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In Kerala, the total area under 
tapioca cultivation is estimated to be 
2,90,000 hectares and the annual availa-
bility of tapioca leaves is found to be 
3,00,000 MT as a by-product, - after 
tapioca harvest (Anon. 1926). Although 
information is available on the chemi-
calcharacteristics of tapioca roots and 
leaves (Pechnik et al., 1962 and 
Sankunny et al., 1964) and their use-
fulness in human dietary (Anon, 1950 
and Terra, 1964), very little is known 
about their utility in the ration of farm 
animals. The presence of lignoce-
llulose complex, and the antinutritional 
factors like hydrocyanic acid, tannic 
acid, oxalic acid etc. present in tapio-
ca leaves and lack of cheap processing 
technology are the major constraints 
in their intensive utilisation as livestock 
feed. Apart from the breakdown of 
lignocellulose complex, any attempt to 
reduce or eliminate the quantities of 
these antinutritional factors by suitable 
technology will augment the bioavaila-
bility of nutrients from tapioca leaves. 
A detailed study of ensilage, a;s an 
effective way to reduce antinutritional 
factors present in tapioca leaves and 
the nutritive quality as reflected by the 
biochemical changes of the ensiled 
material is reported in this paper. 

Materials and Methods 
Green tapioca (Manihot utilissima) 

leaves after the harvest of tuber •were 
collected from Instructional Farm, 

Mannuthy and were chopped into 
pieces of 1 to 2 inch in length and 
packed in plastic buckets of 25 lit 
capacity (18 replications) (S1). The 
materials vaere trampled properly, 
covered with polythene paper, again 
pressed and sealed with mud and 
made air tight. Two other treatment 
combinations (18 replications each) 
were also prepared similarly by the 
addition of tapioca powder (S2) and 
molasses (S3) each at 5% level respec-
tively. 

The leaf samples as well as the 
ensiled biomass were analysed at 
intervals of 30 days upto 90 days (9 
numbers each) for their proximate 
principles by standard methods 
(AOAC, 1980). The fibre fractions 
were estimated by the method descri-
bed by Goering and Vansoest (1920) 
and the dry matter by the toluene 
distillation method (Dewar and Mc 
Donald, 1961). The ammonia nitrogen 
was estimated as per Conway (1952), 
volatile fatty acids like acetic, prop-
ionic and butyric were estimated 
using Gas Chromatograph (AIMIL NU-
CON SERIES 5200) while lactic acid 
was estimated by the method of Barker 
and Summerson (1941). Hydrocyanic 
acid and tannic acid were estimated 
as in AOAC (1980) and oxalic acid by 
the method of Talapatra et al. (1948) 

The data was analysed statistically 
as per Snedecor and Cochran (1967). 
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Results and Discussion 

The composition changes in per-
centage over zero day sampling of 
ensiled tapioca leaves (Treatment S,), 
tapioca leaves plus tapioca powder at 
the rate of 5% level (Treatment S.,) 
and tapioca leaves plus molasses at 
the rate of 5% level (Treatment S3) 
are presented in Table 1. There is a 
general tendency for decrease of 
nutrients including crude protein in 
all the treatment combinations. Ether 
extract and nitrogen free extractives 
tend to rise, but the increase was not 
statistically significant. The dry matter 
content of the ensiled mass was redu-
ced to the extent of 19.03%, 15.8% and 
16.10% in treatments S„ S, and S3
respectively over zero day sampling. 
With regard to degradation of pro-
teins, the percentage reduction over 
zero day sampling recorded being 
8.7%., 6.5% and 4.5% respectively for 
the treatment combinations Sl, SZ and 
S„ indicating that additives like tapioca 
powder or molasses had influenced 
the degradation of protein during 
ensilement. There was a gradual 
reduction of crude fibre content in the 
ensiled biomass towards 90th day of 
ensilement. The ash content showed 
no appreciable change towards 90th 
day of ensilement. The NFE content 
was seen gradually increasing tow-
ards the 90th day of ensilement, the 
percentage increase more pronouced 
in treatment S, (7%) speculating that 
decomposition of biomass was very 
'active during ensilage and NFE form-
ed may be carbohydrate molecules 
of smaller molecular weights. 

The data obtained on the composi-
tion of ensiled biomass during the 

present investigation is ..essentially in 
agreement with the results reported 
by earlier workers. (Lal and Mudgal, 
1967; Katta et al., 1985 and James and 
Gangadevi, 1990). 

Table 2 presents variation in fibre 
fractions recorded with respect to 0, 
30, 60 and 90 days of ensilement in the 
various treatment groups. There was 
a general tendency to decrease NDF, 
ADF cellulose and lignin towards 90th 
day of ensilement. But there was a 
substantial increase in hemicellulose 
towards 90th day of ensilement. The 
result obtained in the present study is 
essentially in agreement with the 
observation of James and Gangadevi 
(1990) and Baertsche, et al. (1986). 

The production of ammonia 
nitrogen as an indication of the 
extent of degradation of protein 
was recorded at different time inter-
vals in the ensiled biomass (Table 
1). Ammonia nitrogen on 30th day in 
most of the treatment groups was 
higher when compared to 90th day 
indicating the extent of degradation of 
protein was more during the early 
period of ensiling. Since ammonia 
nitrogen content did not exceed 8% 
of total nitrogen in any of the ensiled 
biomass, the extent of deamination of 
aminoacids was acceptable in terms of 
silage quality (McDonald, 1981). 

Changes in pH _and organic acid 
concentration in the ensiled biomass 
at different time intervals are presen-
ted in Table 3. The pH was particu-
larly low irrespective of different 
treatment combinations suggesting 
that water soluble carbohydrate con-
centrations were sufficient for the 
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Table I. Chemical composition including ammonia production of ensiled 
- biomass at different time intervals in percentage on dry matter basis 

Parameters Days 
Treatment combinations 

S, SZ S, 
Tapioca Tapioca IEaves+ Tapioca leaves+ 
leaves Tapioca powder Molasses 

5% 5% 

Dry matter 0 34.23+_0.22 37.36±0.16 35.58+_0.30 
30 30.00+_ 0.31 33.20+_ 0.12 31.00+_ 0.22 
60 29.03+_ 0.16 32.92+_ 0.29 30.39+0.14 
90 28.12+0.25 31.46+0.31 29.85+0.19 

Crude protein 0 18.82+_0.21 18.56±0.25 18.6510.23 
30 17.45+_ 0.34 17.65+_ 0.24 17.90+0.30 
60 17.21+_0.28 17.46+_0.19 17.85+_0.21 
90 17.19 + 0.25 17.35+ 0.30 17.81 + 0.19 

Crude fibre 0 23.50+0.32 23.25+_0.26 23.02+0.30 
30 23.15+0.30 23.15+_0.20 23.82±0.25 
60 22.75+_ 0.18 22.65+_ 0.32 22.75+_ 0.20 
90 22.21+0.24 22.28+0.29 22.52+0.30 

Ether extract 0 8.62 +_ 0.20 8.48+_ 0.19 8.52+_ 0.21 
30 8.65+0.36 8.45+_0.20 8.65+0.23 
60 8.58+_ 0.29 8.52 +_ 0.25 8.68+_ 0.30 
90 8.65+0.14 8.52+0.28 8.Z5+0.18 

Total ash 0 7.21 +_ 0.10 7.25+_ 0.26 7.12+0.20 
30 7.15+O.I8 7.15+_0.21 7.05+0.16 
60 7.20+0.22 7.12+0.30 7.15-+ 0.23 
90 7.18±0.29 7.22±0.17 7.21+0.22 

NFE 0 41.85+_0.23 42.46±0.19 42.69±0.30 
30 43.60+_0.20 43.60+_0.26 42.58+_0.31 
60 44.26 +_ 0.33 44.25+_ 0.21 43.52+_ 0.24 
90 44.77+0.31 44.63+0.30 43.71+0.21 

Ammonia Nitrogen 
(g%) 30 0.12+_0.01 0.10±0.01 0.09±0.02 

60 0.11 +_ 0.02 0.11 ±0.03 O.G8+_ 0.01 
90 0.10+0.02 0.11+0.01 0.08+0.01 

Ammonia Nitrogen 30 4.30±0.19 3.58+0.30 3.00±0.15 
as percentage of 60 3.81±0.21 3.80±0.21 2.63+_0.24 
total nitrogen 90 3.64±0.25 3.89+0.18 2.63+0.20 

Mean of six observations f standard error 
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Table 2. Fibre fractions of the ensiled biomass at different time intervals in 
percentage on dry matter basis 

Treatment combinations 
Parameter 

NDF 

ADF 

Hemicellulose 

Cellulose 

Lignin 

Days 
S, 

0 
3U 

32.25±0.40 
31.85± 0.21 

60 31.59 ± 0.33 
90 30.06 ±0.25 

0 28.71 ± 0.20 
30 27.22±0.15 
60 26.56±0.23 
90 26.21 ±0.26 

0 3.54±0.31 
30 4.63±0.22 
60 4.08±0.18 
90 3.85±0.16 

0 16.84± 0.31 
30 15.87±0.26 
60 15.71±0.19 
90 15.00±0.25 

0 11.83±0.20 
30 11.31 + 0.24 
60 10.80+0.28 
90 10.67±0.16 

Mean of six observations ~ standard error 

desirable fermentations especially in 
treatments incorporating additives like 
tapioca powder or molasses(S, and S3). 
This was further substantiated by the 
higher lactate and acetate concentra-
tions and lower butyrate concentra-
tions. The butyrate concentrations 
indicated that some clostridial 
activity did occur in all the treatments; 

SZ Ss

32 O1 ±0.16 
30.68 ± 0.28 
28.57± 0.37 
27.47±0.20 

28.52±0.30 
26.63 + 0.38 
24.4T+0.20 
23.19 ± 0.24 

3.48 ± 0.20 
4.05± 0.16 
4.16±0.20 
4.28 ± 0.29 

16.93±0.20 
15.59 ± 0.36 
14.16±0.17 
14.14±0.19 

11.57±0.19 
11.00± 0.30 
10.21 ±0.31 
9.01 ± 0.20 

32.14 ± 0.28 
30.73 ± 0.19 
29.55 ± 0.20 
28.20±0:18 

28.64 ± 0.22 
26.34± 0.18 
24.76±0.20 
23.00+ 0.19 

3.50±0.18 
4.99±0.11 
4.79 ± 0.23 
5.20±0.29 

16.90±0.20 
15.5?± 0.22 
15.40±C.16 
14.27±0.25 

11.70±0.30 
10.73± 0.21 
9.32± 0.26 
8.69±0.15 

however the extent of butyrate 
concentration was acceptable in terms 
of silage quality (McDonald, 1981). 

The antinutritional factors like 
hydrocyanic acid, oxalic acid and 
tannic acid show a decrease at 
different time intervals and diffe-
rent treatments during ensilage 
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Table 3. pH and organic acids of ensiled biomass at different time intervals 
on dry matter basis 

Treatment combinations 
Parameters Days 

S, S, S, 
pH 30 

60 
90 

Acetic acid (%) 30 
60 
90 

Propionic acid (%) 30 
60 
90 
30 
60 
90 

Lactic acid (%) 30 
60 
90 

5.3 ±0.10 
5.12 ±0.13 
4.95 ±0.10 
0.619 ± 0.01 
0.723± 0.02 
0.718+_0.01 
0.2?3 +_ 0.01 
0.277+_ 0.01 
0.284+0.02 
0.216 +_ 0.01 
0.706 + 0.02 
0.822 + 0.02 
1.03 ±0.10 
1.50 ± 0.04 
2.56 ± 0.09 

5.10 ±0.10 
4.98 ±0.09 
4.87 ± 0.04 
0.595± 0.00 
0.611 ± 0.01 
0.726 ± 0.01 
0.225 ± 0.01 
0.293 ± 0.02 
0.319± 0.01 
0.206 ± 0.01 
0.426+_0.02 
0.621 +_ 0.01 
2.03 + 0.09 
3.15 +0.10 
3.85 ± 0.20 

4.51 ±0.08 
4.28 ±0.10 
4.44 ±0.06 
0.585±0.01 
0.609± 0.01 
0.820± 0.01 
0.225+0.01 
0.378± 0.03 
0.434± 0.01 
0.269±0.01 
0.576 ± 0.01 
0.605± 0.01 
2.96 ± 0.30 
4.96 ±0.15 
4.25 ±0.20 

Mean of six observations f standard error. 

Table 4. Hydrocyanic acid, oxalic acid and tannic acid content of ensiled 
biomass at different time intervals 

Parameters Days 
Treatment combinations 

S1 S, s g
Hydrocyanic 0 74.00±0.67 
acid (mg%) 30 38.25±0.24 

60 14.12±0.52 
90 Nil 

(100%) 
Oxalic acid (%) 0 0.34 +_ 0.01 

30 0.30 +0.03 
60 0.27 +_ 0.05 
90 0.19 +_0.02 

(44.1) 
Tannic acid. % 0 2.70 +_ 0.08 

30 2.13 +0.07 
60 1.85 ±0.05 
90 1.64 ±0.01 

(39.26) 

75.01 ± 0.41 
27.20±0.20 
10.44±0.30 

Nil 
(100%) 

0.35 ± 0.05 
0.31 ±0.06 
0.26 ± 0.08 
0.20 ± 0.05 

(42.9) 
2.68 ± 0.04 
2.01 ± 0.01 
1.74 ±0.01 
1.58 ± 0.02 

(41.04) 

74.60± 0.50 
26.89± 0.32 
9.20±0.12 

Nil 
(100%) 

0.38± 0.03 
0.32 ± 0.01 
0.25±0.02 
0.18±0.04 

(52.6) 
2.66 ± 0.02 
2.05 ± 0.01 
1.67 ±0.93 
1.55 ± 0.01 

(41.T) 
Mean of six observations f standard error 
Figures in brackets indicate percentage .reduction over 0 day sampling 
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(Table 4). Hydrocyanic acid, oxalic 
acid and tannic acid contents have 
decreased even upto the #une of 100, 
52.6 and 41.7 percentage respectively 
towards the 90th day of ensilement. 
Similar results were observed with 
tannic acid reduction on ensilement of 
Leucaena leucocephala by James and 
Gangadevi (1990) and with regard to 
oxalic acid on ensilement of paddy 
straw with Berseem. (Lal and Mudgal, 
1967). 

From the present study it can be 
reasonably concluded that ensilement 
is an effective method to eliminate 
the toxic factor hydrocyanic acid 
completely and to considerably reduce 
other antinutritional factors like tannic 
acid and oxalic acid. It can also be 
stated that the bioavailability of nutri-
ents in tapioca leaves are improved 
by ensiling. 

Summary 

Ensilement characteristics of 
tapioca leaves with or without tapioca 
powder or molasses were carried out 
at intervals of 30 days fora period of 
90 days. The extent of NH3 product-
ion as a measure of protein degrada-
tion was more pronounced during the 
early period of ensilement. In all the 
treatment combinations the pH and or-
aanicacid concentrations of the ensiled 
biomass were acceptable in terms of 
silage quality. It was observed that 
ensiling is an effective method to 
eliminate the hydrocyanic acid content 
in tapioca leaves and preserve the 
material without altering the bioavail-
bility of nutrients. 
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