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EFFECTS OF ALKALT TREATMENT OF FORAGE ‘AND CONCENTRATE SUPPLEMENTATION ON
RUMEN DIGESTION AND FERMENTATION

R M Dixon and R Parra

Instituto de Producelsn Antmal, Facultad de Agronomla, Universddad Central
de Venezuela, Maracay, Venezuela.

fhrae £istulatad Zebu steers (288-344 kg) were glven marurs Poanisetum purpurtum foraga either
frashly chopped or aftar treatment with alkali (DM basis 3.6% NaOH + 0.9% urea mixed in 25 1
watar/100 kg freah forage), esch with or without 3.6 kg PM/d of eonnentrats (90X maine flour
repidue + 108 apttonseed neal) in & condomised Bleck experimental design, An{male were alse
given 109 g/d ainerals (dicaieium phosphate), and the snimals receiving untveated foragn 50 3/d
salt, Forage DM intake was decr:asad by 31X (P <0.01) dus to NaOH traatment, and by 34% (P €0.01)
dus to addition of conecent.ates. Nates of DM digestion (T 1/2) of 8 faada (Pennidetum purpurgum
forage with or without 5.2% NaOH treatment, Cenchaus elllarls hay, maize cobs with 0, 4 or 8 %
RaOl sorghum grain and maire flour residus) wers determined uaning nylon bags, and rumen liquid
sasplas ware taken bafores and at 4 h and 8 h after faeding to determine pH, ammonia and VFA
concantration and proportions. The rate of rumen DM digestion was eignificantly different (SEM
1.4, P < 0.05) for sach of the & faeds incubated in the rumen except {or ground sorghum grain
(T 1/2 18.2 h) and maise flour rasidua (T 1/2 15.0 h). MNeCH treatmant of tha Incubated fewd
increansed rate of DM digestion of both Penniselum purfurgum forage (T 1/2 66.0 h and 35.7 h)
and maize cobs (T L/2 80,5, 54.5 snd 28,2 h), vwhile T 1/2 of (enchrus cllianis hay was 47.2 h.
Fesading NaOH treatad foraga did not affect rate of DM digastion or the other maasuras of rumen
fermentation. PFesding concentrates reduced rumen oH from pH &.5 before fesdingtopH 3.9 after
feeding, reduced the proportion of acetata (P < 0.01), increasad the propertions of propionate
(P < 0.03) and bucyrata (P < 0.05), and incressed total Y¥A concentration (P < 0.05). Rates -of
DM digestion of maize cobs treated with the various lewels of NaOH were reduced muchmere (572)
than those of the other incubated feeds {20%) in response to feeding concentrates. The results
are consistant with the frequently cbserved depression of fibre digestion with reduction in
rumen pH due to addition to the diet of readily fermentable carbohydrate, whereas RaOH trestment
of dietary forage was not associated with z rumen envirooment detrimental for fitre digestion.
Concentrate supplementation had a small but significant (P < 0.05) effect to increase the pro-
portion of large particle DM in the rumen,
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Numerous experiments using feeds characteristic of temperate climates
have demonstrated a depression in the rate of fibre digestion in the rumen,
and of overall 4n vivo digestibility of fibre, in response to addition of
readily fermentable carbohydrates to a roughage diet (McCullough 1968;
Chappell and Fontenot 1968; @rskov and Fraser 1975). With tropical diets
cellulose digestibility of Digitaria decumbens hay was reduced by large
additionsy of starch supplements (Fick et ali1973), and rate of rumen fibre
digestion was much slower in diets based on molasses or chopped sugar cane
‘than forage (@rskov and Hovell 1978; Hughes-Jones and Peralta 1981). However

information on the effects of addition of starch tomature forage is limited
(Sastradipradjaet al 1976).
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Alkali treatment of lowdigestibility roughages to improve digestibility
and nutritive value has been widely investigated, but increases in dry
matter (DM) digestibility <{n v.{vo have frequently been less than those
observed {n vitro (Jackson 1977; Owen 1978; Escobar and Parra 1983). With
sheep fed diets based on maize cobs Berger et al (1980) reported a large
decrease in rate of digestion of NaOH treated cotton fibre with increasing
levels of NaOH treatment of the diet, and suggested that a depression in
rate of fibre digestion in the rumen was involved in the differences between
in vivo and in vitro digestibilities. It is ‘clearly of importance in
developing feeding systems to understand if a similar depression in rumen
fibre digestion occur= with NaQOH treatment of forages.

The present experiment was undertaken to examine the effects of NaOH
treatment of the forage component of the diet and of addition of concentrate
containing readily fermentable starch on rate of rumen digestion of fead~
stuffs ranging in digestibility (including with and without NaOR treatment),
and to examine the effect of these dietary treatments on rumen fermentation.

Materials and Methods

Expeniment 1:

Animals, diets and management. Three mature Zebu steers (286-344
kg liveweight) were prepared with 100 mm diameter rumen cannulae and
allowed 4 months for recovery from surgery. The steers were housed in par
tially-roofed and partially-paved individual pens, and had free access to
water.

The steers were given 4 dietary treatments consisting of mature (60-65
days regrowth) Pennisefum purputeum forage, the same forage treated with
NaOH plus urea, or each of the above diets plus 4 kg (air-dry) concentrates.
For treatment of forage each 100 kg of fresh forage was manually mixed
with | kg NaOH + 0.25 kg urea dissolved in 15-20 1 water, and the mixture
was stored in open piles for 24 h before being fed. Average levels of
NaOH and urea treatments were 3.6% and 0.9% of forage DM, respectively.
The concentrate consisted, on an air-dry basis, of 90% maize flour residue
and 10Z cottonseed meal. All animals received 100 g/d of minerals consisting
primarly of dicalcium phosphate, and the steers receiving forage without
NaOH treatment also received 50 g/d of salt. Porage was given to allow
20-40 % feed refusals, and feed offered and refused was measured daily to
determine DM intake. Concentrate was offered once daily, and was consumed
immediately. The steers were allocated to the 4 diets in a randamized
incomplete block design of 4 periods, and in each period 10-20 days were
allowed for adaptation before measurements were commenced.

Nyfon bag measurements: FPor determination of rate of DM digestion
in the rumen, a number of feedstuffs were selected to represent a range in
digestibility. Pennisetum puwtpureun forage typical of that being fed was
dried at 70°, or treated with NaOH for 24 h(NaOH 5.2Z of DM dissolved in a
quantity of water equal to 25% of the fresh weight of the forage) before
drying at 70*, and grinding (Christie and Norris Laboratory Mill, 3.5
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screen). Cenchius cilianis hay of 30 d regrowth was prepared from a field
that had received nitrogen fertilizer and irrigation, and was ground through
a 4.7 mm screen in a hammer-mill (New Holland), Maize cobs were ground
thr~igh a 10 mm screen in the same hammer-mill, and water alene (4 l)or 4%
or . NaOH (DM basis) dissolved in 4 1 water added to2 kg DM of maize cobs
and stored for 4 d at ambient temperature. Each 2 kg batch of maize cobs
was washed (50 1 water) three times and dried at 70° before being ground
(Model No. ¥, Wiley Mill, 2 mm screen). - Ground sorghum grain and maize
flour residue were also used,

The rate of DM digestion in the rumen was determined using nylon bags
(frskov et al 1980) made from cloth with a 12 pm pore size (HS 013 Nylon
Filter cloth, Heunry Simon Ltd, Stockport, Cheshire, England). Duplicate
bags were incubated in the rumen for 8, 24 and 48 h, Digestion at zero
time was determined using bags soaked in 0.15MNaCl for 4 h before washing.
A gingle exponential compartment always described more than 89% of the
variance, and usually more than 98% of the variance of the rate of loss of
DM from the nylon bags. Half-time (T 1/2) was therefore calculated assuning
a single exponential compoment.

- Rumen fermentation measurements: On the day when the nylon bag
measurements were commenced, rumen digesta were obtained from the ventral
sac of the rumen before the morning feed and 4 h and 8 h after the feed
using a sampling tube (40 mm diameter) that could be occluded at the lower
end with a conical stopper. pH was determined immediately (Model 28;
Radiometer, Copenhagen, Denmark), the digesta filtered through cloth, and
the resultant rumen liquid acidified (5 M HS04, pH < &) before being
stored (~5°). Ammonia in rumen liquid was determined by steam distillation
(Distilling Unit 1004, Tecator, Hoganas, Sweden) under alkaline conditioms
with collection of the distillate into 2% (w/v) boric acid, and subsequent
titration using 0.005 M HyS0,. Concentration and .proportions of VFA in
rumen liquid were determined using a gas—-liquid chromatograph (Serics 200,
Varian, California, USA) with iso-valeric acid as an internal standard.

Rumen panticle size measurements: On the last day of each
experimental period 3-4 kg of rumen digesta was sampled before the morning
feed by bulking grab samples obteined manually from 6-8 sites within the
rumen. Particle size 'distribution was determined (Dixon and Mora 1983)
using screens of 4.0, 2.0, 1.0, 0.5 and 0.25 mm,

Expeniment 2:

Particle size distribution in rumen digesta and faeces were measured
in the three steers fed the mature Pennisetfum purpureum forage ad Libitum
plus cottonseed meal (1 kg/d), minerals and salt. After a 2 week adaptatiom
period the majority of the faeces were collected and subsampled each day
for 5 d from the concrete floors of the pens. The rumen was: completely.
emptied commencing 6 h after the daily feed of forage, and the digesta 'was
weighed and subsampled. Particle size distribution in rumen digests and
faeces was determined using acreens of 4.0, 3.2, 2.0, 1.4, 1.0, 0.7, 0.5,
0.25 and 0.15 mm.
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Statistical analisis:

The results for measurements of rumen fermentation were analysed by
split-plot analysis of variance, with effects of animals, NaOH treatment.
concentrate and NaOH treatment X concentrate interaction tested in the main
plot, and times, and times x diets tested in the subplot (Snedecor and
Cochran 1967). The results for rate of DM digestion (T 1/2) or between
particle size groups were subjected to two-way analysis of variance with
independent analysis of each feedstuff and each particle size group. The
slopes and elevations of the linear regressiones were compared using the
methods of Snedecor and Cochran (1967).

Results

The proximal analysis of the dietary untreated or alkali treated Pen-
-nisetum purpureum forage and of concentrate are given in Table 1. Nitrogen

Table 1:
Composition {$) of dietary components and of feedstuffs ased in the nyleon bege.

UM basis

Dry Organic Totel $ e Solubilicy
vatter maccer N 2 B  ADF Ligniv of Dy UDIV
Dietary component (Exp. 1)
Untreated forage

Period 1 28.3 90.8 0.83 7.8

Period 2 29.2 90.1 9.99 7136

3 31.4 87.8 0.99 73.2

4 21,2 83,5 1.17 1.5

x 27.5 88.0 1.00 728

NaOY treated forage

Period 1 31.1 88.5 1,23 152

2 27.3 88.7 1.2¢ .5

3 21,1 79.2 1.34 70.%

4 22.5 83.7 1.31 7.0

x 24.5 85.0 1.2?7 n.0

Concentrate 88.8 97.40 2.34
Feedstuffs in the nylon bags:

Cenchrus cilinnis 91.7 89.0 1,47 5.8 50.1 9.3 19.7 46.5
Pennisetum 95.4 86.4 1.40 78.4 7.0 12.8 16.5 35.3
P. purpureum + 5% KaOH 96.0 83.6 1.29 M1 53.6 11.6 23.7 4.7
Mafze cobs * | 94.2 98. 4 0.39 949 53.1 12.7 5.3 31.1
Maize coba™+ 4X . -NaOH & 97.0 97.4 0.41 9.3 57.6 13.7 8.2 37.2
Maize cobs + 8Y NaOH * 9.9 96.0 0.32 87.6 61.1 12.7 13,2 58.2
‘Sorghum grain 8.7 97.8 1.54 22.9 7.0 2.9 43.0 86.2
Maize flour residus 89.1 ~98,2 1.0 2.8 6.7 2.5 44,8 80.9

NDF: Neutral detergent fibre; ADF: Acid detergent fibee; Solubility of DM:
nylon bags soaked in 0.15 M NaCl; OMDIV: Organic matter digestibility n vitng,

* Washed sfter NaOH treatment.

determined uging
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content of the forage was increagsed fram 1.00% to 1.27X1 due to treatment
with 0.9% urea. Hence 35% of the added urea N was lost by volatilization
either during storage following treatment or durimg drying of the_ samples.

The proximal analysis of the various feedstuffs incubated in nylon
bags to determine rate of rumen DM digestion are also given Table 1. Amongst
the forage materials neutral detergent fibre ranged from 70.1%Z to 94.9%,
acid detergent fibre from 50.1 to 61.1 ¥ and in wvwiiro organic matter
digestibility from 31.1% (untreated maize cobs) to 58.2%7 (maize cobs + 8z
NaOH) .

Table 2 gives the intake of forage, concentrate and total DM. Intake
of forage was decreased (P < 0.01) by 31Z due to NaOH treatment, Although
forage intake was decreased by 34Z(P <0.01) due to addition of concentrates,
total IM intake was increased (P <0.01Y by 32% such that forage constituted
only 56% and 44X of total DM intake with untreated and alkali treated
forage respectively.

Table 1:

Intake and xate of aumen DM digestion determined asing nylem o 3 steens fed with ox
MMMM%MWM bag fod forge

Ho concentrate With comemtrate

r“'ﬂ.‘ :‘,;:g Forage :w s RaoH Ce:c%::i::n;:tumtio;
Iotake forage DM (kg/d) 6.3 4.7 4.5 2.8 0.3 ™ *h
Intake concentrate DM (kg/d) 0.0 0.0 3.6 3.6 - - | -
Intake total D¢ (kg/d) 6.3 A7 8.1 64 0.1 - s
T 1/2 DM digestion (h)
Cenchrus cilianis a3 a2 47 57 2.0 xS % s
Pennisetum purpitewy 63 60 3 n 2.2 ns “ us
Ponisetirn purpureus +RaOl 35 n 36 o 0.9 ws h ¥s
Maize cobe (] 63 o8 % 3.8 nms wh us
Maize cobs + AX NaOR &6 41 51 & 13 ns Ll NS
Maize cobs + BT NeOH 22 i9 % ® 1.0 NS *h NS
Sorghum graia 16 17 18 B 07 » b 8
Maize flour residue 15 12 15 s 0.4 NS L nS
Between feeds 4%, W 1.4

] The rates eof DM digestion (T 1/2) of the various feeds when incubated
in the rumen are also given in Table 2, There were significant differences
(p f 0,05} between each of the feeds with the exception of greund serghum
grain and maize flour residue which .were net significantly (P > 0.05)
dxf!erent“. On average over all dietary treatments, 5.2% NaOH treatment of
the Peanisetum purputeum forage decreased T 1/2 from 66.6 h to 35.7 h,
vhile NaOH treatment of maize cobs decreased T 1/2 of DM digestion from
80.5 h (OX NaOH) to 54.4 h (4% NaOH) to- 28.2 h (8% NaOH), Rate of DM
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digestion of Cenchrus cilianis hay (T 1/2 47.2 h) was intermediate between
untreated and NaOH treated Pemnisetum purpureum, while rate of DM digestion
of ground sorghum grain (18.2 h) and maize flour residue (15.0 h) was
relatively rapid. The solubility of DM at zero time (Table 1) was 16.5-
23.7 Z for the forages, and 43.0% and 44.8%7 for the concentrates. The
selubility at zero time of the maize cob DM (5.3«13.2 %) was low presumably

due to the removal of solubles during the washing procedures following the
NaOH treatment.

Although there was: no significant effect (P > 0.05), there was scme
tendency for rate of DM digestion to increase in the absence of concentrates
and to decrease in the presence of concentrates due tothe alkali treatment
of the dietary forzse (Table 2), The additiom of concentrate te the diet
resulted in a large and significant (P < 0.05 or P < 0.01) decrease in the
rate of DM digestion with all the feedstuffs incubated in the rumen. When
the relationship between this increase in T 1/2 of rate of rumen DM diges-
tion and the T 1/2 of rumen DM digestion in the absence of concentrate was
examined (Figure 1), there were separate relationships for maize cobs with 0, 4
or 8% NaOH and for the other feedstuffs.
significantly different in both slope (P < 0.05) and elevation (P < 0.01).

Measurements of rumen fermentation are given in Table 3. pH was
significantly depressed due to consumption of concentrate 4 h (P < 0.05)
and 8 h (P < 0.01) after the concentrate was offered but was not affected
by diet before the daily feed at Oh, or by the NaOH treatment of the dietary
forage. Concentration of rumen ammenia was not affected by dietary
treatment, but was significantly greater (P < 0,05) 4 h after feeding than
before feeding, and was significantly less (P < 0.05) 8 h after feeding
than befere feeding. Tn steers given concentrate, concentration of total
VYFA was significantly greater (P < 0.05) 4 h and 8 h after feeding than
befere feeding. The proportien of acetate was significantly (P < 0.01)
decreased from 747 in steers given forage alone to 697 in steers given
forage plus concentrate, and was also significantly (P < 0.05) 1less 4 h
and 8 h after feeding (71%) than befere feeding (72%). The proportion of
propionate was significantly (P <0.05) increased by concentrate supplementa
tion from 16% to 19%Z, and the proportion of butyrate was significantly
(P < 0.05) increased from 10%Z to 13Z. The proportions of the VFA were not
gignificantly affected by alkali treatment of the consumed forage.

The particle size distributions in the rumen digesta of the steers
when fed the 4 diets used in Experiment 1, and of the rumen digesta and
faeces from Experiment 2 are given in Tables 4 and 5 respectively. In
Experiment 2 the intake of forage was 6.10% SE 0.10 kg DM/d, and the weight
of rumen digesta was 7.32 + SE 0.31 kg DM. The particle size distribution
of rumen digesta in Experiment 2 where the rumen was emptied completely
was very similar to the particle size distribution in Experiment 1, Within
Experiment 1 there was an effect of supplementation with concentrate to
increase (P < 0.05) the proportion of total DM retained by the 4.00 mm
screen from 43.6% to 47.8%, and to reduce (P < 0.01) the proportions of
total DM in the 0.5-1,0 mm screen and 0.25-0.5 me screen particle size
groups. ‘
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Table 3:

Paramelens of aumen fermentation .in 3 steens fed forage with on without alkal! treatwent and with
or without concentrates,

With concentrate Significance
foutiog () 7o Ly Touaee ke S T Comeon- fniaree:
PH 0 6.7 6.5 6.6 6.7 0.13 =xs .+ RS
4 6.5 6.5 5.8 6.0 0.13 xs * NS
8 6.6 6.6 5.9 5.8 0.13 N5 L NS
Batween times *4, SEM 0,03
Amxcnta (mg N/1) 4] a3 ™ n 79
& 93 87 80 112 11.5 =S NS NS
8 56 70 54 59
Betwaen times **, 5pM 6.4
Total VFA (mM/1) o 73 86 72 65
4 72 72 95 87 3.o =&s NS N5
8 56 69 92 95
Between times *, SEN 1.9
Acetate (I} a 74 73 70 70
4 713 74 67 67 0.6 NS L  H
8 72 15 68 67
Batween times ®, SEN 0.4
Propionate {X) (1 16 17 20 19
4 b7 17 20 20 0.2 NS * Hs
8. 17 17 19 20
Between timea NS, 32N 0.3
Butyrate a 10 ] 10 11
4 10 9 13 13 0.8 xs ® NS
8 11 8 13 14
Between times NS, SEM 0.4
Non-gluconeogenie ratio (*) 5.9 5.6 3.5 4.8 0.3 &3 s s
* Calculated as described by frskov (1575).
Discussion

The 312 reduction on forage DM intake in response to alkali treatment
is in contrast to most experiments where DM intake has been increased by
treatment with alkali at levels similar to that used in the present
experiment (Jackson 1977; Escobar and Parra 1983) Furthermore in another
similar experiment 5% NaOH treatment of similar Pennisetfum purpureum forage
reduced forage intake by 32%Z in growing heifers (Castillo ef al- 1983),
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Table 4:

Expeniment 1. Panticle size distribution (%) in Zhe rumes digesta of 3 FX4 ;
without athali treatment on with and withoui concentrates. § ecrd fed  fonage with o

‘ No concentrate With concentrate Sipnifl
Particle size group Forage For s tgniticance
Forage + Nngﬁ Forege + N:g; ™ NaOH Concentrate Interaction
Screen: >4,0 um 42,0 45.1 46.3 . 43,3 1.62 RS * NS
2.0~4,0 wm 7.2 6.3 6.6 5.5 0.57 NS NS NS
1.0-2,0 mm 10.1 8.0 8.5 8.6 0.60 KS NS NS
t.5-1.0 am 7.6 6.4 4.9 5.0 0.37 NS k& NS
0.25-0.5 5.8 5.1 4.5 3.8 0.23 * ok NS
<0.25 om 27,4 29,2 29.2 28.0 1.14 ] NS NS

Table 5:

Expeniment I, Panticle size distnibution (%! in the aumem digesta and §aeces of 3 steens 4ed Pen-
nisetum purpureum forage plfus 1 kg/d cottonseed meal.

Particle size group (me::m?ss) (n:::cissm
>4.00 mm 44.8 .t 1.5 0.0 ¢ 0.0
3.2-4.0 om 2.9t01 1.9 £ 0.6
2.0-3.2 om 2.8 t0.9 2.6 0.4
1,4-2.0 um 6.5 * 0.7 6.8 £ 0.9
1.0-1.4 mm 4.8 ¢ 0.6 8,3 £ 0.5
0.7-1.0 mm 3.4 £ 0.2 10.1 2 0.3
0.5-0.7 mm 3.6 £ 0.6 10.5 ¢ 1.3
0.25-0.5 mm 5.3t 0.3 15.8 £ 0.6
0.15-0.25 mn 2.6 0.1 7.8 £ 0.1
<0.15 ma 23.5 ¢ 1.1 36.4 2 0.7

Consequently it appears that alkali treatment is not a satisfactory method
of increasing digestible energy intake of freshly chopped mature tropical
forage despite a substantial increase in digestibility in both the present
experiment and other experiments (Dixon and Escobar, 1983).

The supplementation at level of 1.1% of liveweight of Penndisetum pwiL-
pureum forage with a concentrate which consisted primarly of maize flour
residue considerably reduced the rate of DM digestion in the rumen of
the fibrous materials. The observation that 45% of maize flour residue
was soluble in 0.15 M NaCl, and that there was a rapid disappearance or
the residual DM when incubated in nylon bags in the rumen (meanT 1/2 15 h)
indicates that the concentrate was rapidly fermented in the rumen.
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Rapid fermentation of the concentrate is also irdicated by the decrease in
ruminal pH from pH 6.5-6.7 before feeding, to pH 5.8-6.0 4 h and 8 h after
consumption of the concentrate by steers. It is well established that
rumen cellulose digestion is severely inhibited when pH approaches or is
less than pH 6.0 (Terry et al 1969; Stewart 1977), and thereby rate of
rumen digestion of fibrous materials and intake of forage may be reduced
(@rskov and Fraser 1975; @rskov et al 1378). In the present experiment
the addition of concentrate to the diet was associated with a reduction in
the rate of rumen DM digestion by 17% and 14% for untreated and alkali
treated Pennisefum purpureum forage respectively, and with a 34% decrease
in forage DM intake.

Figure 1 indicates that the dietary concentrate of the type and at the
level used in thel present experiment on average depressed the rate of DM
digestion of Penniselum purpureum (with or without NaOH treatment), Cen-
chrus eLlianis and concentrate by approximately 20%Z. The 17" depression
in T 1/2 of Pennisefum purpureum agrees closely with a 20% decline in 48 h
nylon bag digestion of Imperata cylindrica forage due to a similar level
of supplementation with cassava meal (Sastradipradja et al 1976). The
relationship also indicates that the slower the rate of DM digestion of a
feedstuff, the greater the reduction in absolute terms of the rate of DM
digestion due to concentrate supplementation, This agrees with previous
studies both n vitno (McCullough 1968; Monagas and Parra, unpublished
results) and (n v{vo (Herrera et al 1981; Encarnacidn and Hughes-Jones 1981)
where the reduction in DM digestion due to the addition of dietary
concentrates was greater for fibre of 1low digestibility than high
digestibility. :

The much larger depression in rate of DM digestion of maize cobs (on
average an increase in T 1/2 of 57%) than of the other feedstuffs, and the
significantly different regression of increaseinT 1/2 due to concentrates
and the rate of digestion in the absence of concentrates (Figure 1)
demonstrates that the maize cobs behaved differently from the other feedstuffs
in response to the addition of readily fermentable carbohydrate to the
diet. Perhaps the greater depression of DM digestion with maize cobs than
with the other feedstuffs examined may be associated with the purified
nature of the washed maize cobs as a microbial substrate. The important
role in the digestion of plant cell wall materials of the microorganisms
closely associated with the feed particles is recognised(Cheng and Costerton
1980). Such microorganisms digesting forages could presumably obtain at
least some of their nutrient requirements (e.g.: nitrogen, sulphur,minerals
and vitamins) directly from the feed material being digested, whereas the
microorganisms digesting the maize cobs are likely toc be more dependent on
rumen liquid as a source of these nutrients. If concentrations of such
mitrients in rumen liquid are reduced due to their rapid utilization by the
microorganisms digesting the additional dietary readily fermentable carbo-
hydrate, then digestion of materials such as the maize cobs could be reduced
more than the digestion of other forages. In the present experiment the
concentration of ammonia N in rumen liquid was similar for all of the
dietary treatments (Table 3), and therefore changes in the rate of DM
digestion due to the supplementation with readily fermentable carbohydrate

e
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were not likely to be associated with changes in the availibility of ammonia
N for microbial synthesis. Furthermore the concentration of ammonia N in
rumen liquid was probably sufficient to meet the requirements of microbes
for growth (Satter and Roffler 1977). However the requirements for all
other microbial nutrients may not have been met.  This observation of a
greater reduction in DM digestion of maize cobs than forage is consistant
with other observations that the nylon bag digestion of NaOH treated maize
cobs was decreased much more by concentrate supplementation than the
digestion of Pennisetum punpureum forage (Romero et al 1983). Furthermore
in the experiment of Herrera et al (1981) the T 1/2 of sisal pulp {(which
contains low concentrations of many nutrients) was mcreased‘muchmore(frm
28 h to 114 h) due to the addition to the diet of 1. 6%.11vewelght of
molasses DM, but the T 1/2 of Leucaena Leucocephala forage and sunf lower
meal were increased by only 20%Z and 22% respectively.

Conclusion

The absence of an effect of alkali treatment of dietary forage on rate:
of rumen DM digestion of the fibrous feeds examined is in contrast with the-
study of Berger et al (1980). TIn the latter experiment using - diets based
on maize cobs increasing levels of NaOH treatment resulted in . linear
decrease in rate of digestion of NaOH treated cotton fibre measured using
nylon bags; a 5% NaOH treatment resulted in a 407 depression in rate of DM
digestion. Perhaps diets based on maize cobs are exceptional, since 5%
NaOH treatment increases the proportion of soluble DMmuch more (e.g.: 15%;
A. Escobar, unpublished results) than the 7% increase in this fragtion with
NaOH treatment of Pennisetum punpuneum Rapid fermentation of soluble DM
could be expected to have a similar effect to the fermentation ~of starch
to depress rumen fibre digestion. The absence of an interaction between
alkali treatment of forage and concentrate supplementation on rumen digestion
of fibre is in agreement with experiments where the depression.n v{vo crude
fibre digestibility in cattle due to addition of dietary concentrates was
gimilar for untreated or ammonia-treated Btraw (Horton 1978; Horton and
Steacy 1979)

The observation with steers fed Pennueium purpureum forage alone that
the particle size distribution in rumen digesta when the rumen was emptied
completely (Experiment 2) was similar to that when grab samples were taken
from various parts of the rumen (Experiment 1) suggests that the latter
sampling method did not mtroduce excessive error in the estimation of
rumen digesta particle size. d:.stn.but:l,on. Consequently the differences
between diets in Experiment 1"are not likely to be assoc:.at:ed with the
method of sampling of rumen digesta. -

The 15-17 % depression due to concentrate supplementation in the rate
of digestion of Pénnisefum purpureum forage as defermined inmylen bags was
associated with a small (4.2%) but significant (P 0.05) dincrease in the
proportion in rumen digesta of large particulate material retained by the
4.0 wa screen. When it is considerved rhat intake of forage, and therefore
of large part:.cuhte DM was sipultanacusly reduced - by 342, the rate of
large particle breakdown in thp TURED Was _considerably reduced by the
concentrate lupplnlntat,fola m: the importance of the recduced microbial
digestion in uhtton to, for example, reduced rumination time is not known.
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The absence of a change in the proportions of rumen VFA in response
to alkali treatment of the dietary forage is consistent with previous
observations with sheep given NaOH treated Pemnisetum purpureum Canavalia
ens.iformis forage (Dixon et al 1983), and observations with ammonia-treated
straw (Horton 1978) and NaOH treated straw(Coombe et al 1979), The decrease
in acetate and the increase in propionate and butyrate in resp~nse to
dietary concentrate is in agreement with numerous previous reports on the
effects of supplementation of forage with concentrate (Church 1979), even
when the forage has been treated with alkali (Horton 1978). It is perhaps
of interest that the non-gluconeogenic ratio of the VFA products (@Prskov
1975) in the present experiment was greater than 4.8 in all diets. In the
absence of alternative gluconeogenic precursors growing animals wmight
therefore be expected to have an efficiency of utilization of metabolizable
energy for gain similar for untreated and alkali treated forage, and an
efficiency less than that usually observed in animals fed high~starch diets.

References

Berger LL, Klopfenstein T J & Britton 1980 Effect of sodium hydroxide treatment on rate of
passage and rate of ruminal fibre digestion.Journal of Animal Science 50 745-749.
Castillo E, Combellas J & Dixon R M 1983 Alkali treatment of mature Pernisetum putpureun
forage 2. Effect of NaOH treatment on intake and growth rate of heifers. Tropical Animal

Production (In the press)

Chaprell G LM 5 Fontenot J P 1968 Effect of level of readily-available carbohydrates in
purified sheep rations on cellulose digestibility and nitrogen utilizatios. Journal of
Animal Science 27:1709-1715. )

Cheng K-J & Costerton J W 1980 Adherent rumen bacteria = Their role in the digeetion of
plant material, urea and epithelial cells. Tn: Digestive Physiology amd metabolism in
runingnts. FEds. Y Ruckebusch and P Thivend M T P Press Limited. Lancaster England.

Church D C 1979 Digestive physiology and nutrition of ruminants. Vol 1 2nd ed, O & B Books,
uUsa.

Coowbe J B, Dirius D A, Goering HEK & Oltjen R R 1979 Wheat straw-urea diets for beef
steera: alkali treatment and supplementation with protein, monensin and -a feed intake

-imulant. Journal of Animal Science 48:1223-1233.

Dixon R M & Mora M 1983 Particulate matter breakdown and removal from the “rumen in sheep
given %lephant grass forage and concentrates, Tropical Animal Production {In the press)

Dixon R M, Escobar A, Preston T R & Parra R 1983 Preliminary observations on production and
ruxen fermentation in cattle fed NaOH treated Pennisetum purpureum forage and Canovalia
ensifoamis forage. Tropical Animal Production (In the press),

Dixon R M & Escobar A 1983 Alkali treatment of mature Peaniselum purpureum forage I.Effectn
of NaOH, Ca(OH)2, NH4OH and urea treatments on nylon bag digestibility. Tropical Animal
Production (Im the press).

Eecobar A & Parra R 1983 Uso de los resfduos agricolas fibrosos en la alimentacidn sanimal
Informe Anual 1981 Instituto de Produccidn Animal, Pacultad de Agronomia, Universidad Cen
tral de Venezuela.

Encarnacidn C & Hughes-Jones M 1981 The rate of degradability of feeds in rumen bags in ani
mals receiving diets with and without molasses. Tropical Animal Production 6:362.

Fiek K R, Ammerman C B, McGowan € B, Loggins P E & Cornell J A 1978 Influence of supplemental
enargy and biuret nitrogen on the utilization of low quality roughage by sheep. Journal
of Animal Science 36:137-143,

Herreara F, Ferreiro M, Elliott R & Preston T R 1981 The effect of molasseg supplements on
voluntary' feed intake, liveweight gain and rumen function in bulls fed basal diets of
ensiled sisal pulp. Tropical Animal Production 6:173-185.



80 DIXON Y PARRA

dorton G M J 1978 The intake an. digestibility of ammoniated cereal straws oy catcle. GCana-
~ dian Journal of Animal Science 58:471-478.
Horton EM J & Stracy G N 1979 Effect of anhydrous ammonis treatment on - the intake and
digestibility of cereal straws by steers. Jorunal of Animal Scieage’18:1239-1249.
Hughes-J~nes M & Peralta Z 1981 Observations on the degradabilities of feedstuffs {n situ
in attle on diets with or without molasses. Tropical Animal Production 6:374-17%

Jackson ¢ 1977 Review article: The alkali treatment of straws. Animal Feed Scienck - and
Technuviogy 2:105-130.

McCullough M E 1968 Influence of hay or silage and rario of flaked corn or beet'pulp to forage
on tellulose disappearance in vitro. Journal of Animal Science 27:780-784.

frakov E R 1975 Manipulation of rumen fermentation for maximum food utilization. World Review
of Nutrition and Dietetics 22:152-182.

frakov ER & Fraser C 1975 The effects of processing of barley-based supplements on rumen
pH, rate of digestion and voluntary intake of dried gress in sheep. Bristish Joutnal of
Rutrition 34:493-500.

frakov E R & Hovell F D De B 1978 Rumen digestion of hay measured withdacron bags by cattle
given sugar cane or pangola hay, Tropical Animal Production 3:9-11.

frskov E R, Soliman H 5 & MacDearmid A 1978 Intake of hay by cattle given supplements of
barley subjected to various forma of physical treatment or treatment with alkali. Journal
of Agricultural Science (Cambridge) 90:611-615.

grskov E R, Hovell F D De B & Mould F 1980 The use of the nylon bag rechnique for the eva-
luation of Feedstuffs. Tropical Animal Production 5:195-213. .

Owen E ‘1978 Processing of roughages. TIn Recent Advances in Animal Nutrition, Ed W Haresipgn
and D Lewis. Butterworths London.

Romero M, Brito C & Dixon R M 1%83 Effects of supplementing mature Pennisetum popurem
forage with maize flour residue, sorghum grain or molssses on intake, digestibility and
rumen fermentation in sheep. Tropical Aniwmal Production (In the press)

Sastradipradja D, Soewardi B, Sofjar L A & Hendratmo C W 1976 Utilization of low quality
roughage by ruminants. In Tracer studies on non-protein-nitrogen for ruminants. Iil 1In
ternational Atomic Energy Agency, Vienna. .

Setter L D & Roffler R B 1977 Protein requirements and non protein nitrogen utilizatiom.
Tropical Animal Production 2:238-259.

Snedecor G W & Cochran W G 1967 Statistical methods. 6th ed The Towa State University Press,
Iowa, USA,

Stewart C 5 1977 Factors affecting the cellulolytic activity of rumen comtents. Applied and
Environmental Microbiology 33 497-502. .

Terry R A, Tilley TM A & Outen G E 1969 Effect of pH on ceilulose digestion under in vi-
tro conditions, Journal of the Science of Food and Agrieuiture 20 317320,

Recelved Febauary 1, 1984

i U P



