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Introduction

Abstract

This study was conducted to determine the effects of addition of expired biscuit
to alfalfa silage on silage quality, fermentation characteristics, aerobic stability
and in vitro organic matter digestion. In the study, the silage group without
additives constituted the control group, while the silages prepared by adding 1%
biscuit, 2% biscuit and 4% biscuit constituted the experimental groups. Silages
were opened after 70 days ensiling. There were significant differences among
groups for dry matter (DM), ash, crude protein (CP), neutral detergent fiber (NDF),
pH, carbon dioxide (CO2) formation, in vitro organic matter digestion (IVOMD),
metabolizable energy (ME) and in vitro methane gas (CH4) values of silages. The
silage pH range of all silage groups was 5.12-5.82. When the CO, formation
amounts of the silage groups were compared with the control group silages, it
was determined that the amount of CO, released in the silages with increasing
amounts of biscuits decreased (P<0.05) and IVOMD, ME and CH4 values increased
(P<0.05). As a result, biscuits past their expiration date can be used as a silage
additive in the ensiling of alfalfa. It was determined that it was appropriate to add
4% of expired biscuit waste in the ensiling of alfalfa.

Alfalfa has an important place in the rations of dairy
cows, especially due to its contribution to the amount of

Animals meet their green fodder needs from
meadows and pastures in certain periods of the year
according to the specific vegetation conditions of each
region. The productivity of animals is high in these 150-
200 day periods and decreases in other periods. It is
possible to minimize the difference in yield between
seasons by providing sufficient quantity and quality of
roughages rich in sap to animals outside these periods
(Acar and Bostan, 2016).

cellulose and protein in rations. In order to ensure high
milk yield, high quality alfalfa is primarily needed in
enterprises. In dry climates, alfalfa can be preserved by
drying. In humid climates, however, alfalfa harvest
carries a significant risk of rain during drying in the field
(Aksu and Yakisir, 2019). Therefore, the necessity of
silage production arises in the green storage of green
forages. Preservation of green forages by making silage
during the seasons when they are abundant can ensure
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that the productivity of animals is at the same level
throughout the year (Cetiner and Polat, 2022).

Successful ensiling of alfalfa without additives is
difficult (Aksu et al., 2017). The high buffering capacity,
low water-soluble carbohydrate content and low dry
matter content of legumes make their ensiling difficult.
In recent years, there have been studies in which
various silage additives have been used to obtain high
quality legume green grass silages by eliminating these
negativities. These additives are inoculants to improve
fermentation in alfalfa silage (Kog et al., 2017), sugar-
based fermentable liquids (Denek et al., 2011),
carbohydrate sources (Sakalar and Kamalak, 2016) and
fermentation- limiting organic acid additives (Ke et al.,
2017).

Due to the insufficiency of feed resources, the use
of many industrial wastes as an alternative feed source
in animal nutrition has come to mind. Foods that are
used in human nutrition and whose shelf life has
expired, cannot be offered for human consumption
due to problems that occur during their production
(spillage, damage to packaging, etc.), and problems
arising during transportation and storage lead to the
formation of significant amounts of food waste. This
situation causes great economic losses for food
production companies. When these foods are utilized
in animal husbandry enterprises, both economic and
environmental damage is prevented. Pasta, biscuits,
cakes, wafer crumbs, instant soups, puddings, etc. are
used as animal feed in many farms (Korkmaz and
Oneng, 2017). However, there are few studies on their
use in animal nutrition (Cotuk and Oneng, 2016; Aydin,
2023).

This study was conducted to determine the effects
of adding expired biscuits to alfalfa silage (0%, 1%, 2%
and 4%) on silage quality, fermentation properties,
aerobic stability and in vitro organic matter digestion.

Materials and Method

In this study, alfalfa (Medicago sativa L.) plant was
used as silage raw material. The alfalfa was obtained
from a private enterprise during the flowering period.
The alfalfa was withered and chopped in the silage
machine to approximately 1.5-2.0 cm in size. The
control group used in the study consisted of alfalfa
without additives (0%), while experimental groups
were formed with 1%, 2%, 4% biscuit waste additions.
Expired sweet biscuits were obtained from a
supermarket. Biscuits were used by grinding. The
control and each experimental group were pressed
into 1,5 liter glass jars as 5 replicates. Silages were
opened after 70 days of fermentation at room
temperature in a dark environment. Silages were
opened after 70 days of fermentation in a dark
environment. After the top 3-5 cm of the jars were
discarded, 100 ml of pure water was added to 25 g of
silage samples taken homogeneously and the pH value

of the disintegrated silage liquid was quickly measured
with a laboratory pH meter in just a few minutes and
recorded. Aerobic stability test (determination of CO:
production values) analysis of silage samples was
performed according to the method reported by
Ashbell et al. (1991). After the silages were opened,
they were subjected to an aerobic stability test for 5
days. The pH of the silage samples on the 5th day of
aerobic stability was measured and their CO:
production was determined. In the research, abrasion-
resistant, gas-tight 1.5 L polyethylene (PET) bottles
were used to perform the aerobic stability test. To
create a test unit, the pet bottle was cut into two: 1L
and 0.5L. 1 cm diameter hole was drilled in the lid of the
1L PET bottle to ensure air circulation. Then, 0.5 L was
placed on the cut section. Fresh silage samples between
250-300 g were placed on the upper part of the unit
without compressing, and 100 ml of 20% potassium
hydroxide (KOH) solution was placed on the lower part
of the unit. The prepared unit in question was kept for
5 days. In this way, CO: gas, which is formed in silage
samples as a result of aerobic activity and is 1.5 times
denser than air, settled at the bottom and was kept at
the bottom. 10 ml of the solution was taken and
titrated with 1IN 37% hydrochloric acid solution. The
amount of HCl spent between pH 8.1-3.6 was
determined and the amount of CO2 gas was calculated
according to the equation below.

CO: (g/kg DM) = 0.044xTxV / (AXFMxDM)

T= Amount of 1 N HCI (37%) acid consumed in
titration (ml).

V= Total volume of 20% KOH solution (ml).

A= Amount of KOH added to the bottom of the
apparatus (ml).

FM= Weight of fresh material (kg).

DM-= Dry matter amount of fresh material (g/kg).

Dry matter (DM), ash and crude protein (CP)
analyses of the silages and raw materials (alfalfa and
biscuit) obtained in the study were performed
according to AOAC (2005), while ADF and NDF analyses
were performed according to Van Soest et al. (1991).

In vitro organic matter digestibility (IVOMD),
metabolizable energy (ME) and methane gas (CH4)
contents of silages were determined according to the
method reported by Menke et al. (1988). The IVOMD
and ME values were calculated by using the production
amounts of the gases produced by the silages at the end
of 24 hours using the equation reported by Menke et al.
(1979).

IVOMD (%) = 14.88 + 0.889xGP + 0.45xCP +
0.0651xCA

ME (MJ/kg DM) = 2.20 + 0.136xGP + 0.057xHP

GP = Net amount of gas released after 24 hours of
incubation (ml).

CP= Crude protein content of feed (%, DM).
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CA= Crude ash content of feed (%, DM).

The data obtained at the end of the research were
evaluated by one-way analysis of variance (One Way
Anova) and Duncan multiple comparison test was used
to compare group means (Soysal, 1998). For this
purpose, SPSS (2008) package program used.

RESULTS AND DISCUSSION

The nutrient analysis results of the alfalfa plant and
biscuit used in the research are presented in Table 1.

The nutrient contents of alfalfa silages prepared by
adding biscuit waste at different levels (1%, 2% and
4%) are given in Table 2.

In this study, when Table 2 was analyzed, it was
found that the differences between the groups were
statistically significant (P<0.05) in DM, CA, CP and NDF
values of silages.

When the DM contents of the silages prepared by
adding different ratios of biscuit to alfalfa plants were
analyzed, an increase in the DM levels was observed in
parallel with the increase in biscuit addition compared
to the control group. This increase in DM level
suggested that this increase was due to the high level
of biscuit DM (90.12%). Similarly, Aydin (2023)
investigated the effect of the addition of wafer waste
as a readily soluble carbohydrate source to alfalfa silage
on silage quality, fermentation characteristics, in vitro
organic matter digestion and CH4 values and reported
that there was a parallel increase in DM in parallel with
the increase in the addition of wafer waste and that this
increase was realized depending on the DM content
(98.75%) of the wafer waste. Canbolat et al. (2013)
reported that the addition of gladichia fruit, which was

Table 1.Crude nutrient analysis results of alfalfa and biscuit.

used as a carbohydrate source in alfalfa silage,
increased the DM values of alfalfa silages, and this
increase was due to the differences in DM between
fresh alfalfa and gladichia fruit (88.60%) in the study
they conducted to determine the effects of gladichia
fruit on fermentation, aerobic stability, in vitro gas
production and microbiological properties of silages
made under laboratory conditions.

When the ash values were analyzed, a decrease
was observed due to the addition of biscuit. This
decrease was realized due to the low ash level of
biscuit (2.18% DM). Serbetgi (2020) conducted a study
to determine the effects of waste wafer addition on
fermentation, aerobic stability and in vitro digestibility
of alfalfa silages and observed that the ash content
decreased with the increase in the wafer level added
to alfalfa. He stated that the decrease in ash content
was due to the low ash content of the wafer used as an
additive.

When the CP values of the silages obtained were
analyzed, there was a decrease due to the addition of
biscuit compared to the control group (P<0.05). This
decrease was realized due to the low CP (3.2% DM)
content of biscuit. Similarly, it was reported that the
addition of wafer waste decreased the CP values, and
this decrease was due to the low CP content of wafer
waste (Aydin, 2023).

The difference between the ADF values of the
silages was found statistically insignificant (P>0.05).
When NDF values were analyzed, biscuit addition
decreased NDF values (P<0.05). The NDF values
obtained in this study are in accordance with the report
that adding carbohydrate source to silages accelerates
the lactic acid bacteria activities in the environment,
causing the breakdown of cell wall components and

Silage material DM Ash cp ADF NDF
Alfalfa 19.94 12.03 14.72 44.28 55.85
Additive

Biscuit 90.12 2.18 3.2 3.14 7.48

* DM: Dry matter, %; CP: Crude protein, % DM; ADF: acid detergent fiber, % DM; NDF: Neutral detergent fiber, % DM.

Table 2: Nutrient composition of silage groups prepared in the study.

GROUPS DM Ash cp ADF NDF
Control 20.405° 13.213° 14.648° 44.355 56.630°
1% Biscuit 20.295° 12.274° 14.583%b 44.327 56.587?
2% Biscuit 20.016° 12.033%¢ 14.483° 43.852 53.049°
4% Biscuit 22.337° 11.763¢ 14.250¢ 43.450 52.500°
SEM 0.287 0.169 0.048 0.227 0.623

P <0.001 <0.001 <0.001 0.495 <0.001

ab.c: \Values with different letters in the same column were found different (P<0.05); DM: Dry matter, %; CP: Crude protein, DM%;
ADF: Acid detergent fiber, %DM; NDF: Neutral detergent fiber, %DM; SEM: Standard Error of Mean.
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Table 3: The effect on pH, CO, values and fermentation properties of silages prepared by adding biscuit to alfalfa plant.

GROUPS pH CO: IVOMD ME CHa
Control 5.82° 8.877° 53.736° 7.986° 15.187°
1% Biscuit 5.53° 7.398° 53.609° 7.943° 16.533°
2% Biscuit 5.51° 6.943° 54.103° 7.979° 16.800°
4% Biscuit 5.12¢ 4.301° 56.223? 8.420° 17.133°
SEM 0.075 0.512 0.343 0.062 0.241

p <0.001 <0.001 <0.001 <0.001 <0.001

abc Values with different letters in the same column were found different (P<0.05); CO, : Carbon dioxide formation g/kg DM,
IVOMD: In vitro organic matter digestibility %, ME: Metabolizable energy MJ/kg DM, CHg : In vitro methane gas (%), SEM:

Standard Error of Mean.

activating the proliferation of some anaerobic
bacteria, increasing the breakdown of NDF, ADF and
hemicellulose in silage (Bolsen et al., 1996).

When the pH values of the silages were analyzed,
a decrease was observed in all experimental groups
compared to the control group, but the lowest pH
value (5.12) was obtained from the 4% biscuit
supplemented group (P<0.05). With the addition of
biscuit to alfalfa silage, there was an increase in DM
and a tendency to decrease in silage pH. As the easily
fermentable carbohydrate content increases in the
ensiled material, the ideal acidic environment
required for a good silage is formed. Therefore, the
decrease in silage pH with the addition of biscuit to
alfalfa silage is a necessary condition (Kilig, 1986).
After seventy days of fermentation, the silages were
subjected to a five-day aerobic stability test and CO2
formation was examined. Biscuit supplementation
increased lactic acid, pH decreased when the
environment became acidic and accordingly CO2
output was less. Dry matter losses are directly related
to increased CO2 production as a result of respiration
(Kurtoglu, 2011). The high DM in the same group
supports this situation.

When IVOMD, ME value and CH4 values of silages
were analyzed, IVOMD, ME value and CH4 values
increased in all experimental groups compared to the
control group (P<0.05). The highest values were in the
group with 4% biscuit supplementation. The decrease
in plant cell wall components of forages such as ADF
and NDF, which are difficult to dissolve in rumen,
parallel to the increase in biscuit supplementation
increased the IVOMD and in vitro gas production of
silages. The ME contents of alfalfa silages varied
between 7.986 and 8.420 MJ/kg DM and the highest
ME value was determined in alfalfa silage with 4%
biscuit supplementation. The increase in the ME
content of silages and the increase in IVOMD and CH4
gas production due to the increase in the level of
biscuit added to alfalfa can be attributed to the
decrease in NDF and ADF levels (Canbolat et al., 2010).
ME contents of alfalfa silages were found to be
compatible with the results of Getachew et al. (2002).

CONCLUSION

In this study, it was concluded that biscuits past
their expiration date can be used as a silage additive
in the ensiling of alfalfa. It was determined that it was
appropriate to add 4% of expired biscuit waste in the
ensiling of alfalfa when ensiling alfalfa. In future
studies, it can be supported by both in vitro and in vivo
digestion experiments and studies on biscuit additive
levels.
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