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Abstract: Alfalfa is an important source of inexpensive forage for poultry
that has high nutritional and digestive value. Alfalfa can be dried to produce
hay, although the drying method can affect the quality of the hay as forage.
In this study we examined how drying methods affect the physical quality
and chemical composition of hay produced from alfalfa (Medicago sativa
L.). Harvested alfalfa plants were dried by direct sun exposure (P1), under a
tarp in a greenhouse (P2), or in an oven at 55°C (P3). The physical and
chemical characteristics of the hays were analyzed and differences among
the three treatment groups were analyzed with ANOVA followed by
Duncan's New Multiple Range Test (DMRT). Samples dried under direct
sunlight (P1) had reduced crude fat content and increased crude fiber
content compared to the other treatments. However, the physical and
chemical characteristics of hay produced by all three treatments were
within recommended ranges for quality forage. Furthermore, the heat
associated with oven-drying did not affect the amino acid content of the
resulting hay. Taken together, hay can be rapidly produced by oven-drying
to produce an economical alternative source of protein that is comparable to

Introduction

The availability of adequate amounts of good quality
feed is critical for successful animal husbandry at both
small and large scales. Forage is an affordable feed
source and legume forage in particular is a cheaper
source of protein than most cereals. Alfalfa (Medicago
sativa L.) is a type of Leguminosae that is highly nutritional
and has a high protein content (Suwignyo et al., 2016;
Taghizadeh, et al., 2008). Moreover, alfalfa can grow
and produce fertile seeds in tropical regions such as
Indonesia (Suwignyo et al., 2017).

Medicago sativa is a leguminous plant that has been
grown for a variety of purposes such as medicinal uses, a
suitable foliage and animal feed (Ehsanpour and
Razavizadeh, 2005). Alfalfa is used across the world as
an important source of inexpensive forage that has both
high nutritional and digestive value. Based on these
characteristics, alfalfa is often referred to as the “Queen
of Forage Crops” (Small, 2011). Compared to other
types of Leguminosae, alfalfa has distinct advantages
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including a comprehensive range of macro- and
micronutrients, as well as vitamins and amino acids
(Sajimin, 2011). Alfalfa also has high digestibility and
dry and organic matter content.

The protein content of alfalfa dry matter can range
from 18% to 25% (Orloff and Carlson, 1997). The
chlorophyll content in alfalfa plants is four-fold higher
than that for similar legume plants. Meanwhile, the
digestibility as measured in vitro does not vary
significantly among alfalfa varieties (Suwignyo et al.,
2014). Alfalfa has potential as feedstuff, either for
ruminants or non ruminants animal.

To facilitate long-term storage, alfalfa must be dried
into hay having a moisture content < 15%. Hay
production can be achieved through natural and
artificial drying. Natural drying can be done using
sunlight, either directly or indirectly with aeration.
Alfalfa can also be artificially dried using a drying
apparatus, such as an oven heated to 55°C (Utomo,
2015). Hay quality is determined based on the
nutritional content, color, lack of mold and uniformity
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of plants. Physical and chemical characteristics are also
used to assess hay quality.

Drying can alter both the physical and chemical
composition of alfalfa. As such, determination of the
effects of drying methods on these characteristics is
important in order to ensure production of quality
alfalfa hay forage.

Materials and Methods

The study was conducted between June 2018 and
November 2018. Planting was done in a field used for
forage collection at the Faculty of Animal Science,
Universitas Gadjah Mada (UGM). The land was
prepared for two weeks in advance of planting. The
plants were maintained for two months in the field
before harvest and analytical studies of plant samples.
Chemical composition analysis of dry weight, ash weight,
crude fiber and crude fat was performed at the Animal
Forage and Pasture Science Laboratory and crude protein
analysis was carried out at the Biochemistry Laboratory,
Faculty of Animal Science UGM.

Alfalfa plants (Medicago sativa L.) were harvested at
21 days at the tenth regrowth stage and weighed on a
scale having a 10 kg capacity and a sensitivity of 0.1 kg.
The alfalfa was then dried using the indicated method
(see below). Samples of uniform weight were prepared
by weighing on an electric scale having a sensitivity of
0.0001 g. Proximate analysis testing was carried out
using chemicals for proximate analysis according to
AOAC (2005).

Alfalfa plants were harvested 21 days after the
previous cutting (early flowering period) at the base of
the plant stem, about 5 cm above the ground.

Three treatments were used to produce hay: P1:
Drying under direct sunlight; P2: Drying under a tarp
in a greenhouse without direct sunlight exposure; and
P3: Drying in an oven at 55°C. After harvest, 50 g
samples were prepared in 3 replications. Stable
weights were obtained after 17, 21 and 7 days for P1,
P2 and P3, respectively.

Physical quality of the hay was assessed by observing
the hay color, the presence or absence of mold and
drying time. Chemical quality was measured by
chemical composition analysis. Hay samples were
chopped and ground using a Wiley mill with 1 mm filter
porosity before Dry Matter (DM), Organic Matter (OM),
Crude Protein (CP), Crude Fiber (CF) and Ether Extract

Table 1: Physical characteristics of alfalfa hay (Medicago sativa L.)

(EE) content were measured (AOAC, 2005). Proximate
analysis results were used to calculate the amount of
Nitrogen Free Extract (NFE) and Total Digestible
Nutrients (TDN) (Harris et al., 1972).

Data for temperature, color and time of hay
production are presented descriptively and the data for
the chemical composition of the hay were subjected to
analysis of variance (One Way ANOVA) based on a
completely randomized design. Differences among
treatments were assessed with Duncan’s New Multiple
Range Test (DMRT) (Duncan, 1955). Data for the amino
acid content of the different treatments are presented as
the mass present in samples.

Results and Discussion
Physical Characteristics of Hay

The quality of hay from alfalfa (Medicago sativa L.)
was assessed by physical and chemical analysis (Table
1). Color, odor, presence of mold and time to reach
dryness were assessed for physical qualities. Chemical
quality was determined by measuring content of
nutrients (Rusdy, 2017).

The three treatments produced hay of different colors
that were likely due to exposure to different
temperatures. P3 retained a greener color than did P1 and
P2 and none of the treatments had mold. These results
indicate that oven-drying produced better quality hay,
which is consistent with previous findings that good
quality hay has a bright green color (Utomo, 2015) that
is similar to the color of the plant prior to drying. Quality
hays also lack dirt and mold (Utomo, 2015).

The time needed to produce hay varied among the
treatments due to weather influences. This result aligns
with the theory of Rusdy (2017) wherein factors that
affect the duration of hay processing in the field included
sunlight, relative humidity, groundwater content and
wind speed. Here, the drying time of hay using an oven
at 55°C (P3) tended to be shorter than that for P1 and P2.

Chemical Composition of Hay

Next, proximate analysis results for the different
treatments were obtained from chemical tests to
determine the nutrient content of raw feed material or
feed, namely Dry Matter (DM), Organic Matter (OM),
Crude Protein (CP), Crude Fiber (CF), Ether Extract
(EE) and Nitrogen Free Extracts (NFE; Table 2).

Treatment
Physical characteristic P1 P2 P3
Color Chocolate Brownish-green Green
Fungi present None None None
Drying time (days) 17 21 7
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The results of variance analysis showed that drying
method significantly (P <0.05) affected the chemical
composition (DM, CP, CF, Ether Extract (EE) and
Nitrogen Free Extract (NFE)) of hay alfalfa (Medicago
sativa L.), although values for Organic Matter (OM)
were similar among the three drying treatments.

Using values for hay dried at 55°C (P3) as a baseline,
differences among the three treatments were less than
10% for DM, OM and NFE, which were between 0.5%
(OM in P1-P3) and 6.5% (NFE in P1-P3). Utomo (2015)
stated that after natural drying variations in DM (20-
30%), CP (27 to 30%) and TDN (25-28%) can be
observed. These variations can largely be attributed to
weather wherein longer drying periods due to lack of sun
diminish the chemical characteristics. Meanwhile, these
factors are not affected during artificial drying when a
constant temperature is maintained.

The nutritional value of the hay samples produced
using the three treatments was still within a reasonable
range. Utomo (2015) found that hay made from alfalfa
harvested before flowering has a crude protein content of
21.10%, ADF of 30.20% and digestibility of 63.30%.

Table 2: Proximate analysis of chemical composition of hay alfalfa

Results of Sajimin (2011) indicated that alfalfa had ranges
for crude protein, ADF and NDF of 16.0%-29.1%, 16.2%-
25.4% and 40.45%-44.9% respectively. Alfalfa from the
Ciawi region in Indonesia has a crude protein content of
24.6% Sajimin  (2011). Meanwhile, Wahyuni and
Kamaliyah (2009) showed that alfalfa harvested at 80
days has a crude protein content of 19.54%.

The nutritional value of crude fiber for P1, P2 and P3
was inversely proportional to that of TDN and NFE. This
result is consistent with that of Sari et al. (2015), who
showed that decreases in crude fiber content of feed
material are associated with increased NFE content.

Alfalfa is also known to have superior nutritional
value relative to other feeds and in particular has a
desirable protein content. A study by Orloff and
Carlson (1997) demonstrated that digestibility and
protein content are two components that can be used to
distinguish the quality of alfalfa. The protein content of
dried alfalfa ranges between 18 and 25% and this
content can be affected by heat. Thus, we measured the
amino acid content of hay produced using heat
treatment, P3 (Table 3).

Treatment

Chemical Composition (%) P1 P2 P3

Dry matter (DM) 21.27+0.65% 20.93 £0.142 21.70+0.11°
Organic matter (OM) 89.44+1.93™ 90.4141.74" 89.86+0.73™
Ether extract 2.88+0.40° 5.43+0.52° 6.47+0.52°¢
Crude fiber 30.07+2.220 23.64+3.322 22.71+2.042
Crude protein 18.31+2.542 22.80+2.26° 19.87+1.442
NFE 38.18 +1.392 38.53+2.27% 40.82+2.520
TDN" 31.55+6.102 54.93+10.12° 57.61+6.45°

abc\/alues having different superscripts on the same line differed significantly (P <0.05), ns: non-significant (P > 0.05); “total

digestible nutrients

Table 3: Amino acid contents of fresh alfalfa and hay (unit in% and mg/ kg)

% mg/kg
Amino acid Fresh Hay Fresh Hay
L-Arginine 0.57 0.72 5,689.63 7,162.13
L-Histidine 0.28 0.31 2,793.39 3,055.50
L-Lysine” 0.58 0.54 5,799.48 5,428.27
L-Phenylalanine 0.92 0.88 9,228.61 8,822.42
L-Isoleucine 0.83 0.88 8,292.53 8,776.48
L-Leucine” 1.21 1.13 12,050.00 11,250.00
L-Tyrosine 0.37 0.27 3,708.51 2,721.48
L-Methionine” 0.10 0.07 1,002.12 658.28
L-Valine 1.01 1.03 10,109.50 10,306.69
L-Proline 0.47 0.50 4,708.62 5,016.90
L-Glutamic acid 1.57 1.64 15,650.00 16,350.00
L-Aspartic acid 0.87 1.02 8,704.89 10,157.37
L-Cysteine” 0.00 0.01 48.48 55.62
L-Threonine 0.68 0.71 6,828.14 7,121.49
L-Serine 0.52 0.61 5,210.79 6,067.45
L-Alanine 0.88 0.80 8,762.68 7,972.85
L-Glycine 0.77 0.75 7,671.19 7,520.96

Results of amino acid analysis at Laboratoy of PPT UGM (2019)

*amino acid typically found in soybean, corn and fish meal

120



Bambang Suwignyo et al. / American Journal of Animal and Veterinary Sciences 2020, 15 (2): 118.122

DOI: 10.3844/ajavsp.2020.118.122

The content of several amino acids decreased, while
others increased follow heat processing. However, these
differences were not significant (T-test). As such, the
heat treatment did not substantially affect the protein
content or amount of amino acids in the resulting hay.

Based on the measured amino acid content, these
results indicate that alfalfa can be a suitable alternative for
other feed materials that provide necessary amounts of
several amino acids for poultry including corn meal
(lysine and tryptophan), soybean meal (methionine,
cysteine, lysine and tryptophan) and fish meal (methionine
and lysine). Lysine requirements for poultry are reported
to range from 0.45% to 0.85%, whereas those for
methionine are between 0.10% and 0.32% (Parkhurt and
Mountney, 1988). Sitompul (2004) stated that lysine and
methionine are limiting amino acids in feed and thus are
critical considerations when formulating poultry feed
mixtures. In 10 types of fish meals the lysine content was
higher than the recommended amount at 2.71-3.90%. The
methionine content in fish meal is also higher (0.99%-
2.71%) as is that for soybean meal (1.17-2.91% and 0.7%-
2.51% for lysine and methionine, respectively). Suarnidan
(2016) showed that the protein content in seed corn was
between 8 and 11% and the lysine and tryptophan content
was 0.05% and 0.225%, respectively. All of these feeds
have amino acid contents that are higher than the
recommended amount for poultry and the alfalfa hay
samples analyzed here would be thus predicted to meet
the nutritional needs of poultry at a lower cost.

Conclusion

The method for drying alfalfa with oven-drying at
55°C produced acceptable and consistent DM, crude fat,
crude protein, NFE and TDN contents compared to that
obtained with drying in direct sunlight and indirect
drying. The chemical composition of oven-dried hay did
not differ substantially from that for the other methods
and the amino acid content was preserved. The
processing time, meanwhile, was substantially lower.
Together these results indicate that oven-drying of alfalfa
to produce hay yields a suitable forage and thus this
method can be used to provide economically valuable
alternatives to corn, soybean meal and fish meal.
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