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Abstract

This study was conducted at Holetta agricultural research center, Ethiopia with the
major objectives to evaluate the effect of silage made from late maturing dual
purpose maize crop on intake digestibility, milk yield and composition of dairy
cows. A total of eight mid lactating F1 (Boran X Friesian) dairy cows with similar
milk yield (9.1 + 0.91 kg/d) but differing in parity (ranges one to four) were selected
and randomly assigned in to one of the four dietary treatments (T1=Natural pasture
hay ad libitum + 0.5 kg concentrate mixture (CM) per liter of milk production;
T2=TMR-1 (70% MSS: 30% CM) ;T3=TMR -2(60% MSS: 40% CM) and
T4=TMR-3 (50% MSS: 50% CM) in a double 4X4 Latin square design. The cows
fed T1 and T4 diet had similar DM, OM and NDF intakes (P>0.05) which is
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significantly higher over cows receiving the remaining treatments (P<0.05). On the
other hand CP was significantly higher (P<0.05) inT4 while the ADF intake was
significantly higher (P<0.05) in T1 compared to the other treatments. In addition to
this, dietary treatments varied (P<0.001) in terms of their apparent DM, OM and
CP digestibility, with cows on T3 showed considerably higher (P<0.05) digestibility
for DM, OM and CP than cows on the control diet. Similarly T4 had shown higher
CP digestibility (P<0.05) compared to the control group. However, the NDF and
ADF digestibility were not affected by dietary treatments. Silage based total mixed
ration improved daily milk yield with the higher (P<0.01) milk being recorded for
cows receiving T4 (10.2 litter/day). Dietary treatment had no effect (P>0.05) on
milk composition. Feeding maize stover silage harvested at late maturity to
crossbred cows resulted better daily milk yield; however, further study is required
on the economics aspect before the diet is recommended for wider use under field
conditions in Ethiopia.
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Introduction

A key factor limiting competitive access to markets, income and enhanced
nutrition of smallholder producers is low dairy cattle productivity. Feed scarcity is
the common constraint to increasing livestock in general and dairy productivity in
particular as the pressure on land for food crops may limit the specialized
production of fodder in systems where farmers prefer to spread risk across
multiple enterprises and reduces the availability of grazing glands. This means that
a significant proportion of the feed produced on farm needs to come from the
crops that produce food for human consumption. In surveys conducted in
Ethiopia’s maize belt in 2003, it was found that maize contributes with about 60%
of the feed produced on farm. In Ethiopia, maize is planted on more than 2.4
million ha (CSA, 2018/19) and is the food staple for several million families, the
majority of whom also rear dairy cattle and other livestock species (Thorne et al.,
2002). The crop has a relatively stable yield, high energy content, good ensiling
characteristics, and inclusion of maize silages in the total ration of dairy cows can
increase feed intake, milk yield and milk protein content (O'Mara et al., 1998;
Phipps et al., 2000). Whole crop maize silage is a major forage component in the
ration of dairy cows, under most dietary regimes elsewhere outside Ethiopia.
However, associated to land scarcity for cereal food grain production, the use of
whole crop maize silage for dairy cattle feeding under local conditions is only
limited to some government organizations (universities and research institution).
As part of a solution to the problem a research project has been planned to use the
green maize stover for silage making at some later stage of grain maturity (i.e.
after the grain was being harvested at dough stage with the assumption that the
remaining grain moisture removed with sun drying for proper storage and use as a
grain for human consumption). Nutritionally, it is well-documented that an
increased maturity at harvest results in an increased grain filling for human
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consumption, starch-to-NDF ratio and increased fraction of rumen by-pass starch
in maize silages (Bal et al., 2000; Phipps et al., 2000). Therefore, inclusion of
maize silage which is harvested at a more mature stage (>350 g DM/kg fresh
weight, dough stage) in the diet of dairy cows could be an option to increase the
supply of starch and rumen by-pass starch. Moreover, a recent study indicated that
maize silage harvesting at dough stage of the grain results in higher yields of dry
matter, starch and energy (Zom et al., 2012). Therefore, increasing maturity may
also contribute to an increased self-sufficiency rate for feed and hence reduce the
farm purchases of feeds and forage, and the food-for-feed competition. This
research study being an innovative approach was proposed to evaluate and thereby
improve the potential contribution of maize as food—feed to the livelihoods of
dairy producers at farm level in Ethiopia.

Materials and Methods

Study site

The study was carried out at Holetta agricultural research center, Ethiopia. The
center is located at 9° 03°28.82” E latitude and 38° 30°17.59” E longitude at an
elevation of 2,400 m above sea level. The mean annual temperature and rainfall
during the study were 18°C and 1225mm, respectively.

Animal selection and management

A total of eight F1 (Boran X Friesian) mid lactating cross breed dairy cows with
different parity (range one to four) but yielding more or less similar initial daily
milk (9.1 + 0.91 kg) were selected from the total milking herd available on-station.
Experimental cows were randomly assigned to one of the four dietary treatments
using a double 4x4 Latin square design consisting of four periods with each
having 15 days of feed adaptations and 10 days of data measurement. The
experiment has taken a total of 100 days (from March 1 to June 10, 2019). The
cows were de-wormed against internal parasites prior to the beginning of the
experiment. They were handled individually in a well-ventilated house at Holeta
dairy animal’s barn. The house had appropriate drainage slope, gutter for urine
removal and individual feeding troughs.

Experimental feed preparations and feeding management

Maize was planted for dual purpose (food-feed) on station following
recommended planting and agronomic practices. Harvesting was made at some
stage of grain maturity (dough stage) when residual moisture and soluble sugar is
left for silage fermentation and after the cobs have been already removed for use
as food for human consumption later on after removing the moisture of the grain
using solar heat. The partially green maize stover (25% DM) was then subjected to
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chopping (10-15 cm in length) and ensiled in the presence of molasses additive
added at the rate of 3% on DM basis. Silage was kept under the silo for 45 days
during the dry season (from December 15 /2018 to January 30/2019) until the start
of the feeding trial. Natural pasture hay for the control group and maize stover
silage based total mixed ration for the TMR groups were offered ad-libitum while
the concentrate mix for the control group was offered twice a day during the
morning and milking times (6.00AM and 2:00PM). Feed offer per each dietary
treatment was periodically subjected to revision with changes in milk production.
Water was provided free of any choice. The daily amount of the feed consumed
and refused per each cow was recorded to calculate feed and nutrient intake of
individual animals.

Table 1: Proportion of feed ingredients in the dietary treatments (DM basis)

Feed Treatment

T1 T2 T3 T4
Hay 60 0 0 0
Maize stover silage (MSS) 0 70 60 50
Wheat bran 17.6 13.2 17.6 22
Cotton seed cake 7.2 54 7.2 9
Noug seed cake 4.8 3.6 48 6
Molasses 10 75 10 12.5
Salt 0.4 04 04 0.4

The treatments were:- T1 = natural pasture hay ad libitum + 0.5 kg concentrate mixture (CM) /liter of milk;
T2= TMR (70% MS: 30% CM), T3 = TMR (60% MS: 40% CM), T4 = TMR (50% MS: 50% CM)

Digestibility trial

At the end of every period, faces was collected and total daily weight was taken
from individual cows for 7 consecutive days based on appropriate collection
procedure. To avoid cross contaminations with urine farm personnel were
assigned around the clock to scoop the fresh faces and wash the floor with high
pressure tap water coming through plastic hose. Representative samples (1% of
the daily collected feaces weight on fresh matter basis) were taken in the morning
(8:00 Am) before fresh feed was being offered to the animals and stored in deep
freezer (-20°C) until ready for subsequent lab analysis.

Laboratory analysis

Maize stover silage, TMR feed and fecal samples were dried at 55 °C for 48 h,
ground using a Wiley mill to pass a 1-mm sieve size. Feed and fecal samples were
analyzed for N (Kjeldahl method; AOAC, 1990), DM, Ash (AOAC, 1990), ADF,
permanganate lignin and NDF (Van Soest and Robertson, 1985), in vitro dry
matter digestibility (two stage procedures of Tilley and Terry, 1963),
metabolizable energy was calculated by ME (MJ/kg) = 0.16* in vitro organic
matter digestibility (McDonald et al., 2002).
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Milking and milk composition analysis

Cows were hand-milked twice a day at 6:00 AM and 6:00 PM in a milking house.
The amount of milk produced from each cow at every feeding period was
measured by using graduated glass cylinder. During the last 5 days of each period,
milk aliquot sample from the morning and evening milking was taken for each
individual cow. Milk was sampled in pre-labelled 50 ml plastic vials. An auto-
scan milk analyzer (milko-scan 133R) was used to determine fat, protein, total
solids and lactose.

Statistical analysis

All data were analyzed with R software version 3.5.2 (R Core Team.2018).The

effects of treatment and periods were fixed and the effect of parity was random.
Tukey’s test was used to compare least square means and response criteria were
declared different if P<0.05. The standard errors (S.E.) reported in the tables are
for differences of least square means.

Response variables were analyzed using the statistical model:-
Yhijk= K +Sh+ C i+Pj + T +Enijk,

Where, Yhijk is the dependent variable (intake, milk yield& composition), p =
overall mean, Sy, = Square effects, C ;= cow effect (parity) (i=1-4), P; = effect of
period (j=1-4), Tk= effect of treatment (diet) (k=1-4), Eijk= experimental error

Results and Discussion

Chemical composition of feeds

The mean chemical composition of dietary treatments, concentrate mixture and
feed ingredients is presented in Table (2). The two basal diets (natural pasture hay
and MSS) had more or less comparable ash, CP, lignin and ME contents; they
exhibited larger variations in terms of their ADF and in-vitro digestibility values.
The green maize stover silage had close to 7 percent unit less ADF and slightly
greater than 10 percent unit digestible organic matter over the natural pasture hay.
Among supplemental feed ingredients and the concentrate mix, the two protein
sources (Cotton seed cake &Noug seed cake noted to have the highest CP and the
lowest digestible organic matter compared to the energy source (wheat bran).
Exceptionally, Noug seed cake was found to be rich in its ash and permanent
lignin contents than the remaining protein and energy supplemental feeds. Other
than that mentioned earlier, all supplemental feed ingredients and the concentrate
diet resemble to one another for most nutritional parameters under consideration.
Greater variations were observed for only DM content of the diets considered
under the TMR based dietary treatments. Thus while DM contents of the TMR
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diets increased with reduction in the level of MSS in the total diets. The mean CP
and Invitro organic matter digestibility contents of concentrate feeds and maize
stover silage in the present study is comparable with the report of Habtie et al.
(2020). The use of maize stover silage as roughage source in total mixed ration
improves the crude protein and metabolizable energy contents of the diet. The
current finding is consistence with the study of Rajamma (2014), Buddanoil et al.,
(2017) and Habte et al., (2020) who reported maize stover use as roughage source
in TMR could increase nutritive value of the diet.

Table 2:- Chemical composition of feed ingredients and total mixed ration (% DM basis)

DM Ash __CP___NDF__ADF_ Lignn _IVOMD ME (MJ/kgDM)
Hay 9212 672 615 6324 4289 810 5041 8.07
MSS 35890 721 641 6303 3567 765 6056 9.70
Wheat bran 8089 534 1656 4803 2289 443  69.89 11.18
Cottonseed cake 9120 580 27.00 4370 2390 530 6290 10.10
Nougseed cake  90.89 910  30.30 4235 2019 850 6540 10.50
TMR-1 5262 854 1076 6353 2682 468 6198 9.92
TMR-2 5695 7.87 1185 6147 2595 519  62.34 10.01
TMR-3 6207 812 1279 6415 2465 528  62.89 10.08

MSS=Maize stover silage, DM=Dry matter, OM=0Organic matter, CP=Crude protein, NDF= Neutral detergent fiber, ADF=
Acid detergent fiber, IVOMD=lInvitro organic matter digestibility, ME =Metabolizable energy, TMR=Total mixed ration,
TMR1 (70% MSS: 30% CM), TMR2 (60% MS: 40% CM) and TMR3 (50% MS: 50% CM)

Dry matter and nutrient intake

There was significant (P<0.001) difference in mean daily total DM and nutrient
intakes among experimental cows (Table 3). Among cows receiving the silage
based diet, substantially higher feed and nutrient intakes (P<0.05) was recorded
for cows receiving the MSS at half their total daily feed requirement (T4).Cows
kept on T4 consumed comparable quantities of daily feed DM, OM and NDF;
higher CP but lower ADF than cows on the control diet (T1). In agreement to the
current finding, inclusion of green maize silages made from lately harvested dual
purpose maize crop in the total ration of dairy cows noted to have increased feed
intake O'Mara et al. (1998) and Phipps et al.(2000).The lower DM, OM, CP, ADF
and NDF intake observed in T2 (70% maize stover silage and 30% concentrate
mix based TMR) and T3 (60% maize stover silage and 40% concentrate mix
based TMR) are related to the fermentation effect of maize stover silage in the
total mixed ration on the intake in T2 and T3. This finding is consistent with the
study of Juliana et al., (2016) who reported the end-product of silage fermentation
can affect the intake and influence animal performance, since some organic acids
negatively influence the intake. The higher DM, OM and CP intake in T1 and T4
was due to the higher DM, OM and CP concentration in the diets.
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Table 3: Average dry matter and nutrient intake of Boran-Friesian cross breed dairy cows

Intake (kg/day/cow) T T2 T3 T4 SEM P value
Natural pasture hay 7.76 - - - -
Concentrate 4.34 - - - -

Total DM 12.11a 10.76° 11.090 12.292 0.22 0.0000

oM 11.132 9.84¢ 10.25° 11.182 0.20 0.0000

CP 1.450 1.16d 1.27¢ 1.522 0.03 0.0000

NDF 8.602 6.84¢ 7.930 7.882 0.15 0.0000

ADF 3.632 2.89¢ 2.88¢ 3.03 0.10 0.0000

Means in each row with different letters have a significance difference at (P<0.0000), SEM=standard error of mean, DM=
Dry matter, OM= Organic matter, CP= Crude protein, NDF= Neutral detergent fiber, ADF= Acid detergent fiber, T1 =
Natural pasture hay ad libitum + 0.5 kg concentrate mixture(CM) /liter of milk, T2= TMR1 (70% MSS: 30% CM), T3 =
TMR2 (60% MSS: 40% CM) and T4 = TMR3 (50% MSS: 50% CM)

Apparent DM and nutrient digestibility

The mean apparent dry matter and nutrient digestibility of cows fed the control
and diets with different levels of silage is presented in Table (4).The DM, OM and
CP apparent digestibility were significantly (P<0.05) affected by dietary
treatments. Considerably higher (P<0.001) DM, OM and CP digestibility was
observed for cows receiving dietary T3 than T1. However, the NDF and ADF
digestibility were not significantly affected by diet. The higher DM, OM and CP
apparent digestibility in the maize stover silage based total mixed ration groups
(T2, T3 and T4) observed in the present study is in agreement with the finding of
Habte et al., (2020) and Rajamma (2014) who suggested that utilization of green
maize stover silage made from maize crop harvested at late grain maturity could
increase nutritive value and digestibility of the feed.

Table 4: Apparent dry matter and nutrient digestibility of cows fed different diet.

Apparent digestibility (%)  T1 T2 T3 T4 SEM P value
DM 60.64>  67.312> 71.042  68.03  3.01 0.05
oM 59.26® 65473 69.332  65.81®  3.07 0.05
CP 62.76> 68213 71942 72502 2.74 0.05
NDF 68.36 72.46 72,53 74.61 1.77 0.26
ADF 48.95 58.96 55.37 61.37 1.79 0.33

Means in each row with different letters have a significance difference at (P<0.05), SEM=standard error of mean, DM=
Dry matter, OM= Organic matter, CP= Crude protein, NDF= Neutral detergent fiber, ADF= Acid detergent fiber, T1 =
Natural pasture hay ad libitum + 0.5 kg concentrate mixture (CM) /liter of milk; T2= TMR1 (70% MSS: 30% CM), T3 =
TMR2 (60% MSS: 40% CM) and T4 = TMR3 (50% MSS: 50% CM)

Milk production and composition

The mean daily milk yield and composition of experimental cows fed with the
different dietary treatments is presented in Table 5. Daily milk yield of the cow
was significantly affected (P<0.01) by the dietary treatments with cows receiving
the silage based TMR diet producing better daily milk than cows on the control
diet. In general, cows maintained on dietary T4 produced an extra daily milk yield
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of 1.33, 0.66 and 0.63 kg over those cows receiving dietary T1, T2 and T3
(P<0.05) respectively. But cows on the different dictary treatment didn’t
responded to changes in dietary formulations (P>0.05). Similar to the present
findings, inclusion of green maize silages made from lately harvested dual purpose
maize crop in the total ration of dairy cows noted to have also increased feed
intake and milk yield (O'Mara et al., 1998; Phipps et al. (2000). Although the milk
composition of cows in the present study were not affected by dietary treatments,
previous studies indicated that milk protein increased as a consequence of
increased CP concentration in the diet (Sutton et al., 1996; O'Mara et al., 1998 and
Phipps et al., 2000).

Table 5: Milk production and composition of cows fed maize stover based total mixed ration and conventional
feeding of natural pasture hay and concentrate mixture

Parameter (kg/day) T1 T2 T3 T4 SEM Pval
Milk yield 8.79¢ 9.46° 9.490 10.122 0.65 0.007
Fat yield 0.21 0.21 0.23 0.22 0.02 0.8
Protein yield 0.29 0.25 0.26 0.31 0.02 0.08
Lactose yield 0.45 0.38 0.40 0.48 0.03 0.10
Milk composition (g/kg)

Fat 25.3 26.1 27.3 244 0.14 0.26
Protein 30.9 311 30.8 31.3 0.03 0.41
Lactose 48.1 48.4 48.0 48.8 0.04 0.30
Ash 72 7.2 7.1 73 0.01 0.10
SNF 87.0 88.1 87.3 88.8 0.08 0.17

Means in each row with different letters have a significance difference at (P<0.007), SEM=standard error of mean,
SNF=Solid non-fat, T1 = Natural pasture hay ad libitum + 0.5 kg concentrate mixture (CM) /liter of milk, T2= TMR1 (70%
MSS: 30% CM), T3 = TMR2 (60% MSS: 40% CM), T4 = TMR3 (50% MSS: 50% CM)

Conclusion

This study demonstrate that maize stover silage based TMR had shown better
feeding value based on biological responses compared to the conventional feeding
for lactating crossbred dairy cows. The findings of this study revealed that, TMR
with 50% maize stover silage and 50% concentrate mixture had higher milk yield
(10.12 kg), which is superior to the other treatments. Thus, TMR with 50% maize
stover silage and 50% concentrate mixture can be a promising option to
conventional supplementation for crossbred cows and for recommendation, the
economic visibility needs to be verified with further study.
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