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Abstract
This study was implemented to evaluate the effect of partial replacement of whole corn plant silage
(WCS) by pomegranate peel silage (PPS) treated with enzymes mixed (ZYMOGEN) or lactic acid bacterial
inoculants (Inoculant 1188) on nutrient digestibility and productive performance of dairy cows. The �rst
experiment two stacks of PPS and WCS were prepared. WCS was replaced by PPS, at 25:75, 50:50 and
75:25, respectively used in forming three rations. The second experiment has been carried with twenty
lactating crossbred Friesian cows in four similar groups (5 cows / group): the control group was fed a
ration consisting of WCS. G1 (WCS replaced with untreated PPS at level 50:50), G2 (WCS replaced with
PPS treated with bacterial inoculants at level 50:50) and G3 (WCS replaced with PPS treated with
ZYMOGEN at level 50:50). The results showed the values of CP, NFE and lactic acid were highest, while
values of NDF, ADF, pH, the concentration of NH3 -N and acetic acid were lowest in all groups treated
PPS. The values of digestibility coe�cients, nutritive values, ruminal �uid fermentation of TVFAs and
acetic acid, milk yield, 4% FCM, milk composition, blood proteins were highest, while the values of ruminal
�uid fermentation of pH and NH3 N were lowest in group 2 and 3 compared with other groups. It
concluded that using of treated or untreated pomegranate peel is safe in dairy cows feeding at a level of
20%. The addition of ZYMOGEN or inoculant 1188 to PPS improved fermentation and nutritive quality of
silage along with its nutritive values.

Introduction
Pomegranate is a scienti�c name Punicagranatum L. from the Punicaceae family; it has been used
anciently for medicinal purposes. It is extensively cultivated in Iran, Spain, Egypt, Russia, France,
Argentina, China, Japan, the USA, and India (Patil and Karade, 1996). The world's pomegranate
production amounts to approximately 8.1 million tons (Pienaar, 2021). Pomegranate production annually
in Egypt could reach approximately 382587 tons (Ministry of Agriculture, 2019). The peels (pericarp, rind,
or hull) amount to approximately 60 % of the weight of the pomegranate fruit (Lansky and Newman,
2007). The evolution of agro-industry has caused increased quantities of by-products such as peels and
seeds of the pomegranate. Reducing the loss of non-ammonia nitrogen and essential amino acids in the
small intestine may be attributed to the lowering of protein degradation in the animal rumen (Atkinson et
al., 2007). Recently, pomegranate by-products have attracted attention. Pomegranate peel is abundant in
bioactive compounds, including phenolic compounds, �avonoids, proanthocyanidins, various tannins
and ascorbic acid, which are known as secondary plant metabolites. These compounds have several
bene�cial properties, like antioxidant, anti-in�ammatory, antibacterialand antiviral activities. High levels
of tannins reduce palatability and protein and carbohydrate digestion, whereas low to moderate levels
protect dietary protein from degradation (Min et al., 2003). Tannins are two groups: hydrolysable and
condensed tannins (Li et al., 2006). So, we can use the pomegranate peel as a source of tannin in the diet
to improve the process of rumen fermentation. Also, Shabtayet al. (2008) and Sadqet al. (2016) showed
that the growth parameters were increased in animals that fed on rations containing pomegranate peels,
which may be attributed to improving immune functions that can potentially affect an animal's health.
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The pomegranate biomass is rich in moisture, but if it is not consumed in a short period, it gets mouldy
and becomes useless (Shabtayet al., 2008). Therefore, using the ensiling is an e�cient way to preserve
pomegranate peel for use in ruminant rations. High-quality silages are characterized by high
concentrations of water-soluble carbohydrates (WSC) and dry matter content of 250–400g/kg (Wilkinson,
2005). The feed intake, nutrient utilization and milk production of ruminants are affected by the
fermentation quality of silages (Huhtanenet al., 2003). Employing several additives (bacterial inoculants,
enzymes, etc.) during the ensiling process causes improved aerobic stability and enhances the nutritive
value of silage (Muck, 2010). Lactic acid bacteria (LAB) inoculants are divided into two major groups:
homofermentative LAB and heterofermentative LAB. They are used as biological additives in silage.
Numerous studies have explained that the employment of homofermentative LAB inoculants in plant
ensilage caused an excess of lactic acid and low values of acetic acid, butyric acid, ammonia
nitrogrn(NH3-N) and pH of the silage (Aksuet al., 2004 andNkosiet al., 2011). Moreover, the addition of
enzymes to characterised ensiling caused the decay of cell walls and increased the availability of WSC
that acts as a substrate to LAB (Sheperd and Kung, 1996). Recycling of the large quantities of by-
products of industrial and agricultural in rations of livestock is met with great attention. This process
contributes to transforming by-products that are mis�t for human consumption into useful food for
human consumption which contributes to meet the requirements of population growth. Also, it's lowering
environmental pollution, health damage and costs of waste disposal (Elkholyet al., 2009). Moreover, it's
reduced the acute shortage of feedstuffs in developing countries, and reduces the feeding cost, thus
increasing the economic e�ciency of animal production (Solimanet al., 2020a). This study's objective is
to investigate the in�uence of thepartaily replacement of the whole corn silage by pomegranate peel
silage, and the effect of adding the LAB inoculants or enzymes to pomegranate peel silage on nutrient
digestibility, rumen parameters, methane production and productivity of dairy cows.

Materials And Methods
This study was designed forutilizing the pomegranate peel as silage (PPS) by replacement of the whole
corn plant silage (WCS). Firstly, the laboratory study was done. It was prepared two stacks of PPS silage
and WCS. PPS was tested at three levels of replacement of WCS, at 25:75, 50:50 and 75:25,
respectively.The three different levels of silage were used in forming three rations in the laboratory to
determine the optimum level of replacement WCS suitable for ruminant nutrition.The tannin
concentrations in the three different rations were 3.49gm,6.92gm and 10.43gm/ kg diet that equivalent
0.69, 1.40 and 2.14% on DM basis,according to Colombiniet al.(2009) andHerremanset al.(2020),the level
50:50 (WCS: PPS) was chosen as the optimum level for dairy cows feeding experiment.This experiment
was carried out at NoubariaExperimentalStation, Animal Production Research Institute. Evaluate the
effect of adding the lactic acid bacterial inoculants (Inoculant 1188) or enzymes mixed (ZYMOGEN)
toPPS on nutrient digestibility, in vivo rumen parameters, in vitro methane production and milk production
in dairy cows. The fresh pomegranate peel was obtained from the private El-Marwa Company, 6 October
Cityat the end of summer 2019. The whole corn plant was collected from the Noubaria region at the end
of July 2019. According to the manufacturer's recommendation, the Inoculant, 1188 (Pioneer®, USA),
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which contains four strains of Lactobacillus plantarum and two strains of Enterococcus faecium, was
applied at a rate of 10 ml/ton.In lactic acid bacteria (LAB), a total of 125 billion colony forming units
(CFU) per gram are guaranteed.ZYMOGEN is a liquid mixture of digestive enzymes, such as amylase
(1500000 Units), lipase (500000 Units), cellulase (1000000 Units), xylanase (1000000 Units), protease
(2500000 Units) and pectinase (20000000 Units) from WISEMED INC – USA.The approximate chemical
analysis of fresh pomegranate peel and whole corn plant before ensiling, the concentrate feed mixture
(CFM) and rice straw (RS) used in this experiment are presented in Table (1).

The second experiment has been carried out to prepare four silage stacks; the �rst silage stack was a
WCS as a control group. The second silage stack was made of untreatedPPS.The third silage stacksPPS
treated with bacterial inoculants (Pioneer brand 1188). The fourth silage stacksPPS treated with
ZYMOGEN. Four stacks were covered separately by double-layered linoleum plastic and pressed with 30
cm of the soil layer. The ensiled materials were compressed by a heavy drum �lled with sand to
guarantee anaerobic conditions for ensiled for more than two months.

Table 1. Chemical composition of fresh pomegranate peel,whole corn plant, rice straw and concentrate
feed mixture on DM basis.

Item CFM* RS whole corn plant PP

DM 91.87 93.88 32 .76 30.32

CP 23.34 04.69 8.64 10.42

CF 9.17 32.25 27.39 18.11

EE 3.25 1.76 2.23 4.69

NFE 57.05 47.41 56.17 61.09

Ash 7.19 13.89 5.57 5.69

NDF 15.95 76.06 46.17 19.68

ADF 10.61 45.23 25.39 16.48

ADL 4.01 4.96 4.52 4.59

Tannin g/kg DM -- -- -- 92.8

* CFM of Composition: 30%yellow corn, 27%wheat bran, 25% soybean meal (47%), 10% undecorticated
cottonseed meal (26%), 5% molasses, 2.5% salt Limestone and 0.5%premix.The vitamin and mineral
premix per kg contained the followingVitamin A 12 000 000 IU, Vitamin D3 3 000 000 IU, Vitamin E 30 g,
Mn 50 g, Fe 52 g, Zn 50 g, Cu 10 g, I 0.8 g, Co 0.1 g, Se 0.15 g and antioxidant 10 g.

 

2-1- Silage quality
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Samples from the four stacks were taken after 60 d to determine silage quality and chemical
composition. The same volume of water that was used to dissolve the silage additives was added to the
�rst and second treatments to maintain equal moisture. For evaluating the silage quality, silage extract
was prepared by homogenizing 30-gram fresh material with 270 ml distilled water, then blending for 10
minutes in a laboratory blender. The homogenized sample was �ltered through a Whatman No. 54 �lter
paper until it becomes clear. The pH value was directly determined using Orion 680 digital pH meter. The
lactic acid concentration was measured according toAOAC (1990).Total volatile fatty acids (TVFA’S)
concentration was determined according to Warner (1964).The molar proportion of TVFA'S (acetic,
propionicand butyric) was measured according to Bush et al. (1979)using High-Performance Liquid
Chromatography (HPLC). NH3-N concentration (ID 941.04) was determined by direct distillation
according to theAOAC (1990).Neutral detergent �bre (NDF), acid detergent �bre (ADF) and acid detergent
lignin (ADL) were determined by the procedure of Van Soestet al.(1991). The chemical composition and
silage quality of WCS and untreated or treated PPSare shown in Table (2).

2-2- Experimental dietsandlactationtrials

Twenty lactating crossbred Friesian cows were assigned randomly to four treatments (5 cows / each
treatment) strati�ed by milk yield and live body weight (548 ± 5.7 kg); each cow has the individual
pen.Each group was fed CFM, silage and RS at 50:40:10 (%DM basis), respectively, for each group, to
cover their maintenance requirements according to NRC (2001) recommendationsand requirements for
the production that were calculated from the preliminary period and also the milk yield previous
according to Barney Harris (1992).The �rst group (control) was fed a ration that consisted of 50% CFM,
40% WCS and 10%. The second group(G1) was fed a ration that consisted of 50% CFM, 40% silage (WCS
replaced with untreated PPS at level 50:50) and 10% RS. The third group (G2) was fed a ration that
consisted of 50% CFM, 40% silage WCS replaced with PPS treated with bacterial inoculants ˝Pioneer
brand 1188  at level 50:50 and 10% RS. The fourth group (G3) was fed a ratio that consisted of 50%
CFM, 40% silage (WCS replaced with PPS treated with ZYMOGEN at level 50:50) and 10% RS. The
animals were fed twice daily at 8.00 A.M. and 5.00 P.M.andwater was available all time. The residual
diets were collected and calculated for the estimated feed intakefor each individual cow.Cows were
machine milked twice daily at 06:00 and 18:00 pm, from 30 days to 90 day and samples were collected
at each milking (1% from total milk of each period). A mixed sample of milk was taken daily. Milk
composition (fat, total protein, lactose, and total solids) and somatic cell count (SCC) of milk samples
were determined using MilkoScan FT 6000. Average yields of each milk component were calculated for
individual cows by multiplying milk yield by the component content (g/kg) of milk. Fat corrected milk (4
%) was calculated according to Gaines (1923) using the following equation:

FCM4% = M (0.4+0.15 F %)

Where M= milk yield, F = fat percentage.

2-3- Digestibility trials
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The digestibility trial lasted three weeks as a preliminary period followed by one week as a collection
period. Feed intake was recorded daily by weighing the offered rations and refusals from the previous
dayfor each cow separately. A nutrient digestibility trial was carried out in which acid insoluble ash was
used as an internal indigestibility marker and coe�cients of digestion were calculated according to Ferret
et al.(1999).Faecal grab samples were collected from each cow twice daily and then dried at 60 °C in a
forced-air oven for 48 h. Faecal samples were ground to pass a 1-mm screen using a Wiley mill (Arthur H.
Thomas, Philadelphia, PA, USA), and analyzed for DM, OM, ash, CP and EE according to AOAC (1990)
o�cial methods. NDFand ADF were determined by the procedure of Van Soestet al.(1991).

2-4- Rumen fermentation parameters, microbial nitrogen synthesized and measurement of methane
production

Ruminal �uid contents were sampled at 0 times before feeding and at 3 and 6 h after the morning
feeding using stomach tubing from cows from day 27 to day 30.Approximately 100 ml of rumen �uid
were collected from each cow and strained through a polyester screen (pore size of 355 μm). The
supernatant was used for determining pH immediately using a glass electrode. Five millilitres of the
�ltered ruminal �uid were added to 1 ml of 1% sulfuric acid and samples were retained for NH3-N
determination. The concentration of NH3-N in the ruminal contents was determined as described by Al-
Rabbatet al. (1971). The �ltered rumen �uid was mixed with 0.2 ml of a solution containing 250 g of
metaphosphoric acid/L for TVFA’s analysis by titration according to the method of Warner (1964).
Samples were stored at −20 °C until analyses. Concentration and molar proportions of individual VFA
were measured by gas-liquid chromatography (model 5890, HP, Little Falls, DE, USA). The separation
process was carried out with a capillary column (30 m × 0.25 mm internal diameter, 1-m �lm thickness,
SupelcoNukol; Sigma–Aldrich, ON, Canada) and with �ame ionization detection. The column temperature
was adjusted to 100 °C for 1 min, then increased by 20 °C/min to 140 °C, then by 8 °C/min to 200 °C and
held at this temperature for 5 min. Helium was used as the carrier gas.

The microbial nitrogen(MN) synthesized was determined according to Chen and Gomes (1992).Equations
used to calculate as follows:MN = (70 × AP) / (0.83 × 0.116 × 1000), where 70 represents the amount of
N in the purines (mg N/mmol), 0.83 is the digestibility of the microbial purines, and 0.116 is the purine N:
total N ratio in ruminal microorganisms. The absorbed microbial purines (AP, mmol/day) are calculated
from the total excretion of purine derivatives (PD, mmol/day), using the equation:

 AP = {PD – (0.385 × BW0.75)} / 0.85, where 0.85 is the recovery of absorbed purines as urinary purine
derivatives, and 0.385 * BW0.75 is the endogenous contribution in the urinary excretion of PD (Verbicet al.,
1990).

In vitro methane production was determined as described by Menke and Steingass, (1988).

2-5- Plasma metabolites
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At the end of the feeding trial, blood samples (10 ml) were taken by venipuncture from the jugular vein
using heparinized vacuum tubes and were stored on ice. Then samples are centrifuged and the serum
remains at the top of the tube immediately after the completion of the centrifuge we transfer the serum
directly and prepared it for storage at − 20°C until analysis. Blood serum was analyzed for total protein
was determined according to Armstrong and Carr (1964).Plasma albumin was assayed according to
Doumaset al. (1971).Globulin was calculated by subtracting the albumin value from totalprotein.Liver
function was assessed by measuring the activities of aspartate transaminase (AST) and alanine
transaminase (ALT) were measured with a colorimeter using commercial kits, according to Reitman and
Frankel (1957).Kidney functionswere evaluated by measuring blood ureaaccording to the method of
Siestet al. (1981) andcreatinine was measured with a colorimeter using commercial kits, according to the
method of Folin (1994).

2-6- Statistical analysis

Data were analyzed as a completely randomizeddesign with repeated measures using the PROC
MIXEDprocedure of SAS(SAS, 2000).Statistical processes were carried out using the General Linear. The
model describing each trait was assumed to be:    

Yijkl = µ + Ti + a (T) IJ+ WK+ Eijkl.

Where:Yijkl= Parameter under analysis; µ = Overall mean; Ti = The �xed effect of treatment; a (T) IJ = The
random effect of animal (j) nested within treatment (i); WK = The �xed effect of week when K = 1, 2,….,8;
Eijkl = random error. Signi�cant differences among means were separated using Duncan multiple range
tests(Duncan, 1955).

Results
3-1- Silage quality

The results obtained from laboratory studies illustrate that the optimum level of replacement of
PPStoWCSwas 50:50. This level contains an adequate amount of tannins suitable for ruminant nutrition.
Data of the chemical composition and silage quality of untreated or treated PPS and WCS are shown in
Table (2).PPS treated with inoculant 1188 or ZYMOGEN led to signi�cant increases (P<0.05) in the
contents of CP, EE and NFE. While, the contents of CF, ash, NDF and ADF were signi�cantly decreased
(P<0.05) compared to WCS. Adding inoculant 1188 or ZYMOGEN to PPS improved CP by increasing it
while NDF and ADF decreased. On the other hand, there were no signi�cant changes in values of OM
between all groups.  PPS treated with inoculant had the lowest values(P<0.05)  of pH and concentrations
of NH3-N, acetic acid, propionic acid, and butyric acid (11.74, 15.67, 14.6, 18.06, and 20.4%, respectively)
compared to WCS, whereas concentrations of lactic acid were higher (P< 0.05) in PPS treated with
inoculant 1188 or ZYMOGEN (22.22% and 11.77%, respectively) compared to WCS,  On the other hand,
the values of acetic, propionic and butyric acid were decreased (P<0.05) in PPS treated with inoculant
(9.74, 14.06and 17.77%, respectively) whilethe values of lactic acid were increased (15.51%) compared to
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untreated PPS. Data on the chemical composition of the experimental rations fed to cows is shown in
Table (3). The chemical composition of rations fed to cows in G3 and G4 showed improvement and low
tannin concentration compared to G1.

Table 2. Means for chemical composition and fermentation characteristics of treated or untreated silages
(n = 5).

Item Untreated
WCS

Untreated 
PPS

PPS treated with
inoculant 1188

PPS

treated with 
ZYMOGEN

SEM P-
value

DM 30.41a 28.04 b 29.62 a 29.86a 0.248 0.021

OM 93.64 93.35 94.03 94.18 0.275 0.714

CP 7.86c 9.38b 10.07a 9.92a 0.222 0.001

CF 26.53a 17.61b 17.25b 16.91b 0.933 0.001

EE 2.58b 4.45a 4.41a 4.38a 0.189 0.001

NFE 56.67b 61.91a 62.30a 62.97a 0.678 0.018

Ash 6.36a 6.65a 5.97b 5.82b 0.110 0.019

NDF 43.65a 18.57b 17.25c 15.72d 2.650 0.001

ADF 26.02a 15.54b 14.48c 13.36d 1.187 0.001

Silage quality

pH 3.93a 3.77b 3.47c 3.53c 0.076 0.001

Lactic acid
% DM

8.99d 9.51c 10.99a 10.05b 0.300 0.001

Acetic acid
% DM

1.56a 1.48b 1.33c 1.39c 0.085 0.001

Propionic
acid %DM

0.107a 0.102a 0.088c 0.094b 0.005 0.001

Butyric
acid% DM

0.050a 0.048a 0.040c 0.044b 0.005 0.001

NH3-N % of
TN

8.87a 7.94b 7.48c 7.86b 0.160 0.001

a,b,c and, dMeans within the same rows with different superscripts are signi�cantly different (P<0.05).
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WCS: whole corn silage.                            PPS: pomegranate peel silage.

Table 3.Chemical composition of the experimental rations.

Item Control G1 G2 G3

DM 67.41 66.99 68.06 68.39

CP 15.44 15.74 16.06 15.90

EE 2.85 3.25 3.21 3.19

Ash 6.4 6.73 6.43 6.49

NDF 33.01 28.01 26.69 26.08

ADF 19.40 17.71 16.75 16.39

ADL 4.22 4.22 4.10 4.04

Tanning/kg diet DM 0.23 13.48 12.98 12.31

Control: ration consisted of 50% CMF, 40% silage WCS and 10% RS.

G1: second group fed ration consisted of 50% CMF, 40% silage WCS replaced with untreated PPS at level
(50 :50) and 10%RS.

G2 third group fed ration consisted of 50% CMF, 40% silage WCS replaced with treated with bacteria
inoculants PPS at level (50 :50) and 10%RS.

G3 fourth group fed ration consisted of 50% CMF, 40% silage WCS replaced with treated with ZYMOGEN
PPS at level (50 :50) and 10%RS.

3-2- Dry matter intake and digestibility coe�cients

Dry matter (DM) intake, digestibility coe�cients and nutritive values are presented in Table (4). The
results showed that treated PPS replacement by WCS led to an improvement in DM intake. The results
were close to those fed a diet containing WCS and enhanced palatability compared to untreated PPS.
Also, cows fed PPS treated with enzyme or inoculant had higher digestibility of DM, OM, CP, EE, NDF,
TDN,ADF and DCP% compared to cows fed untreated PPS and WCS. 

Table 4. Daily feed intake, digestibility coe�cients (%) and nutritive values (%) of diets to cows.
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Item Control G1 G2 G3 SEM P-value

DMI kg/head/day 17.01a 16.87b 17.02a 17.09a 0.057 0.047

Digestibility coe�cients

DM 67.42b 66.12b 70.40a 71.10a 0.473 0.012

OM 68.86b 68.04b 72.13a 72.56a 0.445 0.023

CP 63.72b 64.03b 66.96a 67.82a 0.429 0.008

EE 71.93b 72.82b 74.34ab 75.77a 0.342 0.016

NDF 59.09b 58.87b 62.11a 62.85a 0.433 0.001

ADF 60.24b 59.59b 63.33a 63.56a 0.432 0.001

Nutritive value

TDN 64.58b 65.75b 67.34a 68.96a 0.387 0.009

DCP 9.84b 10.08b 10.75a 10.78a 0.093 0.001

a and bMeans within the same rows with different superscripts are signi�cantly different (P<0.05).

Control: ration consisted of 50% CMF, 40% silage WCS and 10% RS.

G1: second group fed ration consisted of 50% CMF, 40% silage WCS replaced with untreated PPS at level
(50 :50) and 10%RS.

G2 third group fed ration consisted of 50% CMF, 40% silage WCS replaced with treated with bacteria
inoculants PPS at level (50 :50) and 10%RS.

G3 fourth group fed ration consisted of 50% CMF, 40% silage WCS replaced with treated with ZYMOGEN
PPS at level (50 :50) and 10%RS.

3-3- Rumen fermentation

Rumen liquor parameters of lactating Friesian cows fed the experimental rations are presented in Table
(5). Results revealed that addingZYMOGEN or lactic acid bacterial inoculant to PPS led to
decreaseruminal pH values and NH3-N concentrations, which were in the normal range for microorganism
growth, while the values of TVFA’s, acetic acid and acetic: propionic were signi�cantly (P< 0.05) increased
with diets G2 and G3, but the highest value was recorded with G3, including treated with ZYMOGEN.
Despite the ZYMOGEN or lactic acid bacteriainoculants enhanced OM digestibility, the increase in
microbial protein synthesis was not signi�cant. Microbial protein synthesis was shown to have a
numerical increase with diet G2 than with other diets. Replacement of WCS with PP resulted in a
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signi�cant (P <0.05) decrease in methane emissions in G1, G2 and G3 (20.33, 17.72 and 16.24%,
respectively), whereas ZYMOGEN or lactic acid bacteriaadditives had no effect on methane production
when compared to G1.

Table 5. The overall mean of rumen liquor parameters of lactating cows fed the experimental rations.

Item Control G1 G2 G3 SEM P-value

pH 6.75a 6.63a 6.21b 6.26b 0.102 0.012

NH3-N concentration

(mg/100 mlR.L)

8.83a 8.11b 7.80c 8.06b 0.161 0.006

TVFA concentration

(meq/100 mlR.L)

12.57c 12.98c 13.79b 14.21a 0.351 0.001

Acetic acid, % 58.99b 59.81b 63.71a 64.57a 1.217 0.002

Propionic acid, % 22.41 22.54 23.03 22.96 0.398 0.842

Acetic /propionic ratio 2.65b 2.66b 2.79a 2.83a 0.064 0.035

Methane production at 24h 9.45a 7.53b 7.78b 7.92b 0.166 0.001

Microbial protein synthesis (g/d) 55.84 55.15 56.18 55.73 0.222 0.876

a,b and c Means within the same rows with different superscripts are signi�cantly different (P<0.05).

Overall mean values of 0, 3, 6 h after feeding.

Control: ration consisted of 50% CMF, 40% silage WCS and 10% RS.

G1: second group fed ration consisted of 50% CMF, 40% silage WCS replaced with untreated PPS at level
(50 :50) and 10%RS.

G2 third group fed ration consisted of 50% CMF, 40% silage WCS replaced with treated with bacteria
inoculants PPS at level (50 :50) and 10%RS.

G3 fourth group fed ration consisted of 50% CMF, 40% silage WCS replaced with treated with ZYMOGEN
PPS at level (50 :50) and 10%RS.

3-4- Milk production and milk composition

The average daily milk yield and milk composition of lactating Friesian cows fed the experimental diets
are presented in Table (6). Cows fed on diets containing 50%WCS and50% PPS treated with ZYMOGEN
have the highest daily milk yield, 4% FCM yield and milk composition of fat followed by those fed diets
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containing WCS and PPS treated with inoculant. While, cows fed the diets containing untreated PPSwere
recorded the lowest milk yield, 4% FCM yield and fat. Moreover, there were no signi�cant differences in
values of lactose, TS and SNF between all groups. The value of SCC recorded normal values, but the
cows fed diets containing untreated or treated PPS recorded the lowest (P<0.05) values compared with
control.

Table 6. Milk production and milk composition of crossbredcowsfed the experimental rations.

Item Control G1 G2 G3 SEM P-value

Milk yield (kg/h/d) 18.02ab 17.76b 18.12ab 18.34a 0.139 0.031

4% FCM (kg/d/h) 17.05ab 16.54b 17.46a 17.78a 0.265 0.024

Fat (kg/d/h) 0.66ab 0.63b 0.68a 0.69a 0.015 0.001

Milk composition (%):

Fat % 3.65a 3.54b 3.72a 3.76a 0.071 0.025

Protein % 3.43b 3.49b 3.68a 3.71a 0.097 0.012

Lactose 4.56b 4.49b 4.67a 4.68a 0.105 0.021

Total solids 12.80 12.77 12.91 12.95 0.194 0.649

Solid not fat 9.15 9.23 9.19 9.19 0.159 0.712

SCC×103/ml 88.54 a 81.26 b 80.80 b 81.07 b 0.825 0.001

a and bmeans inthe same row with different superscriptsarediffersigni�cantly (P<0.05).

3-5- Plasma metabolites

Blood plasma constituents of lactating Friesian cows fed the experimental rations are shown in Table (7).
Serum total protein, albumin and globulin concentrations were higher (P<0.05) in G3 (9.1, 7.0 and 12.1%,
respectively) than in controls. On the other hand, values of liver functions (AST and ALT) and kidney
functions (urea and creatinine) were within normal values for all groups and had no signi�cant effects
between all groups.

Table 7.Blood parameters of crossbred cows fed the experimental rations.
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Item Control G1 G2 G3 SEM P-value

Total protein,  g/dl 7.13b 7.27b 7.67a 7.78a 0.100 0.013

Albumin, g/dl 4.24b 4.32b 4.49 a 4.54a 0.083 0.019

Globulin, g/dl 2.89b 2.96a 3.18a 3.24a 0.044 0.001

AST, U/l 38.28 40.08 39.30 39.06 0.521 0.776

ALT, U/l 21.62 22.57 22.05 22.21 0.246 0.794

Urea, mg/dl 41.57 42.04 42.94 43.19 0.655 0.842

Creatinine, mg/dl 1.04 1.09 1.06 1.03 0.028 0.715

a and b means in the same row with different superscripts are differ signi�cantly (P< 0.05). 

3-6- Economic e�ciency

The economic e�ciency of lactating Friesian cows fed the experimental diets is shown in Table 8. The
results showed that cows fed diets G2 and G3 were more e�cient in producing higher milk yields with
lower daily feed costs and, as a result, lower net revenue when compared to the control. In addition, when
compared to the control, economic e�ciency increased to 10.3, 10.5 and 12.2% in G1, G2and G3,
respectively.

Table 8. Economic e�ciency for lactating cows fed the experimental rations.

Item Control G1 G2 G3

Daily feed intake (kg/head /day  )

Concentrate feed mixture 9.23 9.22 9.25 9.24

Silage 21.98 21.41 21.85 21.92

Rice straw 1.80 1.79 1.81 1.80

Total feed intake 33.01 32.42 32.91 32.96

Economic e�ciency

Milk yield (kg/head/day) 18.02 17.76 18.20 18.44

Daily feed cost (LE /head/day) 61.12 56.50 57.70 57.90

Price of daily milk yield (LE) 180.2 177.6 182.0 184.4

Net revenue 119.1 121.2 124.3 126.5

Economic e�ciency% 194.8 214.8 215.3 218.6
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Free market prices (LE/ton) for the corn silage = 600 LE.

Free market prices (LE/ton) for the pomegranate peel silage untreated = 200 LE.

Free market prices (LE/ton) for the inoculants treated silage mixture = 440 LE.

Free market prices (LE/ton) for the enzymes treated silage mixture = 450 LE.

Free market prices (LE/ton) for Rice straw =1000E.

Free market prices (LE/ton) for CFM = 5000 LE.

Free market prices (LE/kg) for milk yield 4% fat = 10 LE.

According to the year 2020 market price.

Discussion
4-1- Silage quality

Since the pomegranate peel is containing tannin that considered as antinutrition factors that effect of
animal performance.Makkar(2003) illustrated that tannin at higher levels than 50 g kg−1 DM had a
negative effect on palatability of feed intake or animal performance.The purpose of silage is to preserve
feed with many of the nutrients present in the original fresh forage as possible (Wilkinson and Davies,
2012). Therefore, biological additives were used during ensiling to speed the fermentation process and
raise of lactic acid concentration led to speed reduction in silage pH and thus improving silage
preservation (McDonald et al. 2002). A pH range of 3.7-4.2 is generally considered bene�cial for whole-
crop cereal preservation (Kung and Shaver, 2001) and in the presentstudy; pH was less than 3.93,
indicative of well-preserved silage.The results obtained from PPS treated with inoculant 1188 or treated
with ZYMOGEN are supported by the �ndings of various scientists (Nkosiet al. 2012) whoobserved that
treating silage with inoculant led to a decrease in pH value. Also, Kung and Muck (1997) reported that pH
was reduced when silages were treated with enzymes. In contrast Ozduvenet al.(2017) reported an
increase in pH when adding bacterial inoculants to sun�ower silage. The addition of bacterial inoculants
to corn silage had no effect on the pH value (Reich and Kung, 2010).The addition of additive inoculates
1188 to PPS silage led to an increase in the concentration of lactic acid while decreasing acetic acid. The
same trend was observed with silage treated with ZYMOGEN. This may be because the silage additive
improved the lactic: acetic ratio. These results supported the extent of pH decline and are consistent with
Nkosiet al. (2011). In contrast, Filya (2003) found that lactic acid concentration decreased in inoculated
maize silage compared to untreated silage.The reduction of pH values and increase of lactic acid values
in PPS treated with inoculant or ZYMOGEN may be attributed to an increase in carbohydrate fermentation
and hydrolysis of hemicellulose by lactic acid bacteria while ZYMOGEN could partially digest the plant
cell walls (cellulose and hemicellulose). These results were in agreement with others Nkosiet al.
(2015)andKung(2014)who explained that addition of enzymes or inoculant to silage led to the
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enhancement degrade cell wall and increase the availability of WCS that serve as substrate for LAB and
decreased the concentration of acetic, propionic and butyric acids.Ammonia-N concentration in silage is
an indicator of the degree of protein degradation which impairs the nutritive value of forages and causes
adverse effects on the utilization of nitrogen by ruminants (Wilkinson, 2005). NH3–N as a percentage of
DM should be less than 10% of total nitrogen (TN).In the present study, we had anNH3–N concentration
of less than 10% NH3-N/kg TN. This con�rms that silage additives have a positive effect on rapid
reduction of pH values, which leads to the desirable reduction of protein degradation in the
silo (McDonald et al. 2010 andNkosiet al. 2010).The inclusion of PPS in replace about 50% of the WCS
had a considerable effect on the reduction of NH3–N concentration and increase in silage CPthat may be
attributed to the presence of tannin in pomegranate peel. Tannin during the silage fermentation process
protects forage proteins from degradation by forming complexes with proteins (Kondo et al.,
2004).Moreover, treating PPS with inoculant or ZYMOGEN led to improvement in the reduction of
ammonia concentration and increased CP (McDonald et al. 2002).In addition, the use of inoculant or
ZYMOGEN in PPS silage was enhanced to degrade the cell wall and reduce the �ber fraction (NDF and
ADF). In particular, the addition of ZYMOGEN had more effect on the degradation of cell wall and the
hydrolysis of cellulose and hemicellulose(Addahet al. 2016and Lynch et al.2015).While, inoculant had
little ability to degrade plant cell wall(Nkosiet al. 2012), but decreases in �ber fraction may be due to
e�ciency in the hydrolysis of hemicellulose(Islam et al. 2001). These results are supported by previous
studies done by Nkosiet al.(2011),Nkosiet al.(2015)and Deanet al.(2005). It was suggested that the
inoculants or enzyme additions caused degraded structural carbohydrates and improved �ber
degradation during silage fermentation(Dean et al. 2005). 

4-2- Dry matter intake and digestibility

The improvement in DMI of G2 and G3 may be related to silage treated with inoculant 1188 or ZYMOGEN,
respectively, which caused improved silage characteristics, thus improving palatability. The improvement
in DMI of G2 and G3 is in agreement with the results of other researchers Nkosiet al,(2011) andAbedoet
al,(2013) who found that treated silage with inoculant led to a signi�cant increase in feed consumption
compared to untreated silage, while, Romeroet al. (2016) recorded a signi�cant increase when adding
exogenous �brolytic enzymesto corn silage.The study showed a considerable improvement in
digestibility coe�cients as a result of adding both inoculant 1188 and ZYMOGEN to the PPS,that may be
attributed to adding the bacterial inoculants, or enzyme which contributed to improved digestibility of DM,
OM and CPRomero et al. (2016) observed improvement in digestibility of DM, CP, NDF, ADF and ADL in
silage treated with enzymes may be attributed to the effect of enzymes on the degraded cell wall during
ensilage. The improvement in CP digestibility in treated or un-treated silage containing PPS could be due
to an improvement in the fermentation quality of duringensilages by reducing proteolysis and nitrogen
losses, which led to anincrease level of CP in the diets, thus improving the e�ciency of protein utilization
(Wilkinson, 2005 and McDonald et al., 2002). Since the presence of tannin in pomegranate peel. Tannins
have been shown to bene�t from binding with diet proteins, reducing rumen degradability, increasing
enzymes intestinal digestibility and improving nitrogen utilization e�ciency (Getachewet al., 2000
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andMinet al., 2003). Doceet al. (2007) reported that the presence of tannins in the rumen of animals at
levels up to 1.5% of DM did not cause negative effects on digestibility. Moreover, McSweeneyet al. (1999)
and Ottet al. (2005) showed that the fermentation process decreases the levels of tannins in silages, thus
animals have not been negatively affected by the tannins in silage. TDN and DCP values were higher in
G2 and G3 than in other groups. The increase in TDN can be attributed to higher digestibility coe�cients
in rations containing treated PPS, while the increase in DCP can be attributed to better protein utilization
e�ciency by passing dietary protein from the rumen to the abomasum (Patra and Saxena, 2011). The
current study's improvement in nutritional values and digestibility coe�cients is consistent with other
studies that have found adding that biological additives to agricultural or agro-industrial by-products
during ensilage may beimproved nutritive values and digestibility coe�cients for most nutrients (Nkosiet
al., 2015 Solimanet al., 2016 and El-Morsyet al., 2018).

4-3- Rumen fermentation

The results of ruminal pH ranged from 6.21 to 6.75. These levels are suitable for the normal function of
cellulites bacteria and pH should be 6.4 to 7.0 according to Wanapat and Cherdthong (2009). The diets
that contained untreated or treated pomegranate silage led to a reduction in NH3-N that may be due to
protection of dietary protein from ruminal degradation (Jalčet al., 2013 and Atkinson et al., 2007). A high
level of tannins in pomegranate peel may play an important role in the reduction in rumen ammonia
production because tannins have the ability to formed tannin-protein binding that is more stable in the
rumen and resistant to degradation by rumen microorganisms at pH 5.0 to 7.0. However, it dissociates in
gastric juice (abomasum pH 2-3) (Oh and Hoff, 1987).Also, Solimanet al. (2020b)reported that feeding
ruminants with diets containing �avonoids led to a reduction in rumen ammonia production as a
consequence of a decrease in protein degradation. Moreover, treated silage with inoculants or ZYMOGEN
led to a greater reduction of NH3–N concentration compared to diets that contained untreated PPS or
corn silage. According to Makkar (2003), this may be attributed to the improvement of fermentation
quality of the silages by reducing proteolysis and nitrogen losses.Increased values of rumen TVFA's,acetic
acid and acetic: propionic acid in diets G2 and G3 than in G1 and control diets may be due to
improvement in DM or OM digestibility and increased degradation of cellulose and hemicellulose during
ensilage. These results are in agreement withJatkauskas and Vrotniakiene(2006). The microbial protein
synthesis in the current study showed insigni�cant improvement in G2 compared to other groups. This is
in agreement with Basso et al. (2014) who showed that improvement of silage protein by LAB inoculant
increased ruminal microbial protein synthesis. The microbial protein synthesis was not affected by
pomegranate peel, which probably has an impact on reducing NH3-N concentration as a result of
containing tannin, but the NH3-N concentration was still su�cient for microbial protein synthesis. These
results are in agreement with those of Wischeret al. (2013) who found that adding tannin to silage did not
affect microbial protein synthesis. Several studies have been done to reduce methane emissions by feed
additives. Tannin is one of the additives that have been used as an important substrate for reducing
methane (Jayanegaraet al., 2015 andWeiet al., 2019). In the present study, it was observed that CH4

emissions decreased in cows fed diets containing treated or untreated PPS. This may be attributed to
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PPS having an amount of tannin. These results are consistent with previous results (Aboagyeet al.,
2018andStewartet al., 2019)who emphasis that tannins reduce CH4 production and may therefore inhibit
methanogenesis.

4-4- Milk production and milk composition

Regardless effect of pomegranate peel on decreased palatability and DMI as a consequence of the
presence of tannins, which bind with saliva proteins while, the addition of ZYMOGEN (Romero et al.,
2016) or inoculants (Soliman, 2014) to the PPS had a positive effect on increased voluntary
DMI. These results are in agreement with Kunget al. (2018) who observed that DMI increased with
silage containing a lower percentage of acetic acid.Dairy cows fed diets that contained PPS treated with
ZYMOGENor inoculantas well as those fed diet containing WCS had a positive effect on milk yield, 4%
FCM and fatcomposition compared to fed diet containing un-treated PPS which may be attributed to the
improvement in palatability and DMI(Oliveira et al., 2017), nutrients digestibility (Morand-Fehr et al., 2000)
and rumen fermentation especially VFAs (Huhtanenet al., 2003) consequence to improve silage
characteristics. Also, Morand-Fehr et al. (2000) showed that a higher level of energy intake leads to
greater production of milk by the animal.Abidoet al. (2007) reported that fed lactating buffaloes on maize
silage treated with inoculated led toincreased daily milk yield, FCM (4%) and milk contents of fat and
lactose.Moreover,Peymanfar and Kermanshahi(2012) reported that treating forages with the �brolytic
enzyme improvement the milk yield and fat composition compared to untreatedas result to increasing
feed intake, �bre degradation and digestibility of nutrients.Furthermore, Schmidelyet al. (2005)found that
the increasing degradation of �ber fractions led to an increase in acetic acid that re�ects an increase in
fat milk composition.Abedoet al. (2013) showed that feeding the goats with biological inoculated corn
silage led to increase milk protein and lactose synthesis may be attributed to an increase in the amino
acid levels and ruminal microbial protein synthesis, those contributing to increases in overall
production.The improvement of milk protein in cows fed diets containing PPS may be attributed to
tannins of pomegranate peel is agree with several studies explained that inclusion of tannin in the diet of
lactating ruminant led to increased milk protein and lactose percentages (Liu, et al., 2013 andAguerreet
al., 2016), this is attributed to tannin has a role in enhancing protein utilization during digestion and
induce improvements in milk production (Min et al., 2005).Somatic Cell Count (SCC) is secreted in milk
during cows milking and is a general indicator of udder health and milk quality. Generally, when ranged
an amount of SCC less than 200,000 cells /ml it indicates that animals are healthy and not infected with
mastitis, reported by Ruben (2003).In the present study, each cow had a cell count less than 200,000
cells/ml. The cows fed PPS had the lowest signi�cance, which could be due to the fact that pomegranate
peel contains a lot of bioactive chemicals(Mariana et al., 2019).

4-5- Plasma metabolites

Increased concentrations of serum total protein, albumin, and globulin in cows fed diets containing
PPS may be attributed to improving the utilization of CP and increasing the number of amino acids
available for absorption in the intestine (Min et al., 2003).Also, Abidoet al. (2007) found that the addition
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of lactic acid bacteria inoculants to silage resulted in enhanced silage quality with no deleterious effects
on liver or kidney function. Thus, serum AST and ALT values were within normal limits in all the groups
that corresponded with Pithayanukulet al.(2009)whofound that supplementing with 2000 mg/kg body
weight tannin extracts from Areca catechu or nutgalls seeds had no effect on blood indices or liver and
kidney function. The higher serum urea in diets G2 and G3 comp may be attributed to an increase in
protein percentage in the diet as well as an increase in digestible CP intake (Balikciet al., 2007). Increased
urea values in cows fed PPS may be attributed to the low ruminal ammonia concentration, and greater
intestinal absorption of amino acids, leading to increase serum urea content. This is consistent with Min
et al.(2003) who reported that the presence of tannins in the rumen decreased protein degradation by
ruminal microorganisms, which increases the dietary protein absorbed in the intestines. When compared
to control cows, the liver and kidney functions of the PPS-fed cows did not reveal any negative impacts.It
could be due to the high quantity of phenolic and �avonoids, in pomegranate peel (Li et al., 2006).

4-6- Economic e�ciency

Our results indicated an improvement in values of net revenue and economic e�ciency % in G2 and G3
compared with G1 and control. This improvement may be attributed to increased milk production and
lower daily feed costs.Abidoet al. (2007) demonstrated that lactating buffaloes fed inoculated maize
silage improved economic e�ciency compared to the untreated silage. Numerous studies have found
that adding biological additives to agricultural by-products and agro-industrial by-products in ruminant
diets can reduce feed costs and, as a result, increase the economic e�ciency of livestock production
(Solimanet al., 2020a and Solimanet al., 2016).

Conclusions
In conclusion, results obtained in this study showed that pomegranate peel silage can be used safely as
good roughage during the feeding of dairy cows at a level 20% of dietary DM.The addition of enzymes
mixed (ZYMOGEN) or lactic acid bacterial inoculants (Inoculant 1188) during ensilage of pomegranate
peel caused improvements in fermentation and nutritive quality silage,and, it's nutritive values.It's
contributed to increasing productive performance of cows and decreased feed cost, and subsequently
leads to higher net revenue and economic e�ciency.

Abbreviations



Page 19/27

PP pomegranate peel

PPS pomegranate peel silage

CFM concentrate feed mixture

RS rice straw

WCS whole corn plant silage

DM dry matter

OM organic matter

CP crude protein

EE ether extract

NDF neutral detergent �ber

ADF acid detergent �ber

ADL acid Detergent Lignin

WSC water-soluble carbohydrates

LAB lactic acid bacteria

NH3-N ammonia- nitrogen

AST aspartate transaminase

ALT alanine transaminase

ZYMOGEN enzymes mixed

Inoculant 1188 lactic acid bacterial inoculants

TVFA’s total volatile fatty acid

4% FCM fat corrected milk (4 %)

CFU colony-forming units

TS total solids percent

SNF solid not fat

TDN total digestible nutrients

DCP digestible crude protein
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