . 72.80

102, slurry of sundried material (pH 6.0) was autoclaved for 1 hr. at 15 psi and
treated with oc-amylase (0.4% v/v) for 60 min. 2t 60°C. The pH waes adjusted
te 4.5 and amyloglucosidase was added and incubated for 84 hrs. a 50°C.
Sugar was estimated in the filtrate.

TABLE 8. ENZVME—~ENZYME HYDROLYSIS OF WASTE MATERIAL - EFFECT
OF TIME OF REACTION WITH AMYLOGLUCOS!DASE

Hsaction iime with Sempis from large scais uuil Sample from small scale unit

|
amyioglucosidass {hr.} Potcent conversion to Glucots ‘ ! o
On starch On meterial besis On stgreh — Oa malerial basis
basis . {dpymwit.) ’ bagis @ry wi.)
A | ,,
24 80.39 58.95 . 83.35 50.36 . _ C
48 88.00 5G 02 88.62 64.17 - ‘ A
' 85 ga’y 57.87 85.01 61.56
; 72 85.84 55.89 89.24 64.?2

T

109% slurry of the sundried material (pH 6.0) was autoclaved for 1 hr. at
15 rsl, cooled and treated with OC—amylase (0.49% v/v) for 69" min., at 60°C.
Then pH adjusted to 4.5 and 0.49%, {v/v} amyloglucosidase was added and incubated
at 50°C for different duration.
Hydrocyanic acid fevels: The hydrocyanic acid content in the fibrous waste as well
&5 in the hydrolysates from acid-enzyme and enzyms-enzyme process are given in
Tabla @, Though the levels are compaiitively high in the fibrous residue the
jevels were reduced to less than 1 ppm in the hydrolysates.
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TABLE 9. HYDROCYANIC ACID IN THE WASTE MATERIALS AND THELIR PRODUCTS

|
Matarial and lits;

products '

Waste mate
Waste mate
Hydrolysats
acid—enzym
Hydrolysate
Qnzyme —en

Hydrecyaric acid (ppm)
Sample from large Sample fram smail

scele unit scale unit
fial (sun dried) 75.0 57,2
rial (dry wt. basis) 85.7 100.6
from .
© procenss 0.825 0.349
from ' ‘
zyme process 0.89%4 0.675

Afcohel pro

from the hydrolysates of the waste fibrous residue.
acid-enzyme

fuction : In Table 10 are presentad the data on the nroduction of alcohol
The otiginal hydrolysates from
and enzyme-erzyme process having 8 concentration of 6.5 snd 6.7°

Brix respectively showed an aicoho! producticn of 32.54 and 39.48 (w/w) whereas
concentraied hydrolysate helped in an higher visld of alcohol i.2., 37.93 and 41.24

(w/w) respectively as comparad to a theoritical visld of B1. 1, (w/w?

TA

BLE 10. PRODUCTION OF ALCOHOL FROM HYDROLYSATES OF FIBROUS BRESIDUR
FROM STARCH PROCESSING INDUSTRY

! .
! Sugar cenc. Parcent alcohal produced

ifrom

Hydrolysate used Brix WiW YW

: = I
Acid-enzyme ‘ 6.9 . 32 54 35.07
process 20.0C 37.93 46.83
Enzyme-enzyma 8.7 29 48 43,28
process | 20.0 41.25 . B1.18

QOriginal as

well as concentrated (to 20" Brix) hydreiysates werg {ostified with

(NH).S0, (0.1%), (NH,).HPO, (0.1%) and MgS0,. 7H,0 {0.03%,) and pH adjusted

to 4.2 werse
days. Alco

In the
of wastes ar
product and
waste is ec
roots are dis

'fermented with an alcohol strain of Saccharomyces cerevisiae for &
not was distilied and estimated.’

process for manufacture of starch and sago from cassava., three types
e obtained. These include cuter skin which essentially is a dry waste
is resistant 1o biodegradation due ta its low organic matter contant. This.
nomically insignificant and is used for jand fili's. Before the pesled
ntegrated - with a help of the rasper in a stream of water, the inner rinds.
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&re removad which constituts about 10-15%
40-12 percent staccH Balagopal and Maini 7 investigated the

valute of the tubers and contain about
sroduction of protein

from the rinds by using amylotic fungi and reported that the protein produ"tlon was-

directly proportional 1o the siarch concentration. j

The major waste that is formed in manufacture of starch and
cassave is the fibrous residue reta
2s tapioca spant pulp t¢, tapioca refuse 19 in the literature.
ration of starch which is presumabiy present in intact cells not ruptured
rasping processi? and thus causes heavy pollution of the environment

sago from

ined on differeant mesh sieves which also referred
it conteins high ccncent-

during the .
0-22, Treat-

ment of the waste before discharge in the nature was studied!s, though ideal solution
would be either effective economic utilization or by-product recovery to off set costs.

involved in waste treatment. Reports on the utilization of fibrous wast
feedis, ~fertitizer!s,
{acture of alcoho! °3,24 or recovery of starchis are known but are chap
high trensportation costs!? or low wvalue product’ The possibility of
tha starch of the wasta {0 glucose syrup by sdcuhanflcation have not
attertion and may offer definite economic advantages to the starch
batter return to the agriculturists. ’

The presence of toxic factor in cassava was known as early as

e as poultry

substrate for microbial protein production '8, and in the manu-

acterized by
hydrolysing.
eceived due
ndustry and

1605 25 and

was attributed to thae presence of hydrocyanic acid (HCNY in 1836 26, 1t pccurs in the

form of cvyanogenic giycosides,

Linamarin 27-30 and methyllinamarin p1-23

which

jlibsrates freg HCN under enzymatic hydrolysis with lindmarase 34-56 or acid hydrolysis.
In active heeithy tissue of the growing plant, the enzyme and substrate are kept

apart but their contact ocours upcn mechanical damage of the: tissue, lo
ological intagrity, post-harvest deterioration or wiiting of the leaves,
range of cyanide content is 13-400 ppm calculated as mg HCN/Kg fresh
pccasional samples as low as 10
7 \
) Cyanogenic
and chronic toxicity in humans and animals,
with the incidence of tropical ataxic
meatabolism.
lead to the development of goitre and cretinism’.  indian Standards las
sel a Himit as high as 200 mg HCN/Kg in dried c¢assava
teeding ¥#¥,89,
acide-enzyms #and enzyme-enzyme processes,
utilisation.

High cassava intakes are
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C my/ Kg or over 2000 my/Kg have been reportad 37,
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The low HCN content of the hydrolysates obtained sither by acid,
does not pose any problem for its

International

ion of the



11.

12.

13.
14,

186.
- Mid{morganism, Kuala Lumpur 1972,

17,

18.

19.
20,
21.

22,

Appan, S. G., Rogers, D. J, Hersh, G. N. and Fleming, H. S. In Tropica! Root
and) Tuber Crops Tomorraw Vol. 1 (D, L. Plucknetted.), College. of Tropical
Agriculture, University of Hawaii, 1870 F 79

1
Abraham, A., In Tropical Reot and Tuber Crops 7omerrow, Vel 1 (DL,
Plucknett ed.}, Collegs of Tropical Agriculture, University of Hawaii.
1970, 76

A. Q. A, C., Official Methods of £.nalysis, 8th Edition, Washington 0. C 8 186G

Jansz, E. R.. Jeyaraj, £. F,, Pierls, N, and  Aheyratne D. J. J. Nata. 8ci Coun,
SrilLanka, 1974 2 (1), 5765,

Pietis N., Jansz E. R. and Kandage, R. ibid. 1974, 87.

Waod T. J. Sci. Fd. Agri. 1365 16, 300,

Dische, 2. and Borenfeund, T. Eiochim, Bisphys. Acta, 1957 23 639,

Shaffer, P. A, Semogy, M J. Bic! Chem 1333 7100, 595,

ﬁGh?Zdyal, N. P., Prema, P., Srikanta, 5., Sreekantiah, K. B. and Ahmed, S, Y.,
J. Ad. Sci. Technol.-in press,

Ramekrishna, S.V., Suseela, T. Ghiidyal, N.?P., Jaisel, 5. A, Prema, P.,
Lonsane, B, K. and Abmed, S. Y.-Unpublished data,

Nalini, R., S!eekam‘iah, K. R. and Murthy, V. 8. Oie Starke, 1878, 30, 272.

Srilkantaiah, . B., Jalee), 5. A.and Rac T. N, 8., Indian Patont No. 2108 1972,

Subrahmanyan, V., Narayana Rao, M., Rame Rao, G. and Swaminathan, M.,
Bufl. CFTR! 1955-1988 &5, 80,

.

Sundhagul, M. Paper presented at the work study on Waste Recovery of

Bal}agopal, C. and Maini, S. B., J. Root Crops 1977 5, 33.

Piﬂ_éi, S. C.. Srinath, E. G., [Mathur, M L Naidu, P. M, M. and Muthanng, P.G.
Curr. Sci, 1968 37, 603.

Georgi, C. D. V.. Mafayan @; J;, 1922 10, 278,

Bel‘%gamin, F. Boletim de Industrie Animal (Brszil), 1943-6,129.

Mcharry, N. G. Shuto, M., Whitaker. T.and¢ Chavanich, L. Costa/ Waste
Poliution Survey on Cheonburi Province. Rasearch Report, Asian Instt, of
Teqhxm%ogy. Bangkek, Thaiiand 1873, ‘
Thanh. N. €. and Wu, J., Can. fnst. Feod Sci. Technof. J. 1975 &, 202,

|

66



27.
28.
28

Goday, J. M. De and Goday, P. De A, Utiljzetion of vWaste Products from
sto,

Cassava Stesch Fecroriss in the A.’w kol industty, Sso Psu
Secretaria de Agricuitur, Industreia Comercio 1846 26 P

CJespan, 1840 76, 725

Takachita, M., J. Agri Chern

Clusins, Exoticorum byl detam

'k - b N H Py
Honry, O. end Boutrgn-Charland, A, F. Mem. Acad. Med, Rsris 1838
¥

5, 212.
Francis, £, The Anafyst 1878 2, 4°

Carmody, A., The Lancer, 02 736

Collons, A. E Bull. Agric, ¥rin. ¥ob., 1813 74 B4

Turnock, 8. J. W., J. Trop. Med, Hyn. 1937 40 G5.

Butler, G, W., Phviochem?lstry 1868 4, 127

Ettlinger, M. G. an

Nd/m; F Phaviochemisiry, 1388 7, 1307,

Armstrobpg,, B E. end Harton, £, Proc. Roy. Soc., 1910 82 8, 343,

W

Weod, 1. J. el ~d. Agrio.,

T.J. Sci. Fd. Agric., 1658 77, 85,

-t
[
&
3
el
(]
(93]
)
[N

Fol OO I 4 - N T N
J. Buli. Toersy Bot, Club, 1858% 55 43,

“

n
2 TETQ-1858, 151, N Delhi 1289,

Indian Standards Institution, Specification for Tapioca Chips For Animal

Feed, 1S: 1508-71939, 151, N. Dethi 1909‘

dards institution, Specifizsiion for Tapicca Flour for Animel



