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ABSTRACT

The aim of current experiment was to determine the effect of
supplementation of urea on the nutritive value and fermentation
characteristics of apple pulp silage. Apple pulp obtained from apple with
Granny Smith (Malus domestica) varieties was used in the research.
Apple pulp were ensiled in special glass jars with 1.5 L capacity. Urea (0,
0.5, 1.0, 1.5, 2.0 and 2.5% on DM basis) was added homogeneously to
apple pulp in triplicate. The experimental silos were placed in a room until
opening after 45 day of preservation to determine chemical composition
and silage fermentation parameters. The addition of urea to apple pulp
reduced the water soluble carbohydrate (WSC), content of neutral
detergent fiber (NDF), acid detergent fiber (ADF) and acid detergent

increased crude protein (CP) contents of resultant silages. The addition of
urea to apple pulp significantly (P<0.01) increased pH, lactic acid (LA),
propionic acid (PA), butyric acid (BA) and ammonia nitrogen (NH3-N)
contents of the resultant silages whereas the supplementation of urea
significantly (P<0.01) reduced the acetic acid (AA) contents. Addition of
urea to apple pulp increased in vitro gas production, digestible organic
matter (DOM), metabolic energy (ME) and lactic acid bacteria (LAB),
and significantly reduced yeast and mold count (P<0.01). The urea
supplementation also increased the aerobic stability of the resultant
silages. It can be concluded that supplementation of urea to apple pulp at
2.0 and 2.5% can be recommended to improve the nutritive value and
fermentation parameters of the resultant silages.

lignin (ADL) whereas the supplementation of urea significantly (P<0.01)

Keywords: Apple Pomace, Silage, Urea, In Vitro Gas Production, Silage Fermentation

1. Introduction

Recently apple production increased from 2.6 million tons in 2010 to 4.3 million tons in 2021 due to an increased demand for
apple consumption in Turkey (Anonymous 2022). Apple is consumed not only fresh but used to produce apple juice in Turkey.
Therefore, considerable amount of apple pulp is produced during apple juice production. The pulp constitutes 25-30 % of total
processed apple and consists of a crust, flesh and seeds (Ajila et al. 2015; Skinner et al. 2018). Although the moisture content
of the apple pulp is very high at the time of production, pulp contains considerable amount of cellulose, pectin, minerals, vitamin
C, anti-oxidant, water soluble carbohydrate (WSC) and some organic acids (Alibes et al. 1984; Vrhovsek et al. 2004; Varzakas
et al. 2016; Islam et al. 2018a). In dry matter (DM), the crude protein (CP), neutral detergent fiber (NDF) and acid detergent
fiber (ADF) contents of apple pulp ranges from 19-65 g/kg Carson et al. 1994), 300-482 g/kg and 250-420 g/kg, respectively
(Wolter et al. 1980; Singhal et al. 1991). The metabolisable energy (ME) value of apple pulp may vary from 7.7 to 9.1 MJ/kg
DM (MAFF 1984). The mean protein degradability of apple pulp reported by NRC (2001) was 68.4%.

Generally, apple pulp is used in the feeding of ruminant animals in the form of fresh, dry and silage (Fontenot et al. 1977;
Alibes et al. 1984; Gasa et al. 1992; Kennedy et al. 1999; Taasoli & Kafilzadeh 2008; Ajila et al. 2015; Islam et al. 2018a). It is
very difficult to store the apple pulp due to high moisture content (Alibes et al. 1984; Fang et al. 2016; Islam et al. 2018b).
Therefore, the apple pulp can be preserved by ensiling (McDonald et al. 1991; Fang et al. 2016; Islam et al. 2018a), since that
contains water soluble carbohydrates which is required by lactic acid bacteria to produce lactic acid which is responsible for the
decrease in pH of silage (Afzal et al. 2015; Skinner et al. 2018). Previous investigations clearly showed that apple pulp silage is
an ideal feed for ruminant animals (Rumsey 1978; Pirmohammadi et al. 2006; Ajila et al. 2015; Islam et al. 2018a; Islam et al.
2018b; Garcia-Rodriguez et al. 2019). Although apple pulp has high energy value, its protein content is low (Gasa et al. 1992;
Taasoli and Kafilzadeh 2008). The fact that apple pulp contains low digestible protein is an important factor that limits the
nutritive value (Rumsey 1978; Ajila et al. 2015). Therefore, urea can be used as silage additive to increase the crude protein
content of the resultant silage (Alibes et al. 1984; McDonald et al. 1991; Filya et al. 2004; Canbolat et al. 2014). It was
recommended that urea can be added to silage material with a low protein content at level of 40-50 kg/ton DM to increase the
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crude protein content of silage (Kaiser 2004). Supplementation of urea not only improve the crude protein content but also
improve the aerobic stability of the resultant silage (McDonald et al. 1991; Filya et al. 2004; Canbolat et al. 2014). Therefore,
the aim of current experiment was to determine the effect of supplementation of urea on the nutritive value and fermentation
properties of apple pulp silage.

2. Material and Methods
2.1. Feed and silo material

The feed material of the research was composed of apple pulp (Malus domestica: Granny Smith) left from apple juice production
in Bursa Uludag University Agricultural Research and Application Center. Urea was obtained from a commercial firm. 1.5 L
special glass silos (Weck®, Germany) were used for ensiling the apple pulp.

2.2. Animal material
In order to apply the in vitro gas production technique, rumen fluid was taken from 3 Merino rams after slaughtering.
2.3. Preparation of silages

Apple pulp were ensiled in special glass jars with 1.5 L capacity. Urea (0, 0.5, 1.0, 1.5, 2.0 and 2.5% on DM basis) was added
homogeneously to apple pulp in triplicate. The experimental silos were placed in a room until opening after 45 day of
preservation.

2.4. Chemical analyses

The experimental silos of apple pulp silages were opened on the 45" day of silo. Apple pulp silage was dried in the oven at 65 °C
for 48 hours. Dried silages were grinded to a 1 mm sieve diameter and used in chemical analyses. Dry matter, crude ash, ether
extract and crude protein contents of silages were determined using the methods described by AOAC (2000). Neutral detergent
fiber, acid detergent fiber and acid detergent lignin contents of silages were determined using the method suggested by Van Soest
etal. (1990).

The pH of the silages was determined using the digital pH meter (Sartorius PB-20, Goettingen, Germany) and ammonia nitrogen
(NHs-N) contents of silages were determined using the method described by AOAC (2000). Lactic acid, acetic, propionic and
butyric acid contents of silages were determined with gas chromatography device (Agilent Technologies 6890N, column properties:
Stabilwax-DA, 30 m, 0.25 mm ID, 0.25 um df. Max. Temp: 260 °C. Cat. 11023) using the spectrophotometric method (Barker &
Summerson 1941). Water soluble carbohydrate (WSC) contents were determined according to the phenol sulphuric acid method
(Dubois et al. 1956).

Lactic acid bacteria (LAB), yeast and mold counts of silages were determined according to the method reported by Seale et al.
(1990). De Man, Rogosa and Sharpe (MRS) agar for LAB, Malt Extract agar for yeast and molds were used as a cultivation medium.
Lactic acid bacteria, yeast and mold counts of the silages were incubated for 3 days at 30 °C. The LAB, yeast and mold numbers
were explained as coliform unit (cfu/g). Aerobic stability of silages was performed according to the method developed by Ashbell
etal. (1991).

2.5. Determination of in vitro gas production of apple pulp silages

In vitro gas production of apple pulp silages were determined using the in vitro gas production technique reported by Menke et
al. (1979). Approximately 200 mg silage samples were incubated in special 100 mL glass syringes (Model Fortuna, Héberle
Labortechnik, Lonsee-Ettlenschie, Germany) in triplicate. 30 mL of buffered rumen fluid was transferred into glass syringes
containing silage samples. Glass syringes were incubated in a water bath at 39 °C and in vitro gas production was measured at
24 hours after incubation.

Organic matter digestibility and metabolisable energy contents of apple pulp silages were calculated using the following
equations (Menke & Steingass 1988).

OMD, % = 15.38 + 0.8453 x GP + 0.0595 x CP + 0.0675 x CA
ME, MJ/kg DM = 2.20 + 0.1357 x GP + 0.0057 x CP + 0.0002859 x CF?

(GP: Net gas amount produced by 200 mg feed sample for 24 hours. CP: crude protein, EE: ether extract and CA: crude ash,
g/kg DM).
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2.6. Statistical analysis

Data obtained in the current experiment were subjected to variance analysis (ANOVA) using the General Linear Model) (Minitab
2013). The significance between the treatment groups were determined by Duncan multiple comparison test (Snedecor & Cochran
1976).

3. Results

Effect of urea supplementation on chemical composition of apple pulp silages was given in Table 1. Urea supplementation had
a significant (P<0.01) effect on chemical composition of the resultant apple pulp silages.

Table 1- Effect of urea supplementation on chemical composition of apple pulp silages, %

Urea Treatment (%) DM CP EE CA NDF ADF ADL WSC
0.0 26.74f 7.647 4.402 2.43f 47.682 38.962 7.242 7.378
0.5 27.09¢ 8.57¢ 4.402 2.53¢ 46.42° 38.772 7.202 6.59°
1.0 27.72¢ 9.18¢ 4.37% 2624 4573  37.92%  7.15° 6.41°
15 27.93¢  10.14°  4.35%c 2,69  44.88¢  37.22% 7.06° 6.30¢
2.0 28.22°  10.75°  4.30% 2.79° 43.93¢ 36.47¢ 7.040 5.11d
2.5 28.79*  11.29° 4.29° 2.902 42.63° 34.32¢ 6.95¢ 4.83¢
*SD 0.081 0.090 0.042 0.029 0.638 0.590 0.263  0.091

a,b,c.d.e.f: The differences between the means indicated by different letters in the same column are significant (P<0.01); *SD: Standard deviation; pm: Dry

matter; CP: Crude protein; CA: Crude ash; EE: Ether extract; NDF: Neutral detergent fiber; ADF: Acid detergent fiber; ADL: Acid detergent lignin; WSC:
Water soluble carbohydrate

The DM, CP and CA contents of the resultant silage increased (P<0.01) in a dose dependent manner of urea whereas NDF,
ADF, ADL and WSC contents decreased (P<0.01).

Effect of urea supplementation on apple pulp silage fermentation characteristics are given in Table 2.

Table 2- Effect of urea supplementation on apple pulp silages fermentation characteristics

g/kg DM
Urea Treatment (%) pH Lactic acid Acetic acid Propionic acid Butyric acid  Ethanol NH3-N
0.0 3.72f 42.25° 26.072 3.13¢ 1.35% 2.85? 13.14f
0.5 3.85¢ 44 449 25.36% 3.23¢ 1.17° 2.12° 14.37¢
1.0 3.90d 48.85° 24.15b¢ 3.30¢ 1.16° 1.70°¢ 15.61¢
15 3.94¢ 51.51P 23.56° 3.40° 1.01° 1.610b 16.46°
2.0 4.13° 53.692 20.954 3.45P 0.78¢ 1.514 17.89°
2.5 4.212 54.622 18.61° 3.592 0.64¢ 1.30¢ 19.078
*SD 0.058 1.184 0.771 0.032 0.065 0.073 0.365

a,b,c,d,f: The differences between the means indicated by different letters in the same column are significant (P<0.01);
*SD: Standard deviation; NH;-N: Ammonia nitrogen (NHsz-N is given as % of total N)

Urea supplementation had a significant (P<0.01) effect on fermentation characteristics of the resultant apple pulp silages.
The pH, lactic acid and NHs-N, propionic acid, also contents of the resultant silage increased (P<0.01) in a dose dependent
manner of urea whereas acetic, butyric acid and ethanol contents decreased (P<0.01). Accordingly, the most effective urea dose
on silage parameters was 2.5%.

Effect of urea supplementation on silage microbiology of apple pulp silages was given in Table 3.

Table 3- Effect of urea supplementation on silage microbiology of apple pulp silages

Urea Treatment (%) LAB (cfu/g FM) Yeast (cfu/g FM) Mold (cfu/g FM)
0.0 10.474 3.732 1.672
0.5 12.15°¢ 3.62% 1.332
1.0 13.89P 3.568¢ 1.002
15 14.63P 3.19b¢ 1.002
2.0 15.552 3.07¢ 0.33°
25 16.302 2.65¢ 0.33"
*SD 0.507 0.287 0.471

a,b,c,d: The differences between the means indicated by different letters in the same column are significant (P<0.01); *SD: Standard deviation; | AB: Lactic
acid bacteria; FM: Fresh material
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Urea addition affected the LAB production of apple pulp silages. Depending on the dose of urea addition to apple pulp, the
number of LAB increased significantly (P<0.01). In addition, adding urea to apple pulp silage decreased the number of yeast and
mold (P<0.01). In addition, depending on the dose of urea addition to apple pulp, the number of yeast and mold significantly
decreased (P<0.01). The most effective urea dose was 2.0% and above.

Effect of urea supplementation on aerobic stability of silage is given Table 4.

Table 4- Effect of urea supplementation on aerobic stability of silages

Urea Treatment (%) pH CO:2 (g/kg DM) Mold (cfu/g FM)
0.0 3.92¢ 29.742 3.992
0.5 4.12° 27.51° 3.53°
1.0 4.26° 26.18¢ 3.17¢
15 4322 22.53¢ 3.09¢
2.0 433 21.19¢ 3.01¢
25 435 18.85 2.59¢
*SD 0.064 0.728 0.095

a,b,c,d,f: The differences between the means indicated by different letters in the same column are significant (P<0.01); *SD: Standard deviation; CO,: Carbon
dioxide; FM: Fresh material

Urea supplementation decreased (P<0.01) the CO, (g/kg DM) and mold number. The most effective urea dose on carbon
dioxide (CO) and mold production was 2.5% and reduced these parameters.

Effect of urea supplementation on in vitro gas production, digestible organic matter and metabolic energy contents of apple
pulp silages are given Table 5.

Table 5- Effect of urea supplementation on in vitro gas production, organic matter digestibility and metabolic energy contents
of apple pulp silages

Urea treatment (%) Gas production OMD ME
0.0 43.86° 65.43f 9.14°
0.5 45.69¢ 67.96° 9.45¢
1.0 46.00¢ 69.09¢ 9.56¢
15 48.15¢ 71.98¢ 9.91°
2.0 50.43P 74.70P 10.24°
25 51.31° 76.212 10.412
*SD 0.427 0.404 0.059

a,b,c,d,e,f: The differences between the means indicated by different letters in the same column are significant (P<0.01). *SD: Standard deviation; Gas
production (mL/200 mg DM); OMD: Organic matter digestibility (%); ME: Metabolisable energy (ME/kg DM)

The gas production, OMD and ME contents of the resultant silage increased (P<0.01) in a dose dependent manner of urea.
Depending on the urea dose added to the silage, in vitro gas production, ME and OMS increased, and the most effective urea
dose was 2.5%.

4. Discussion
4.1. Chemical composition of feed and silages

Urea supplementation to apple pulp significantly increased CP content of silage (P<0.01). These results are consistent with those
reported by Filya et al. (2004), Pirmohammadi et al. (2006), Celik et al. (2009) and Canbolat et al. (2014). Crude protein content
of apple pulp silages obtained in the current study was lower than that reported by Islam et al. (2014) whereas it was higher than
that reported by Kara et al. (2018). The differences among the studies might be associated with variety of apple used for pulp.

The addition of urea to apple pulp silage reduced the NDF, ADF and ADL contents of the silages (P<0.01). The decrease in
the NDF, ADF and ADL content of the silages in the addition of urea to apple pulp can probably be attributed to an increase in
the number of lactic acid bacteria (LAB) that use urea as a nitrogen source. It can be said that the amount of LAB in silage
increases due to the breakdown of cell wall components.
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Indeed, Filya et al. (2004), Canbolat et al. (2014) and Kang et al. (2018) explained that the decrease in the amount of NDF
and ADF of the silage by increasing the number of lactic acid bacteria and some anaerobic bacteria in the silages of the nitrogen
source urea, increasing the degradability of NDF, ADF and crude cellulose. Similar results Celik et al. (2009), Demirel and
Yildiiz. (2001) and Islam et al. (2014) were also reported by. Although the NDF and ADF content detected in apple pulp silage
was lower than those determined by Fang et al. (2016), it was found higher than the data determined by Kara et al. (2018). The
amount of NDF (45.3%) and ADF (38.0%) found in this study were similar to the data reported by Abdollahzadeh et al. (2010).

The addition of urea to the silage also significantly reduced the WSC content of the silages (P<0.01). Increasing the amount
of WSC in the feed structure improves the ensilability of the feeds (McDonald et al. 1991; Kaiser 2004; Canbolat et al. 2014).
For lactic acid fermentation and development of LAB, the WSC content in the feed should be higher than 2.5% (Kaiser 2004).
The high content of WSC (39.58%) in apple pulp increases the ensilability of apple pulp. Due to this feature, apple pulp is feed
quite suitable for ensiling. The WSC content of apple pulp used in this study was lower than the values reported by Skinner et
al. (2018) and similar to the research results reported by Islam et al. (2018a) (40.44+0.4%). The water soluble carbohydrate content
(39.58%) of apple pulp decreased significantly by fermentation in the silo. The addition of urea to apple pulp significantly
reduced the WSC content of silages and regardless of that improved silage fermentation (Table 2). Findings in this research with
apple pulp silage were similar to the results of Canbolat et al. (2014) working with pomegranate pulp silage.

4.2. Fermentation properties of silages

It was found that increasing doses of urea in apple pulp significantly affected the VFA contents of the silage (P<0.01). With the
greater content of urea in apple pulp silage, the amount of acetic acid, butyric acid and ethanol decreased, and the amount of
lactic acid and propionic acid increased significantly (P<0.01). In other words, the larger amounts of urea positively affected the
fermentation of apple pulp silage.

One of the most important parameters that determine the quality of ensiled feeds is the lactic acid level. As the amount of
lactic acid increases in ensiled silo feed, silage quality also increases (McDonald et al. 1991; Kaiser 2004). The addition of urea
to ensiled apple pulp increased the amount of lactic acid by 2.5%, compared with ensiled material that was not supplemented
with urea. The addition of urea to apple pulp silages increased the amount of lactic acid in by silage by about 29.28%. Increasing
the urea dose decreased the amount of acetic acid (28.62%) and butyric acid (52.59%) of apple silage.

The high content of WSC (Table 1) of apple pulp increased lactic and propionic acid production and reduced butyric acid
production in apple pulp silage (McDonald et al. 1991; Filya et al. 2004; Kaiser 2004; Yalcinkaya et al. 2012; Canbolat et al.
2014). It can be said that the addition of urea to apple pulp can provide high quality silages with high lactic and propionic acid
content, as well as with low acetic and butyric acid content. It is reported that the addition of straw and urea to apple pulp
increases the amount of lactic acid and decreases the amount of acetic acid and butyric acid (Yalcinkaya et al. 2012). These
findings are similar to those of Canbolat et al. (2014), which added urea to pomegranate pulp silage and Filya et al. (2004)24,
which added urea to corn silage.

The addition of urea to apple pulp significantly increased silage pH and ammonia nitrogen (NH3N) (P<0.01).
Supplementation of urea to apple pulp increased the NH3-N content of silages by increasing proteolysis (Filya et al. 2004;
Canbolat et al. 2014). In this way, it can be said that it causes nitrogen loss in ensiled feeds. The highest NH3N was detected in
apple pulp silage with 2.5% added urea. The amount of NHsN detected in apple pulp silage was found similar to pomegranate
pulp silage supplemented with urea (Canbolat et al. 2014).

The addition of urea has increased ammonia nitrogen, which is alkaline (Table 2). This situation increased the silage pH of
apple pulp silages. However, the apple pulp silage pH remained at the recommended level for ensiled feeds (McDonald et al.
1991; Kaiser 2004). The highest pH was found in the apple pulp silage group, in which 2.5% urea was added. It has been
demonstrated by many studies that urea increases pH in silo feeds (Filya et al. 2004; Celik et al. 2009; Canbolat et al. 2014, Kang
et al. 2018).

4.3. Microbiological properties of silages

Adding urea to apple pulp has been found to affect and increase LAB values of apple pulp silage (P<0.01). The highest LAB
value was found in apple pulp silage with 2.5% urea added. Due to the increase in the urea dose added to apple pulp, the CP
level of silages increased and the level of NDF and ADF decreased (Table 1). This provided more nutrients for LAB, and
therefore LAB values in the silage increased. The LAB levels determined in this study were found to be higher than the values
obtained from the studies of Filya et al. (2004) and Canbolat et al. (2014).

The use of urea in ensiled apple pulp caused a decrease in the number of yeast and mold of the silage (P<0.01). The decrease
in the number of yeast and mold effected the development of fermentation in the desired direction. It is also the result of the
antifungal effect of urea by turning into ammonia in silage (Table 3) (McDonald et al. 1991; Filya et al. 2004; Canbolat et al.
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2103). The numbers of yeasts and molds found in actual research were similar to the results reported by Filya et al. (2004) and
Canbolat et al. (2014).

4.4. Aerobic stability characteristics of silages

The pH values were determined after the aerobic stability test of apple pulp silages. The pH in the control group was significantly
higher than the other silage groups with urea supplemented (P<0.01). Adding urea to ensiled material increased the pH value of
silage. This increase can be explained by hydrolysis of urea to ammonia that increased the buffer capacity of silages (McDonald
et al. 1991).

The addition of urea to apple pulp significantly reduced the CO; production of silages (P<0.01). There was found the lowest
value of CO; (18.85 g/kg DM) in the silage with the greater added amount of urea (2.5%). Due to the addition of urea, the CO;
level decreased by about 36.62%. In this study, it can be said that 2.5% urea improves the aerobic stability of apple pulp silage.
These research findings were similar to studies with urea added to the corn silage (Filya et al. 2004) and pomegranate pulp silage
(Canbolat et al. 2014).

The addition of urea to apple pulp silages also significantly reduced the number of molds (P<0.01). This indicates that the
addition of urea to apple pulp will protect silage during feed (McDonald et al. 1991; Kaiser 2004).

4.5. In vitro gas production features of silages

Adding urea to apple pulp silage increased in vitro gas production (P<0.01). The highest in vitro gas production was determined
in the silage added with 2.5% urea and the lowest in the control group (P<0.01). The addition of urea to apple pulp increased the
CP content of silage and decreased the NDF and ADF content (Table 1), which likely could increase in vitro gas production. The
effect of added urea to ensiled material has been demonstrated by studies in which in vitro gas production also was increased
(Canbolat et al. 2014; Kang et al. 2018). In vitro gas production of apple pulp silages was lower than the results reported by
Mirzaei-Aghsaghali et al. (2011). It was found to be higher than in vitro gas production reported by Garcia-Rodriguez et al.
(2019) in apple pulp. Determined values were higher than in vitro gas production detected in pomegranate pulp silage (Canbolat
et al. 2014).

Supplementing urea to apple pulp increased the silage DOM and ME contents. This situation increased in vitro gas production
(24 hours). As a result of increased in vitro gas production, there were increased the DOM and ME levels in apple pulp silages.
This situation was found similar to the findings of Canbolat et al. (2014) adding urea to pomegranate pulp silage. In addition,
Kang et al. (2018) reported that the supplementation of urea to cassava silage increased the DOM content of silages. Apple pulp
ME contents were found similar to those reported by Pirmohammadi et al. (2006), Mirzaei-Aghsaghali et al. (2011) and Garcia-
Rodriguez et al. (2019).

The digestible organic matter content of apple pulp has been consistent with the research findings reported by Mirzaei-
Aghsaghali et al. (2011), while the content of apple pulp silage DOM was higher than the results reported by Abdollahzadeh et
al. (2010) and Kara et al. (2018).

5. Conclusions

As aresult, it can be said that apple pulp is a quality silage material due to the high WSC content. It has been revealed that urea can be
used as a nitrogen source in increasing the crude protein content of apple pulp. In addition, the supplementation of urea to ensiled apple
pulp has been found to improve silage nutrient composition, fermentation properties, aerobic stability, in vitro gas production, DOM
and ME levels. According to the findings obtained from the research, it was concluded that 2.5% urea can be used in apple pulp silage.
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