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A number f o  i rdustr ia l  uni ts on large scale as well as on a small scale manufacture ' .  

o f  s tarch and sago f rom tapioca tubers and chips are there in our country1 In the  
prccess of menuiacture, srbout 20 percent of  waste  f i b r o ~ s  residue is  o4ttained 
w h ~ c h  i s  no t  being utiltaed eff ic ient ly  though it contains a high percentage o f  
starch. The paper presents details o f  i t s  chemical composit ion and the  results 
a f  i;tudiss undertoken for i t s  ~ t i ! i z a t r o n  Po obtain glucose syrup. Analysis of t h i s  
byproduct  indicated s starch cantei i t  o f  LO-65 percent. Results o f  hydrolysis 
o f  the  material by acid, 8cid.enzyrne or  enzyme process indlcated a conversion 

. 

of 92-95 ]>crcent. Thc hydrolys-ta VJaS found t o  contain other sugars i n  addi t ion 
t o  glucose. Data are presanted on t h e  optini isation o f  certain psramcrfars f o r  - 
t h e  above t w o  processes. The possibilit ies o f  ut i l iz ing the  hydrolysste t o r  the  
prociuction of  slcohol bv fermentation was  also explored. The f ibrous --'due 
was f.,und t o  cunmin 76-90 ppm of hydrucynic acio on dry we igh t  brsir.lyAout 
O 5 and 1.0 percent o t  the hydrocynic acid prosant i n  the material w a s  fo/und t o  ., 
renlnin i n  the Rydrolysates prepared by acid-enzyme and enzyme-enzyma drocess 
respectively. 

Cassava (Manihot escuienta Crantz). popularly known a<>piocb, is one of 
the major tuber crops of the wcrld, being cultivated extensively 15 tropicql counfries 
and perhaps, provides a major source of calories to  about 308 million p$ople in the 
world1. Though a native of Brazil, i t  i s  produced i n  s b l ~ u t  80 countries dn the total 
world area of a rnac;:~itude ol abogt 9.47aT. The world production in  1973 was over 
90 million tons and was worth about U.S.S70 rn~l ion a years. It was intrqduced into 
cultivation in India before ,over 160 years and about 700,OOQ acres bere under 
cultiva?ion in Kerala State alone in 19701. On dry weight basis cassavja contains 
a b ~ u t  89-52 percent starch of which 55-60 is racoverable as starch. 

ir! India, the mcst important products of cassava is industrial sflarch end a 
sizab!e portion of ?he cassava prodt~ce i s  utilised for the production of'starch and 
sago by a nurnber of industrial units both on a large and on small scqle. In  the 
process of manufacture of starch about 20 percent of waste fibrous; residue is 
obtained which is not utilised eff~ciently atpresent thcugh i t  containsover 50 percent , 
slarch. In  the past, the largescale units were drying this material for selling as 
a cattle fae'd. However, due to the increase in fuel costs the drying, has been -- 

discontinued and i t s  disposal is posing serious problems. 'Some of t h e  ~ m a ~ $  
scale units $uo dry the fibrous waste and dispose i t  as cattle-feed. I I a ,  
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\%'ijrl< t v ~ s  the:cfi:~ undertaker: ts study the pcc:ibititIcs of utilising :3e 
fibrous ~ a s t e  for obtsining glucose syrup by hydrolysing starch presertt in i t  with 
acid, acib enzyme and enzyme-enzyme processes and subsequent conversion ta 
valuable fermentation products. The present co~nmernication desc~ibes its chemical 

1 composi{ion, its hydrolysis to gtucoss and data on the utilization of the hycirolysat~ 
T 

I for the pioduction of alcohol. 
1 

!Eatparim@ ,Is and Discussion n 

the slurryifor effective hydrolysis as welt as ti19 effect of pi4 on hydrolysis. 

Pi sEtirry of t h s  residue with water was :nude 
slurry was keof in a water bath maintained at  
with different concenttations af cs-amylase 

time of 69 minutes. The enzyme stopped by  heat~ng to 

the entyde with the starchy waste. 

Acid-enzyme fBydBr~Iy$is : 10 percent S I U I ~ Y *  of the residue in acid solutian a t  a pH 
.of 1.5 was prepared and avtoclaved at 15 psi  for 60 minutes. After cooling and 
adjusting the pH to 4.2 amyloglucosidase at 0.4% (v/v) lcvel was added and 
incubated a t  56°C for 45 hrs. ;-2aducing slpg8.r was estimatad in t!ls hydroiyss:~. 

Enzitmu-enzyme hydrolysis: To a 10 percent slurry hydrotysed with a - a n ~ y l a s e  
(O,SD/, V/V) at 60°C for 6 3  minutes, diffarent concsntrsrior,~ of amyloglucssidase 
mere added after adju;ting tha pH to  4.5. The rsacti3l.r was continued for 64 hrs  and 
reducing sugars were estimstgd. Under a similar se t  up, studies wnrs also carried out 
to determine the optimum contact tima 0% amylnglumsidase. 

Paper chr~mBtograpjPy of the kydrolysate: The hydaolysaae was qualitatively 
anolysed by paper ch:omatography by using various solvent system. 

from hydrolysater : The hydro1 y s a e s  bath from acid-enzyme 
pm:ass were used ZE a strbnrat~ for afcahol prad~crion by a 

c3rsvjsiae. Hydrolysates with or without consent- 



I 

ratl32 were sr~~i:.:emented with minerals with the fo l lowing composition 
(0.1%). (WA,) ,  HP3, (I l'/b) a73 bIgS0,.7Hi.3 (0.83%) and pH adj 
ware i nx i r l a l ed  with the vegetative cells o f  the yeast and inc&a 
ts:>?srat~rro (28°C: for 5 days. T h s  a i c o h ~ ?  formed was drs:illed and 
a standard method. 

Chemicals : Al l  tho chemicals us& in the studies we:s of laboratory grade 
and amyloglucosidase wera produced in t ha  laboratory by  utilising the 
developed for thass  enzymss in this LaSoratory. :1, '<. '3 ! 4  

Chemical eomposit.ion : The chemical composition o f  the waste from I rge scale 
, unit according to the present analysis along with the data reported by Su ramanyan 

at ails are given in 'Table I .  Excopa for slightly !jigher starch content in s mple from i 

Illoistwre 
Starch 
Crcde fibra 
Crude prctein 
Totsl ash 
Free reducing sugars 
Gy3rocyanic acid 
Psntosan expressed as Xylose 
Fat  
Herti ieo"d1~s~s 
Other po!ysaccharidea 
tignin etc. 
(by  differe~ce]r 

TABLE 1. CHEMlCAL GOMPOSlTlCN OF WASTE FIEHOUS RESIDUE F R O M  TAPIOCA 
STct8CH PROCESSING INDUSTRY 

~rn1100 g m  run-dried waste-- -2 -.  
Ans lys~s  ispartccT[iir' 

..- -. - eonc'*ant . .- - -  -- ~ -, Sd-rnpi= %m;ir ix.:;.ga-scaJe ifidusfry -. - Subramanian 

-- -- -- - - - - . -. - - - . . . . 

srna!i scale urril other c3nstituants are rnoro or less similar in sahlpfes: both from small 
and large scale industries. 

I 

et~al. 15 

- - . . . . .- ... - - 

I 

Acid 61ydrolys. i~ of thc fiLsous residue: The results of the acidjhydrolysis 
sf ti13 ~wast3 material in ihs slurry at  diifarerit con cent ratio;^^ are1 given in 
Tatila-2. The conversion of starch to gluccse decreases as t he  'co centration 
of :he waste : n  !I-13 slurry i:~creasss. The percerlfage of conversion 6f st rch whs in ." 
the range of 24 to 53. Sruci~es were also carried out  on fhe effect of initial pH 6f the 
s l u r r y  or! the sacc!~arificd~icln and the results ere prssentod in Table-3. T e results 
indicated tf'at tPie percon!age of hydrolysis decreases with the increase i j pH of fhe 
siutry. With pH 1.0, the conversion rates w 0 ~ d  80.38 arrcF104.6 
from Parge scale and s m ~ l l  scale units respectively. At pH 
cenverslon was !ess than 1 percent. 



OF THE FIESlDilE FROM LA2GE SCALE S i A S 3 H  PROCESSING UNIT 
t 

Percent starch ~n 46 convarbion to sugar 

Sun d r ~ e d  the slurry Eased 0.1 slavch 3ased on msteraai 
(dry wt.) 

Slurry o f  t d e  material was made wi th  acidified tap water a t  pH 1.8. Autoclaved 
for 1 hr a t ' l 5  psi. Sugar was estimated in the filtrate, 

j 

TABLE 3 ACID ,HYDROLYSIS OF WASTE RESIDUE-EFFECT OF INITIAL pH C F  THE SLURRY 

i 10% sl rry of tho sundried material was us&. pH was ed;ustsd by HCO. 
Autoclcved for 1 hr at 15 psi. Sugar was  estimated in tho filtrate. , .. . 
Presen e of unhydrolysod starch was tested bv iodine soiutiori. 

pH of t h s  
slurry 

Enzyme-hydr lys is  with a - a m y l a s e  : Table 4 shows the effect of  various cancenr- 
ration of cc-a ylase on the hydrolysis of the waste materiai. Ths conversion rate in- I the  sanlple fram small-scale in5ustry increaws with Tho increase in  concentratior? of 
a-amylase. #towever, the conversion rate in sample from leige sca!c uoit remained 
nearly, constant st concentrations higher than 2 percent cc-amylase ( v i v )  In ths 
slurry. The data on determination of oprimum contact tiine of t h e  enzyme with. 
substrate are given in table-5. An incubation tima of 60 min. w a s  opZilnurn for the 
hydrolysis an3 any further increase in  the c a n t k t  time did not improve the percsqt 
conversion. 

Sarnpls from forge scale urit Serrpln from ;ma!!-scalo unit 

Conversion PO Presence of Convcrson to .Oresenco of 
Glucose (YJ) starch in G l u c o s ~  i:,',) starc11 in 

On slerr,h On moterial Residuo ofter Ftl trala On starch Cn matoria! Wcsidcc altor F i l t r a r ~  
basis I ,&basis ( d y w l . )  h/;drolysi$--., besis basis ( d r y  wi.)  t)ydrol;.sis 



TA'JLE: 4 ENZYME Hr'3HOLYSIS OF THE WASTE RESIDUE--EFFECT OF CC -AMYLASE C O N C E ~ T R A T ~ O M  I 
San~plc fiom lurgo sca!r, unit Snmple from small scale unit 

a - a m y l a s e  Percent r.onversion Prasance of stareh in Piescnt conversion Presence of starch I n  
canc. to Glucose to Glucose 
n1,'100 
m!. , 

slurr'/ 
On starctr On m&:e- Restdue F~llrete On %!arch One mate- Retidue Filtrate 
basis r ~ a i  bmsis after hydro- bislc I i s  8:i.r hydlo- 

{dry wt.)  lycis (dry wr.) lvsls 

--- . -- - -- -. 

73% ,;!urry of the sbn materiai (pH 6.0) was autoc!aved 
3:-,d i n c b b a t e d  in a ater bath at 6C C for 60 min. after 
lenzvws {The an act iv i ty of 2300 u~ius/ml). 
in t!ie filtsare. Unk~ydrolyscd starch was detected by iodine test. 

N. D.  - - N o t  detected I 
1 TABLE 6 3YDROLYSIS OF THE WASTE MAlERlAL B Y  =-AMYLASE ... EFFECT OF TIME OF 

I 

Sample F:om large s c a l e  unly Sample from rrne!l ocale un r 
_lieaction rime _ Psrcdrrt convbliaton Presence of Percent conversion Srasoncs of 

of E-amylase to G:dcose starch in to Glucose !starch an 
(n;ln.) 1 

On starch On mate- Rzo;due On starch On material Residue 
bqsis r ~ a l  beasts after Filtrate bass basis [dry wl.) after F~ l t ra ta  

(dry wt.) hydro-  hydro- . 
lys's Iysi; 

7--- - - - - - -- - - - -- 

70% s lu r ry  OF t h e  sun dried material was prepared by aut&?aving for 1 hi. 
a t  15 psi; cooled and a! -amylasb was added a t  0 4% ( v i v )  level. Incubated 
at  60°C on shaker water bath for difforsnt periods. Reducing sugar was 
estin~ated in the filtrate. Baessnce of unhydrolysed starch was Petected by 
iodine test. 



- - 

14irasts by acid trsetmsn', shawsd-. 
and the subsequerrt rescticn a: t h e  

with amyioglucusidase resu1:ed in 96-98 per cent conversion of 

TABLE 6: HYDROLYSIS OF THE WASTE SY ACIC-ErYZYMi PI?OCESS, 

Samp!e 
i r o n  
smh!! 
s a i e  
cr,it 

8. Starch conbersion to glucose after fL:rther 
hydrolysis by arnyloglucosidase. 

/c, 
i) baked oc sundried wa&hnatsrlal 55.06% 82 2g0/, 
i i )  ba'sed on waste materiat (dry wt. basis) 62 93% 71.5904, 
iii) ba!sed on stsrch wt. Q6.49% 98 87% 

--- ------ + 

500 gm 5C0 gm 
12.5 13.0 

3. Dry ytlj ight of the waste 437.5 grn 435.0 gin 

The sl$rry in acidified water was taken in a bia reactor vessel and was autaclaved 
for 4 dr.  a t  55 psi. Cooled and pH wss adjus:ed tr, 4.2 and arnyiuglucosidasa 
(activi y 9100 units/ml) was added a: 0.4% (M/Y) lave1 and was incubated a t  
58"Cf r 2 days stirring at 230 rpn?. Reducing sugar was sstimated in the filtraTe. a 

4. Volume? 
5. Weight 
6. pi4 of 

7. Starch 

I Enzyme-e iyma hydrolysis: The samples hydrolysed with a-amylase were sub- 
saqueraaly treated with different concentrations of arnylogiucasidase and tha data 
obtained re presented in Table 7. n'iah sclrnp!es ffsra~ !arge and srrrali s c a b  
ind~~strias he rate of conversicn increases with the ircrease in  enzyme level. The 
studies on the contact time of amyloglucosidaoe indl:cated an optimum contact lime 
Q$ 24 hrs (Table 8). Further increase En incubation time did not iinprovc ths 
conve?sT~ rate. r 

of acidified water 6008 ml 5C30 ml 
of starch in the slurry (dry wt.) 285.34 gm 31 5.00 gm 

: he  slurry 3.4 1.4 
conversion to glucose after acid hydrolysis 

i) baked on sundried wssre 13.75:/, 1 7.1 9O/' . . 
1 1 )  based on waste material (dry wt  ) basis 7 5.7 20/, 9 9.75C,; 
iii) based on starch wt. 24.1 004 27.28'16 



TABLE 7 ENZYME-ifQZYiW6 I-IYDHOL'{$IS C; TqE WACTC MATEHJIIL.EFTCCI OF 
A M Y L O G L U C O ~ : ' ~ A S E  CO1SCtHTR.+:'OH 

I 
S a r n p l ~  from iorgc scale Lnrt Sample from srn~lB seojr Jn~t  

Aniy!oaiu 
cc,sidasa Pe:cenr convurs~on to Glucose 
ccn~entrk[:on On starch On mbterial On starch On mater~al  
rnli'100 mg bas~s  b ~ s i f  basis b ~ o t s  
S i ~ i r Y  (dry w:.) 

I 
(dry ~ v ? . )  1 

T A E i E  8. ENZYME-ENZYME I lYPROiYSlS OF 'A'ASTE MATERlAL EFFECT 
OF TIM€ OF REAC'!IOk \niiTi+ AM'IL0GLUCOS:DASE I Weaction rime with Slrnpia from large scaie uui l  Sample from smell sc 1s unlt 

lo:/, s turry of sundried o7aeerial (pH 6.0) N a s  a~!toc!aved for 1 hr. at 15 
trea:ed with c-an7ylar;e (0.4% v,'v) f ~ :  60 min. at 60'C. The pH wes 
PC 4 5 afld amyioglucosidass was added 2nd incubated for,&! hrs. at 
Sugar was estimated in the filtrate. 

---. -. 

arnylagl~~cosidase !hs.) Porceni conversion to Glucose 1 
(3.1 $'arch Gn rneter:al bssla On dtrrch On maherial basis 
brs~s (:J%~.) bssis (dry we.) 

I 

psi end 
adjusted 

50°C. 

lo$/, s l i~ r ry  of itie sundried material (pH 6.0) was autoclavod for 'I hr. et 
15 p i ,  cooIed und treated wi th  a-smylasa (0.4% vjv) for 6-3'rnin. at 60°C. 
T h ~ n  pli adjusted to 4 5 and  0.4y0 (viv) ~!nyloglucosidase was added and incubated 
at 50°C for different duration. I ' I 

Hydrtacyanic acid /?vets : The t\ydrocyar;ic acid content in the fibrous wa 
as irr tlie hydaolysares from acid-enryma and errzyme-enzyme process ar 
Table 8, Though tho levels sse compaii!ively high in tha fibrous 
16vels were reduced to less than 1 ppm in the hydralysates. 



TABLE 9. HYDROCYANIC A C I D  !N T H E  WASTE WATE3iALS A N D  YIi:,i? P f lODUCTS 

I 

Material and its, 

products ' 1 

Waste mate i a l  ( sun  dried) 
Waste mate 1 ial (dry wt. basis) 
Hydroiysata fron: 
acid-enzvn:~ proceess 
Hydrolysate f r o m  

snz~me-an I yme process 
I 

Hvcrocysn.c acid (ppm) 
Sawple from I P : ~ ?  Sample *r9m smsil 
scslz unit scdia u~l i :  

: In Table i 0 ore prescritad the data on t h e  yoductinn of alcohol 
The orislna1 hydroiysates from 
s ~ ~ i l ~ e l i t r a t i c ) n  of 6.9 a n d  6.7' 

procucticn of 32,514 and 39.48 (tv,'wj wheraas 
of aicohol i.e., 37.93 and 41.26 

yisld of ,%'I. 1 1. ( w , . ' ~ ) .  

T A ~ L E  10. PRODUCTION OF ALCOHOL F 3 O M  HvDilOLvSkTES OF F I S ~ O L I S  RESIDUE 
1 F R O M  STARCH l'ROCESSlr\rG INDUSTPY 

Suga; cevc. Parcsn; alco>nl  gfoducsd 
used B r ~ x  'N W V/bV 

2+_-- - _ _.___ _ 
I 

Acid-@nzyn:e \-'6.9 32 54 35 07 
process 1 20.0C 37 33 46.83 
Enzycne-enzyme 6.7 39 48 4 3.23 
process 1 20.2 4 i  .25 51.1& 

I --- 
I 

Original as weil as concentrated (to 20' Erix) hydroiysafes W ? ~ B  fortified with 
(NH,),So4 (6.1%), (NH,),MPO, (6.1%) and MgSO,. 7E-';,0 (0.830,1) and pH adjusled 
to 4,2 were  fermented with an alcohai strain o f  Saccharomyces cerei/k,+e for 5 
days. Alco ol wes distilfed and eslimared. 

2 1 

In the process for manufacture of s!arch a ~ l d  s ~ g o  from cassavs. t5ree types 
of wastes ar obtained. These include outer skin which e s s e ~ t i a l l y  i s  a dry wasm 

resistant t o  biodegralntion du2 to i:s Itk": oiganir cla:t?r c o n t a ~ t .  Thi s  
Fnsign j l~car~t  and is used f w  iand filiui. Ec:nro ll!a ~ c < s l c d  

a help af the raspor in a stream ot watsr, ?lie inner rinds. 



I 
I 

removed ~vh ich  consti~uta zboilt IC-157; va;~ ;e  o f  the tubers and cdntain abour 

I 10-12 perceilt srasch. Balagopi:[ and Malni .: investigated the sroduction ob protein 
from the rinds by usii;g amy'l~.tic fuvgi and repoi.ted that the  protein production was 

I -  directly propdnional ro i!>e s~arcl; coiicentr8tlori. 1 

The major waste that i s  formed in :nanufacture o? starch and sago from, 

cassava is  fibrous residue retained on differont mesh sieves \n/hich also referred 
as tapioca spe,-e pulp Is, Tapioca refuse '"in t h e  literatii:e. I1 coritsins high concent- 

r r t i ona f  starch which is presumably present i n  
rasp:ng p;ocessr: and thus csusss heatly pollu:ion of the 
men1 of ttle waste before discharge in the nature was s:udiedli, though 
would be either effective economic utilization 
inuolved in wastw tfeaiment. Reports cn  the utilization of fibrcus 
feed':., .ferti!izerP" substrate for microbiai protein productioi: I", 

f a c : u r e  of alcoho! '"2.' cr recove:y of starch:j are known but are 
hzgh : c~ r i spo r ta t i on  ccsts::] or low value product I " .  The  

occclsi3nal sa;oplos as low as 1 C  mg/M3,or over 2000 mg/Kg hdve been rkported 9:. 
1 \' 

Cyenosenic g iucoside~ of cassavaare known to be responsiblz fo I both acute 

but!e; return to ;!ie agtic1ihu:ists. , 

tha starch of t!le waste t o  glticosa syrup by saccharification have not 
a:?c.r,;ion and may c i fer  definite ecoriomic advantages to the starch 

P 
I he presence of toxic factor ir: c ~ ~ s s a v a  w a s  known as  early as 9 605 25  and' 

~ 3 3  aitribufad to thb praserlce of hyar.:~cyanic acid (HCN) in 1836 ztr. I t  cco:s in the- 
fg:nl of cya~~cyen ic  giycosides, binamarin27-30 and methyllinemarin l - '3  which 
iibljvates tre:: tLCN under enzymaric I.~ycl!olysis {with l in3rnerase 34-5!isr ac i  hydrolysis. 
In aecii ie heeiihy tssuu of :ire g o w i n g  plafit, tho eiizyme and substr 1 ie are kept 

and chror:ib toxicity in humaos and animals. H i ~ h  cassava intakes arol asscciaPed' 
wirl; ti,n i i~cidcnca of tropical ataxic nsoiopsthy and disturbance4 in iodine. 
metabolism. In the presence of marginal iodine and low protein intake, i t  may 
sea!:! ro t!:c oei/e!opn~ent of goitra and creti~lisrrll ir:diai~ S t a n d a r d s  lrisiirution h a s  
set a fimlt as high aS 30ii mg MCN/Kg in drind cassava products meant for enimef 
Beedins ",,32. The law HCN c3rttsnt of tho hydro lysa t~s  obtained either by acid, 
acid-ensyrn.3 dnd onzyrne-enzylno processes, does not pose any problem for its. 
~ltilisatien. I 

I 

received dua 
ndustry and 

asart but  tireif cor:tacf occurs cpcn mechanical damage of the tissue, 
17 i3~ ica l  int.jgr.ity, pas:'-i~ervssl d~teiiorarici7 or wiieing of the  leaves. 

2 ,  Nasrlo, B and Mac Ir,.tvre, R., Chronic Casssve Toxicity, I ternationat' 
3eve6opment Research Centre. Ottawa, Canada, 1973, P 5 1 

loss of physi- 
The norrr>al' 

range of cyanid12 contant is 15-400 pp 3-1 calculated as mg HCN/Kg fresh weight but. 

2. F. A. O., Production Y e w  B o ~ c ,  Food & Agriculture Organiza!.ion 
United Nations, Rome f 968 
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