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Abstract

This study explores the potential of hydroponic barley as an
innovative feed strategy to address shortages in intensive livestock
production, with a focus on small-scale landless farms. Twelve
three-parous Normande cows, averaging 717 + 34 kg, were allocated
into two homogeneous groups based on body weight, calving date,
and previous lactation performance. Both groups received identical
total mixed rations (TMR), while the experimental group was
supplemented with 10 kg of hydroponic barley per cow per day.
Over the lactation period, cows in the experimental group exhibited
higher daily dry matter intake (20.62 + 1.21 vs. 19.13 + 1.14 kg.d")
and milk production (22.17 vs. 18.91 kg.d"), resulting in a 17.25
% increase in total lactation yield (6,760.80 vs. 5,765.68 kg). Feed
efficiency improved by 9.09 %, and milk composition analysis
revealed elevated fat (40.13-42.49 gkg') and protein (32.21—
34.87 g.kg') concentrations. Daily fat and protein yields were also
significantly higher in the experimental group (942 and 758.06
g.d', respectively) compared to the control (777.76 and 609.09
g.d"). No significant differences were observed in body weight or
body condition score between groups. These results suggest that
hydroponic barley supplementation can enhance both milk yield and
quality by improving nutrient intake and digestibility. However, to
fully understand the mechanisms underlying these benefits, further
investigations are needed to assess its effects on rumen metabolism
and gut microbiota. Overall, this study highlighted the practical
potential of hydroponic barley as a sustainable, high-value feed
supplement in modern dairy systems.
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Resumen

Este estudio explora el potencial de la cebada hidroponica como
una estrategia innovadora de alimentacion para abordar la escasez
en la produccion ganadera intensiva, con especial atencion a las
pequenas explotaciones agricolas sin tierra. Doce vacas Normandas
de tres partos, con un peso promedio de 717 £ 34 kg, se asignaron
a dos grupos homogéneos seglin su peso corporal, fecha de parto y
rendimiento de lactacion previa. Ambos grupos recibieron raciones
totales mixtas (TMR) idénticas, mientras que el grupo experimental
se complement6 con 10 kg de cebada hidropénica por vaca al dia.
Durante la lactacion, las vacas del grupo experimental mostraron un
mayor consumo diario de materia seca (20,62 + 1,21 frente a 19,13
+ 1,14 kg.dia') y mayor produccion de leche (22,17 frente a 18,91
kg.dia!), lo que resultod en un aumento del 17,25 % en el rendimiento
total de la lactacion (6760,80 frente a 5765,68 kg). La eficiencia
alimenticia mejor6é en un 9,09 %, y el analisis de la composicion
de la leche reveld concentraciones elevadas de grasa (40,13-42,49
gkg!) y proteina (32,21-34,87 g.kg'). Los rendimientos diarios
de grasa y proteina también fueron significativamente mayores
en el grupo experimental (942 y 758,06 g.d"!, respectivamente) en
comparacion con el control (777,76 y 609,09 g.d™"). No se observaron
diferencias significativas en el peso corporal ni en la puntuacion de
la condicion corporal entre los grupos. Estos resultados sugieren
que la suplementacion con cebada hidroponica puede mejorar tanto
la produccion como la calidad de la leche al mejorar la ingesta
de nutrientes y la digestibilidad. Sin embargo, para comprender
completamente los mecanismos subyacentes a estos beneficios,
se necesitan mas investigaciones para evaluar sus efectos sobre el
metabolismo ruminal y la microbiota intestinal. En general, este
estudio destaca el potencial practico de la cebada hidropdnica como
un suplemento alimenticio sostenible y de alto valor en los sistemas
lecheros modernos.

Palabras clave: cebada, vaca lechera, alimentacion, produccion de
leche.

Resumo

Este estudio explora el potencial de la cebada hidroponica como
una estrategia innovadora de alimentacion para abordar la escasez
en la produccién ganadera intensiva, con especial atencion a las
pequetias explotaciones agricolas sin tierra. Doce vacas Normandas
de tres partos, con un peso promedio de 717 £+ 34 kg, se asignaron
a dos grupos homogéneos seglin su peso corporal, fecha de parto y
rendimiento de lactacion previa. Ambos grupos recibieron raciones
totales mixtas (TMR) idénticas, mientras que el grupo experimental
se complementd con 10 kg de cebada hidroponica por vaca al dia.
Durante la lactacion, las vacas del grupo experimental mostraron un
mayor consumo diario de materia seca (20,62 + 1,21 frente a 19,13
+ 1,14 kg.dia') y mayor produccion de leche (22,17 frente a 18,91
kg.diat), lo que resultd en un aumento del 17,25 % en el rendimiento
total de la lactacion (6760,80 frente a 5765,68 kg). La eficiencia
alimenticia mejord en un 9,09 %, y el analisis de la composicion
de la leche reveld concentraciones elevadas de grasa (40,13-42,49
gkg!) y proteina (32,21-34,87 g.kg'). Los rendimientos diarios
de grasa y proteina también fueron significativamente mayores
en el grupo experimental (942 y 758,06 g.d!, respectivamente) en
comparacion con el control (777,76 y 609,09 g.d™"). No se observaron
diferencias significativas en el peso corporal ni en la puntuacion de

la condicioén corporal entre los grupos. Estos resultados sugieren
que la suplementacion con cebada hidroponica puede mejorar tanto
la produccién como la calidad de la leche al mejorar la ingesta
de nutrientes y la digestibilidad. Sin embargo, para comprender
completamente los mecanismos subyacentes a estos beneficios,
se necesitan mas investigaciones para evaluar sus efectos sobre el
metabolismo ruminal y la microbiota intestinal. En general, este
estudio destaca el potencial practico de la cebada hidropdnica como
un suplemento alimenticio sostenible y de alto valor en los sistemas
lecheros modernos.

Palavras-chave: cevada, vaca leiteira, alimentacdo, produgdo de
leite.

Introduction

The shortage of traditional fodder in Algeria poses a significant
challenge to the development of dairy cattle farming (Bir et al., 2015).
A comparison of fodder requirements and availability in Algeria
reveals a substantial deficit that exceeds 50 % of national needs.
This gap has further widened due to the increasing numbers of all
animal species, leading to the accelerated degradation of rangelands
and the decline in the floristic composition of meadows, resulting in
decreased production (Bouzida et al., 2010). As a result, breeders
are compelled to seek alternative solutions to supplement the rations
provided to their animals to some extent (Bir et al., 2015).

Because highly productive species may be cultivated in artificial
conditions, hydroponic fodder production may be an alternative to
conventional fodder production in this specific situation. In addition
to improving the nutritional value of the food rations that were
delivered, this would enable the reduction of this shortfall.

Hydroponic barley is a type of fresh fodder that can be grown
in special chambers under ideal conditions of light, humidity, and
temperature for a brief period of time. The result is incredibly tasty
and palatable sprouts that were 15-20 cm tall and can be supplied
year-round, regardless of climate or land (Farghaly et al., 2019; Ali
et al., 2019).Thus, by producing year-round green fodder with high
nutritional content, hydroponic fodder production has the potential
to boost milk yield and quality on farms in addition to addressing
the main issues with traditional fodder crops (Nemzer et al., 2019,
Niroula et al., 2019, Ma et al., 2023, Pastorelli et al., 2023). The
nutritional advantages of hydroponic barley in ruminant diets,
particularly dairy cattle, have also been shown in a number of studies
(Mohsen et al., 2015, Abouelezz et al., 2019, Pastorelli et al., 2023,
Wu et al., 2024, Masucci et al., 2024). But rather than adding barley
to the rations that were given out, the authors of these tests utilised it
to replace concentrates.

This study evaluated the use of hydroponic barley as a supplement
on milk production and physicochemical characteristics, as well as
its effect on consumption, production yield, milk quality and body
condition in Normande cows.

Materials and methods

The experiment was conducted in accordance with local legislation
and the Animal Care of the Al Anfal cooperative (Accreditation
Number of 19/03/11 of October 25th, 2022). The study was carried
out at the experimental farm of the El Anfel multipurpose agricultural
cooperative, situated in the southern part of the wilaya of Sétif in
northeastern Algeria (35.58.50N and 5.32.50E), served as the study’s

This scientific publication in digital format is a continuation of the Printed Review: Legal Deposit pp 196802ZU42, ISSN 0378-7818.



3-6 |

site. The climate of this area is semi-arid, with less than 250 mm of
precipitation falling there each year.

A 120 m? semi-automated production facility at the farm level
was used to grow the hydroponic barley green fodder. Electronic
units in a nearby room controlled an LED lighting system (24 W),
an air conditioner (temperature 19-22 °C, relative humidity 65-70
%), and an irrigation system that used bleach-enriched water (sodium
hypochlorite 0.3 mg.L") to stop the growth of mould. Throughout the
eight-day production cycle, the developing fodder received 3-minute
misting with a frequency of 8 irrigations per day and continuous
lighting. Daily harvests of the hydroponic barley fodder were made
to feed the animals directly after harvest. Analyses of the chemical
composition of harvested hydroponic barley fodder were carried out
(Table 1) according to AOAC (1995). To calculate the nutritional
value, the equations used are those of the INRA (2010).

Table 1. Hydroponic barley’s chemical composition and

nutritional value at 8 days after germination.

Chemical composition (%)

DM 14.13£0.31
MM (% of DM) 3.7£0.2
OM (% of DM) 943+2.6
CF (% of DM) 17.32+0.42
CP (% of DM) 14.59 £ 0.27
Nutritional value /kg of DM

UFL 0.93+£0.14
PDI (g) 99.0+4.0

DM: Dry matter, MM: Mineral matter, OM: Organic matter, CF: Crude fibre, CP: Crude
protein, UFL: Milk feed unit, PDI: Digestible proteins in the intestine

Lactating Normande cows’ output performance was assessed.
Based on their body weight, calving date, and productivity level from
their previous lactation (18.86 + 2.38 kg.h''.d™"), twelve three-parous
cows with an average body weight of 717 + 34 kg at the start of the
experiment were split into two homogenous groups, 3.59 £ 0.48 was
the average body condition score (BCS) according to Vasseur et al.
(2013) method.

A single lactation (305 days) was used for the experiment, and
both feedlots breeding conditions were the same. The cows were
kept in a free-stall barn with semi-automated feed gates and straw
bedding. Every cow had unrestricted access to water to drink. There
was natural daylight and ventilation. The identical diet, a total mixed
ration (TMR), was given to the control and experimental feedlots.
The quantities distributed take into account the ingestion capacity
of each cow. On average, the quantities distributed per meal are 6
kg of TMR. Nevertheless, a hydroponic barley supplement was
given to the experimental feedlot at a rate of 10 kg.cow'.d"'. All
of the cows were fed the identical diet during the first five weeks
of lactation in order to check and confirm the homogeneity of the
milk production performances of the two batches. Refusals were
eliminated and weighed every day. According to INRA’s nutritional
recommendations, to ensure a cow is well-fed, a minimum of 5 %
feed rejection is required.

The experimental batch of cows’ diet was gradually supplemented
with hydroponic barley fodder starting in the sixth week (a transition
time of 15 days) in order to better understand the direct impact of
hydroponic barley on production performances. Data collection began
as soon as the cows gave birth. The total mixed ration was formulated
and balanced using the INRA equations (2010), while respecting the
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recommended nutritional recommendations. The ingredients and
nutritional contributions of the TMR were mentioned in Table 2.

Rations were delivered four times a day (07:00, 11:00, 14:00,
18:00), and cows were milked twice a day (at 4:00 and 16:00) in a
four-station automated room in compliance with the farm routine. The
hydroponic barley feed for the experimental group was consistently
distributed at 11:00.

Table 2. Components, chemical composition and nutritional
values of Total Mixed Ration (TMR) distributed to

COWS.
Components % of DM gllllte;l;;iigzgf(:]r;ﬁgsition and
Corn 34 DM (%) 87.45+1.18
Barley 8 CF (%) 17.43 £0.76
Wheat bran 7 CP (%) 16.18 £ 0.34
Soybean meal 15 NDF (%) 34.27+1.08
Alfalfa hay 12 ADF (%) 26.08 = 0.94
Wheat straw 17 Starch (%) 24.13+0.93
Molasses 4 UFL 0.91
Caleium 0.5 PDI (g) 92221
Salt 0.3

DM: Dry matter, CF: Crude fibre, CP: Crude protein, NDF: Neutral detergent fibre, ADF: Acid
detergent fibre, UFL: Milk feed unit, PDI: Digestible proteins in the intestine.

Daily dry matter intake was calculated by subtracting refusals
from the quantities distributed for the TMR. The body weight of the
cows was measured at the end of each month.

The milk yield (average daily production (kg.d!) were evaluated
every week. Maximum milk production (MPMax) was determined
by identifying the highest daily lactation production. The cumulative
milk production data gathered over the lactation period was used
to compute milk production at 305 days (MP305). Once per week,
as soon as the cows were milked in the morning and evening, milk
samples were taken for physicochemical studies. Each sample
underwent three simultaneous analyses, and the outcomes were
averaged. A spectrometric milk analyser (LACTOSCAN, Alpes
Industries Services74800) was used to evaluate milk samples. The
concentrations of pH, specific gravity, lactose, fat, protein, total solids,
and nonfat dry matter were all measured. The formula of Palmquist
and Conrad (1978) was used to determine milk yield corrected to 4 %
fat (FCM): Y=0.4X +15X, where Y: milk at 4 % FCM, X : milk yield
(kg.d") and X,: milk fat yield (kg.d™).

The 4 % milk yield (FCM kg.d") was divided by the total dry
matter intake (TDMI kg.d™") to determine feed efficiency (FE). For the
control batch, TMR, for the experimental batch TMR + Hydroponic
barley.

A set of statistical analysis was conducted. Initially, descriptive
measures were calculated. After testing for normality, inter-group
value means were compared using Student’s tests and Welsh
correction according to the situation of equality of variance for the
two experimental conditions. The data analysed pertain to the means
obtained in the all of experiment. The level of significance was set
at p< 0.05, all statistics analysis were performed using SPSS 18.

Results and discussion
Diets and nutritional intakes Both rations in this study showed a

protein to energy supply ratio (PDI.UFL') >100, which is consistent
with INRA’s (2010) nutritional recommendations, they were well

This scientific publication in digital format is a continuation of the Printed Review: Legal Deposit pp 196802ZU42, ISSN 0378-7818.



4-6 | Rev. Fac. Agron. (LUZ). 2026, 43(2): 264319 April-June ISSN 2477-9409.

balanced. Additionally, it was consistent with the same guidelines for
the average amount of DM consumed by each cow. During lactation,
the control and experimental feedlots’ average total DM intakes
were 19.13 + 1.14 and 20.62 + 1.21 kg.d!, respectively, showing a
difference (P<0.05). Cattle fed hydroponically grown barley showed
an increase in total DM consumption of about 1.49 kg.d', ora 7 %
increase rate (Table 3).

Table 3. Dry matter ingested and nutritional contributions of the
two rations.

. PDI (g).
Rations DM (kg) UFL PDI (g) UFLA

Control 19.13*+ 1.14 17.36" £ 1.03 1764.91* +105.12 101.66°

Experimental 20.62b+1.21 18.75+1.10 1,911.94>+ 112.14 101.97*
p-value 0.049 0.045 0.038 0.893

=®Values with common letters are not significantly different at the 5 % threshold. DM: Dry
matter, UFL: Milk feed unit. PDI: Digestible proteins in the intestine.

The excellent palatability of this forage was most likely the cause
of this. For these kinds of feed, several authors have noted the same
thing (Romero Valdez et al., 2009, Garcia et al., 2013, Masucci et al.,
2024). Wu et al. (2024) state that by incorporating hydroponic barley
into rations, increased palatability and voluntary consumption can be
expected due to the conversion of cereal starch into simple sugars and
the activation of certain enzymes in the shoots.

Milk production

Table 4 displays the average milk production performance data. For
the two control and experimental groups, the cows’ daily production
at the start of lactation was 16.34 and 15.91 kg, respectively. During
the first five weeks of lactation, the average output levels achieved
equivalent levels 0f 22.74 and 22.62 kg.d™!' (p>0.05). The two lactation
curves show the same tendencies when they are stacked (Figure 1).

Table 4. Effect of hydroponic barley on milk production
performance and feed efficiency of lactating cows.

Control Experimental p-value
Milk production
nd H

2" day of lactation 1634°£2.27 15.91°£2.32 0.051
(kg.d")
Average at 5 weeks 22,744 +2.52 22.624+2.68 0.058
(kg.d™)
Lactation peak 25.85'+2.59 29.10°+3.14 0.006
(kg.d™)
Overall average 18.91° +2.28 22.175+2.83 0.001
(kg.d™)
Milk adjusted to 4 % a b
fat (kg.d ) 18.94°+2.29 22.990+2.92 0.001
Total production of b
305 days of lactation  5,767.55" + 695.4 6,761.85+ 0.001

863.15
(kg)
Feed efficiency 0.99*+0.12 1.16"+0.14 0.001

“bValues with common letters are not significantly different at the 5 % threshold.

Given the consistency of the cows’ production performances over
the two batches, A gradual improvement in the experimental batch’s
milk output was noted as hydroponic barley was added. Production
peaks for the two batches were 25.85 and 29.10 kg.d™!, respectively

(p<0.01). The production level of the cows in the experimental batch
increased further until it peaked around the ninth week of lactation,
whereas the control batch hit its lactation peak early in the seventh
week (Figure 1).

35,00

30,00

10.00

123 456 78 910111213 14151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

——Control  ——Experimental I —

Figure 1. Average milk yield of cows from both feedlots over time
(kg.d).

The average daily milk production performances for each lactation
were 18.91 and 22.17 kg.d!, respectively (p<0.001), meaning that
there was a 17.24 % production difference. Over the course of
lactation, the experimental batch produced 6761.85kg, while the
control batch produced 5,767.55 kg (p<0.001). The improvement in
milk production would have been unquestionably supported by the
consumption of total DM, the greater nutritional intakes noted, and
the addition of hydroponic barley.

Our findings, which showed a 17.24 % improvement, were
comparable to those of Kaouche et al. (2016). According to Wu
et al. (2024), Salo (2019), and Romero-Valdez et al. (2009) who
supplemented the cows with hydroponic barley, milk output have
increased by 7.9, 10.07, and 20 %, respectively. From this, Masucci et
al. (2024) who replaced corn silage with hydroponic barley, the milk
production of cows improved by 7.5 %. Even though the trial batch’s
milk output was relatively good, it was still less than the breed’s
genetic potential of 8,626 kg (OS Race normande, 2012).

However, the results we obtained were comparatively better than
the production results of traditional dairy cattle farms in Algeria. In
fact, Bir et al. (2015) reported 4,054 kg at the level of dairy farms
in the Sétif region. Bouzida et al. (2010) reported (4,074 kg) in Tizi
Ouzou region.

Feed efficiency

The experimental batch ration’s feed efficiency was further
increased by the use of hydroponic barley in this study (Table 4).
From 0.99 for the control feedlot to 1.16 for the experimental feedlot
(p<0.001), the latter rose by 17 %. Wu et al. (2024) also showed an
improvement in feed efficiency of roughly 5 %. This study complies
with Linn (2006) requirement that a ration’s feed efficiency during
lactation be better than 1. A contained increase in the availability of
proteins, carbohydrates, minerals, and vitamis is frequently the result
of the soaking process and germination (Abouelezz et al., 2019).

Additionally, an increase in the total concentration of volatile
fatty acids (VFA) and propionate at the ruminal level thanks to
fermentation from the hydroponic barley diet is observed (Farghaly
et al., 2019), which would have likely contributed to the increase in
feed efficiency of the ration supplemented with hydroponic barley.
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Physicochemical composition of milk

The experimental batch milk had higher average fat and protein
concentrations during lactation than the control one’s (Table 5). For
fat, they were 42.49 and 40.13 g.kg', while for protein, they were
34.87 and 32.21 g.kg'. As a result, the average daily outputs of fat
and protein for milk from cows in the experimental feedlot improved
significantly (p< 0.001). These were 778 and 609 g.d!' for the control
feedlot and 942 and 758 g.d! for the experimental feedlot. This
improvement is most likely related to the combined impacts of adding
hydroponic barley and increasing dry matter intake, which suggests
that the cows in the experimental batch were receiving more and
better nutrition. However, there was no difference between the two
diets’ lactose contents (p>0.05). Its low variability in cow’s milk may
help to explain this (Costa et al., 2019).

Table 5. Effect of hydroponic barley on physicochemical

composition.

Control Experimental p value
pH 6.64*+0.12 6.68*+0.14 0.245
Fat (g.kg") 40.10* £ 1.96 42.49° +2.37 0.047
Protein (g.kg") 32.21*+0.91 34.87°+1.08 0.013
Fat (g.d") 758.85" £ 80.13 942.00¢+ 103.07 0.001
Protein (kg.d') 609.09* £29.31 773.06¢+ 37.65 0.001
Density 1,030.08* + 0.73 1,031.12*+ 0.91 0.343
Fat-free solids (g.d™") 89.69" + 4.09 89.16" £ 4.32 0.198
Solids (g.d) 129.19*+ 6.13 133.32 £ 5.07 0.096
Lactose (g.kg™") 47.20*+0.33 46.60* £ 0.22 0.294

%®Values with common letters are not significantly different at the 5 % threshold.

According to Farghaly et al. (2019), hydroponic barley raised
the concentration of propionate and total volatile fatty acids in the
rumen. They hypothesised that this might be because there were more
vitamins and enzymes available, which function as bioactive catalysts
to enhance energy release and promote feed metabolism, improving
feed utilisation at the rumen level and ultimately improving milk
yield and quality.

Overall, and particularly for the experimental batch cows, the
results were comparable to the Normande breed standards (43 g.kg™!
for fat and 36 g.kg'! for protein). Additionally, they concur with the
findings of Wu et al. (2024) and Kaouche et al. (2016), who showed
how adding hydroponic barley improved the quality of cow’s milk,
especially its fat content. Other than increasing the protein content,
hydroponic barley has no discernible effects, according to a study by
Faccusi et al. (2024). Nonetheless, Yoon et al. (2004), Farghaly et al.
(2019), and Barros et al. (2017) documented a linear decline in the
proportion of protein and fat in cows with extremely high production
potential in their scholarly publications. They would attribute this
decline to the inverse relationship between yield and quality.

Live weight and body condition of cows

Live weight (LW) and body condition score (BCS) did not
significantly differ between the two groups at the beginning or end of
the trial (p>0.05). The control and experimental groups had average
live weights at the start of lactation and at the end of lactation,
respectively (Table 6). The two groups’ respective averages for
the body condition score were 3.62 + 0.41 and 3.56 £+ 0.34 at the
beginning of lactation and 3.53 + 0.27 and 3.42 + 0.52 at the end. The
Normandy breed standard, which calls for an average live weight of
800 kg, was somewhat higher than these results.

Bir et al. Rev. Fac. Agron. (LUZ). 2026, 43(2): 264319
Table 6. Body weight and body condition of dairy cows.

Feedlot Control Experimental p value
Live weight (kg):

Lactation start 723.00* + 39 711.00% + 29 0.367
Lactation end 710.00* + 41 691.00* + 27 0.171
Difference -13.00° -20.00° 0.221
BCS (1 to 5):

Lactation start 3.62* +0.41 3.56.00 + 0.34 0.568
Lactation end 3.53*+0.27 3.42.00*+ 0.52 0.348
Difference -0.09* -0.14* 0.267

“"Values with common letters are not significantly different at the 5 % threshold.
Conclusion

According to our findings, adding this forage as a supplement
greatly increased the metrics measuring dry matter intake, nutritional
intake, milk output, feed efficiency, and milk quality.

This study demonstrates that incorporating hydroponically grown
barley into the diets of lactating dairy cows can significantly enhance
feed intake, milk production, feed efficiency, and milk quality without
negatively affecting body weight.

The experimental batch consuming hydroponic barley showed a
notable increase in dry matter intake, improved milk yield by 17.24
%, and higher fat and protein concentrations in milk compared
to the control group. These improvements are likely due to the
enhanced palatability, nutrient availability, and ruminal fermentation
associated with hydroponic barley. While overall milk production
remained below the breed’s genetic potential, the gains observed
were substantial relative to traditional dairy practices in Algeria,
suggesting that hydroponic barley is a promising dietary strategy to
improve dairy cow performance and milk composition sustainably.
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