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ABSTRACT

Background: Seed pumpkin waste is a significant portion of the vast quantities of vegetable waste gener-
ated annually, which has the potential to be used as feed for livestock. The disposal of pumpkin waste,
which is unsuitable for human consumption, has the potential to reduce conflict between humans and
cattle for agricultural land. This study examined the quality, aerobic stability, and in vitro organic matter
digestion of silage generated by combining seed pumpkin waste with wheat straw and alfalfa in varying
proportions.
Methods: The consisted of seven different mixtures of pumpkin seed waste with wheat straw and alfalfa.
The mixtures were, control (100% pumpkin), PgsS¢s (85% pumpkin, 15% wheat straw), PgoS20 (80% pump-
kin, 20% wheat straw), P75S,s (75% pumpkin, 25% wheat straw), P70S15A15 (70% pumpkin, 15% wheat
straw, 15% alfalfa), PgpS20A20 (60% pumpkin, 20% wheat straw, 20% alfalfa), and P50S;5A55 (50% pumpkin,
25% wheat straw, 25% alfalfa). These mixtures were compressed into 1.5-liter glass jars and then ensiled.
The silages were opened after a fermentation period of 60 days. The pH, ammonia nitrogen and volatile
fatty acids were determined after the fermentation period.
Result: The pH values of the silage mixtures varied between 3.57 and 4.19. Aerobic stability values (CO,
formation) increased with the addition of straw and alfalfa. Fleig score calculations were ranked as ‘good’
and ‘very good'.
Conclusion: It is concluded that pumpkin waste, which has high moisture content, can be used as a source
of roughage in animal feeding when the silage is made with the additives of wheat straw and alfalfa. The
use of pumpkins as silage is of great significance in Turkey, as it serves to reduce environmental pollution
and offers an alternative source of ruminant roughage. This may be achieved by making a silage mixture
that incorporates pumpkins, wheat straw, and alfalfa.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

the intake of dietary fiber in animals. The rising costs of animal
feed have generated a growing interest in the exploration of

The increasing global population has led to an increased need
for food resources, particularly those derived from animal sources
such as meat and dairy products. Hence, it is important to increase
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cost-effective alternative feed sources that have no detrimental
impact on animal well-being (Crosby-Galvan et al. 2018). Similarly,
the increasing rate of population growth and improvements in
dietary habits have given rise to several significant societal issues.
These include the shortage of food, intensified conflict for arable
land in terms of food production and animal feed, and a substantial
surge in agricultural waste (Du et al., 2021; Li et al., 2022; Song
et al., 2022). Agricultural waste is extensively used in the feeding
of farm animals. These wastes are products left after the harvest
of various plants and it is possible to evaluate them as a source
of roughage in ruminant feeding (Du et al., 2021; Li et al., 2022).
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The annual quantity of agricultural waste in Turkey amounts to
17 million tons (Aksay & Tabak, 2022). The predominant pumpkin
species cultivated in Turkey is Cucurbita pepo (Seymen et al., 2012).
It is mostly cultivated for seed production and once the seeds are
removed from the pumpkin, the remaining flesh enclosed inside
the shell is often discarded. The discarded portion accounts for
~92-95% of the seed pumpkin (Hashemi & Razzaghzadeh, 2007).
The discarding leads to substantial quantity of waste generation.
Typically, the waste material is allowed to undergo decomposition
inside the harvested fields, rendering them inadequately used.
Consequently, there is a pressing need for study pertaining to
waste use, which holds significant environmental and economic
significance. A large portion of the remaining 95% of the pumpkin
(Cucurbita pepo), which is a roughage source, is waste after the
seeds are separated (Hashemi and Razzaghzadeh 2007). The prepa-
ration of pumpkin waste silage has significance in terms of waste
reduction, provision of nutrient-rich animal feed, cost savings,
and the promotion of sustainable agricultural methods. This
approach offers farmers a pragmatic means of optimizing resource
use while simultaneously making a beneficial impact on both their
agricultural practices and the surrounding ecosystem. However,
high moisture contents in pumpkin waste and pathogen infesta-
tion are a major hurdle in its use as a silage.

The use of mixed silage, a prevalent agricultural waste feed
method, allows for the full utilization of agricultural wastes and
the production of silage of superior quality (Larsen et al., 2017).
Alfalfa is a preeminent forage crop because of its abundant supply
of vitamins, minerals, protein, and other essential elements. Addi-
tionally, alfalfa exhibits notable attributes such as high productiv-
ity, favorable taste, and exceptional digestibility, with a range of
70% to 80%. tudies have shown that the incorporation of alfalfa into
silage, using mixed silage technology, may enhance both the effi-
cacy of the silage process and the nutritional composition of the
resulting feed (Wang et al., 2021; Zhang et al., 2017). Wheat straw
is a frequently accessible and cost-effective fiber source generated
through wheat production. Nevertheless, it has a sub-optimal
digestion in the gastrointestinal tract of dairy cows (Kahyani
et al., 2019). Therefore, mixing it with other silages could improve
its digestibility and quality.

The ensiling has been widely regarded as a very efficient and
environmentally benign technique for the treatment of organic
waste inside ecosystems. The use of silages as cost-effective animal
feeds has the potential to facilitate the advancement of sustainable
livestock growth. Nevertheless, vegetable waste often exhibits ele-
vated moisture content and a substantial presence of pathogens,
potentially compromising the quality of the silage (Du et al,,
2021). Pumpkin waste with a high moisture content has appar-
ently been demonstrated to be a successful roughage alternative
when maintained by ensiling and utilized as needed (Chavira,
2016). The pumpkin seed waste has a notably higher carbohydrate
content, making it a viable option for use as animal feed after the
process of silage production. The use of waste products with favor-
able nutritional characteristics as animal feed has the potential to
mitigate environmental damage (Pirmohammadi et al., 2006). Dif-
ferent additives may be used to efficiently regulate the fermenta-
tion process to enhance the quality of silage. However, rare
studies have been conducted to determine the possibilities for
mix silage of pumpkin waste.

The current study investigated the possibilities of a mix silage
comprising of mainly pumpkin waste, wheat straw and alfalfa.
All of these were mixed in different quantities and nutrient compo-
sition, silage quality, volatile fatty acid compositions (lactic, acetic,
propionic, and butyric acid), in vitro organic matter digestion
(IVOMD) rate, and metabolic energy (ME) values of silages
obtained mixing were determined. The results will help in the safe
disposal of pumpkin waste and feed for animals.
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2. Materials and methods
2.1. Experimental site

The experiment was conducted at Department of Animal Nutri-
tion and Nutritional Disease, Faculty of Veterinary Medicine, Har-
ran University, Eyyubiye, Sanliurfa, Turkey.

2.2. Treatments

Pumpkin (Cucurbita pepo) waste (fruit flesh left after seed collec-
tion), wheat straw, and alfalfa were used as silage materials in the
study. There were 7 compositional groups included in the study,
i.e., control (100% pumpkin), PgsS1s (85% pumpkin + 15% wheat
straw), PgoS20 (80% pumpkin + 20% wheat straw), P75S,5 (75% pump-
kin + 25% wheat straw), P;¢Si5A15 (70% pumpkin + 15% wheat
straw + 15% alfalfa), PgpS20A20 (60% pumpkin + 20% wheat straw + 20%
alfalfa), and P50S;5A,5 (50% pumpkin + 25% wheat straw + 25%
alfalfa). The materials were collected from a nearby farmers’ field
and utilized in the study. The resulting mix silages were compressed
in 1.5-liter glass jars with 4 replications for each treatment and
ensiled in an airtight manner. The silages were kept for a period of
60 days in a cool and dark setting at room temperature.

At the completion of the 60-day fermentation period, the silages
were opened, and their pH levels were assessed (Polan et al., 1998).
Silage samples were examined for their ammonia nitrogen concen-
tration (Broderick & Kang, 1980). Lactic acid and volatile fatty acids
(acetic, propionic, and butyric acid) analyses were performed
according to the method reported by Suzuki & Lund (1980). Dry
matter (DM), raw ash (RA), and crude protein (CP) in the silage
materials in were analyzed according to the AOAC (2005). Acid
detergent insoluble fiber (ADF) and neutral detergent insoluble
fiber (NDF) were analyzed on an Ankom device.

Fleig scores of the silages were calculated with equation 1.

Fleig Score = [220 + (2 x DM% — 15) — 40 x pH] (1)

Based on the Fleig score categorization, scores falling within the
range of 0 to 20 are categorized as ‘poor’, scores ranging from 21 to
40 are classified as ‘low’, scores between 41 and 60 are considered
‘moderate’, scores ranging from 61 to 80 are labeled as ‘good’, and
scores falling within the range of 81 to 100 are categorized as ‘very
good’.

The aerobic stability tests were conducted in accordance with
Ashbell et al. (1991). The silages collected in the research were
examined for in vitro organic matter digestibility (IVOMD) and
metabolic energy (ME) content by following (Menke & Steingass,
1988). The equations 2 and 3 published by Menke & Steingass
(1988)were used to determine the ME and IVOMD, respectively.

ME (M]/Kg DM) = 2.20 + 0.136GP + 0.057CP + 0.002CP2  (2)

In the equation, ME = metabolic energy, GP = 24-hour gas pro-
duction (ml), and CP = Crude protein.

OMD (%) = 14.88 + 0.889GP + 0.45CP + 0.065 RA (3)

In the equation, OMD = organic matter digestion, GP = gas pro-
duction, CP = crude protein, and RA = raw ash content.

2.3. Statistical method

The collected data on the studied traits were subjected to one-
way analysis of variance (ANOVA) (Steel et al., 1997). The normal-
ity and homogeneity of variance in the data were tested prior to
ANOVS. The analysis was performed on SPSS statistical software
(IBM Spss Inc., 2012). Duncan’s test was used to assess the differ-
ences among the groups where ANOVA indicated significant
differences.
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3. Results

The dry matter (DM), raw ash (RA), crude protein (CP), acid
detergent insoluble fiber (ADF), neutral detergent insoluble fiber
(NDF), in vitro organic matter digestibility (IVOMD), and metabolic
energy (ME) values of the pumpkin, wheat straw, and alfalfa mix-
tures used as silage material are given in Table 1. Wheat straw had
the highest DM, while it was lowest in the pumpkin. Similarly,
pumpkin had higher RA compared with wheat straw and alfalfa.
Alfalfa and pumpkin had higher values for CP, whereas wheat
had the lowest CP. Alfalfa and pumpkin had similar ADF, while
wheat straw had higher ADF. The highest and the lowest NDF
was noted for wheat straw and pumpkin, respectively (Table 1).

The nutrient values of the silages obtained by adding straw and
alfalfa at different rates to the pumpkin are given in Table 2. The
DM content of the control, PgsS15, PgoS:0, P75S25, P70S15A1s,
PeoszoAzo, and p50525A25 were 7.01%, 17.60%, 23.03%, 24.19%,
19.30%, 27.52%, and 29.35%, respectively. The RA contents varied
between 8.96% and 11.32 (P < 0.05). The highest CP content
(13.89%) was observed for control, while the lowest value (6.24%)
was found in P;5S;s. The ADF values ranged between 39.70% and
46.14% and NDF values differed between 48.47% and 73.11%
(P < 0.001). The IVOMD values were highest in control group
861.78%9 and the lowest (44.26%) in P5oS;5A55 (P < 0.001). The
highest ME value was noted for control (21.73 M]/kg DM), while
the lowest (3.39 MJ/kg DM) was in P;5S,5 (P < 0.01).

The results of the fermentation are shown in Table 3. The pH
levels in the silage mixtures were 3.57 to 4.19 (P < 0.001). High
NH3-N/TN was noted for control (28.95%), whereas ammonia
nitrogen value decreased with increasing additions (P 0.001). The
control group had the greatest CO, value for aerobic stability
(21.73% g/kg DM), whereas P75S,s had the lowest (3.39% g/kg
DM) value in this regard (P < 0.001). Scores on the Fleig test ranged
from 77.32 to 102.66 (P 0.001). The control group had the greatest
lactic acid value (60.67 g/kg DM), one of the most crucial require-
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ments for silages, whereas the Ps50S»sAs group had the lowest
value (13.86 g/kg DM) (P < 0.001). The value of acetic acid ranged
from 4.44 g/kg DM to 13.02 g/kg DM (P 0.001). There was
no evidence of propionic acid in any of the groups. The control
silage had the highest butyric acid levels at 2.73 g/kg DM
(P <0.001).

4. Discussion

The ensiling of pumpkin waste is challenging due to their rela-
tively low dry matter (DM) concentration. The use of certain addi-
tives is necessary to maintain the nutritional content, promote
fermentation, and prolong the longevity of silage with low DM
content. The present study used several combinations of wheat
straw and alfalfa to enhance the DM content of pumpkin waste.
Dry wheat and straw are often used in the process of ensiling to
reduce the moisture content of feed materials that possess a
high-water content, such as pumpkin (I. Ulger et al., 2020).

The current investigation revealed that DM content in pumpkin
was 5.34%. Several studies have reported different DM levels for
Cucurbita pepo and Cucurbita argyrosperma. Ulger et al. (2020)
found a DM content of 8.98% for C. pepo, whereas Lorenzo-
Hernandez et al. (2019) reported a DM content of 13.71% for C.
argyrosperma. Overall, the DM content of the pumpkin (C. pepo)
used in the present study (5.34%) was lower than other studies.
In our study, the CP of pumpkin was 15.55%, which was higher
than the value (8.17%) reported byUlger et al. (2020), lower than
the value (18.2%) reported by Lozicki et al. (2015) for pumpkin
(C. maxima D.), and similar to the value (15.40%) determined by
Lorenzo-Hernandez et al. (2019). The ADF content of the pumpkin
used in the present study (32.10% DM) was lower than the value
(38.84% DM) found by Ulger et al. (2020), and (24.21% DM) by
Lorenzo-Hernandez et al. (2019), whereas it was higher than that
(18% DM) found by tozicki et al. (2015).

Table 1
The raw nutrient contents, in vitro organic matter digestion and metabolic energy values of pumpkin, wheat straw, and alfalfa used as silage materials.
DM RA cP ADF NDF IVOMD ME
Pumpkin 534 15.49 15.55 32.10 43.84 62.53 9.15
Wheat straw 88.79 9.08 532 45.82 78.41 50.78 7.55
Alfalfa 29.79 9.29 18.34 3343 51.28 62.42 9.26

DM = dry matter (%), RA = raw ash (DM %), CP = crude protein (DM %), ADF = acid detergent insoluble fiber (DM %), NDF = neutral detergent insoluble fiber (DM %),
IVOMD = in vitro organic matter digestibility (DM %), ME = metabolic energy (M]/kg DM).

Table 2

The effects of different additives on various quality attributes of silages obtained after mixing of pumpkin, wheat straw and alfalfa.
Treatment DM RA cP ADF NDF IVOMD ME
Control 7.01¢ 11.322 13.89° 39.70¢ 48.47¢ 61.78° 21.73°
PgsS1s 17.60¢ 9.54° 7.824 46.14% 72.49° 52.24° 17.68°
Pg0S20 23.03¢ 9.27° 6.87¢ 44.,09° 72,572 52.86° 3.77°
P75S25 24.19°¢ 10.15% 6.24¢ 43.26" 73.11° 51.75° 3.39°
P70S15A15 19.30¢ 9.26° 9.97° 41.49 < 67.28"¢ 50.01° 5.50°
Pe0S20A20 27.52% 8.96" 9.96" 43.14"¢ 66.05¢ 52.50° 4.36°
P50S25A25 29.35° 9.09" 8.90¢ 42,00 68.45° 44.26¢ 3.95¢
SEM 1.39592 0.20777 0.46563 0.42704 1.54965 1.07859 0.16843
P <005 N e

Values with different letters within a column are statistically different from each other different. Significance (*:P < 0.05; **:P < 0.01:***:P < 0.001); DM = dry matter (%),
RA = raw ash (DM %), CP = crude protein (DM %), ADF = acid detergent insoluble fiber (DM %), NDF = neutral detergent insoluble fiber (DM %), IVOMD = in vitro organic matter
digestibility (DM %), ME = metabolic energy (M]J/kg DM). SEM = standard error of the means. Control = 100% pumpkin, PgsS;5 = 85% pumpkin + 15% wheat straw, PgoS;o = 80%
pumpkin + 20% wheat straw, P;5S,5 = 75% pumpkin + 25% wheat straw, P;0S;5A;5 = 70% pumpkin + 15% wheat straw + 15% alfalfa, PgoS20A20 = 60% pumpkin + 20% wheat

straw + 20% alfalfa, and PsoS;s5Az5 = 50% pumpkin + 25% wheat straw + 25% alfalfa.
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Table 3

The effects of different additives on fermentation properties of silages obtained after mixing of pumpkin, wheat straw and alfalfa.
Treatment pH NH;3-N/TN CO, Fleig LA AA PA BA
Control 3.57¢ 28.95° 21.73% 77.32¢ 60.67° 13.02° NF 2732
PgsS1s 3.71°¢ 16.21¢ 17.68° 93.11¢ 28.60° 6.05" NF 1.38°
PgoS20 3.79° 13.33% 3,77 < 97.59° 18.01¢ 4.81° NF 1.09°
P;5S55 3.86° 13.16° 3.39¢ 102.66° 18.57¢ 5.01° NF 1.05°
P70S15A15 4.05° 18.32° 5.50° 87.019 19.52¢ 6.39" NF 1.29°
Pe0S20A20 418 15.02 <« 436 94,13 16.58¢ 4.81° NF 1.14°
P50S25A25 4.19° 12.32¢ 395 90.39 « 13.86° 4.44° NF 1.20°
SEM 0.4638 1.04529 1.38205 1.50972 2.99192 0.57674 NF 0.12447
P <0.05 NE

Values with different letters within a column are statistically different from each other different. Significance (*:P < 0.05; **:P < 0.01:***:P < 0.001). NH3-N/TN = ammonia
nitrogen ratio in total nitrogen (TN), NH3% -N/TN, CO, = carbon dioxide formation (g/kg DM), LA = lactic acid (g/kg DM), AA = acetic acid (g/kg DM), PA = propionic acid (g/kg
DM), BA = butyric acid (g/kg DM), NF = not found, SEM = standard error of the means. Control = 100% pumpkin, PgsS;5 = 85% pumpkin + 15% wheat straw, PgoSyo = 80%
pumpkin + 20% wheat straw, P;s5S;5 = 75% pumpkin + 25% wheat straw, P;0S15A15 = 70% pumpkin + 15% wheat straw + 15% alfalfa, PgoS20A20 = 60% pumpkin + 20% wheat
straw + 20% alfalfa, and Ps5¢S;5A,5 = 50% pumpkin + 25% wheat straw + 25% alfalfa.

Based on the NDF content (43.84% DM) observed in our
research, it is noteworthy that this value is comparatively lower
than the findings reported by Ulger et al. (2020) (53.09% DM)
and Lorenzo-Hernandez et al. (2019) (48.01% DM). Conversely,
our results indicate a greater NDF content than that reported by
Lozicki et al. (2015) (21.7% DM). In relation to the DM contents
derived from the silages, the P5¢S,5A,5 group exhibited the greatest
percentage (29.35%), while the control group had the lowest
percentage (7.01%) (P < 0.001). The DM content has typically seen
an increase because of the rise in the proportion of wheat straw
and alfalfa in the composition. This could be linked with higher
DM content in wheat straw and alfalfa. The DM contents of the
pumpkin and straw mixture (95% pumpkin + 5% wheat straw)
and the pumpkin and alfalfa mixture (95% pumpkin + 5% alfalfa)
produced by Ulger et al. (2020) exhibited higher values, measuring
15.59% and 17.20% respectively. The difference between our
research and the preceding study may be attributed to the inclu-
sion of wheat straw and alfalfa, both of which possess a high DM
content, as contributing factors towards improved DM of the
mixed silages.

Pirin¢ et al. (2020) discovered CP concentrations that were
greater than the CP values observed in the present research for
the control (14.14% DM). Halik et al. (2014) revealed that the CP
values of the control silages (10.97% DM) and silages treated with
0.2% inoculant (Lactobacillus plantarum) (10.89% DM) were com-
paratively lower (ranging from 6.24% to 9.97% DM) than the CP
value of the control silage (13.97% DM) observed in the present
study. Ulger et al. (2020) reported that the CP values of the 95%
pumpkin + 5% straw (5.52% DM) and 95% pumpkin + 5% alfalfa
(9.66% DM) silages were close to the CP values observed in the cur-
rent study. The addition of straw decreased the protein content,
whereas the CP content increased with the addition of alfalfa.
The lowest CP contents were obtained from the PgsS;5 (6.87 g/kg
DM) and P75S;5 (6.24% g/kg DM) groups (P < 0.001). The explana-
tion for this phenomenon is attributed to the fact that straw has
a low crude protein (CP) level and a high concentration of cellulose
(Piring et al., 2020). On the other hand, alfalfa has high protein con-
tent (I. Ulger et al., 2020). Statistically significant differences were
recorded in ADF and NDF parameters across the silage groups
included in the current study (P 0.001). The lowest values for both
ADF and NDF were noted for the control group (39.70-48.47% DM).
The ADF and NDF values increased with the addition of straw and
alfalfa. The ADF (21.33%-21.54% DM) and NDF (31.43-30.73% DM)
values of the silages reported by Halik et al. (2014) were lower
than the values obtained in the current study. The ADF (43.66%-
36.59% DM) and NDF (63.33%-49.56% DM) values reported by
Ulger et al. (2020) were similar to the values found in the current
study.

The IVOMD values of the silages were between 44.26% and
61.78% DM. In the study by Ulger et al. (2020), silages with 95%
pumpkin + 5% straw (49.86% DM) and 95% pumpkin + 5% alfalfa
(55.52% DM) demonstrated similar IVOMD values (P < 0.001).
The present research suggests that the observed reduction in
IVOMD values for straw and alfalfa might be attributed to their
lower provision of protein that is beneficial for rumen microbes,
as well as their higher content of NDF and ADF (Table 2). Numerous
studies have indicated a good correlation between the augmenta-
tion of protein and energy levels in animal feeds, as well as the
reduction of acid detergent fiber (ADF) and neutral detergent fiber
(NDF) content, and the enhancement of gas generation (Canbolat &
Karaman, 2009). The highest metabolic energy content was found
in the control (21.73 M]/kg) silage due to the high amount of
in vitro gas and CP content released because of fermentation of
pumpkin silage since the metabolic energies of the feeds were cal-
culated by considering the 24-hour gas production values and CP
content.

The pH values obtained in the present study were between 3.57
and 4.19 and increased due to the addition of alfalfa (Table 3).
These pH values are within the range specified for high quality
silages (pH = 3.80-4.30). The ammonia nitrogen values (12.32-
28.95% NH;3N-TN) decreased with increasing additive content
when compared to the control silage. The ammonia value of silage
should be < 11% of the total nitrogen value (Carpemtero et al.,
1969). Ammonia nitrogen (NH3N-TN) is formed as a result of the
degradation of proteins in the silo by clostridial bacteria during
silage fermentation, and clostridial activity in the silo increases
due to low DM level (Kung, 2010). The ammonia nitrogen values
in the current study were over 11%.

The CO, formation in the present study was 3.39-21.73 g/kg
DM. As soon as the silage is taken out of the silo to be fed to the
animals, the anaerobic conditions in the silo turn aerobic. Under
these conditions, undesirable microorganisms (bacteria such as
Clostridia, Enterobactericiae, Bacilli, and Listeria; yeasts of Candida,
Hansenula, Pichia, Issatchenkia, and Saccharomyces species; and
molds of Aspergillus, Fusarium, and Pencillium species) begin to
multiply in the silo and cause the silage to deteriorate
(McDonald et al., 1991). The most typical determinants of the pro-
cess, which is often defined as aerobic deterioration in field condi-
tions, are the development of yeast and mold fungi with the
increase in silo temperature. During the feeding period, the
microorganisms of concern consume the water-soluble carbohy-
drates (WSCs) and fermentation products such as lactic acid caus-
ing loss of DM and nutrients. As a result of aerobic activity, CO, and
water are released in the silo, the temperature rises, and the silage
begins to deteriorate. The silo’s increased CO, production reduces
the aerobic stability of the silages. Researchers found that silages
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made from low DM content materials also had poorer aerobic sta-
bility values. Straw and alfalfa were added to increase DM, which
decreased CO, generation and improved aerobic stability in the
current study (P 0.001).

An important criterion in determining silage quality is the pH
values of silages. The Fleig score, which is an easy method for
determining the quality of silo feeds, is calculated according to
the pH and DM ratio and every factor affecting the pH and DM ratio
also influences the Fleig score. When the desired pH and DM ratio
in silo feed are provided, the Fleig score is also high. According to
the pH value and DM ratios obtained in the present study, the Fleig
score of some mixtures was above 100 points, while in some mix-
tures it was lower depending on the pH and DM value. The Fleig
score can be from 0 to 100 points. However, in some studies, the
Fleig scores obtained were 100 and above (Aykan & Saruhan,
2018). A high Fleig score indicates an increase in silage quality.
As can be seen from the Fleig scores in our study, the quality
was high in all silages.

The present study found that adding straw and alfalfa reduced
the lactic acid value in the control silage, which was 60.67 g/kg
DM, while increasing the quantity of lactic acid in the silage did
not affect the lactic acid value (P 0.001). Lozicki et al. (2015) found
that lactic acid levels in pumpkin silages without inoculants
(56.4 g/kg DM) and with inoculants (64.3 g/kg DM) were equiva-
lent to those in the control silage in the current experiment
(P0.001) (2015).

It is thought that the reason for the high rate of lactic acid bac-
teria in the control silage is the high content of WSCs. Consider-
ing the acetic acid values, it was again found to be high (13.02 g/
kg DM) in the control silage, while it decreased with the addition
of straw and alfalfa and the lowest value was in the P50S25A25
(4.44 g/kg DM) group. Moreover, the acetic acid values of pump-
kin silages without inoculants (22.4 g/kg DM) and with inoculants
(25.5 g/kg DM) determined by lLozicki et al. (2015) are higher
than the acetic acid values in the current study, while the values
reported by Pirin¢ et al. (2020) for pumpkin (4.13 g/kg DM),
pumpkin + acetic acid values of silages with 100 ppm inoculant
(4.8% g/kg DM), pumpkin + 15% straw (4.85% g/kg DM), and
pumpkin + 15% straw + 100 ppm inoculant (8.14 g/kg DM) added
are similar (P < 0.01). Lactic acid is produced as the primary
byproduct from WSC sources by the homofermentative lactic acid
bacteria that are present in the medium during silage fermenta-
tion. Contrarily, heterofermentative lactic acid bacteria also gen-
erate CO,, acetic acid, diacetyl, and ethyl alcohol as by-products
in addition to lactic acid (Blandino et al., 2003). The high acetic
acid concentration (13.2% g/kg DM) of the control group silages
assessed in this research may have resulted from their low DM
content and the increased effectiveness of heterofermentative
bacteria in the silo (Kung, 2010). In the present study, propionic
acid values were not determined. Butyric acid values were
between 1.05% and 2.73 g/kg DM, and the highest value was
found in the control silage (P < 0.001). A high-quality silage
should have a low butyric acid level. Especially in silo materials
with high protein and water content, ammonia and butyric acid
are formed in very high amounts. It has been reported that if
the pH is not stabilized at or below 4 and sufficient lactic acid
is not formed during the first 2 weeks of ensiling, bacteria such
as Clostridia that convert lactic acid and sugars to butyric acid
may increase (Bolsen et al., 1996).

5. Conclusion

It is concluded that pumpkin (C. pepo) waste material could be
used in making silage with the addition of wheat straw and alfalfa.
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While making silage from pumpkin waste, wheat straw and alfalfa
can be added to increase the DM and cellulose contents. It is
important that the pumpkin must be utilized as silage by preparing
a mix silage consisting of pumpkin, wheat straw and alfalfa to pre-
vent environmental pollution in Turkey and provide an alternative
source of ruminant roughage.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

References

Aksay, M.V., Tabak, A., 2022. Mapping of biogas potential of animal and agricultural
wastes in Turkey. Biomass Convers. Biorefin. 12 (11), 5345-5362. https://doi.
org/10.1007/s13399-022-02538-6.

Aoac, 2005. Official Methods of Analysis of AOAC International. In Association of
Official Analysis Chemists International.

Ashbell, G., Weinberg, Z.G., Azrieli, A., Hen, Y., Horev, B., 1991. A simple system to
study the aerobic determination of silages. Can. Agric. Eng. 34, 171-1117.
Aykan, Y., Saruhan, V., 2018. Determination of silage quality features of field pea
(Pisum sativum L.) and barley (Hordeum vulgare L.) mixtures ensiling at

different rates. J. Facul. Vet. Med. 11 (2), 64-70.

Blandino, A., Al-Aseeri, M.E., Pandiella, S.S., Cantero, D., Webb, C., 2003. Cereal-
based fermented foods and beverages. Food Res. Int. 36 (6), 527-543. https://
doi.org/10.1016/S0963-9969(03)00009-7.

Bolsen, K.K.,, Ashbell, G., Weinberg, Z.G., 1996. Silage fermentation and silage
additives - review. Asian Australas. J. Anim. Sci. 9 (5), 483-494. https://doi.org/
10.5713/ajas.1996.483.

Broderick, G.A., Kang, J.H., 1980. Automated simultaneous determination of
ammonia and total amino acids in ruminal fluid and in vitro media. ]. Dairy
Sci. 63 (1), 64-75. https://doi.org/10.3168/jds.50022-0302(80)82888-8.

Canbolat, 0., Karaman, S., 2009. Bazi Baklagil Kaba Yemlerinin in Vitro Gaz Uretimi,
Organik Madde Sindirimi, Nispi Yem Degeri ve Metabolik Enerji Iceriklerinin
Karsilastirilmasi. Tarim Bilimleri Dergisi 15 (2), 188-195. https://doi.org/
10.1501/Tarimbil_0000001090.

Carpemtero, M.C., Holding, AJ., McDonald, P., 1969. Fermentation studies on
lucerne. ]. Sci. Food Agric. 20 (11), 677-681. https://doi.org/10.1002/
jsfa.2740201112.

Chavira, J.S., 2016. Potential Use of Nonconventional Silages in Ruminant Feeding
for Tropical and Subtropical Areas. In: In Advances in Silage Production and
Utilization. InTech. https://doi.org/10.5772/64382.

Du, G., Zhang, G., Shi, ]., Zhang, J., Ma, Z., Liu, X,, Yuan, C, Li, X,, Zhang, B., 2021.
Keystone Taxa lactiplantibacillus and lacticaseibacillus directly improve the
ensiling performance and microflora profile in co-ensiling cabbage byproduct
and rice straw. Microorganisms 9 (5), 1099. https://doi.org/10.3390/
microorganisms9051099.

Halik, G.D., Lozicki, A., Koziorzebska, A., Dymnicka, M., Arkuszewska, E., 2014. Effect
of ensiling pumpkin Cucurbita maxima with the addition of inoculant or
without it on chemical composition and quality of silages. Ann. Warsaw Univ.
Life Sci. - SGGW Anim. Sci. 110 (53), 103-110.

Hashemi, A., Razzaghzadeh, S., 2007. Investigation on the possibility of ensiling
cucurbit (Cucurbita pepo) residues and determination of best silage formula. J.
Anim. Vet. Adv. 6 (12), 1450-1452.

IBM SPSS Inc. (2012). SPSS Statistics for Windows. IBM Corp. Released 2012, Version
20, 1-8

Kahyani, A., Ghorbani, G.R., Alikhani, M., Ghasemi, E., Sadeghi-Sefidmazgi, A.,
Beauchemin, K.A., Nasrollahi, S.M., 2019. Performance of dairy cows fed diets
with similar proportions of undigested neutral detergent fiber with wheat
straw substituted for alfalfa hay, corn silage, or both. J. Dairy Sci. 102 (12),
10903-10915. https://doi.org/10.3168/jds.2019-16869.

Kung Jr, L., 2010. Understanding the biology of silage preservation to maximize
quality and protect the environment. Proc. California Alfalfa & Forage Symp,
Visalia, CA.

Larsen, S.U., Hjort-Gregersen, K., Vazifehkhoran, A.H., Triolo, ].M., 2017. Co-ensiling
of straw with sugar beet leaves increases the methane yield from straw.
Bioresour. Technol. 245, 106-115. https://doi.org/10.1016/j.
biortech.2017.08.117.

Li, J., Meng, Q., Xing, J., Wang, C., Song, C., Ma, D., Shan, A., 2022. Citric acid enhances
clean recycling of Chinese cabbage waste by anaerobic fermentation. J. Clean.
Prod. 348,. https://doi.org/10.1016/j.jclepro.2022.131366 131366.

Lorenzo-Hernandez, R., Torres-Salado, N., Sdnchez-Santillan, P., Herrera-Pérez, ., de
Mayrén-Mendoza, F., Salinas-Rios, T., Rojas-Garcia, A.R., Maldonado-Peralta, M.
de los A., 2019. Evaluaci6n de las caracteristicas de calidad y bromatolégicas de
ensilados elaborados con residuos de calabaza (Cucurbita argyrosperma).
Revista Internacional de Contaminacién Ambiental 35 (4), 957-963.


https://doi.org/10.1007/s13399-022-02538-6
https://doi.org/10.1007/s13399-022-02538-6
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0010
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0010
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0015
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0015
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0020
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0020
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0020
https://doi.org/10.1016/S0963-9969(03)00009-7
https://doi.org/10.1016/S0963-9969(03)00009-7
https://doi.org/10.5713/ajas.1996.483
https://doi.org/10.5713/ajas.1996.483
https://doi.org/10.3168/jds.S0022-0302(80)82888-8
https://doi.org/10.1501/Tarimbil_0000001090
https://doi.org/10.1501/Tarimbil_0000001090
https://doi.org/10.1002/jsfa.2740201112
https://doi.org/10.1002/jsfa.2740201112
https://doi.org/10.5772/64382
https://doi.org/10.3390/microorganisms9051099
https://doi.org/10.3390/microorganisms9051099
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0060
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0060
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0060
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0060
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0060
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0065
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0065
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0065
https://doi.org/10.3168/jds.2019-16869
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0080
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0080
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0080
https://doi.org/10.1016/j.biortech.2017.08.117
https://doi.org/10.1016/j.biortech.2017.08.117
https://doi.org/10.1016/j.jclepro.2022.131366
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0095
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0095
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0095
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0095
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0095

B. Dogan Das, M. Avci, N. Denek et al.

Lozicki, A., Koziorzebska, A., Halik, G., Dymnicka, M., Arkuszewska, E., Niemiec, T.,
Bogdan, J., 2015. Effect of ensiling pumpkin (Cucurbita maxima D.) with dried
sugar beet pulp on the content of bioactive compounds in silage and its
antioxidant potential. Anim. Feed Sci. Technol. 206, 108-113. https://doi.org/
10.1016/j.anifeedsci.2015.05.012.

McDonald, P., Henderson, N., Heron, S. 1991. The Biochemistry of Silage.
Chalcombe Publications.

Menke, K.H., Steingass, H., 1988. Estimation of the energetic feed value obtained
from chemical analysis and in vitro gas production using rumen fluid. Anim.
Res. Dev. 28, 7-55.

Piring, A., Ozbilgin, A., Kahraman, O., Polat, E.S., 2020. Determination of nutritional
values of seedling pumpkin (Cucurbita pepo L.) residues silage. Turk. J. Agric.-
Food Sci. Technol. 8 (3), 768-772.

Pirmohammadi, R., Rouzbehan, Y., Rezayazdi, K., Zahedifar, M., 2006. Chemical
composition, digestibility and in situ degradability of dried and ensiled apple
pomace and maize silage. Small Rumin. Res. 66 (1-3), 150-155. https://doi.org/
10.1016/j.smallrumres.2005.07.054.

Polan, CE., Stieve, D.E., Garrett, ]J.L., 1998. Protein preservation and ruminal
degradation of ensiled forage treated with heat, formic acid, ammonia, or
microbial inoculant. J. Dairy Sci. 81 (3), 765-776. https://doi.org/10.3168/jds.
S0022-0302(98)75633-4.

Seymen, M., Turkmen, O., Paksoy, M., Fidan, S. 2012. Determination of Some
Morphological Characteristics of Edible Seed Pumpkin (Cucurbita pepo L.)

Journal of King Saud University — Science 35 (2023) 102867

Genotypes.“Cucurbitaceae 2012. Proceedings of the Xth EUCARPIA Meeting on
Genetics and Breeding of Cucurbitaceae”,(Eds.): Sari, Solmaz and Aras, Antalya
(Turkey), October, 739-748.

Song, C., Li, ], Xing, J., Wang, C., Li, J., Shan, A., 2022. Effects of molasses interacting
with formic acid on the fermentation characteristics, proteolysis and microbial
community of seed-used pumpkin leaves silage. J. Clean. Prod. 380,. https://doi.
org/10.1016/j.jclepro.2022.135186 135186.

Steel, R.G.D., Torrie, J.H., Dickey, D., 1997. Principles and procedure of statistics. A
biometrical approach. McGraw HillBookCo. Inc., New York, pp. 352-358.

Suzuki, M. Lund, CW. 1980. Improved gas-liquid chromatography for
simultaneous determination of volatile fatty acids and lactic acid in silage. ].
Agric. Food Chem. 28 (5), 1040-1041. https://doi.org/10.1021/jf60231a023.

Ulger, 1., Kaliber, M., Biiyiikkilig, S., Konca, Y., 2020. Possible ensiling of pumpkin
(Cucurbitapepo) residues. Turk. ]. Vet. Anim. Sci. 44 (4), 853-859. https://doi.
org/10.3906/vet-2002-81.

Wang, J., Yang, B.Y., Zhang, S.J., Amar, A., Chaudhry, A.S., Cheng, L., Abbasi, I.H.R., Al-
Mamun, M., Guo, X.F,, Shan, A.S., 2021. Using mixed silages of sweet sorghum
and alfalfa in total mixed rations to improve growth performance, nutrient
digestibility, carcass traits and meat quality of sheep. Animal 15, (7). https://doi.
org/10.1016/j.animal.2021.100246 100246.

Zhang, Q., Zhao, M., Wang, X., Yu, Z., Na, R,, 2017. Ensiling alfalfa with whole crop
corn improves the silage quality and in vitro digestibility of the silage mixtures.
Grassl. Sci. 63 (4), 211-217. https://doi.org/10.1111/grs.12168.


https://doi.org/10.1016/j.anifeedsci.2015.05.012
https://doi.org/10.1016/j.anifeedsci.2015.05.012
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0105
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0105
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0110
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0110
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0110
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0115
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0115
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0115
https://doi.org/10.1016/j.smallrumres.2005.07.054
https://doi.org/10.1016/j.smallrumres.2005.07.054
https://doi.org/10.3168/jds.S0022-0302(98)75633-4
https://doi.org/10.3168/jds.S0022-0302(98)75633-4
https://doi.org/10.1016/j.jclepro.2022.135186
https://doi.org/10.1016/j.jclepro.2022.135186
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0140
http://refhub.elsevier.com/S1018-3647(23)00329-4/h0140
https://doi.org/10.1021/jf60231a023
https://doi.org/10.3906/vet-2002-81
https://doi.org/10.3906/vet-2002-81
https://doi.org/10.1016/j.animal.2021.100246
https://doi.org/10.1016/j.animal.2021.100246
https://doi.org/10.1111/grs.12168

	The impact of wheat straw and alfalfa additives on quality and in&blank;vitro digestibility of pumpkin (Cucurbita pepo) waste silage
	1 Introduction
	2 Materials and methods
	2.1 Experimental site
	2.2 Treatments
	2.3 Statistical method

	3 Results
	4 Discussion
	5 Conclusion
	Declaration of Competing Interest
	References


