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ABSTRACT

The objective of this study was to investigate the effect of inclusion of hydroponic barley green fodder
(HBGF) in the diet on the performance of lactating cows. Eight Holstein cows (with daily milk yield of
31.15+2.75 kg and 83.23+12.46 days in milk) were assigned to 1 of 4 diets in a 4 % 4 latin square design.
Control diet (I) consisting of 62% concentrates, 20% alfalfa hay, and 18% maize silage (dry matter (DM)
basis), where in diets II, III and IV the maize silage was replaced by 20, 40 and 60% HBGF, DM basis,
respectively. The green fodder yield was 869 g per kg planted seed (DM basis), showing a loss of 131 g
DM. Dry matter intake was 23.20, 22.98, 22.67 and 22.65 kg/d on diets I, II, II and IV, respectively. The
dietary HBGF level did not affect the average daily milk yield (27.38, 27.62, 26.41 and 27.22 kg/d), as well
as the fat, protein and milk total solid yield. Feed efficiency (milk yield per kg DM intake) was 1.26, 1.27,
1.28 and 1.31 which did not significantly affected by the treatments. Finally, inclusion of HBGF up to 60%
of maize silage portion, equal to 10.5% of total diet (DM basis), did not affect the performance of lactating
cows when compared with maize silage. However, the biomass yield (DM basis) of hydroponic barley
green fodder per kg seed grain was lower than that of the initial grain which would increase the cost of
feeding.

LA [e1: M forage, hydroponic, milk yield, productivity.

Fazaeli et al. 2012; Tranel, 2013; Naik et al. 2014). The

INTRODUCTION

The dairy farm industry is one of the most important eco-
nomical sectors of animal production in Iran, nevertheless
the industry is challenged with the scarcity of fodder in
most part of the year. Therefore, the farmers are continually
looking for the ways to provide proper feeds and to lower
feed cost and improve profitability (Kamalzadeh et al.
2008; Beldman et al. 2017). During the last decades there
have been some arguments about the green fodder produc-
tion in hydroponics system to compensate the forage supply
for animals, using cereal grains seeds (Tudor et al. 2003;

hydroponics green fodder is produced from forage grains,
mainly barley and oats, having high germination rate and
grown for a short period of time (about one week) in a spe-
cial chamber that provides the appropriate growing condi-
tions (Al-Ajmi et al. 2009; Fazaeli et al. 2012). Develop-
ment of hydroponic planting systems has provided the op-
portunity for production of fresh forages from cereal grains
in controlled growing chambers (Bustos et al. 2000;
Gunasekaran et al. 2019). Depending on the type of grain,
the forage mat reaches 15 to 20 cm high where production
rate is about 4 to 8 kg of fresh forage equivalent to 0.70 to
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0.85 kg of DM per kg seed grain planted (Naik et al. 2012;
Fazaeli et al. 2017; Gunasekaran et al. 2019).

A few research has been conducted on the feeding value
of sprouted grains and performance of animals fed hydro-
ponically-produced green forage. Raeisi et al. (2018) stud-
ied the effect of replacing barley grain with hydroponic
barley fodder up to 21% in the sheep diet (DM basis) and
found that dry matter intake (DMI) and digestibility were
increased but rumen pH and NH;-N, and blood parameters
(glucose, total protein, cholesterol, triglyceride and urea)
were not affected by the treatments. According to Tawfeeq
et al. (2018), in vitro dry matter and organic matter digesti-
bility of hydroponic green fodder grown for 8 days ranged
were 93.53 and 94.23% respectively but the in vivo digesti-
bility were 87.14 and 87.94% that were lower than the in
vitro method. Azila (2001) studied the nutritive value of
barley green fodder produced in an 8-day period of hydro-
ponic system and reported that digestibility and energy con-
tent were reduced in green fodder (12.5 MJ/kg DM) when
compared with barley green (15.9 MJ/kg DM). Fazaeli et
al. (2012) reported that crude protein (CP), non protein
nitrogen (NPN), ether extract (EE), neutral detergent fiber
(NDF), acid detergent fiber (ADF), and water soluble car-
bohydrate (WSC) were increased but organic matter (OM)
and non fiber carbohydrate (NFC) decreased in hydroponic
green forage compared with the original grain.

Gunasekaran et al. (2019) studied the coustomization of
low cost hydroponic techniques for fodder maize produc-
tion and reported that fresh fodder yield ranged from 3.75
to 5.20 kg per kg maize seed during 8-9 days growing pe-
riod and the green forage contained 9.72 to 23.72% CP,
9.69 to 12.48% CF and 3.30 to 4.71% EE.

Micera et al. (2009) reported that addition of hydroponic
oat green fodder to the diet did not affect the biochemical
and hematological parameters in sheep. Consequently, it
was suggested that utilization of hydroponic fodder, might
improve the animal welfare and milk production. Dry mat-
ter content of hydroponic green fodder ranged from 12 to
16% that could limit the feed intake due to its high moisture
content (Fazaeli et al. 2012; Naik et al. 2012). Hosainy-
Abrandabadi et al. (2015) reported that DMI and daily gain
were decreased in finishing lambs when barley grain was
partially replaced by hydroponic barley green fodder in the
diet. Fazaeli et al. (2011) reported that inclusion of hydro-
ponic barley green fodder in the diet of feedlot calves did
not affect the body weight gain, but decreased the dry mat-
ter intake and increased the feeding cost. Sulser (2015)
evaluated the effect of barley green fodder (produced by a
hydroponic system) on the performance of sheep and re-
ported that hydroponic fodder did not offer any advantage
over alfalfa hay and cereal grains for the average daily gain,
but it increased the total cost of the diet.
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Some researchers, however found an advantage when in-
adequate diets were supplemented with hydroponic green
fodder (Marsico et al. 2009; Naik et al. 2017). Nugroho et
al. (2015) reported that supplementation of corn silage with
hydroponic green maize fodder, increased the DMI, as well
as energy and nitrogen consumption. They concluded that it
could improve nutrient digestibility and maintain persis-
tency of milk production during late lactation in dairy cows.
According to Rajkumar et al. (2018), hydroponic maize
fodder can be effectively substituted up to 30% of crossbred
calves diets without significant variation in the growth per-
formance. Tudor et al. (2003) reported an improvement in
the performance of steers when fed restricted hay in the diet
and included 15.4 kg fresh hydroponic green fodder (about
1.8 kg added DM). However, due to the lack of information
on the performance of hydroponically-produced fresh fod-
der in dairy cattle, this trial was conducted to evaluate the
effect of partial substitution of corn silage with barley green
forage, produced in a hydroponic system, in the diet of lac-
tating Holstein cows.

MATERIALS AND METHODS

Green forage production

A steel electrically power unit of hydroponic sprouting
chamber measuring 4.0 x 3.0 x 2.6 m equipped with auto-
matic sprayer irrigation and ventilation apparatus (Manu-
factured by Iranian Jahad Engineering Institute) was em-
ployed. The chamber was highly insulated and thermostati-
cally controlled. Fluorescent lighting tubes in waterproof
electrical devices were arranged on the walls in vertical
position in order to get better arrival of light for growing
leaves when it provide 1000 to 1500 microwatts/cm’ during
12 to 14 h of daily light (El-Deeba et al. 2009). The system
consisted of a growing room, growth troughs and aeration,
lighting, cooling, irrigation, supernatant collection and con-
trol units, with capacity of 100 polyethylene trays of 70 X
30 cm dimensions.

Commercial grade barley seeds (Valfajr variety) with a
relatively high germination rate (about 85%) were screened
and soaked in 20% sodium hypochlorite solution to control
fungal growth. Then they were washed and soaked in tap
water for 20 h, drained and distributed in the growing trays
where the density obtained was equivalent to seed rate of
4.5 kg/m* (DM) and adequately irrigated to germinate and
growth (Fazaeli et al. 2012).

In order to provide daily requirement of green fodder, 12
trays were planted every day. Temperature inside the grow-
ing chamber was precisely controlled to get a range of
working temperature between 18 °C to 21 °C to prevent
growth of unwanted microorganisms such as molds and
fungi.
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The air circulation of the production room was adjusted
to control the relative humidity about 90%. Green fodder
mass were harvested every 6-day cycle after sowing. There-
fore a period of 6-day was needed to acquire the daily con-
tinuously harvesting of the green forage. Therefore, during
a period of 12 weeks experiment, 12 trays of prepared green
fodder were removed from the growing chamber every day
and the fodder mass were removed from each tray, then
they were weighted and chopped shred by hand, two hours
before mixing with the experimental diets.

The fresh forage batches of trays were individually
weighted to determine the fresh yield of green forage. Then
all trays were sampled and 6 representative fresh green fod-
der samples from each period were oven-dried at 70 °C for
48 h to determine the DM content and analyzed for crude
protein contents, using of kejeldahl method (AOAC, 1990).

The NDf content was determined according to Van Soest
et al. (1991). The conversion ratio of fresh fodder yield per
kg of grain (seed) was calculated (Fazaeli et al. 2012). Per-
centages of dry matter loss were estimated as:

(DMS-DMY) / DMS x 100

Where:

DMS: amount of dry matter (of barley grain seed) planted
in each tray.

DMY: dry matter yield from green fodder per tray (Fazaeli
etal. 2012).

Feeding trial

Eight multiparous lactating Holstein dairy cows, with
average body weight of 615+39 kg, 83.23+£12.46 days in
milk (DIM), and average daily milk yield of 31.15+2.75 kg,
were selected from the dairy farm of an agro-industrial
cooperative, located in Golpayegan. The animals were
individually housed in a 3 x 4 m tie-stall barn bedded with
wheat straw and had free access to water and rock salt
throughout the trial, allowing seven days adaptation to the
experimental conditions. Cows were randomly assigned to
one of four groups in a double 4 x 4 Latin square design.
Animal care and management practices were followed
according to the dairy farm.

All cows were weighed at the beginning of the
experiment and body weight changes were determined
during each period. The feeding trial was accomplished
during four experimental periods, each with two weeks of
adaptation followed by one week of data collection and
sampling. Treatment diets were formulated according to the
Nutrient Requirements for dairy cattle of the NRC (2001)
and contained similar nutrient concentrations (Table 1). The
concentrate ingredients were prepared and mixed weekly,
and the roughage and concentrate portions were mixed
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manually every day and offered ad-libitum as a total mixed
ration (TMR) three times per day (at 0800, 1300 and 2000
h).

Feeds offered and refusals were recorded and feed intake
calculated. Dry matter intake was estimated from feed in-
take x DM%. Cows were milked three times daily at 07:00,
15:00 and 22:00 h, and milk yield recorded individually at
each milking. Milk production was recorded during the
third week of each experimental period and used for calcu-
lation of the mean daily milk. Daily milk samples were
collected from each cow at different milking times from
day 17 to 21 of each period, preserved in specific contain-
ers, using 6 milligram potassium dichromate per mL of
milk sample, and stored at 4 °C pending analyses
(Monardes et al. 1995; Moosavy et al. 2017). At the end of
the experiment, milk samples were analyzed for fat, protein,
lactose, solids-non-fat (SNF) and total solid (TS), using
Eco-Milk Analyzer (Foss 605B Milk-Scan; Foss Electric,
Hillered, Denmark) in the Milk Testing Laboratory of Gol-
payegan Pegah Dairy Plan.

The daily yield of fat, protein, lactose, SNF and TS were
computed as the weighted means of milk yields on each
recording day and percentages of the milk composition. The
3.5 or 4% fat-corrected milk (FCM) and energy-corrected
milk (ECM) were estimated as described by (Britt et al.
2003; Erdman, 2009; Krause and Combs, 2003)

The efficiency of feed conversion was calculated for each
cow in each period by dividing the mean yield of milk and
FCM by the mean DMI over the last week of each period.

Statistical analysis

Data on chemical composition and conversion ratio of the
green fodder yield between different weeks were analyzed,
using a simple complete randomized design as:

Yij:]J. + T+ Sj + ¢

Where:

Yi: observation.

p: overall mean.

s: random effect of sampling.
T: fixet effect of treatment.
eji: residual error.

Results obtain from nutritional trial were analyzed in a
complete 4 x 4 Latin square design, using the PROC
MIXED of SAS (2002), with the model sums of squares as:

Yiju =p + Si + Py + At A(S) + T + e

Where:
Yiij: observation.
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u: overall mean.

s: random effect of the square.

P: random effect of period.

A: random effect of animal.

A(S): random effect of the animal within square.
T: fixed effect of treatment.

gjji: residual error.

For the statistical analyses, the probability of significancy
among the treatments and interaction (P<0.05) were used to
compare the means within and among treatments.

RESULTS AND DISCUSSION

Productivity of barley green fodder
During the fodder growth period, the main visible changes
were the increase in root length and thickness.

LELIEE] Ingredients and chemical composition of the experimental diets'

The green fodder yield per kg barley seed ranged from
5.52 to 5.88 kg, whereas DM yield was 0.776 to 0.813 kg
per kg of barley seed (Table 2) in a 6-d growing phase.

There were no significant differences (P>0.05) between
the growing periods (weeks) for fresh fodder yield or DM
basis yield. The crude protein (CP) content ranged from
12.51 to 12.96% DM basis and DM loss ranged from 10.89
to 13.55% of the initial seed. These results are consistent
with the previous reports (Naik et al. 2012; Fazaeli et al.
2017; Gunasekaran et al. 2019). The production conversion
ratio, per unit of planted seed, based on the amount of fresh
fodder produced was 4 to 8 times (Peer and Leeson, 1985;
Morgan et al. 1992; Fazaeli et al. 2012; Naik et al. 2014),
that affected by several factors, namely type and variety of
seed, germination rate, seedling density, lightening,
irrigation system and growing lengh (El-Deeba et al. 2009;
Adjlane et al. 2016).

Diets (% DM)

Feed ingredients

I 11 11 v

Alfalfa hay 20.00 20.00 20.00 20.00
Corn silage 18.00 14.50 11.0 7.50
Hydroponic barley green fodder (HBGF) 0.00 3.50 7.00 10.50
Barley grain 15.70 15.70 15.70 15.70
Corn grain 12.00 12.00 12.00 12.00
Wheat bran 7.50 7.50 7.50 7.50
Soybean meal 10.30 10.30 10.30 10.30
Canola meal 6.30 6.30 6.30 6.30
Whole cotton seed 4.15 4.15 4.15 4.15
Fish meal 1.50 1.50 1.50 1.50
Fat 1.50 1.50 1.50 1.50
Urea 0.23 0.23 0.23 0.23
Calcium carbonate 0.70 0.70 0.70 0.70
Di-calcium phosphate 0.12 0.12 0.12 0.12
Salt 0.40 0.40 0.40 0.40
Sodium bicarbonate 0.10 0.10 0.10 0.10
Mineral and vitamine premix’ 1.50 1.50 1.50 1.50
Chemical composition

Dry matter (%) 62.45 58.72 55.45 52.47
NE, (Mcal’kg DM) 1.71 1.72 1.73 1.74
Crude protein (%) 17.34 17.51 17.68 17.84
Rumen-degradable protein (RDP) (%) 11.80 11.90 12.11 12.24
Rumen-undegradable protein (RUP) (%) 5.54 5.55 5.57 5.60
Neutral detergent fiber (% ) 30.07 29.59 29.10 28.65
Acid detergent fiber (%) 18.26 17.78 17.30 16.80
Non-fiber carbohydrates (%) 41.10 41.50 41.80 42.20
Ca (%) 0.80 0.80 0.80 0.80
P (%) 0.50 0.50 0.50 0.50

" The net energy for lactation (NE, ) content of feed ingridients, used in ration formulation, was estimated from NRC (2001) except for the green fodder which was estimated

from the report of Fazaeli et al. (2012).

? Provided (per kg of DM): vitamin A: 500000 IU; vitamin D: 100000 IU; vitamin E: 1000 mg; P: 9000 mg; Ca: 180000 mg; Mn: 2000 mg; Na: 55000 mg; Zn: 2000 mg; Fe:

2000 mg; Cu: 280 mg; Co: 100 mg; Br: 100 mg and Se: 1 mg and Anti-oxidant: 3000 mg.

I: Contrl diet; II: diet contained 3.5% HBGF; 11I: diet contained 7% HBGF and IV: diet contained 10.5% HBGF.
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[l 57 Barley green fodder productivity, during 12 weeks of growth

Week Fresh yield DM DM yield DM CP % DM loss
(kg/kg seed) % (kg/kg seed) (kg/kg seed DM) DM basis (%)
1 5.75 14.02 0.80 0.87 12.76 13.32
2 5.82 14.23 0.80 0.87 12.75 10.95
3 5.88 14.15 0.78 0.85 12.96 10.54
4 5.82 13.83 0.78 0.87 12.68 13.45
5 5.77 13.78 0.81 0.88 12.82 14.50
6 5.74 13.69 0.81 0.88 12.57 15.50
7 5.78 13.88 0.80 0.87 12.87 13.74
8 5.83 13.93 0.80 0.87 12.65 12.68
9 5.81 14.13 0.79 0.86 12.83 11.73
10 5.52 14.27 0.78 0.85 12.51 15.30
11 5.88 14.07 0.77 0.84 12.83 11.04
12 5.73 13.83 0.79 0.86 12.94 14.79
Mean 5.78 13.98 0.81 0.87 12.76 13.13
SEM 0.19 0.362 0.01 0.01 0.204 0.971
P-value 0.975 0.237 0.37 0.38 0.887 0.306

DM: dry matter and CP: crude protein.

The means within the same column with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.

Lower amount of green forage to seed ratio was reported
by Al-Ajmi et al. (2009) and Al-Hashimi (2008) who
obtained a ratio of 2.76 to 3.0 kg green fodder per kg
planted barley seeds. The type and quality of grain, bulk
density of seeds per square meter, temperature, humidity,
frequency of irrigation, nutritious solution, slowness and
position of lights, and growing period (days allowed to
grow) are the factors affecting the green fodder productivity
(El-Deeba et al. 2009; Dung et al. 2010; Molla and Birhan,
2010; Fazaeli et al. 2012). According to Kumalasari et al.
(2017), production conversion ratio ranged 2 to 6 folds,
based on the kg fresh fodder yield per kg maize seeds in
hydroponic system. These authors reported that such
variation in productivity was found to be as a result of the
environment conditions (light, temperature, humidity and
growing period) that tested as treatments.
Nevertheless, dry matter and nutrient productivity are more
important than the fresh weight of green fodder (Fazaeli et
al. 2012).

The increase in the fresh weight of green fodder is due to
the absorption of water during germination and vegetative
phases in the hydroponic system; however, a negative
balances of DM, OM and ME were reported when green
fodder was compared with the initial grain (Morgan et al.
1992; Fazaeli et al. 2012; Tranel, 2013). Saidi and Abo
Omar (2015) reported that conversion of barley grains to
hydroponic green fodder resulted in about 18% loss in DM.
Loss of DM is due to the mobilization and utilization of
seed reserves (particularly carbohydrates), as energy
source, for metabolic process during germination and
preliminary growth (Adjlane et al. 2016).

were
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It is not possible to produce higher biomass (DM basis)
or metabolizable energy per unit of seed grains, during 6 to
8 days of the growing period, in hydroponic system
(Morgan et al. 1992).

According to Fazaeli et al. (2012), fresh weight of barley
green fodder was 4.5 times of the original seed weight after
sprouting for 6 days but it had a DM loss of about 19
percent. In another study, Fazaeli et al. (2017) reported that
fresh weight of barley and maize green fodder was 4.79 to
5.22 times with CP content of 14.29 to 16.31 percent, from
7 to 10 days growing period; however, the DM loss was
23.8 percent of the initial seeds weight. Dung et al. (2010)
reported that fresh weight of hydroponically-produced
barley green fodder increased 3.7 times of the original seed,
but the balance of DM was negative (21.9 percent) during
7-day growing period.

Such a decrease in biomass is naturally as a result of
physiological changes during the sprouting of seeds, where
the stored energy is used and dissipated throughout the
germination process and initial growing period (Cuddeford,
1989; Chavan and Kadam, 1989).

Therefore, the multiplication in fresh forage per unit of
planted seeds are not true increases in biomass production,
hence the values evidently reflect the loss of DM, OM,
digestible organic matter obtained, and compensation of
ME.

Animal performance

Feed intake

Intakes of dry matter, crude protein and energy are pre-
sented in Table 4.
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Chemical composition of maize silage and hydroponic barley green fodder (HBGF) used in the experiment

Item DM (%) OM (%) CP (%) NDF (%) ADF (%) NFC! (%) NE, (Mcallkg DM)
Corn silage 22.14 94.04 8.22 46.10 26.81 36.72 1.38

HBGF 13. 98 96.35 12.76 31.25 14.35 48.14 1.71

SEM 2.54 4.63 1.24 3.37 2.59 3.19 0.18
P-value 0.012 0.38 0.017 0.023 0.010 0.014 0.034

DM: dry matter; OM: organic matter; CP: crude protein; NDF: neutral detergent fiber; ADF: acid detergent fiber; NFC: non-fiber carbohydrates and NE,: net energy for
lactation.

The means within the same column with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.

m Influence of diets on dry matter intake, milk production, milk composition and feed efficiency
Experimental diets

Items SEM P-value
1 11 111 v
Dry matter intake (DMI) (kg/d) 23.20 22.98 22.67 22.65 0.22 0.13
Crude protein intake (kg/d) 4.04 4.02 4.01 4.06 0.02 0.63
Net energy for lactation intake (Mcal/d) 39.79 39.47 39.47 39.22 0.25 0.56
Milk yield (kg/d) 29.17 29.50 28.93 29.73 1.06 0.96
3.5% fat-corrected milk (FCM) yield (kg/d) 27.38 27.62 26.41 27.22 1.17 0.94
4% fat-corrected milk (FCM) yield (kg/d) 24.10 24.31 23.24 23.96 1.12 0.94
Energy corrected milk yield (kg/d) 26.42 26.44 25.15 25.97 1.32 0.93
Milk fat (%) 291 2.89 2.69 2.71 0.13 0.53
Milk fat yield (g/d) 828 835 778 803 67.2 0.90
Protein (%) 3.18 3.12 3.08 3.09 0.06 0.63
Milk protein yield (g/d) 932 835 892 922 48.2 0.94
Lactose (%) 4.72 4.80 4.73 4.83 0.06 0.62
Lactose yield (g/d) 1370 1413 1370 1436 61.8 0.83
Total solid (%) 10.57 10.50 10.41 10.47 0.14 0.90
Total solid (g/d) 3060 3070 3013 3110 57.43 0.97
Solid non fat (%) 8.54 8.56 8.56 8.61 0.08 0.94
Feed efficiency' 1.26 1.27 1.28 1.31 0.03 0.90
Feed efficiency’ 1.18 1.20 1.16 1.21 0.06 0.97
! kg milk/kg DMI.

kg 3.5 FCM/kg DMI.

I: Contrl diet; 1I: diet contained 3.5% hydroponic barley green fodder (HBGF); I1I: diet contained 7% HBGF and IV: diet contained 10.5% HBGF.
The means within the same column with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.

The average DMI, CP intake and NE intake were not
significantly different (P>0.05) between the treatments
when the cows received diets contained hydroponic barley
green fodder, in an amount of 7.20 and 10.80 percent
HBGEF (equal to 40 and 60 percent of the maize silage por-
tion, DM basis). These results are in accordance with most
of the previous studies, where hydroponic green fodder was
included in the ruminants diets (Marsico et al. 2009;
Fazaeli et al. 2011; Naik et al. 2014; Naik et al. 2017), but
disagree with Naik et al. (2014) and Nugroho et al. (2015)
where they included hydroponic maize fodder in the diets
of lactating cows and reported that DM intake was in-
creased by the animals receiving the diets which contained
hydroponic fodder. Such differences could be due to the
higher DM content (18.3%) of hydroponic maize fodder
than the HBGF (13.98%).

Aditionally, Naik et al. (2014) replaced maize green fod-
der with jowar straw and Nugroho et al. (2015) replaced
green fodder with napier grass which are less palatable than
the maize green fodder but, in our experiment we replaced
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corn silage (a well known palatable forage) with HBGF.

Naik et al. (2014) compared fresh hydroponic maize fod-
der (HMF) with conventional Napier bajra hybrid green
fodder (NBH) in the diet of lactating cows for 68 days and
reported that HMF intake was lower (0.59 kg DM/d) than
NBH (1.19 kg DM/d); however, total DMI was similar in
both groups.

Marsico et al. (2009) evaluated the effect of two different
levels (1.5 and 3 kg fresh weight) of hydroponic oat green
fodder in the diet of milking goat and reported that the feed
intake was reduced when green fodder was included in the
diet.

In this experiment, HBGF was compared with maize si-
lage where it was expected to obtain improvement in palat-
ability and voluntary intake, in view of the fact that starch
content of the grains degraded to simple sugars and some
enzymes were active in sprouted green fodder (Dung et al.
2010). However, it may be assumed that, very high water
content in the green fodder made it bulky, which could have
limited the DMI (Fazaeli et al. 2011; Hayati et al. 2018).
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Meanwhile, the palatability of green fodder yield in the
hydroponic sprouting system may be affected by the type
and quality of the initial grain, particularly the germination
rate, culturing conditions and management (Tudor et al.
2003; Naik et al. 2017). In addition, feeding management
and dietary components may affect the green fodder intake.
According to Naik et al. (2012), when maize green fodder
was partially substituted with concentrates and compared
with sorghum straw in the diet of lactating cows, DM intake
was similar.

The HBGF may contained higher nutrients (particularly
energy and crude protein) than that of the maize silage (Ta-
ble 3). Therefore replacement of maize silage by HBGF in
the diet could provide approximately higher concentration
of nutrients, where the lactating cows received their re-
quirements with slightly lower DM intake, compared to the
control diet. However, it may be inferred that the intake and
palatability of hydroponic green forage could be limited
when it included in the normal diets of lactating cows, in an
intensive feeding system. Fazaeli et al. (2011) reported that
DM intake was reduced when the hydroponic barley green
fodder was included in the diet (up to 22.8% DM basis) of
finishing calves. Hosainy-Abrandabadi et al. (2015) found
that DMI was reduced when HBGF was included up to
15% in the diet of finishing lambs.

In lactating cows, the total DMI is highly influenced by
the daily milk yield and milk compositions; nevertheless it
could be affected by the physical form, nutrients content
and the moisture content of diet. Felton and DeVaries
(2010) reported that DMI improved linearly when dry mat-
ter content of diet increased (from 44.1 to 50, 8 and 56.3
percent) in lactating cows. In this experiment, control diet
was higher in DM (62.45 percent) than those containing
HBGF (58.72, 55.42 and 52.47 percent respectively in diets
IL, IT and IV), that was due to the high moisture content (85
percent) of HBGF.

Milk yield and composition
Daily production of milk, 3.5% FCM or 4% FCM did not
significantly (P>0.05) differ (Table 4) between the
treatments. The similarity in milk yield could be related to
the comparable values of the experimental diets. The
nutrient levels such as NE;, CP and NDF were kept
approximately the same by including the HBGF in the diets
(Table 1), and this result implied that intake of nutrients had
the same effect relatively to milk production (Table 4).
These results are in accordance with those of Naik et al.
(2012) where they reported that milk yield did not differ
between dairy cows fed control diet or hydroponic maize
fodder diet, in which 2kg of concentrate was replaced by 20
kg hydroponic maize fresh fodder. Additionally, Marsico et
al. (2009) found that milk yield and compositions were not
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different, when the hydroponic barley fodder was included
in the diet of lactating goats. Chinnman (2015) also
reported that milk yield was not affected in lactating
buffaloes upon feeding hydroponic maize fodder or control
diet. In contrast, Naik et al. (2017) found a higher milk
production in the cows offered hydroponic maize fodder
than those fed control diet. They concluded that such result
was due to the higher digestibility and more energetic value
of the diet contained hydroponic fodder compared to the
control. Adjlane et al. (2016) also reported that daily milk
production was increased (16.14 vs. 13.49 kg) but fat and
protein percentages were decreased when they replaced oat
hay by hydroponic barley fodder in the diet of dairy cows.
In our experiment, all diets (Table 1) contained similar feed
ingredients, except for the corn silage that was partially
replaced with the HBGF. This substitution did not
extremely change the nutrients concentration in the diets;
however, net energy for lactation (NE;), CP, Rumen-
degradable protein (RDP) and undegradable protein (UDP)
were roughly increased, but NDF and ADF were decreased
when the HBGF was included in the diets. This may be
explanation for the similarity of milk yield regardless of the
slight lower DM intake in the diets III and IV. This finding
agrees with the results of Naik et al. (2012) and Nugroho et
al. (2015) where they studied the effects of hydroponic
maize green fodder in the diet of lactating cows. In a study
on lactating sheep, including of hydroponically growth
barley green fodder in the diet, milk yield was not
significantly different between the experimental and control
diet.

Milk compositions (fat, protein, lactose, SNF and TS)
were not affected (P>0.05; Table 4) by the treatments.
Similarities in milk composition may be accordance to the
correspondence in ruminal fluid pH and fermentation
characteristics as explained by (Mutsvangwa et al. 2015;
Naik et al. 2017).

However, the milk fat percentage was relatively low in
all treatments in our experiment. It could be related to the
roughage portion of the diets (38% of the total DM).
However, our results are in accordance with the other
authors where they fed lactating cows with low roughage
portion diets (Krause and Combs, 2003; Khorvash et al.
2012).

Similarity of milk protein, between the treatments, shows
that replacing of corn silage by HBGF did not affect the
supplying postruminal microbial protein, as demonstrated
by Mutsvangwa et al. (2015). According to Naik et al.
(2017), inclusion of hydroponic maize fodder in the diet of
lactating cows resulted a comparable milk composition (fat,
protein, and lactose) when compared with control diet.

Saidi and Abo Omar (2015) included hydroponic barley
fodder in the diet of lactating sheep and reported that milk
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yield and composition were not different between the
control and experimental diets. Comparable results were
reported by Hayati et al. (2018), where they replaced
different percent of barley grain by hydroponic barley
fodder in the diet of lactating goats.

In this study, replacement of different portion of maize
silage with HBGF in the diet, did not affect the feed
efficiency (Table 4), since there were no significant
differences between DMI or milk yield when the cows
received the control or the experimental diets. These results
are agree with those of Naik et al. (2012) that reported a
similar feed efficiency when fed lactating cows with control
diet or diet contained hydroponic fresh fodder. Average
body weight of the cows ranged 618.1 to 621.9 kg (Figure
1) throughout the experiment. Inclusion of HBGF in the
diets, did not affect the body weight and body weight
changes of the lactating cows compared with those fed
control diet. These results agree with those reported by De
Souza et al. (2019) where they studied DMI by Holstein
dairy cows based on milk energy, body weight and body
weight changes.

The initial body weight of the cows, used in this
experiment, was 615439 kg at the start of the experiment
but the final weight was 631+43 kg at the end of the
experiment where the cows showed a slight trend of body
weight gain (P<0.01), during the last two periods of the
experiment (Figure 2) that is normal for the lactating cows
throughout the mid lactation.

The cows were 8312 days in milk at the start of the
experiment, whereas they were 167+12 days in milk at the
end of the experiment. Therefore, increasing trend of body
weight is normal in lactating cows from 5™ month of
lactation period.

Similar trends were observed by Vance et al. (2012)
where they studied milk production and body weight
changes of Holstein-Friesian and Jersey x Holstein-Friesian
dairy cows within a medium-input grazing system and a
high-input total confinement system.

Furthermore, our results are in agreement with the
findings of Nielsen et al. (2003), who studied the body
weight changes of Holstein cows during transition and
lactation periods.
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Regarding the economic aspect, it was considered that
hydroponic fodder production was more costly comparing
to corn silage due to labour cost, for daily operations such
as preparing seeds and planting, controlling the growing
conditions, collecting and preparing the fodder for feeding,
water and electricity requirements, beside the initial
investment. The barley grain used in this system was seed
grade whith acceptable germination that costs 1.25 times
than the feed grade. However, the final price of HPBG was
1.76 times than the corn silage (DM basis) whereas no
advantages were found in dairy cows performance when
corn silage replaced with HPBG, but, increase the feed cost.
Similar results reported by authors that included hydroponic
green fodder in the diet of ruminants (Fazaeli et al. 2011;
Hayati et al. 2018). According to Bakshi et al. (2017) initial
investment on hydroponic systems and high labour and
energy costs in maintaining the desired environment in the
system adds substantially to the net cost of hydroponic
fodder production.

55

Therefore negative balance of biomass recovery and the
extra cost for converting barley grain to green fodder in
hydroponic system for ruminant nutrition is not economic.

CONCLUSION

In this experiment, barley green fodder was produced in a
hydroponic chamber for 12 weeks operation and daily har-
vested green forage included in the diet of lactating cows.
The cows were fed with four diets varying in corn silage or
hydroponic barley green fodder content, in four periods of 3
week, throughout 12 weeks whole experiment. Milk yield,
fat corrected milk, milk composition, feed intake and feed
efficiency were similar between the treatments. These find-
ing indicated that barley green fodder produced by hydro-
ponic system could be comparable with the corn silage
when it is used up to 60% of maize silage portion in the
diet. Even though, the biomass efficiency of green fodder
yield (based on DM obtained per kg of barley grain), was
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negative due to dry matter loss, during germination and
short term growth. In addition, daily operation of hydro-
ponic fodder production including cleaning and soaking
seeds, draining and distribution of soaked seeds in trays,
controlling the growing chamber, harvesting the fodder and
preparing for feeding along with electricity and other cost
are factors that limit this system of fodder production.
Therefore converting of barley grain, as an energetic con-
centrate feed, to green fodder resulted in lower biomass and
energy recovery with increasing the cost of nutrients.
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