UNIVERSIDAD  Serbiluz

Sistema de Servicios Bibliotecarios y
de Informacion

DEL ZULIA

Biblioteca Digital .
Repositorio Académico

https://doi.org/10.52973/rcfcv-e35608

Revista Cientifica, FCV-LUZ / Vol. XXXV

Assessing the nutritional value, fermentation quality, and in
vitro degradability of mulberry pomace silage ensiled with
sumac additive

Evaluacion del valor nutricional, la calidad de la fermentacion
y la degradabilidad in vitro del ensilaje de orujo de morera
ensilado con aditivo de zumaque

. Pinar Tatli Seven®®, Miray Sila Cicek*
Seda Iflazoglu Mutlu* @, Furkan Melih Dadan® ®, Numan Yusuf Aktag*

1Department of Animal Nutrition and Nutritional Diseases, Faculty of Veterinary Medicine, Firat University, Elazig
23119, Tiirkiye
*Corresponding Author: siflazoglu@firat.edu.tr

ABSTRACT

This study investigates the effects of sumac addition on the
nutrient composition, in vitro degradability, and fermentation
quality of mulberry pomace silage. Mulberry pomace is rich
in protein, making it a valuable feed resource for livestock
production. However, its high protein content may lead to
increased proteolysis during silage fermentation, resulting in
elevated pH levels and undesirable butyric acid production.
Sumac, which is rich in tannins and organic acids, has the
potential to inhibit proteolysis and enhance the fermentation
process, thereby improving silage quality. Therefore,
investigating the effects of sumac addition on the nutritional
composition and fermentation characteristics of mulberry
pomace silage is of significant importance. Mulberry pomace
was ensiled in vacuum-sealed jars as an untreated control
group (M) and in triplicate with the following treatments: 5%
sumac group (MS-5) and 10% sumac group (MS-10). The silos
(n=18) were stored for 45 days. After the ensiling period, the
jars were opened, and physical and chemical analyses were
conducted on the silage samples. The addition of sumac to
mulberry pomace silage had a significant effect on dry matter
(DM) content (P < 0.001), with the highest DM level observed
in the silage group containing 10% sumac. Sumac addition
(10%) increased the crude protein content (12.96%) (P < 0.05)
while decreasing pH (3.69) and ammonia nitrogen (3.85%)
levels (P < 0.05). Compared to the control group, the levels
of neutral detergent fiber (23.92%) (P < 0.01), acid detergent
fiber (15.41%) (P < 0.05), and acid detergent lignin (7.24%)
(P < 0.05) were significantly lower in the 10% sumac group. In
conclusion, the addition of sumac to mulberry pomace silage
positively enhanced silage quality, contributing to improved
fermentation by inhibiting proteolysis due to its tannin content.
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RESUMEN

Este estudio investiga los efectos de la adicion de zumaque
en la composicion de nutrientes, la degradabilidad in vitro y
la calidad de la fermentacién del ensilaje de orujo de morera.
El orujo de morera es rico en proteinas, lo que lo convierte en
un recurso alimenticio valioso para la produccién ganadera.
Sin embargo, su alto contenido proteico puede provocar un
aumento de la protedlisis durante la fermentacion del ensilaje,
lo que resulta en un incremento del pH y en la produccién
de acido butirico no deseado. El zumaque, rico en taninos y
acidos organicos, tiene el potencial de inhibir la protedlisis y
mejorar el proceso de fermentacién, contribuyendo asi a una
mayor calidad del ensilaje. Por lo tanto, es de gran importancia
investigar los efectos de la adicién de zumaque sobre la
composicién nutricional y las caracteristicas fermentativas
del ensilaje de orujo de morera. El orujo de morera se ensild
en frascos sellados al vacio como un grupo de control no
tratado (M) y en triplicado con los siguientes tratamientos:
5% de zumaque (MS-5) y 10% de zumaque (MS-10). Los silos
(n=18) se almacenaron durante 45 dias. Tras el periodo de
ensilaje, se abrieron los frascos y se realizaron analisis fisicos
y quimicos en las muestras de ensilaje. La adicion de zumaque
al ensilaje de orujo de morera tuvo un efecto significativo sobre
el contenido de materia seca (MS) (P < 0,001), observandose
el nivel mas alto de MS en el grupo de ensilaje con 10% de
zumagque. La adicién de zumaque (10%) aumento el contenido
de proteina bruta (12,96%) (P < 0,05) y redujo el pH (3,69)
y los niveles de nitrégeno amoniacal (3,88%) (P < 0,05). En
comparacion con el grupo de control, los niveles de fibra
detergente neutra (23,92%) (P < 0,01), fibra detergente acida
(15,41%) (P < 0,05) y lignina detergente acida (7,24%) (P
< 0,05) fueron significativamente menores en el grupo con
10% de zumaque. En conclusion, la adicion de zumaque al
ensilaje de orujo de morera mejoro positivamente la calidad del
ensilaje, favoreciendo la fermentacién al inhibir la protedlisis
debido a su contenido de taninos
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INTRODUCTION

Ensuring the production of high quality feed is crucial
for the progress of animal husbandry. Feed in the form of
silage, obtained from crop residues and various agricultural or
industrial by-products, serves as a valuable feed for animals
and fills shortages in the feed supply. Thanks to the anaerobic
fermentation process facilitated by epiphytic microorganisms
in the feed, silage converts water-soluble carbohydrates into
organic acids. The accumulation of these organic acids reduces
the pH, prevents the growth of undesirable microorganisms and
ensures the preservation of the nutrient content of the silage
material [1]. It is possible to produce silage from various green
forage plants and residues [2, 3, 4].

Mulberry (Morus alba) is a woody plant belonging to Morus
genus of Moraceae family in Urticales order. Besides being
consumed fresh, mulberry can also be utilised as molasses,
jam, pastille, mulberry paste, etc. It is also widely used in the
production of various processed products [5]. In the production
of these foods, mulberry pulp, which is a by-product rich in
protein (9-21 %), is obtained after the mulberry juice is extracted.
Mulberry pulp, which has the potential to be an alternative
feedstuff in animal nutrition, consists of the bark and stem parts
of the mulberry and constitutes approximately 8 % of its weight
[6]. It has been reported that ensiling of mulberry pomace is a
practical and effective way for long-term storage and industrial
use [7]. The water-soluble carbohydrate content of mulberry
pomace silage was 15.64 % and the protein content was 19.79
% [71.

The use of additives that can prevent or reduce proteolysis,
such as tannins, as silage additives for silage feeds with high
protein content but high water-soluble carbohydrate content
suitable for silage production has increased in recent years
[8]. Tannins are considered to be effective substances in silage
production because they prevent excessive breakdown of
proteins during ensiling and in the digestive system of ruminants.
However, in order to obtain optimum silage in the pH range of 3.8
- 4.2, it is recommended to add materials rich in water-soluble
carbohydrates (WSC) and tannins to the silage [9, 10]. Studies
reported that additives with high tannin content increased dry
matter (DM) and decreased crude ash (CA), ammonia and pH
parameters in alfalfa silage [11].

Sumac (Rhus coriaria), belonging to the family Anacardiaceae,
includes about 150 species worldwide: only two species, Rhus
coriaria L. (Tanner's sumac) and Cotinus coggyria Scop. (Syn:
Rhus cotinus L.) (dyer's sumac), are cultivated and economically
valuable. Tanner sumac leaves contain about 15-20 % tannins
and myricetin, 7 % water, 11 % CA, sugars (glucose, rhamnose,
sucrose, galactose, etc.) and waxy substances [8]. Analysis of
the content of sumac plant showed richness in tannin [8]. In
silages obtained from high protein plants, a large amount of non-
protein-N is produced with the effect of plant proteases and
microbial activities. This causes economic loss and environmental
pollution [12]. It is known that tannins reduce non-protein-N
production by decreasing proteolysis in silage fermentation [13,
14]. From this point of view, it was predicted that tannin-added
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silages would contribute to the reduction of economic loss and
environmental pollution. This study was planned based on the
hypothesis that the addition of sumac to mulberry pomace would
prevent the formation of butyric acid by inhibiting the protein
digestion of mulberry and the organic acids in sumac would
improve the fermentation of mulberry pomace silage. In this
study, the contribution of sumac to mulberry pomace silage and
its effects on nutrient levels, nutrient degradability and some
silage fermentation parameters were investigated.

MATERIALS AND METHODS
Silage preparation

The fresh white mulberry pomace, the silage material for
the study, was obtained from Yenice village in the Karakogan
district of Elazig province. At the same time, sumac, used as
a silage additive, was procured from a commercial company
(Arifoglu). The dry matter (DM) levels of mulberry pomace and
sumac were determined through a preliminary study by drying
(Binder, Tuttlingen, Germany) at 60 °C for 72 hours (h). The
amounts of sumac to be added to mulberry pomace, at 5 % and
10 % levels based on DM [15], were calculated. Subsequently,
these calculated amounts were thoroughly mixed to achieve
homogeneity, and three different silage groups were formed.
The experimental groups were as follows: mulberry pomace 0 %
(control), mulberry pomace+sumac 5 % (MS-5), and mulberry
pomace+sumac 10 % (MS-10). Mulberry pomace was ensiled in
six replicate per treatment in vacuum jars. The prepared silages
were compacted into 18 1.8 L, vacuum jars sealed airtight, and
stored at room temperature (20-24 °C). Silos were stored for 45
days (d).

Organoleptic evaluations

Organoleptic evaluations of silage samples were carried
out according to the methods described by Basaran et al. [16].
In addition, Flieg scores of silages were determined using the
following equation [16, 17].

Flieg Score =220+(2*%DM-15)-40*pH

Chemical analysis

After silaging, fresh mulberry pomace silage samples taken
from glass jars were dried at 60 °C for 72 h, ground to a 1 mm
particle size. DM, CA (Protherm PLF 120/7, Tirkiye), organic
matter (OM), ether extract (EE) (Gerhardt, Germany) and crude
protein (CP) (Vapodest, Gerhardt, Germany) were analysed
using AOAC methods [17]. Neutral detergent fiber (NDF), acid
detergent fiber (ADF), acid detergent lignin (ADL), crude fiber
(CF) and hemicellulose (HC) contents were determined using
Ankom 220 Fibre Analyzer (Ankom Technology, Macedon, USA)
according to Van Soest et al. [18]. Cellulose content is determined
by the difference between ADF and ADL, while hemicellulose
content is calculated as the difference between NDF and ADF. To
analyze ammonia content, 20 grams of ensiled mulberry pomace
material were placed in filter stomacher bags, 180 mL of distilled
water was added, thoroughly mixed, homogenized for 5 minutes



using a stomacher device (Colworth stomacher 400, England),
and then filtered. The pH of the obtained filtrate was measured
with a calibrated pH meter (Hanna pH 211, Hanna Instruments
Italia Srl, Padova, Italy). Subsequently, 100 mL of the filtrate was
taken, and ammonia content was determined by distillation and
titration according to the Kjeldahl method [8]. The metabolizable
energy (ME) content of feeds is calculated using the following
formula developed by Kirchgessner et al. [19]: ME (Kcal/kg DM) =
3309.5-35.64 x CF

The tannin content of sumac was analyzed and determined
to be 311 pg/g [8]. In a previous study [8], the nutrient content
of sumac used as silage additive was determined as 89.04, 7.45,
10.23, 10.31, 20.02, 22.90, 18.22, 2.2% in DM, CA, CP, EE, CF,
NDF, ADF, ADL levels, respectively.

The choice of farms was guided by the free manager’s
acceptance to cooperate or not with the study. The
epidemiological questionnaire of farms contained 76 closed-
type questions. These were related to the infrastructure, food,
hygiene, care, and supervision of the lambs on each farm.
The information thus gathered was based both on personal
observations and on data collected from the owners.

In-vitro true degradability (IVTD)

In-vitro true degradability analyses of silage samples on the
45th d were conducted using an Ankom Daisy incubator (Ankom
Technology, Macedon, USA) according to Tilley and Terry's
method [20]. Rumen fluid used for in vitro true degradability
analyses was obtained from two male Simmental breed cattle
of the same age and weight, carefully selected from the ELKAS
Meat Integrated Facility in Elazig. Calculations of in-vitro true DM
degradability and in-vitro true OM degradability of feed samples
were performed using the equations provided by Ankom [21].

Statistical analysis

SPSS software package was used for statistical analyses.
One-way analysis of variance (ANOVA) was applied. Differences
between groups were determined using Duncan's multiple range
test. The significance level was accepted as P<0.05 and the data
were presented as mean * standard error [22].

RESULTS AND DISCUSSION

Chemical composition of fresh and mulberry
pomace silages

The nutrient composition values of mulberry pulp used in
the study are presented in TABLE 1. The nutrient composition,
NHs-N concentrations and pH values of M, MS-5 and MS-10
silage groups are presented in TABLE II. The DM contents of
fresh mulberry pomace and sumac were determined as 34.05%
and 89.04%, respectively. The effect of sumac addition on the
DM level of mulberry pomace silage was found to be statistically
significant (P<0.01), and the highest DM content was observed in
the silage group to which 10 % sumac was added.
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TABLE 1
Nutrient composition of fresh mulberry pomace used in silage production
Parameters Mulberry Pomace
DM, % 34.05
CA, % 4.52
CP, % 14.31
EE, % 15.93
CF, % 12.51
NDF, % 24.35
ADF, % 15.90
ADL, % 7:53,
ME, kcal/kg 2863
DM: Dry matter; CA: Crude ash; CP: Crude protein; EE: Ether extract; CF: Crude
fiber; NDF: Neutral detergent fiber; ADF: Acid detergent fiber; ADL: Acid
detergent lignin; ME: Metabolizable energy; *Calculated.

The effect of sumac addition on the CA content, OM, EE, HC,
and cellulose of the silages was statistically insignificant (P>0.05),
indicating that there was no significant difference between the
groups. When the CP contents of the experimental groups were
examined, the addition of 10 % sumac to mulberry pomace
significantly increased the CP content (P<0.05). It is seen from
TABLE II that the pH values of the silages varied between 3.71
and 3.69. There was a statistically significant difference in pH
values between the M group and MS-10 group silages (P<0.05).
NHs-N values for each group are presented in TABLE I. A
statistically significant difference was observed in NH3-N values
between the M group silage and the MS-10 group silage (P<0.05).

In this study, the effects of sumac addition to silages obtained
from mulberry pulp, a by-product of the fruit industry, on
nutrient levels, in vitro nutrient degradability and silage quality
were investigated. When the DM contents of the groups were
examined, the highest DM content was determined in the silage
group with 10 % sumac addition (P<0.001). The increase in DM
content in MS-5 and MS-10 groups was attributed to the higher
DM content of sumac (89.04 %) used for silage compared to
mulberry pulp (34.05 %, TABLE I) (TABLE II). Similar trends have
been shown in previous studies; for example, in a study on sugar
beet pulp silage with gladicia fruit addition (Gleditsia triacanthos)
[23], the addition of gladicia fruit increased the DM content of the
silage according to the added amounts (3, 6, 9 %), and the DM
content of gladicia fruit (93.94 %) was significantly higher than
the DM content of sugar beet pulp (17.79 %).

In another study on alfalfa silage with oak tannin extract
added (DM 91.95 %), it was reported that the increase in oak
tannin addition led to a significant increase in the DM content
of the silage [24]. When the CA content was examined, the
addition of sumac to mulberry pulp silage did not have a
statistically significant effect (P>0.05; TABLE II). Similarly, in a
study on alfalfa silage with sumac and molasses added, it was
reported that there was no significant difference in CA values
compared to the control group on the 45th d [8]. In addition,
when this research findings on organic matter were evaluated,
no statistically significant difference was found between the OM
levels of the groups on the 45th d (P>0.05; TABLE II).
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TABLE II
Nutrient content, NHs-N concentrations, pH, NDF, ADF, ADL, cellulose,
and hemicellulose values of mulberry pomace silages

Groups
P<0.05
M MS-5 MS-10
DM, % 31.46 £0.47° | 33.72+0.14° | 35.29 +0.10"| 0.001
CA, % 5.01+0.10 4.76 £ 0.03 4.79+£0.04 | 0.199
oM, % 88.75 + 0.31 89.12+0.33 | 89.23+0.23 | 0.484
EE, % 16.80 + 0.41 16.56 + 0.39 | 16.09 +0.25 | 0.406
CP, % 12.49 +0.10° | 12.84+0.08* | 12.96 + 0.13"| 0.016
pH 3.71+0.01* 3.70+0.01" | 3.69+0.01° | 0.034
NHs-N, % 4.46 +0.16" 3.93+0.14" | 3.85+0.13° | 0.028
NDF, % 28.19+0.89" | 26.19+0.66" | 23.92 +0.41°| 0.005
ADF, % 18.72+1.04" | 17.67+0.41" | 15.41 +0.46°| 0.024
ADL, % 9.55 +0.52 8.30+0.40" | 7.24+0.38° | 0.015
Cellulose, % 9.47 +0.41 8.52 +0.56 8.52+0.05 | 0.209
Hemicellulose, % 9.18 + 0.62 9.37 £0.25 8.17 £0.42 0.186

DM: Dry matter; CA: Crude ash; OM: Organic matter; EE: Ether extract; CP: Crude
protein; NHs-N: Ammonia nitrogen; NDF: Neutral detergent fiber; ADF: Acid
detergent fiber; ADL: Acid detergent lignin; M: Mulberry pomace silage; MS5:
Mulberry pomace+5 % Sumac; MS10: Mulberry pomace+10 % Sumac. Data are
presented as mean + standard error. *, °, “Values with different letters in the
same columns are significantly different.

In a study [25], an increase in the OM content of silages with
alfalfa, bran and pudding was found and this was attributed to
the low CA content. However, in this study, since the CA levels
of the silage groups with and without sumac were statistically
insignificant (P>0.05), no statistically significant difference was
found in the OM levels. In a similar study [26], 0, 20, 40 and 60
g.kg-1 gladicia fruit (CA, 3.28 %) were added to alfalfa silage,
respectively (fresh alfalfa CA, 5.97 %). It was reported that the
CA levels of fresh alfalfa and gladicia added silages (0, 20, 40
and 60 g.kg-1) were determined as 5.92, 5.84, 5.81 and 5.76 %,
respectively (P>0.05).

Ether extract (EE) content of silages is presented in TABLE
II. EE content of mulberry pulp and sumac was determined as
15.93 % (TABLE I) and 10.31 %, respectively. As sumac addition
increased, EE content in silage groups decreased numerically.
However, no statistically significant difference was observed
between the groups (P>0.05). In a similar study on alfalfa silage
with sumac addition, no significant difference was reported in EE
content compared to other silages without sumac [8]. However,
in a different study [24], when the EE of silages with 1.5, 3 and
6 % tannin added to alfalfa silage were examined, it was found
that there was no statistically significant difference between the
1.5 % and 3 % tannin groups, but the EE of the 6 % tannin silage
group was statistically significantly lower than the other two
groups. It was concluded that there may be differences in the EE
of the silages depending on the oil content of the silage material
and the silage additives used.

Crude protein (CP) content of the silages is presented in
TABLE II. Addition of 10 % sumac to mulberry pulp significantly
increased the CP content (P<0.05). The level of ammonia nitrogen
(NH3-N) in silages [13], an indicator of protein degradation, was
lower in MS-5 and MS-10 groups compared to M group (P<0.05),
indicating a decrease in proteolysis. This suggests that tannins in
sumac may reduce proteolysis during fermentation. Consistent
with this study, a study conducted on sugar beet pulp silage with
the addition of gladicia fruit reported that the addition of gladicia
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fruit, rich in tannin content, increased the protein content and
this reduced proteolysis by the tannin in its structure [23].

The pH and NHs-N values of mulberry pulp silages are given in
TABLE II. The pH values of the silages were found to be between
3.71 and 3.69. The pH of the MS-10 group was significantly
lower than the pH of the M group (P<0.05). The proteolysis rate
is considered an important parameter during silage fermentation.
Proteins are hydrolyzed to peptides, amino acids, and ammonia
by plant proteases and microbial activity. Proteolytic activity
and protein degradation have been associated with acidic
environmental conditions, especially after silage capping.
Therefore, a rapid decrease in pH during the critical period at the
beginning of ensiling has been reported to be an important factor
[27, 28, 29]. In a study where oak grain extract was selected as
an additive due to its tannin content like sumac and used in silage
production with alfalfa (Medicago sativa) [24], a decrease of
0.0813 units in silage pH was observed with a one-unit increase
in oak grain additive ratio. In a similar study [9], commercial
hydrolyzable tannin obtained from chestnut was added to alfalfa
silage. It was reported that the group in which 2 % chestnut grain
was added to alfalfa silage was found to be statistically lower in
terms of pH compared to the control group (P<0.05).

When the NHs-N values of mulberry pomace silages were
examined, a statistically significant difference was found in
silages constituting the M group and MS-10 group (P<0.05). It
was found that the NHs-N value was higher in the unmodified
mulberry pulp silage. This ratio decreased with the addition
of sumac. This situation can be explained by the decrease in
proteolysis during silage [30]. The results of CP and NHs-N of the
silages are consistent (TABLE II). The NHs-N content decreased
significantly in the MS-10 group compared to the other groups.
This is probably due to the low pH and antimicrobial activity
resulting from the restriction of deamination of peptides by the
addition of sumac and thus the decrease in NHs-N production
[31].

In the study where oak grain was also used [24], the ammonia
content of the silages varied between 4.48 and 29.34 %, while
the highest NHs-N level was detected in the alfalfa silage
produced without the use of additives. It was determined that
the ammonia content of the silage decreased by 4.169 units with
an increase of one unit of oak grain.

Cell wall components of mulberry pomace silages

The NDF, ADF, ADL, cellulose, and hemicellulose values of
mulberry pomace silages are presented in TABLE II. When looking
at the study groups, the NDF values were found to be 28.19
% in group M silage, 26.19 % in group MS-5 silage, and 23.92
% in group MS-10 silage. A statistically significant difference
in NDF values was observed in group MS-10 silage compared
to the other groups (P<0.01). Examining the ADF values of the
study groups (TABLE II), values of 18.72 % for group M, 17.67
% for group MS-5, and 15.41 % for group MS-10 were found. A
statistically significant difference in ADF values was detected
in group MS-10 silage compared to the other groups (P<0.05).
When the ADL values of the groups were examined (TABLE II),
values of 9.55 % for group M, 8.30 % for group MS-5, and 7.24 %



for group MS-10 were found. A statistically significant difference
in ADL values was observed between group M and MS-10 silage
(P<0.05).

The cellulose values in TABLE II for the study groups ranged
from 9.47 to 8.52 %, and hemicellulose values ranged from
9.37 to 8.17 %. No statistically significant difference (P>0.05)
was determined among the groups regarding cellulose and
hemicellulose. The NDF values of the groups showed a significant
difference, with the MS-10 group having lower NDF content than
other groups (P<0.01) (TABLE II). Adding sumac was associated
with a lower NDF content (22.90 %) than mulberry pomace
NDF (24.35 %). A similar study on sugar beet pulp silage (46.88
%) with the addition of low-NDF apple fruit (6.45 %) showed
a significant decrease in NDF levels in silages with increasing
apple fruit addition rates (5 and 10 %) [32]. The study indicates
that the addition of 10 % sumac significantly reduced the ADF
content in mulberry pomace silage (P<0.05) (TABLE II). This
reduction is attributed to the positive impact of sumac on silage
fermentation, possibly increasing the number of anaerobic
bacteria like lactic acid bacteria, leading to enhanced hydrolysis
of cell wall carbohydrates such as NDF, ADF, and HC [8, 33, 34].
Similar effects were observed in a study [33] where molasses and
formic acid were added to silage, resulting in significantly lower
NDF and ADF levels compared to the control group (P<0.01).
The ADL values of mulberry pomace silages showed a decrease,
especially in the MS-10 group compared to the M group (P<0.05),
attributed to the positive effects of sumac on silage fermentation
(reduced pH and NH:N), leading to increased anaerobic bacteria
and subsequent hydrolysis of cell wall carbohydrates [34,
35]. However, this effect was not observed in cellulose and
hemicellulose levels, with numerical decreases in the MS-10
group but no statistical significance (P>0.05; TABLE II).

Evaluation of silage based on organoleptic
characteristics and Flieg score

The silage groups M, MS-5, and MS-10 created for
the research were evaluated based on their organoleptic
characteristics for quality classification, and the Flieg score is
presented in TABLE III. Upon the evaluation of silage based on
organoleptic characteristics (odor, external appearance, and
color), group M was rated as "good," while groups MS-5 and MS-
10 were rated as "very good." As a result of the study, the Flieg
silage score was above 100 points based on DM content and pH
values. The calculated scores were 119.42 for group M, 123.85
for group MS-5, and 127.68 for group MS-10, with a statistically
significant difference detected among the groups (P<0.01).

The organoleptic evaluation results and Flieg score of
the silage groups are given in TABLE III. In the organoleptic
evaluation of the silages in terms of odor, appearance, and
color, the M group obtained the lowest score, and the MS-
10 group obtained the highest score. The Flieg scores of the
groups in which sumac was added were statistically significantly
higher than the silage group without additive (P<0.01). When
appropriate pH and DM ratio are provided in silage feed, the
Flieg score is also high [36]. The increase in the Flieg score of
the sumac-added groups was attributed to the positive effect of

Revista Cientifica, FCV-LUZ / Vol. XXXV

the tannin content of sumac on silage fermentation by reducing
proteolysis and lowering pH during fermentation [13]. Basar and
Atalay [37] reported that the Flieg score values of various citrus
pomace silages varied between 80.50 and 111.78. In another
study in which the ensiling of waste red and white grape pomace
was examined, Flieg score was 160.20 in the white grape
pomace group, while Flieg score was 157.65 in the red grape
pomace group [36]. When the Flieg score of the two pulp studies
and this study were compared, it was observed that the values
of mulberry pomace silage were higher than the Flieg score of
citrus pomace silage and lower than that of grape pomace. This
was attributed to the differences in the nutrient levels and silage
fermentation of the pulps.

TABLE III
Evaluation of silage based on organoleptic characteristics and Flieg score

Groups Odor External Appearance Color Total Score Flieg Score

M 12 3 2 17 119.42 +1.60°

MS-5 13 4 2 19 123.85+0.50°

MS-10 14 4 2 20 127.68+0.26"
P<0.01

M: Mulberry pomace silage; MS5: Mulberry pomace+5 % Sumac; MS10: Mulberry pomace+10 %
Sumac. Quality grades are classified as excellent-good (16-20 points); satisfactory (10-15 points);
moderate (5-9 points); and very poor (0-4 points). Values with different letters in the same columns
(A-C) are significantly different (P <0.01).

In vitro degradability

The in vitro true degradability values of the silage groups are
presented in TABLE IV. The in vitro DM degradability values for
groups M, MS-5, and MS-10 were 68.96, 69.31 and 71.19 %,
respectively. The in vitro OM degradability values were 67.19,
67.68 and 69.63 %, respectively. No statistically significant
difference was found among the groups regarding in vitro DM and
OM degradability (P>0.05).

Sumac addition did not significantly affect the in vitro
degradability (DM, OM) of silage. Similarly, a study on alfalfa
silage supplemented with sumac and molasses [8] reported that
the addition of sumac alone did not significantly affect the in vitro
degradability (DM, OM).

TABLE 1V
In vitro true degradability values of mulberry
pomace silages

IVDMD, % IVOMD, %
M 68.96 +1.27 | 67.19 +1.33
MS-5 69.31+0.65 | 67.68+0.69
MS-10 71.19+1.98 | 69.63 +2.09
P 0.484 0.467

M: Mulberry pomace silage; MS-5: Mulberry
pomace+5 % Sumac; MS-10: Mulberry
pomace+10 % Sumac; IVDMD: In vitro DM
degradability; IVOMD: In vitro OM degradability.
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CONCLUSION

The results of this research show a promising perspective
for the use of sumac as a silage additive. The MS-10 group
demonstrated significant increases in DM and CP, while CA and
OM contents were not significantly affected. The rise in silage
CP levels, attributed to the tannin content in sumac, is a critical
factor in reducing proteolysis during fermentation. The high
Flieg score and significant decreases in pH and NH3-N values for
silages with sumac addition indicate a favorable fermentation
process. The positive effect of sumac on silage fermentation in
mulberry pomace silage, leading to a decrease in pH and NHs-N,
suggests an increase in the hydrolysis of cell wall components.
While there was no significant effect of sumac addition on in-vitro
DM and OM degradability, these findings pave the way for further
exploration and potential advancements in silage production.
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