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Abstract

The aim of this study was to determine the effect of adding pomace (peach, apricot) and molasses
in different proportions to vetch feed on the digestibility values and relative feed quality of the silage.
The forage was wilted before being chopped into pieces approximately 2—3 cm in length. Fruit and
molasses were added to the silage. Treatment groups included: 0 + vetch (control), 2% peach + vetch,
and 4% peach + vetch, 2% apricot + vetch, 4% apricot + vetch, and 2% molasses + vetch, and 4%
molasses + vetch. A total of 42 samples of silage (7 x 6 in parallel) were prepared. The silages were
kept in vacuum bags for 60 days (at 25 °C). The data were subjected to variance analysis. When
reducing the additives, the content of ether extract, crude protein, neutral detergent fibre, and acid
detergent lignin decreased, but Fleig score increased. The highest values of in vitro gas production,
CHa, organic matter digestibility, metabolizable energy, and net energy for lactation in the silage were
obtained with a 2% apricot additive. The addition of 4% molasses to the feed increased the relative feed
and relative forage quality values. The addition of fruit and molasses to vetch silage can improve feed
quality.
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Introduction

The quality of roughage sources is important in obtaining high-quality animal products. Due to
insufficient production of high-quality roughage for ruminant feeding and the high costs associated with
feed, there has been a quest to find alternative roughage sources. The increase in the human population
has led to a rise in food demand; however, substantial food waste is observed. Fruits and vegetables,
which perish quickly, contribute substantially to this waste, along with market and fruit juice factory
residues, forming a portion of the sources of greenhouse gases in our environment. The importance of
utilizing fruit waste in animal feeding has emerged both to mitigate the harmful effects on the
environment caused by wastage and to provide an alternative source of high-quality roughage for
obtaining animal protein, which is important in human nutrition (Das et al., 2018; Sahoo et al., 2021).
Currently, studies on the utilization of fruit and vegetable waste in animal feeding have gained attention
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(Sahoo et al., 2021; Tedesco et al., 2021; Besharati et al., 2022; Giller et al., 2022). Since fruit and
vegetable waste cannot be stored for long periods, extending their use in animal feeding over time is
not feasible. Therefore, the method of ensiling, which enables the prolonged utilization of waste, has
been adopted (Tai et al., 2020; Lalramhlimi et al., 2022). Forage crops intended for ensilage should
ideally have a high soluble carbohydrate content to facilitate easy fermentation. However, some forage
crops, particularly leguminous ones such as vetch, have a low soluble carbohydrate content, making
ensilage challenging. Fruit waste can be utilized to overcome this challenge, enabling both ensilage of
such forage crops and their utilization in animal feeding throughout the year (Gharehbagh et al., 2020;
Ulker et al., 2020).This study was conducted to determine the effects of adding peach and apricot
pomaces at different ratios, along with molasses, to vetch fodder silage.

Material and Methods

The forage material for this study consisted of vetch plants harvested during the flowering period
in a field located within the boundaries of Erzincan province, Turkey in the 2022 season. The peach and
apricot pulp used in the silage production were obtained from Erzincan Tunay Food Industry Trade Inc.,
while the molasses was sourced from Erzincan Sugar Factory, Turkey. The chemical content of peach
pulp, apricot pulp, and molasses additives is provided in Table 1.

Table 1 Chemical content of peach pulp, apricot pulp, and molasses

Component Peach Pulp Apricot Pulp Molasses
DM 14.67 15.28 78.9
CA 1.98 2.98 10.32
EE 3.01 2.79 -
CP 2.01 1.89 8.94
NDF 10.27 9.46 0
ADF 8.24 7.19 0
ME (MJ/kg DM) 12.91 12.86 11.78

DM: dry matter, CA: crude ash, EE: ether extract, CP: crude protein, NDF: neutral detergent fibre, ADF:
acid detergent fibre, ADL: acid detergent lignin; ME: metabolizable energy

The fodder plant was cut into pieces 2—3 cm in length after being slightly wilted. Treatment groups
included: 0 + vetch (control), 2% peach + vetch, 4% peach + vetch, 2% apricot + vetch, 4% apricot +
vetch, and 2% molasses + vetch, 4% molasses + vetch. A total of 42 samples of silage (7 x 6 in parallel)
were prepared. Prepared silage samples were vacuum-sealed in vacuum bags (25 cm x 35 cm) and
stored for 60 d at 25 °C. After opening the silage, the pH value was measured using a digital pH meter
(Anonymous, 1987). The Fleig Score of the silage was calculated (Ramzan et al., 2022):

FS = [220 + (2 x DMratio — 15)] — 40 x pH (1)

Rumen contents were obtained from three female Holstein cattle (450-500 kg) slaughtered at
the Erzurum Meat and Fish Processing Plant, Turkey. Approximately 5 min after opening the rumen of
each animal post-slaughter, rumen fluid was collected and transported to the feed analysis laboratory
(in a CO2 atmosphere at 39 °C) (Kilic and Abdiwali, 2016).

The analysis of CP, DM, and CA of the silage was conducted according to the methods of Kilig
and Abdiwali (2016); EE analysis was performed using the AOCS 2005 method. Subsequently, ADF
and NDF analyses were carried out using the ANKOM2000 Fiber Analyzer, and ADL analysis was
determined following the method reported by Van Soest et al. (1991).

The relative feed value (RFV) was calculated using the formula developed by Van Dyke and
Anderson (2000):

% DMD = 88.9 - (0.779 x %ADF) (2)
% DMI = 120/NDF (3)
RFV =% IVDDM x % IVDM / 1.29 4)
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where DMD is dry matter digestibility and DMI is dry matter intake.

Samples were processed using the Ankom Daisy incubator as reported by Van Soest et al. (1991)
and Adesogan (2005) for true dry matter digestibility (TDMD), true organic matter digestibility (TOMD),
dry matter intake (DMI), true NDF digestibility (TNDFD), and total digestible nutrients (TDN) values.
Relative forage quality (RFQ) was determined using the following equations (Van Soest et al., 1991;
Adesogan, 2005):

RFQ = [DMI (%DM)] x [TDN (%DM)]/1.23 (Ward and Ondarza, 2008) (5)
ME (MJ/kg DM) = 2.20 + 0.135 7 x GP + + 0.057 x HP + 0.002 859 x HY2 (Menke, 1979) (6)
NEL (MJ/kg DM) = 0.101 x GP + 0.051 x HP + 0.112 x HY (Menke, 1979) 7)

where ME, metabolizable energy; GP, net gas production of 200 mg dry feed sample after 24 h; NEL,
net energy lactation.

Total gas and methane production of the samples were determined as reported by Menke et al.
(1979) and Goel et al. (2008). After gas measurements, the remaining samples were boiled using the
method reported by Van Soest ef al. (1991). From the digestibility parameters, the amount of true dry
matter (GKMS) and true digestibility (GSD), partitioning factor (PF), microbial yield (MY), microbial
protein (MP), and microbial protein synthesis efficiency values were determined as reported by Blimmel
et al. (1997).

The obtained data were subjected to analysis of variance using the SPSS 24 (IBM, 2016)
software package and group comparisons were conducted using Duncan's multiple range test.

Results and Discussion

The effects of supplementing vetch forage silage with fruit pulp and molasses on nutrient
composition, excluding DM and ADF, were statistically significant (P <0.05) (Table 2). Addition of 2%
peach and apricot, and 4% apricot (2.88, 3.17, and 2.98) increased the EE content, whereas 4% peach
and 2% molasses (1.81 and 1.86) decreased the EE content. Ulger et al. (2020) determined that lemon
waste increased corn silage DM content, whereas mandarin waste decreased it. Fruits such as peach
and apricot are naturally low in fat content. However, these fruits are rich in fibre and other nutrients.
When added, they can increase the crude fat content. The reason for this could be particularly due to
the effect of fibre content.

Molasses is typically a material with low fat content. The addition of molasses to the silage
mixture may lead to a decrease in crude fat content. The addition of peach did not affect the CP content
compared to the control, whereas the addition of apricot and molasses reduced the CP content. The
greatest reduction was observed with 4% apricot addition (20.89%). In various studies, it has been
reported that the addition of certain fruit residues and molasses does not affect the CP content of silage;
in some cases it decreased and in others, it increased (Saruhan & ibrahimoglu, 2019; Ulger et al., 2020;
Gul, 2023). The variations in CP content due to the addition of fruit residues may stem from differences
in the feed material used for silage. The addition of apricot and molasses could alter the fermentation
process of silage, potentially leading to the breakdown and loss of proteins.

Except for the addition of 2% peach, the addition of 4% peach, apricot, and molasses reduced
the NDF and ADL content of vetch silage. The lowest NDF content was observed with 4% peach
(43.17%), whereas the lowest ADL content was detected with 4% molasses addition. Similarly, in some
studies, the NDF and ADL content of silage has been reported to decrease (Ulger et al., 2020; Gill,
2023). The fermentation process of the added substances may affect the NDF and ADL content of the
silage. The breakdown and decrease in fibre content may result from the fermentation of these
additives.



Gursoy et al., 2024. S. Afr. J. Anim. Sci. vol. 54 239

Table 2. Raw nutrient composition of silages with additives (% DM)

Silage % CA EE CP ADF NDF ADL
Control 7.85 2.38a 27.132 30.92 50.292 14.302
2% Peach + Vetch 7.90 2.882 26.262 29.32 45.573b 14.042
4% Peach + Vetch 7.74 1.81° 26.082 27.64 43.17° 10.98b¢
2% Apricot + Vetch 7.67 3.172 22.920 28.63 43.512 9.99¢d
4% Apricot + Vetch 7.07 2.982 20.89¢ 29.58 44.30% 9.03¢
2% Molasses + Vetch 7.47 1.86° 23.12b 31.96 48.062 11.69°
4% Molasses + Vetch 7.17 2.33% 22.67° 25.35 41.56° 8.554

SEM 0.183 0.137 0.504 0.500 0.911 0.677
Significance Level NS * * NS * *

*P <0.05; @4 There is no significant difference between the means with the same upper symbol and
located in the same row; NS = not significant; SEM = standard error of mean; CA: crude ash, EE: ether
extract, CP: crude protein, NDF: neutral detergent fibre, ADF: acid detergent fibre, ADL: acid detergent
lignin

The addition of different proportions of fruit pulps and molasses to vetch forage silage was statistically
significant in terms of Fleig score and fermentation characteristics (Table 3) (P < 0.05). Whereas peach
supplementation did not affect the silage DM content, apricot supplementation decreased DM, and
molasses supplementation increased DM content. The addition of peach and molasses at 4%
decreased the pH value of the silage. However, 4% apricot supplementation increased the NH3 content
of the silage. Compared to the control group, the addition of 4% apricot decreased the FS value of the
silage, whereas the addition of 4% peach and molasses increased it. The lowest pH (4.16) and NHs
(0.44) values, along with the highest DM content (30.85) and FP value (100.31), were achieved with
the addition of 4% molasses.

Table 3. Fermentation characteristics and Fleig score (g/kg, DM) of silages with additives

Silage % DM pH NHs FS
Control 27.86° 4.552 0.59b¢ 78.73¢
2% Peach + Vetch 26.762b 4.682 0.62bc 71.33cd
4% Peach + Vetch 27.81° 4.30b 0.60bc 88.35°
2% Apricot + Vetch 25.87¢ 4.602 0.832 72.47¢d
4% Apricot + Vetch 24.91¢ 4.662 1.062 68.42¢
2% Molasses + Vetch 30.392 4.18b 0.703abe 98.582
4% Molasses + Vetch 30.852 4.16° 0.44¢ 100.312
SEM 0.495 0.049 0.053 2.854
Significance Level * * * *

*P <0.05 29 There is no significant difference between the means with the same upper symbol and
located in the same row; SEM = standard error of mean

Molasses sugars can promote the proliferation of desirable microorganisms such as lactic acid
bacteria. These bacteria produce lactic acid during silage fermentation, contributing to a decrease in
pH and aiding in silage preservation. The increase in dry matter content, decrease in pH value, and
attainment of the highest Fleig score due to molasses supplementation indicate that this additive
positively influences the fermentation process and enhances silage quality. Additionally, fruit pomaces
also influenced the nutrient content of silage and increased the FP value when added in specific
proportions. Similar results have been obtained in some studies involving molasses and various fruit
pomaces (ibrahimoglu & Saruhan, 2019; Ulger et al., 2020; Tai et al., 2021; Giil, 2023). These findings
indicate that the use of additives such as fruit pomaces and molasses in silage production can enhance
its quality and nutritional value.
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IVGP, CH4 production (ml and %), OMD, ME, and NE. values of vetch silage were different between
treatments (P <0.05; Table 4). The addition of 2% apricot supplementation increased gas production of
silage the most compared to the control group (108.91 ml). Whereas additives did not markedly
decrease CH4 (ml) production compared to the control group, the highest increase was observed with
2% apricot supplementation (19.46 ml). Although the additives generally did not affect CH4 (%)
production, 4% peach supplementation decreased this by 17.60% and 4% apricot supplementation by
75.63%. The addition of 2% apricot supplementation increased the ME and NE. values of the silage the
most compared to the control group (9.44 and 5.60 MJ/kg, respectively). The reason for these effects
may be attributed to the influence of additives on silage microbial activity and digestibility, thereby
altering gas production, methane production, and energy values. These effects can be linked to the
nutrients contained in the additives and their impact on microbial activity. For example, the
supplementation of apricot may enhance the digestibility of silage and stimulate microbial activity, thus
increasing gas production and energy values. Similar results have been obtained in studies concerning
molasses and various fruit pomaces (ibrahimoglu & Saruhan, 2019; Ulger et al., 2020; Sahoo et al.,
2021).

Table 4. The values of IVGP, CH4 (ml, %), OMD, ME, and NE. values (g/kg DM) of silages with peach,
vetch, and molasses additives

Silage % IVGP (ml) CH4(ml) CH4 (%) OMD (%) ME (MJ/kg) NE_(MJ/kg)

Control 95.34¢ 17.09¢ 17.932 81.482 8.93 5.23cd
2% Peach + Vetch 99.81¢d 17.54¢ 17.572 82.242 9.13bc 5.38bc
4% Peach + Vetch 102.95b¢ 17.60¢ 17.10° 83.072 9.282b 5.4820
2% Apricot + Vetch 108.912 19.462 17.872 81.992 9.442 5.602
4% Apricot + Vetch 97.82de 17.37¢ 17.762 75.63° 8.72d 5.10d
2% Molasses + Vetch 106.43% 18.71° 17.582 81.182 9.302° 5.502b
4% Molasses + Vetch 106.932 18.98ab 17.752 80.702 9.312 5.51ab

SEM 1.119 0.203 0.315 0.570 0.057 0.040

Significance Level * * * * * *

*P <0.05; @ there is no significant difference between the means with the same upper symbol and
located in the same row; SEM = standard error of mean; IVGP, in vitro gas production; organic matter
digestibility; ME, metabolizable energy; NEL, net energy for lactation

The effects of supplementation with pulp and molasses additives on vetch forage silage, except for
TOMD, were found to be statistically significant in terms of TDMD, PF, MY, and MPPE values (Table 5)
(P <0.05). Whereas 4% apricot supplementation decreased TDMD the most (327.37 mg), 4% molasses
supplementation increased it the most (401.44 mg). This indicates a potential negative effect of 4%
apricot on digestion, whereas 4% molasses was determined to improve digestion. The addition of 4%
apricot supplementation decreased the PF value the most (3.32 mg/ml), indicating that digestion is more
challenging or that the animal's digestive system struggles to adapt to this substance. The 4% apricot
supplementation also resulted in the greatest decrease in MY value (110.67 mg), indicating a decrease
in microbial activity or a reduction in the amount of protein obtained from digested feed. The addition of
4% molasses supplementation increased the MY the most (164.58 mg). This indicates an increase in
microbial activity or a higher synthesis of protein from digested feed. MPPE was highest in the control
group (42.02%) and 4% apricot supplementation decreased it the most (33.68%). This indicates a
negative response of the digestive system microorganisms with apricot supplementation. Studies have
reported molasses supplementation to increase or decrease silage digestibility, PF, MP, and MPSE
values (Apo-Donia et al., 2022; Gursoy, 2023).
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Table 5. The values of fermentation characteristics of silages with peach, apricot, and molasses
additives

Silage % TDMD TOMD PF MY MPPE
(mg) (mg) (mg/ml) (mg) (%)
Control 364.23¢ 91.73 3.792 153.0320 42.022
2% Peach + Vetch 350.74d4 91.37 3.48 129.64¢ 36.94¢
4% Peach + Vetch 384.430 91.16 3.7020 156.362° 40.67%°
2% Apricot + Vetch 372.28bc 91.14 3.39cd 131.01¢cd 35.18¢
4% Apricot + Vetch 327.37¢ 89.14 3.32¢ 110.67¢ 33.68¢
2% Molasses + Vetch 380.12° 91.24 3.54bc 144.36% 37.98b¢
4% Molasses + Vetch 401.442 90.96 3.722 164.582 40.992
SEM 5.174 0.365 0.041 4117 0.725
Significance Level * NS * * *

*P <0.05; @9 there is no significant difference between the means with the same upper symbol and
located in the same row; NS = not significant; SEM = standard error of mean; TDMD, true dry matter
digestibility; TOMD, true organic matter digestibility; PF, partitioning factor; MY, microbial yield; microbial
protein production efficiency

The supplementation of vetch forage silage with different contents of fruit pomaces and
molasses showed statistically significant effects on RFV, DMI, TDN, TNDFD, and RFQ values (P < 0.05;
Table 6). The supplementation of vetch forage silage with different contents of fruit pomaces and
molasses increased the RFV and DMI of the silage, particularly with 4% peach and 4% molasses
supplementation. The highest increase in RFV and DMI was observed with 4% molasses
supplementation (206.62% and 3.60%, respectively). The highest TDN content of the silage was
observed with 4% molasses supplementation (76.25%). The lowest TNDFD was determined with 4%
apricot supplementation (66.01%), whereas the highest was observed with 4% molasses
supplementation. Of the additives, the highest RFQ value of the silage was obtained with 4% molasses
supplementation (reaching 238.82).

Table 6. The values of RFV, DMI, total TDN, TNDFD, and RFQ of silages with peach, apricot, and
molasses additives

Silage % RFV DMI TDN TNDFD RFQ
Control 159.60¢ 3.17¢ 70.87° 72.86¢¢ 183.01°
2% Peach + Vetch 174.00b¢ 3.39bc 71.96° 71.494 199.02°
4% Peach + Vetch 188.2230 3.6020 72.66° 74.46b 212.9320
2% Apricot + Vetch 182.79bc 3.54abe 73.95% 73.24¢ 212.892
4% Apricot + Vetch 168.04bc 3.29bc 71.25° 66.01¢ 190.87°
2% Molasses + Vetch 166.600° 3.35b¢ 72.67° 75.85°P 198.48°
4% Molasses + Vetch 206.622 3.852 76.252 79.312 238.822

SEM 4.032 0.060 0.481 0.880 4.748
Significance Level * * * * *

*P <0.05 2-* there is no significant difference between the means with the same upper symbol and
located in the same row; SEM = standard error of mean; RFV, relative feeding value; DMI, dry matter
intake; TDN, total digestible nutrients; TDNFD, true NDF digestibility; RFQ, relative forage quality

Molasses is a common additive used to sweeten feeds and enhance digestibility. Therefore, it
is expected that the addition of molasses will increase the relative feed value and dry matter intake of
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feed. Additionally, molasses has a known enhancing effect on digestible nutrients. Besides improving
feed quality, molasses supplementation improves the nutritional values of feed. Similar to the current
study, the addition of molasses increased NYD and NYK values of silage (Hundal et al., 2021; Abo-
Donia et al., 2022; Canbolat, 2022; Ramzan et al., 2022).

Conclusion

This study suggests that fruit and vegetable waste can be utilized to obtain high-quality forage.
With the increasing population and the expected food scarcity in recent times, preventing waste will not
only mitigate risks of food insecurity but also contribute substantially to obtaining high-quality animal
products by utilizing waste. Utilizing waste plays an important role in addressing these challenges and
providing high-quality animal products.
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