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Abstract
The purpose of this study was to investigate the effect of adding various levels of waste sour lemon pomace to lucerne on the
properties and ruminal gas production of silage. Levels of 0 (Control), 25 (L1), 50 (L2), 75 (L3), and 100 (L4) % lemon pomace
were replaced by lucerne for silage preparation and silenced for 60 days. The experiment was conducted in a completely
randomized design with three replications (3 silos per treatment). After opening the silos, pH and dry matter were measured
immediately, and the dried samples were kept at -20 until further tests. The silage pH decreased with the addition of lemon
pomace compared to the control (p < 0.05). Total silage volatile fatty acids and dry matter content increased with adding lemon
pomace. The results of gas production also showed that lemon pomace increased the in vitro gas production volume. Adding
lemon pomace to lucerne silage due to the high pectin content in these agricultural wastes caused a rapid decrease of silage pH
and an acidic environment. It prevented the growth of non-bene�cial bacterial species. The obtained data showed that waste sour
lemon has a good potential to use as a livestock feedstuff that can be useful in reducing the cost of ruminant production and
preventing environmental pollution.

Statement Of Novelty
Ruminal microorganisms allow ruminants to utilize human’s unusable biomass and convert non-protein nitrogen into microbial
protein to obtain energy and amino acids. This capability has led them to convert low biological value feeds into high-value
products. The use of agricultural waste in the diet of ruminants can be important in reducing production costs and avoiding the
accumulation of large amounts of agricultural waste that can pose environmental risks. In this experiment, it was tried to evaluate
a by-product such as lemon pomace waste as animal feedstuff in the preparation of silage, which plays a role in reducing
environmental pollution and reduces the cost of animal ration.

Introduction
Forage is an important component of the ruminant ration, which the leguminous family is of great importance, and from this
family, lucerne is more important. Identifying the quality and nutritional value of forage plants because of their importance in
animal nutrition can effectively describe animal nutrition. In the meantime, the lucerne plant is of particular importance as a queen
of forage crops and also because of its good quality, palatability, and availability of nutrients, including minerals, proteins, and
vitamins, especially vitamin A [1, 2].

Silages are popular and useful components of ration in modern dairy operations [3]. Accordingly, making silage common and
wide-spreading in humid regions, where lucerne (Medicago sativa L.) has been widely cultivated in the developed animal farming
[3]. Nevertheless, it is challenging to improve Lucerne silage quality because of the lack of e�cient fermentation. Several additives
have been used to modify silage fermentation by increasing lactic acid production [4]. Lucerne as forage for silage is included the
following problems, lack of water-soluble carbohydrates, high buffering capacity [5], vulnerability to Clostridia under adverse
fermentation conditions [6], empty stem, and low dry matter. From about 30 to 40 years ago, carbohydrate and bacterial additive
sources have been studied to improve silage quality.

Citrus pomace [7–9], tomato pomace [10, 11], apple pomace [12, 13], sugarcane pomace [14, 15], and pistachio hulls [16] residues
are among the by-products of the conversion and agricultural industries that are identi�ed as potential sources for livestock feed.
These materials are produced in the respective plants depending on the season of fruit production and are largely discarded
without any use causing environmental pollution. Given that carbohydrate sources can stimulate fermentation but cannot prevent
proteolysis, as a result, due to heterolactic fermentation, it leads to a decrease in pH [17]. Sour lemon pomace as an agricultural
by-product, improper disposal of that can cause environmental pollution. Besides, it can be used in the diet to reduce the cost of
nutrition [18]. Otherwise, the skin and seeds of lemons contain essential oils that can prevent the growth of some harmful
microorganisms in the ensilage process, and also in the fermentation process, it can prevent the loss of energy by some
organisms in the form of methane and increase fermentation e�ciency.

Therefore, the simultaneous use of microbial additives and a suitable source of carbohydrates in silage can produce better
fermentation and higher nutritional value. Air-drying is applied to optimize the dry matter content of the forage before silage. Very
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low dry matter silage is often associated with an increase in e�uent production and Clostridium fermentation. In contrast, high
dry matter silage is not well compressed and greatly reduces aerobic stability. The optimal dry matter for lucerne silage depends
on the type of silage structure, environmental and management conditions [4]. Adding lemon pomace to lucerne silage because of
the high pectin content in these agricultural wastes can rapidly reduce silage pH and create an acidic environment, thus preventing
the growth and proliferation of non-bene�cial bacteria species. The purpose of this study was to investigate the effects of adding
waste sour lemon pomace on the properties, composition, and degradability of lab-scale lucerne silage.

Materials And Methods
Feeds and Treatments

The whole second cut lucerne (at the �owering stage) was harvested at 25 DM and wilted for 24h at comfortable ambient
temperature. The wilted lucerne and sour lemon pomace were chopped manually to nearly 2-3cm length cut. The treatments were:
L0; lucerne (control), L25; 75% lucerne with 25% lemon pomace, L50; 50% lucerne with 50% lemon pomace, L75; 25% lucerne with
75% lemon pomace, and L100; 100% lemon pomace. Trial samples were ensiled in laboratory silos for 60d at room temperature
(17 to 20o C).

At the end of 60 days ensiling, silos were opened, and immediately pH and DM were measured. The remaining samples were
stored in the refrigerated room at -20o C for subsequent analysis. Acid detergent �ber NDF contents were determined with the
method described by Van Soest et al. [19] without sodium sul�te, Crude ash, and crude protein (CP) contents of the resultant
silages were measured according to AOAC [20]. The concentration of VFA of silages was calculated by using Besharati et al. [21]
procedure.

Hydrous sap was collected from ensiled samples by mixing 20 g of silage with 180 mL of deionized water and uniforming this
mix for 1 min. And silage pH was speci�ed using a pH meter. NH3-N concentration of acidi�ed silage saps was determined using
the distillation method. The phenol sulfuric acid method was used to measure water-soluble carbohydrates [22]. The distillation
method described by Besharati et al. [23] was used to measure total VFA in silage. One ml of 25% meta-phosphoric acid (v/w) was
added to 5 ml of �ltered extract to determine VFA. For the measurement of lactic acid, the Borshchevskaya et al. [24] method was
used.

Fleigh points (FP) was calculated according to Lashkari et al. [25] with the following equation: FP = 220 + [(2 ×% DM) -15] - [40
×pH]. Silage quality is characterized as following very good (85–100), good (60–85), moderate (55–60), satisfying (25–55) and
bad quality/worthless (< 25).
Enumeration Of Microorganisms

The microbial population was enumerated according to Lashkari et al. [25] method. The cultivation environment of lactic acid
bacteria (LAB) and total bacteria (TB) were MRS agar and NA agar. Yeasts and molds were identi�ed by using SDA agar [25].

In Vitro biogas production Test

The in vitro biogas production value of experimental samples was measured in serum bottles using Palangi et al. [7] method. The
rumen �uid required for the determination of in vitro GP parameters was provided from newly slaughtered animals. GP was
measured in each vial after 2, 4, 8, 12, 16, 24, 36, 48, 72, 96, and 120 h of incubation using a water displacement apparatus [7, 21].

In a separate run of GP completed on silage samples, the method of Besharati et al. [2, 26] was adopted to determine the dry
matter degradability. The DM truly degraded (mg) amounts at incubation times were measured [27]. Distillation continued until
about 50 ml of distilled material was collected in the collection tank. Then the solution was titrated with 0.1N sulfuric acid [26].
The prepared samples were stored at -20 ° C. Before analysis, the samples were incubated at room temperature overnight to melt
frozen samples [26].

Mathematical Modeling with MATLAB®
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An optimization method combining the MATLAB curve �tting toolbox and the numerical algorithm based on the Levenberg-
Marquardt way was used. The models were identi�ed through the editor toolstript, and the starting points and ranges required for
the models were de�ned. We used the goodness of �t measure function to measure the error values of the �t curves in studied
models [28].

Models I and II are Simple negative exponential curve models (monomolecular, Mitscherlich, or �rst-order kinetics model) without
and with a lag phase [29]. Model III is Gompertz curve, asymmetrical about an in�ection point M, calculated from K = exp (cM)
[30]. Model IV is Generalised Mitscherlich, generalization of the model I (results in the model I for d = 0), with the addition of a
square root time dependence component [31].

Statistical Analysis

The experiment results were analyzed by one-way analysis of variance by GLM procedure, and the Duncan test compared
treatment means [32].

Results And Discussion
Effect of lemon pomace on chemical composition of silage

This experiment showed that adding a carbohydrate source such as lemon pomace to lucerne silage decreased the silage pH
linearly compared to the control treatment (p < 0.05). The amount of dry matter affected by lemon pomace increased linearly (p < 
0.05). Total VFA increased linearly in treated lucerne hay silage with lemon pomace compared to control treatment (p < 0.05)
(Table 1).

Table 1
Effects of lemon pomace on the chemical composition of lucerne silage after 60d ensiling

Treatment pH DM Ash Total VFA Fleigh point

Control 5.85a 16.35b 8.95 4.50b 37.7d

L1 5.18b 17.80b 8.82 9.33a 33.4d

L2 4.30c 22.29a 7.52 8.66a 77.58c

L3 3.61d 23.96a 9.05 7.33ab 108.52b

L4 3.39d 25.16a 9.94 6.33ab 119.72a

SEM 0.19 1.08 1.94 1.1 2.32

Trt. < .0001 < .0001 0.1397 < .0001 0.0107

Linear < .0001 < .0001 0.1457 0.0005 0.0576

Quadratic < .0001 < .0001 0.3021 < .0001 0.3422

Cubic < .0001 < .0001 0.3021 < .0001 0.3422

Differences between the averages indicated by different letters in the same column are important

Control: lucerne hay; L1: 75%lucerne + 25% lemon pomace; L2: 50%lucerne + 50% lemon pomace; L3: 25% lucerne + 75%lemon
pomace; L4: lemon pomace

SEM: Standard Error Mean

 

Results of this study have corresponded with the results of Hashemzadeh-Cigari et al. [33], Karimi [34], Gozelpour [35], and
Abdollahzadeh et al. [36], who have examined the different carbohydrate sources on forage silages. In an experiment conducted
by Hashemzadeh-Cigari et al. [37] using carbohydrate sources such as barley, sucrose, and apple pomace on lucerne silage, all the
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treated silages had good quality, and the control group had a moderate rate. The pH of all groups was similar and low, while the
highest pH and the lowest amount of lactic acid were observed in the control group. And the reason for this depends on the
amount of organic acid produced during the fermentation process. The use of a carbohydrate source in the silage decreased the
pH and increased lactic acid concentration. But it did not affect ammonia nitrogen. They stated that when making lucerne silage
as one of the hard-to-store plants for storage, a rapid carbohydrate source should be added.

In the experiments of Hashemzadeh-Cigari et al. [37], molasses to lucerne hay increased the total amount of VFA. In a similar
experiment using different apple pomace levels in silage, they reported an increase in total VFA [35]. Abdullahzadeh et al. [36] also
reported a rise in total VFA by adding tomato pomace and apple pomace to silage compared to the control treatment, which was
similar to this experiment. The addition of molasses to lucerne silage in Hashemzadeh-Cigari et al. [37]'s experiment also
increased the total VFA.

Effect of lemon pomace on in vitro biogas production parameters

The addition of lemon pomace to the lucerne silage caused a signi�cant increase with the control treatment during the incubation
times (p < 0.05). According to the results, the highest amount of biogas production was related to lemon pomace without lucern
(L4), and the lowest amount of biogas production was related to control treatment at all incubation times.

The results (Table 2 and Fig. 1) show that the amount of lemon pomace signi�cantly affects biogas production. As seen in the L3
treatment, by adding 75% lemon pomace, biogas production linearly increases. On the other hand, there was decreasing in biogas
production by reducing lemon pomace (L2). The �tted models for in vitro degradability of lucerne silage based on the coe�cient
of determination (r2) showed that because of high R2 and Adjusted R amounts, all of the models were �tting the best to lucerne
silage (Table 3).

Table 2
Effects of experimental treatments on in vitro gas production capability

Treatment Incubation times (h)

2 4 6 8 12 16 24 36 48 72 96

Control 9.48e 12.88e 17.74e 23.71e 28.04e 30.87e 40.43e 54.75e 64.43e 98.81d 112.25d

L1 12.48d 16.13d 21.54d 28.39d 32.60d 35.06d 48.91d 69.89d 82.96d 103.46c 112.90d

L2 16.37c 20.57c 26.20c 34.82c 41.15c 43.82c 59.12c 86.09c 99.83c 120.89b 130.99b

L3 22.91b 27.49b 33.84b 44.29b 51.53b 54.66b 70.44b 97.77b 105.23b 122.90b 126.03c

L4 26.47a 32.04a 39.28a 50.40a 58.97a 62.65a 74.55a 102.32a 118.44a 155.54a 175.98a

SEM 0.3 0.26 0.36 0.56 0.52 0.62 0.76 0.72 1.18 0.66 1.01

Differences between the averages indicated by different letters in the same column are important

Control: lucerne; L1: 75%lucerne + 25% lemon pomace; L2: 50%lucerne + 50% lemon pomace; L3: 25% lucerne + 75%lemon
pomace; L4: lemon pomace

SEM: Standard Error Mean
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Table 3
Estimated gas production parameters of Lucerne silage using different mathematical models with MATLAB

  Prameter1        

  a b c L d k SSE2 R-Square Adj R-Square Iter

Control  

Model I3 8.91 242.7 0.0059 - - - 84.23 0.9929 0.9911 7

Model II 118.2 133.3 0.0059 0.5989 - - 84.23 0.9929 0.9899 23

Model III -203.7 178.9 0.0119 - - 0.4316 83.50 0.9930 0.9900 103

Model IV 95.5 276.5 0.0028 75.07 -0.0116 - 79.38 0.9933 0.9889 40

L1

Model I 8.15 134.0 0.0165 - - - 54.29 0.9957 0.9946 12

Model II 63.63 78.55 0.0165 0.5343 - - 54.29 0.9957 0.9939 7

Model III -53.97 112.8 0.0309 - - 0.247 39.18 0.9969 0.9956 14

Model IV 35.86 141.9 0.0167 14.48 0.0321 - 48.46 0.9962 0.9936 5

L2                    

Model I 10.4 146.2 0.019 - - - 84.01 0.9950 0.9938 5

Model II 70.76 85.8 0.019 0.5327 - - 84.01 0.9950 0.9929 12

Model III -57.49 125.9 0.034 - - 0.2443 61.00 0.9964 0.9948 14

Model IV 56.75 144.5 0.018 20.47 0.0442 - 72.49 0.9957 0.9928 6

L3                    

Model I 15.69 120.9 0.028 - - - 102.98 0.9929 0.9911 5

Model II 60.81 75.83 0.028 0.147 - - 102.98 0.9929 0.9899 18

Model III -80.19 111.9 0.041 - - 0.3491 88.31 0.9939 0.9913 24

Model IV 80.5 88.4 0.025 27.3 0.0644 - 91.73 0.9937 0.9895 16

L4  

Model I 24.59 229.4 0.011 - - - 118.16 0.9953 0.9942 6

Model II 119.5 134.5 0.011 0.5339 - - 118.16 0.9953 0.9933 17

Model III -336.1 204.0 0.164 - - 0.5500 123.07 0.9951 0.9931 109

Model IV 17.3 169.0 0.008 0.1859 -0.0444 - 99.25 0.9961 0.9935 5

1a = rapidly soluble fraction (%); b = slowly degradable fraction (%); c = degradation rate constant (%/h) of fraction ‘b’; L = lag
time (h); d = is the parameter pertaining to the variable fractional rate of degradation; k = slope, or degradation rate coe�cient
(h− 1);

2SSE = Sum of Squares Due to Error; R-Square = the square of the correlation between the response values and the predicted
response values; Adj R-Square = Degrees of Freedom Adjusted R-Square; Iter = iteration number of MATLAB.

3 Model I, First-order kinetics model without lag phase; Model II, First-order kinetics model with lag phase; Model III, Gompertz
model; Model IV, Generalised Mitscherlich model.
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Based on the results of the gas's capability in this experiment, in the investigations of Hashemzadeh-Cigari et al. [37] that measure
the effect of different carbohydrate sources on silage, there was also an increase in biogas production in the experimental
treatment compared to the control. Besharati et al. [38] investigated the effects of some by-products using in vitro biogas
production, and reported that the highest volume of biogas produced was from apple pomace, which may be due to the high
levels of non-starch carbohydrates and pectin. In the experiment of Khattoni et al. [39] that evaluated different carbohydrate
sources, the results showed that pomace treatments had the highest volume of biogas produced at all incubation times. Ghorbani
[40] reported the effect of levels of 50, 100, and 150 mg/kg orange essence on 256-day-old corn silage biogas production, as an
increase in biogas production in the second treatment compared to the control (p < 0.01).

The effect of lemon pomace on the in vitro dry matter degradability

The addition of lemon pomace to the lucerne silage increased linearly in vitro biodegradability (from 2 h to 24 h) compared to the
control group (p < 0.05; Table 4). This can be explained by the higher soluble carbohydrate content and higher acidic insoluble
�ber in the treatment. At 12 hours after incubation, the highest disappearance was observed in L4 treatment (55.25%) and the
lowest in lucerne silage without additive (35.42%). At 24 hours after incubation, the highest amount was related to L4 (68.25%),
and the lowest amount was to the control group (52.40%).

Table 4
Effect of lemon pomace on Lucerne silage dry matter biodegradability by in vitro method

Treatment Incubation time

2 4 8 12 24

Control 13.21d 15.42d 22.45d 35.42d 52.40d

L1 18.35c 21.30c 39.35c 43.75c 62.01c

L2 21.18b 26.18b 40.02b 50.18b 65.11b

L3 22.88b 28.88b 41.88b 50.40b 65.09b

L4 24.05a 31.35a 44.25a 55.25a 68.25a

SEM 0.140 0.562 0.911 1.101 1.222

Differences between the averages indicated by different letters in the same column are important

Control: lucerne; L1: 75%lucerne + 25% lemon pomace; L2: 50%lucerne + 50% lemon pomace; L3: 25% lucerne + 75%lemon
pomace; L4: lemon pomace

SEM: Standard Error Mean
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Table 5

Effect of treatments on in vitro N-NH3 and VFA
Treatment VFA

(mmol/L)

N-NH3

(mmol/L)

12 h 24 h 12 h 24 h

Control 61.35d 69.12d 114.83b 421.15a

L1 67.55d 116.10c 147.00ab 203.00c

L2 89.10c 109.05c 99.17c 137.66d

L3 105.30b 125.66b 136.50ab 383.83b

L4 126.59a 145.10a 127.33b 379.19b

SEM 1.346 0.843 11.451 7.332

P-Value < .0001 < .005 < .0001 < .0001

Trt. < .0001 < .005 < .0001 < .0001

Linear < .0001 0.0561 < .0001 < .0001

Quadratic < .0001 < .0001 0.004 < .0001

Cubic < .0001 < .0001 0.004 < .0001

Means within same column with different superscripts differ (P < 0.05).

Control: lucerne; L1: 75%lucerne + 25% lemon pomace; L2: 50%lucerne + 50% lemon pomace; L3: 25% lucerne + 75%lemon
pomace; L4: lemon pomace

SEM: Standard Error Mean
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Table 6
Effect of lemon pomace on microbial population of silage

Treatment Yeasts and Moulds (Log104) Lactobacillus bacteria (Log105) Total bacteria (Log106)

Control 2.87d 3.00d 3.13e

L1 2.93d 3.22c 3.61d

L2 3.30c 3.24c 3.87c

L3 4.10b 3.74b 4.08b

L4 4.42a 4.11a 4.24a

SEM 0.04 0.01 0.04

Trt. < .0001 < .0001 < .0001

Linear < .0001 0.3951 < .0001

Quadratic < .0001 < .0001 < .0001

Cubic < .0001 < .0001 < .0001

Differences between the averages indicated by different letters in the same column are important

Control: lucerne hay; L1: 75%lucerne + 25% lemon pomace; L2: 50%lucerne + 50% lemon pomace; L3: 25% lucerne + 75%lemon
pomace; L4: lemon pomace

SEM: Standard Error Mean

 

The addition of lemon pomace signi�cantly reduced NH3-N compared to the control. Rodrigues et al. [41] observed a signi�cant
decrease in ammonia nitrogen by adding levels of 1, 2, and 2 percent apple pulp to straw, which is consistent with the present
experiment's �ndings. The microbial population was increased in the treatments treated lemon pomace additive compared to the
control, which may be due to alternative energy sources for microbial usage. Since lucerne silage contains a large amount of
ammonia nitrogen, its synchronization with a soluble carbohydrate source can optimize microbial protein production and
fermentation products obtained from microbial metabolism activities. Since adding orange, pomace decreases the amount of
silage protein. It increases the carbohydrate ratio in the silage and since the amount of biogas produced in protein fermentation is
lower than carbohydrates. This may also be another explanation for the increase in biogas production in the group containing
lemon pomace.

Conclusion
This study showed that sour lemon pomace could be used in high quantities as an additive to lucern silage and livestock
feedstuff, thereby improving environmental conditions. Adding lemon pomace to lucerne silage decreased the silage pH compared
to the control treatment and increased in vitro biogas production and biodegradability. In general, it can be concluded that the use
of a carbohydrate source as a useful source for bacterial populations on high-quality lucerne silage improved lucern silage quality
and is necessary due to the de�ciencies of this valuable plant.
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ADF: acid detergent insoluble �ber; BGP:biogas production; CP:crude protein; DM:dry matter; EE:ether extract; FP:Fleigh points
GP:biogas production; IVGP:in vitro biogas production; LAB:lactic acid bacteria; NDF:neutral detergent �ber; OM:organic matter;
TB:total bacteria; VFA:volatile fatty acids.
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Figures

Figure 1

Effect of adding lemon pomace to silage on biogas production. Control: lucerne; L1: 75%lucerne + 25% lemon pulp; L2:
50%lucerne + 50% lemon pomace; L3: 25% lucerne + 75%lemon pomace; L4: lemon pomace
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