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EFFECT OF ALKALI TREATMENT ON THE IN VITRO DIGESTIBILITY AND CHEMICAL

COMPOSITION OF FIBROUS AGRICULTURAL RESIDUES.

A Escobar, O de Parra y R Parra

Tnstituto de Produccibn Animal, Facultad de Agronomia, Univernsidad Central
de Venezuefa, Maracay, Venezuela

A study was carried out of the effects of sodium hydroxide on the chemical composition
and {n witro organic¢ matter digestibility (IVDOM) of different fibrous agricultural residues
(FAR) and of various alkalis (MNaOH, NH4OH, Ca(OH}2 and their combinations) on the IVnDOM of
maize cobs. The NaOH solubilises the hemicellulose and significantly increases the 1VDOM
of the FAR (18,3 ¥ 8.1 % with 60 ¢ alkali/kg DM). The increase in the IVDOM is the result
of the solubilisation as well as of the increase in the digestibility of the rasidual cell
wall. The solubilised fraction is apparently not completely digestible. The increases in
1VDOM showed a negative correlation {r = —.82) with the IVDOM in the untreated FAR and a
positive correlation (r = .64} with the original cell wall content. The most effective al-
kali for improving maize cohs' digestibility was NaOH, followed by NH4OM and, finally,Ca{0ti)p.
The relationship between the chemical composition of the FAR and the response to alkali
treatment is discussed.

Key words: Fibrous agricultural residues, alkali treatment, sodium hydroxide, ammonium
hydroxide, calcium hydroxide, chemical composition, in vitro digestibility.

?ibrous agricultural residues (FAR) account for over 50% of the total
organic matter generated hy crop production. The majority of the material
is elther.burned, produces contaminants or creates serious disposal problems.
However, in recent years, FAR are being considered for use as feed, energy
and/or fertilizers (Gonzadlez, 1981).

In Venezuela, the seasonality of the rainfall results in a scarcity of
forgge of sufficient quality and quantity to cover livestock  requirements
@urlng the dry season. This situation means that FAR, which are available
in the dry season, may be considered as potential feed stuffs for herbivores
for strategic use to minimise the effects of the uneven distribution of
forages throughout the year. However, biological, economic, technical and
cultural factors have limited their use up to now as feed stuffs (Escobar
and Parra, 1981). |

Alkali treatment has been widely used to improve the feeding value of
the FAR generated in temperate countries (Ololade et al 1970; Rexen et al
1076; Owen, 1979). The technical and economic possibilities of their use
are also under investigation in India (Jackson, 1977).

The objectives of the present study were: 1) to make a preliminary eva
luat%on of the effects of alkali treatment on the jin vitro digestibility'aﬂa
chemical composition of various FAR produced in Venezuela and 2) attempt to
determine the cause-effect relationships which explain the different respon
ses to chemical treatment usually observed between different FAR. -
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Materials and Methods

Expeniment 1: Samples weighing 200 grammes of the following FAR were
used: sugar cane bagasse pith, sugar cane bagasse, bagasse pith with 25 7%
molasses, bagasse with 40% molasses, sorghum straw, maize cobs, Paépaﬂum
qascicufatum (green leaves, dead leaves, green stems, dead stems), pangola
hay and Rynchelythum rcseum. The samples were put through a hamer mill
with a 1 mm diameter screen and treated with sodium hydroxide (NaOH)} at le-
vels of 0,20, 40, 60, and 80 g of alkali per kilogramme of dry matter (DM}
using three replications per treatment. Samples were kept at ambient tem-
perature with a ratio of 2:1 parts alkali solution to fibrous residue,
during a period of 24 hours.

The treated material was then dried in a forced air oven (60° for 48
hours) and the following determinations carried out: cell wall constituents
(CWC) and cell constituents (CC) according to the procedures of  Van Soest
and Wine (1967), acid detergent fibre (ADF), according to Van Soest (1967),
and cellulose and lignin according to Van Soest and Wine  (1968). The
hemicellulose was determined as the difference between the CWC and the ADF.
The {# vi{tro digestibility of the organic matter (IVDOM) and of the cell
wall (IVDCWC) was determined by the procedure of Tilley and Terry (1963)
modified by Alexander and McGowan (1966). The in vitro digestibility of
the CWC was determined for the bagasse pith, bagasse, sorghum straw, Rinche
Lythum noseum and maize cobs. -

Sub-samples of the bagasse pith were washed with water after the chemi
cal treatment. The IVDOM and the dry matter loss due to washing wersz then
estimated. '

Expeniment 72: Samples weighing 500 grammes of maize cobs were milled
through sieves of 20 mm diameter and then given one of the following treat
ments, with three replications per treatment: 1) NaOH, 2) NH40H, 3) Ca(OH)p,
4) NaOH (50%) + Ca(OH); (50%), 5) Ca(OH)p (50%) + NH4OH (50%), 6) Control.
For all treatments the amount of alkali used was 60 g/kg DM, applied at the
rate of 2 parts of alkali solution to one part of FAR.The treated materials
were then ensiled in plastic cylinders for six weeks, dried at 60°C for 48
hours, milled through a 1 mm screen and then subjected to C(WC and IVDOM
determinations as described in Experiment 1.

The results of both experiments were subjected to an analysis of
variance according to the method of Sokal and Rohlf (1979).

Results and Discussion

Figure 1 shows the mean changes in the IVDOM and the chemical composi-
tion of the FAR treated with differente levels of NaOH. The alkali reduced
the CWC content, principally as a result of the solubilisation of the hemi-
cellulose. The cellulose content was unchenged and the lignin content was
only slightly reduced when alkali levels excezded 60 g/kg DM.

The mean IVDOM of the FAR increased consistently as alkali levels rose
at the rate of 4.5, 9.6, 18.3 and 23.5 percentage units for the treatments
20, 40, 60 and 80 g NaOH/kg DM, respectively. An inerease in the efficiency
of the reactive was observed up to the 60 g level, estimated in terms of
the change in IVDOM/g de NaOH x kg DM.
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As Tahle 1 illustrates, the effect of alkali on the IVDOM varied
considerably between FAR. The size of the increase was very variahle, rang
ing from 6 percentage units in the case of bagasse with molasses to 37 units
in the case of the dead leaves of Paspalum gascicufafum. The higher  IVDOM

'
i

of the treated FAR was due not only to the solubilisation of the hemi-

cellulose but also to the increase in the digestibility of the residual
fibrous fraction. In Table 2 are presented the results of the solubilisa-
tion, the digestibility of the residual fibre and the combined .solubilised
cell wall and the digested residual cell wall, respectively.

The effect of NaOH on the solubilisation and digestibility of the
residual fibre varied between the FAR studied. For instance, in the case
of the bagasse pith, the effect on solubilisation was more important while
in the case of the sorghum straw, the main effect of the alkali was on the
digestibility of the residual fibre.

The effect of washing with water on the IVDOM of the bagasse pith trea
ted with varying levels of NaOH is shown in Table 3. When the alkali levels
exceeded 20. g/kg DM, practically all the cell contents plus the solubilised
fraction were lost. This suggests that the IVDOM of the bagasse pith which
was treated with more than 20 g NaOH/kg DM and then washed is equivalent to
the IVDCWC. On the other hand, the IVDOM of the treated and washed bagasse
pith vas lower than that of the same material treated but unwashed at all
levels of treatment. However, as the alkali levels rose, the differences
became progressively smaller and were very small at the 80 g/kg DM level.
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Table 1
Effect of NaOH on the in vitro digestibifity (% OM) of f<brous agricultunal nesdidued

g NaGH/kg M

0 20 40 60 80
Bagasse pith 28.0 42 .1 46,7 58.0 62.0
Carie Bagasse 25.7 28.3 33.3 42.4 44.1
Bagasse + molasses® 58.9 58.8 63.7 65.3 65.0
Bagasse pith + molasses® 46,5 49.2 53.3 54.0 58.2
Sorghum straw 3l.6 3.1 37.0 51.1 51.4
Maize cobs (white) 9.2 33.4 43.4 53.1 58.8
Maize cobs (red) 31,0 39.0 47.6 53.0 61.9
P. fascicubatum-stem (g) 49.5 47.4 50.4 55.9 59.7
P. fasciculatum-leaf (g) 29.0 28.0 az7.o 52,6 64.1
P. fascicubatumstem (dp) 24.1 27.3 33.6 40.3 48.8
P. fasciculatum-leaf (dp} 15.2 20.7 30.7 49.0 52.0
P-ﬁﬁécicu£ﬂ€HM~stem (dg) . 3.1 7.6 9.3 18.4 25.6
P. fas cleulatum-leaf (dg) 9.0 7.5 14.2 9.7 41.1
R. noseum 17.8 24.5 32.7 38.2 42.4
Pangola hay 40.3 42.3 50.5 52.4 56.0
Mean ¥ s5.4. 29.3%15.1  32.8%14.5 38.9%14.4 47.6%411.9 52.8510.9

¥ 40% molasses

b 25% molasses
g: green

dp: dead on plant
dg: dead on ground

It seems clear from the results shown in Table 3 that the IVDCWC tends
to be the same as the IVDOM. In other words, the IVDOWC reéaches values
similar to those of the in vitro digestibility of the cell contents + the
solubilised fraction at the 80 g/kg DM level. This indicates that the
digestibility of the cell contents (including the solubilised fraction § is
considerably below that which is theoretically to Be expected (approximately
100% of true digestibility). On the other hand, this may explain why the to
tal IVDCWC, estimated as the sum of the solubilised and digested fractions
(Table 2), reaches much higher values than the IVDOM, if it is erroneously
supposed that the soluBilised fraction is completely digestible.

The increases in the IVDOM of the FAR when treated with alkali show .8
high negative correlation with the IVDOM of the untreated materials (Figure
2). This has been reported previously for other residues (Qwen | et al 1973;
Donefer, 1976; Thomas, 1978). Even though the FAR with lower initial
digestihilities show a greater response to chemical treatment, theirdigesti-
bility values after treatment do not necessarily reach satisfactory levels
from the nutritional point of view.
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Table 3
Effect of washing with water on the in vitro digesiibility of shredded cane bagasse
Lreated with NaOH —

level of Cell Losses from Digestibility (X oM)
NaOH contents washing i
rgfkg DM) (X o) (x o) Unwashed Washad Difference
— (1) {2) 1 -2)
0 15.4 9.8 5.8 17.1 18.7
20 18.7 15.4 49.3 29.8 19.5
40 22,4 21.2 56.0 39.0 17.0
60 30.6 29.7 61.3 55.8 5.5
BO 35.6 33.5 €8.7 66,2 2.5
Figure 2

Relationship between the increase Ain digestibility
gollowing athati treatment (60 g NaOH/kg M) and
Anitiol digestibility of the FAR

40 r Y = 36.9 - 0.56 x
ros -0.82%
Syx * 4,73

20 I

10 F

IVDOM (%) of untreated FAR
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It has been seen that the IVDOM kise is due to solubilisation and to
an increase in the IVD of the residual CWC. Assuming that the cell contents
have a true digestibility of 100% (Van Soest, 1976), it is logical to expect
that the effect of the alkali on the IVDOM should be higher in those FAR
which have a higher CWC (as % DM} and hemicellulose content (% of the CW) .

The IVDOM of the untreated FAR show a negative correlation with the CWG,
while the rise in IVDOM with alkali treatment as positively correlated with
the CWC (Table 4). A higher CWC means that a greater fraction of the FAR is
subjected to the beneficial effects of the NaCH, and this is reflected in a
greater increase in the digestibility.

Since the hemicellulose is the fraction solubilised by the alkali, a
significant positive correlation might be expected between the change in the
hemicellulose content and the initial content of this same fraction (Table 4)
However, the correlation between the increase in IVDOM and the initial hemi
cellulose content is very low. This is explained partly by the fact that
the solubilisation is not the only component in the increased digestibility
of the FAR.

Table 4

Linear negneasion ana connelation coefficients between the digestibilily and chemical
composition of NaOH treated with FAR

RO e ne SO et
1) (X {a) (b} (r) (syx) (n)
IVDOM oie (X oM) 97.01 -0.83 ~0.79%* 7.40 13
Inc.TVDOM  CWC (2 OM) -11.25 0.38 D.64%* 7.0 13
Dec.Hem Hem (X DM} - 2.34 0.39 0.78%x% 2.19 13
Inc.Hem Hem (X CWC) 3.86 0.52 0.44 8.15 13

Inc.: Increase; D: Decrease (X) with treatment (60 g NaCH/kg DM). IVDOM: £in vk~
tno digestibility of organic matter; CWC! Cell wall constituents; Hem: hemicellu-
lose; *P < .05; **P< .0l

According to Tarkow and Feist(1969), a high xylose content is asociated
with an increased response to NaOH treatment. This indicates that the effi-
ciency of the alkali is not only associated with the hemicellulose content,
but also with the monosaccharide composition of that fraction of the material

It is important to point out that the fibrous résidue of legumes which
have lower hemicellulose and cell wall contents and as well higher degrees
of lignification than gramineous residues, show very limited responses to al
kali treatment (Jackson. 1977). - a
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The IVDOM and CWC of the maize cobs treated with different alkalis are
shown in Table 5. The greatest increase in digestibility was obtained with
NaOH, with NH,OH in second place and the lowest change from Ca(OH)2. With
the combination of NaOH and Ca(OH)j, an increase in the IVDOM was obtained
which was equal to the mean of the two alkalis used separately. However,
with Ca(OH)2 + NH40H, the combined effect was less than the mean of the two
alkalis acting separately.

With the exception of the NH4O0H, the increases in digestibility were
correlated with the degree of solubilisation of the cell wall. A low cell
wall solubilisation was also found for wheat straw when treated with  NH4OH

by Solaiman €t al (1979).

Table 5
Eﬂgecx of different atkalis on the digestibility and celf wall content ef maize
cons

Alkali g alkali/ Cell wall Solubilisedl I\J’lll()b‘l2

kg DM (X o) (z cwi) (% oM
NaOH . 60 692 22 52.8%
b

N, OH 60 82 7 as. &°
ca(ou) 60 75¢ 15 40.5%
NaGH + Ca(cH), 0 + 30 73°¢ 17 48,357
ca(oH), + NH,O8 0 + 30 79°¢ 10 37.19
Contral 0 sad o 30.3°

1) Percentagé of the cell wall of the untreated maize cobs.
2) In vitno digestibility of organic matter,

Values in the same column accompanied by different letters are significantly
different (P <.05)

The greater effectiveness of NaQH agrees with results reported in the 1i
terature (Goering €t al, 1968; Chandra & Jackson, 1971; Wilkinson et al
1978). Although NH,OH is less efective than NaCH in improving the FAR diges-—
tibilities, it has various advantages over NaOH since it provides additional
nitrogen as the same time as it improves digestibility, does mnot produce
contamination problems and does not require that the material be dampened
very much, for treatment to be effective. It is of interest that the maize
cobs treated with NH4OH showed the lowest degree of fungus growth during emsil
ing, compared with the other treatments. These characteristics of the ammo-
nification process indicate that NH,OH is a treatment which Tmerits . greater
research, especially in Venezuela where it is produced in considerable quanti
ties, while NaOH is imported.
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Conclusions

The increase in the digestibility of the FAR when treated with alkali
is due to the solubilisation of the hemicellulose and to an increase in the
digestibility of the residual fibrous action., The solubilised fraction appa-
rently has a lower digestibility than the cell content of the untreated RAF.

At the 60 g NaOH/kg DM level, the increases in  digestibility ranged
from 6 to 37 percentage points, depending on the CWC, hemicellulose and
initial digestibility of the FAR. The chemical composition and the IVDOM of
the material can be used as a guide to the potential response to alkali treat
ment.

The most effective alkali for improving the digestibility of tropical
residues is NaOH But NH,OH offers various advantages, especially for use in
Venezuela.

In general, the improvements obtained with NaQOH treatment of FAR in the
present study are of the same order as those reported for residues in tem-
perate climates.
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Translated from Spaniéh..



