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THE NUTRITIVE VALUE OF FOUR ARABLE FARM BY-PRODUCTS COMMONLY
FED TO DAIRY CATTLE BY SMALL-SCALE FARMERS IN KENYA
I. ORGANIC STRUCTURAL COMPONENTS AND IN VITRO DIGESTIBILITY

JEE Kevelengel, A N Said and B Kiflewahid2

Department of Animal Production, University of Nainobi,
P O Box 30197, NAIROBI, Kenya

Studies on organic structural compodents of four arable by-products were conducted in
a preliminary trial to determine cell wall constituents (Heutral detergent fibre ,NDF),
cell contents (Neutral detergent solubles, KDS), hemicellulese, cellulose and lignin,'
and to cempave the chemical composition and quality of the by-products. The NDF  of
maize stalks (50.5%}, waize cobs (B6.7%) and sugar cane tops (63,3%) were hipher (P <
0.05) than the KDF of sugar cane stalks (40.6%),
Ury matter digestibility (DMD) from in vitro digestible NDF and NDS was hipher (P ¢
0.05) in maize stalks and su~ar cane stalks than in maize cobs and sugar cane tops.,
In vivo DMD of by-products was accurately predicted from Van Soest in vitro DMD (P «
0.05, 0.001 and small RSD values).
In vitro DMD obtained by the two-stage techniouve compared favourably with the Van
Soest in vitro DMD. ‘The two techniques co:. .. Be utilized successfully under Kitale
conditions to predict nutritive quality of high fibre roughages.
Two stage dry and organic.matter digestibility of maize stalks and sugar cane stalks
was greater (P < 0.05) than for maize cobs and sugar cane tops. Sugarcane rind had
lrwer digestibility than sugarcane pith. The rind had a depressing effect on  the
‘~ stibility of sugar cane stalks. Rate of in vitro DM and OM disappearance estab-
wd that time takem for each by-product to get digested was a critical factor that
avfect utilization by animals.
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fn Kenya, substantial advances have been made in b-eeding and in man
agement of dairy animals. Regrettably, not much improvement in their nw
trition has been achieved countrywide. Kirkwood (1958,59) and Foot(1965)
estc’ iished that the major cause for the low producticrn parameters in live
stc .» 1a Kenya is inadequate feeding and in particular the failure to
~2e: production requirements.

Chudleigh (1974) showed seasonal flucuations in milk production on
small-scale farms which were associated with an erratic plane of nutri
tion. During the dry season the meanpercentage drop in milk production
was in the range from 19.1 to 25.0% over the wet season. Supplementary
feeding can be used to maintain a sustained milk production during the
dry season when there is hardly -any pasture on-small-scale farms, but
the supplements generally used are often expensive and/or in short supply.
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Arable farm by-products are readily available under present fgrming
systems (Chudleigh 1974; Stotz 1977). They are, in fact, considered
wastes in most cases and are rarely used for livestock faeding. The
high tonnage of available farw by-products in this count?v qustifies a
study of their potential for livestock groduction both within the large—
scale farming communities and more so within the small-scale farming
areas. However, the majority ot high fibrous arable farr by-products are,
at their very best, maintenance supplements mainly due to their high fi-
bre and low protein levels (lLaksesvela ond Said 1270) .

The strategy adopted in the study of some oI these arable_farm by=
products has been in three phases. First a study of the organlc.stFuctg
ral components was conducted. It was followed by a study of thEI? in vi
tro digestibility of dry matter and organic matter, culminating 1in a
feeding trial to measure their utilization in vivo.

Materials and Methods

The trial was conducted at the National Agricultural Research Sta-
tion, (N.A.R.S.) Kitale, Kenya. Experimental by-products were  maize
stalks, maize cobs sugarcane stalks and sugarcane tops. The by-products
were obtained from Government Research Stations (N.A.R.S., Kitale and
National Sugar Research Station, Kibos, Kenya) where 60 kg Py05/ha during
planting, 90 kg N/ha top dressing, weed control and necessary cultural
practices had been applied to the maize and sugarcane during their grow-—
ing phase.

The by-preducts were harvested manually and chopped by a stationary
forage harvester to sizes of 2 - 3 cm. Sub-samples were drswn €rom each
feed spread on a polythene sheet according to the procedure described by
Goering and Van Soest (1970).

Composite samples were dried at 65°C for 48 hours in forced draught
ovens. The dry samples were milled in a Christy and Norris hammer (0.8
mm mesh size). A final sample of about 500 g for each by-products was
stored in airtight plastic bags ready for analysis.

Onganic Structural Components and Digestibifity of bu-products: The
by-products were analysed for neutral detergent fibre (NDF) neutral de-
tergent solubles (NDS), acid detergent fibre (ADF) and acid detergent
lignin (ADL) according to the methods of Van Soest (1963), Van Soest and
Moore (1965), Van Soest et al (1966) and Van Soest and Wine (1967). Arti
fact lignin correction was carried out as described by Georing and Van
Soest (1967), Van Soest (1965) and “eoring and Van Soest (1970).

In vitro dry matter digestibility of the by-products was estimated
by Van Soest's in vitro procedure according to Van Soest (1967). True
digestibility of neutral detergent fibre or cell wall constituents was
estimated by means of Van Soest et al (1566) in vitro procedure. Diges-
tibility of neutral detergent solubles ana bacterial and endogenous ex-
cretion were treated as constants (98 and 12.9%, respectively),

Prediction equations were established using the organic structural
components of the bv-products.

Dry matter digestibility (DM), organic matter digestibility on argan
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ic matter basis (OMD) and organic matter digestibility on dry matter ba
sis (DOMD or D-value) were determired by 2 two-stage in vitro d1gest1b1
lity technique (Tilley and Terry 1963 and 1968). Rumen liquor was ob-
tained from fistulated sheep which were maintained on good quality hay
of Rhodes grass (Chlornis yayana).

Regression and correlation analyses were done by using the in vitro
dry matter digestibility results obtained from the summative relatiomship
(Van Soest 1967) and in vivo digestibility data. The in vivo DMD obtained
from an in vivo digestibiligy trial in which two wether sheep were fed
on each by-product. Preliminary period in this trial was seven days
followed by 14 days colldction period.

Rate of 4in vitre dry matter and onganic mattern disappearance: The
rate of in vitro dry matter and organic matter disappearance for all ex
perimental by-products was carried out by looking at in vitro dlgestlbl
lity (Tilley and Terry 1963) at various time intervals; 0, 12, 36, 48,
60 and 72 hours (incubation in the rumen liquor), followed by a 48 hour
pepsin digestion for each digestion time.

In vivo digestibility: The in vivo digestibility measurements were
made as described in paper II of this series of Kevelenge et al (1983).

Statistical analyses: Statisticel analyses were done according to
standard procedures outlined by Snedecor and Cohran (1967), Goulden(1956)
and Steel and Torrie (1960).

Means were compared using Duncan's New Multiple-Range Test (Steel
and Torrie, 1960) only when ANOVA revealed significant differences
amongst means. Regressions and correlations were tested by a  t<test
(Steel and Torrie 1960; Snedecor and Cochran 1967).

Results

Sugarcane stalks had a significantly (P < 0.05) lower NDF and ADF
fractions than the other by-products as shown in Tabla 1. Cellulose frac
tiong ranged from 22.6% (sugsrcane stalks) to 41.8% (maize cobs) = while
the hemicellulose fractions varied from 13.1% to 39.1%. All by-products
were highly lignified, with AJL values ramnging from 4.4 to 5.8 percent.

Dry matter digestibility calculated from in vitro digestibility of
neutral detergent fibre (NDF) ard neutral detergent solubles (NDS) :was
as shown in Table 2. The results showed that the DMD of maize stalks
and sugarcane stalks were higher (P < 0.05) than that of other two by-
products. Maize cobs had the lowest DMD,

The dry matter and organic matter digestibility wvalues of the  by-
products by the two-stage in vitro procedure are presented in Tahle 3.
Maize stalks and sugarcane. stalks had comparatively higher dry matter and
organic matter digestibility than maize cobs and sugarcane tops. The
digestibility of sugarcane stalks was much lower than was expected,main-
ly due to the presence of the rind. DMD in derinded sugarcane stalks was
82.5% compared to the whole underinded sugarcane (65.9%). The rind with
a mean DMD of 40.9% had a depressing effect on the DMD of whole sugarcane
stalks.
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Tabfe I:
Orqaunic stuctural Comporents of by-products (means of s4x replicale
samples )
Dietsn
Ttem ¥aiza Haize Sugarcane Sugarecano
stalks cobz stalks tops
Organic ptructural
composition of dry
matter, %
Neutral detergent
fibre (N D P) 60.9 8647 40.6 633
Neutral detergent
polubles (N D §) 39.1 13.3 594 36T
Acid detergent
fivre (A D F) 3563 41.6 27.5 43.1
Callulose 3.9 41.8 22,0 38.1
Hemicellulose 24.6 39.1 13.1 20,2
Aocid detergent
iignin {A D L) 444 5.8 449 5.0

Similar trends were observed in OMD and DOMD. The low OMD compared to
DMD values were attributed to the ash contents of the by-products. The
effect was more pronounced in sugarcane tops diet than in any of the other
three by-products.

The depressing effect of the rind on the organic matter digestibility
of whole underinded sugarcane stalks was still conspicuous, although the
organic matter digestibility of underinded sugarcane stalks was higher
(P < 0.05) than that of maize stalks, maize cobs and sugarcane tops. ©Sug
arcane pith, DMD (82.5%), OMD (82.5%) arid DOMD (79.5%) was more digestible
than any of the other by-products.

The regressions of in vivo DMD on in vitro DMD were linear and signi
ficant for both in vitro methods (Table 4).

The main objective of the rate of in vitro dry and organic matter
disappearance trial was to study the rate of digestion of each by-product
with time of incubation. The disappearance of DMD, OMD and DOMD followed
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Tabfe 3:

Two-sfage in vitho digestibifity of the bq—moduc,ml

167

In vitre digestibility

Experimental Diets DOMD
DMD OMD {D~Value)

% £ 4

Maize stalks 6645 64.8 60.1

Malze ocubs 58.8 5843 57;3

Sugarcane stalks (Rind + Pith)® 659 6541 63.3

Sugarcane rind 40.9 38,3 36.1

Sugarcane pith 82.5 82.5 79.5

Sugarcans tops 54.0 5249 477

1
Means represent data from six replicate samples

2
Results on sugarcane and pith were separately included in the table to
contrast the various factors that affect the digestibility of whole sug
argane diet (rind and pith together)

Tabfe 4:

Regressions refating Van Soest and Tilley and Terny in vitre duy matten
digestibifity to in vive duy matten digestibility (DHD)

Residural
Corrclation . gtandard
Reference coelficient Regression deviation
(n) {r) (#sD)
Van Soeat
in vitro 40 0,97 DMD = 2.8 + 0.96 VDMD + 1.1
Tilley & Terry
in vitro 40 0.91" DHD = 22,95 + 0.6 VIHD + 240
40 0.98" OMD = 2652 + 0,57 VOKD  # 0.9
* P < 0,05 *#+ P < 0,001

a similar pattern indicating that sugarcane stalks was easily digested
in the initial hours of incubation in the rumen liquor, followed . by
maize stalks, sugarcane tops and maize cobs.

At 120 hours (72 hours incubation in rumen liquor and 48 hours acid

pepsin digestion), all by-products reached a plateau,

pearance of OMD is shown in Figure 1.

The rate of disap -

This graph indicates that dispite
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Figune 1:
Rate of in vitro organic matten disappearance
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the rapid digestibility of sugarcane stalks initially, the same rate of
digestion was not maintained throughout the digestion period. On  the
other hand, maize stalks and maize cobs, whose initial digestibility was
lower than sugarcane stalks, were digested at an increasing rate until
eventually digestion was the same level with sugarcane stalks. Digestion
of sugarcane tops progressed at a decreasing rate, such that by 120 hours
migarcane tops digestion was much lower than the rest of the by-products.

Discussion
The acid detergent fibre (ADF) analysis (Van Soest 1963) was includ

ed in the trial to evaluate the quality of the fibre for ruminants, as
suggested by Van Soest and Moore (1965). However, there was little varia
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tion in lignin content between the by-products.

Analysis cf the NDF (cell wall constituents, mainly cellulcose  and
lignin) and NDS (cell contents) contents of the by-products can be used
to assess their nutritive value. The cell contents are assumed to be
98% digestible, while the cell wall constituents have variable but lower
digestibilities (Table 2). Sugarcane stalks had a lower NDF content than
the other 3 by-products, but with a lower digestibility coeficient than
for the NDF of maize stalks; these 2 by-products had similar overall di-
gestibility coefficients. ’

' Combinations of NDF, NDS, ADF and ADL have been reported to give
accurate results in predicting in vivo DMD (Van Soest and Moore 1963) ,but
accurate, prediction using these parameters was not possible for these by-
products. Such predictions do not take account of other factors which

"~ influence digestibility, such as the maturity and species of forage, the

digestibility 6f individual organic struectural components, and the
effects of plant silica in reducing digestibilities (Jones and Handreck
1965; Van Soest and Junes 1968; Smith et al 1971).

These factors are accounted for in vitro measurement of digestibili
ty and digestibility resalts by the two-stage in vitro technique were
in close agreement with results obtained by Van Soest in vitro digestibi
lity technique (Tables 2 and 4). The observation that DMD,0MD and D-value

'of maize stalks and sugarcane stalks were significailt different(P < 0.05)

from maize cobs and sugarcane tops confirmed that the former two by prod
ucts were higher in digestibility than the latter, hence could also be
higher in their nutritive value. The in vitro DMD results obtaimed- by
the Van Scest (1967) procedure could be used to accurately predict in vi
tro DMD as shown by the linear relationship (Table 4) with low RSD values.

iThe rate of ury matter and organic matter disappearance in the rumen
11quqr revealed that in vitro d1gest1b111ty of these by-products . was
strongly associated with incubation time. A specific time was Eequired
before each by-product was fully soaked to facilitate.digestion by mi-
croorganisms. This was more so in the case of maize cobs which had the
lowest digestibility in the initial hours of rumen liquor incubation.

The relationship between in vitro digestibility and time, suggested
that the by-products could have been utilized more efficiently if some
physical or chemical treatment had been performed prior to feeding them
to animals. Physical or chemical treatment could have reduced the length
of time taken in digesting the by-products. Treatment of by-products
would be more effective, particularly of maize cobs, which required rela
tively longer retention time than maize stalks, sugarcane stalks and sug
arcane tops before achieving the same level of digestibility. Any treat
ment of these by-products could facilitate a faster digestibility by
rumen microorganisms than was observed in this trial.
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