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physicochemical and silage fermentation -characteristics, and in vitro ruminal
fermentation parameters of fresh and ensiled lime pulps. This research was conducted in
the form of a completely randomized design with four treatments including fresh lime
pulp without additives (FLP), fresh lime pulp mixed with molasses; (FLPM), fresh lime
pulp silage (LPS), and fresh lime pulp silage mixed with molasses (LPMS). Three
replications were performed in each treatment Digestibility and gas production were
determined using rumen liquid taken from two male Ghezel sheep. The results revealed
that the application of molasses had no significant impact on the amount of dry matter.
However, a marked distinction (P<0.05) was observed between the treatments regarding
neutral detergent fiber (NDF), acid detergent fiber (ADF), ash, pH, and water holding
capacity (WHC). The potential of gas production for FLPM was significantly (£<0.05)
higher than that of other treatments. The addition of molasses to fresh lime pulp
enhanced (P<0.05) the digestibility of dry matter in the rumen and total digestive tract.
However, the presence of molasses in lime pulp silage reduced (P<0.05) the digestibility
of dry matter in the rumen and total digestive tract. The results of this study suggested
that the use of molasses would enhance fermentation and digestion by altering the
composition of pectin in fresh lime pulp. While the lime pulp can be ensiled without

molasses, the addition of molasses boosts the nutritive value and digestibility of silage.

INTRODUCTION

The lime tree or Mexican lime (Citrus aurantifolia) is a
tree that belongs to the Rutaceae (citrus) family and the
Rutales order (Peterson et al., 2006). The fruit on this
tree is small and has a thin green skin that turns yellow
when fully ripe. Mexican lime is very aromatic, juicy,
and acidic (Walheim, 1996). In 2020, Iran ranked 10th
in the world with the production of more than 488
thousand tons of lemon and lime (FAO STAT, 2022).
Every year, a significant percentage of limes are
processed and separated into the form of fruit juice,
essential oil, pulp, and other products (Liu et al., 2022).
The residue of lime fruit after juicing is called lime
pulp, which mainly includes the peel, core, and pulp
residue from juicing. It includes about 54% of the total
weight of the fruit, which usually varies depending on
the type of fruit, processing methods, and environmental
factors (Mahato et al., 2019). Lime pulp is an
economical source of sugars and fibers, minerals, and
vitamins, phenolic compounds, limonoids and essential
oils. These bioactive phytochemicals and other nutrients
obtained from lime pulp are nutritious, anti-parasitic,
anti-flatulent, antimicrobial, antioxidant, and anti-
inflammatory. Lime pulp can effectively enhance
animal feed quality, improve health, and increase
livestock production (Tayengwa et al., 2022).
Considering the seasonal production and low shelf
life of lime pulp, the need to use processes that enable
the provision of this product throughout the year seems

necessary. Storing plant products in the form of silage is
a common way to provide food resources for ruminants
during a period of the year when fresh fodder is not
available (Zinjarde and Gampawar, 2014). In this method,
as a result of the activity of lactic acid-producing bacteria
and under anaerobic conditions, soluble carbohydrates in
fodder water are converted into lactic acid and cause a
reduction in pH, thus protecting fodder from microbial
spoilage (Filya, 2003).

The main purpose of this study was to analyze the
fermentation quality of lime pulp silage. Another aspect
that was taken into consideration was the amount of
fermentable sugars in the lime pulp. Given its high content
of easily fermentable sugars, molasses has become a
commonly used ingredient to speed up fermentation and
enhance the feeding value (Palmonari et al. 2020; Ke et al.
2023), so the secondary objective of this research was to
determine the impact of adding molasses, as a source of
supplemental sugars, on the fermentation of mixed silage.

MATERIALS and METHODS
Silage preparation and treatment

The lime pulp was obtained from lemon processing units
and was transferred to the Khalat-Pushan laboratory unit of
Tabriz University. Treatments included 1- Fresh lime pulp
(FLP), 2- Fresh lime pulp mixed with molasses (FLPM,
95:5 ratio on a fresh weight basis), 3- Ensiled lime pulp
without additives (LPS), and 4- Ensiled lime pulp mixed
with molasses (LPMS, 95:5 ratio on a fresh weight basis).
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All treatments were prepared in three replications. For
this purpose, laboratory PVC silos with a diameter of 10
cm and a capacity of about six kg of fresh silage were
used. These laboratory silos were equipped with a drain
valve to drain the leachate. The silos were gradually
filled with silage materials and at the same time,
pounding and compacting were done. In the end, the
lids of the silos were tightly closed by metal fasteners,
to ensure that air does not penetrate them.

Chemical and physical analyses

After two months of keeping the silos in the dark and at
a temperature of 25 °C, all silos were opened, analyzed
and sampled. The levels of pectin, dry matter, ash,
neutral detergent fiber (NDF), acid detergent fiber
(ADF) in lime pulp were measured prior to and after
ensiling. For silages, sampling was performed from a
depth of 10 cm of silos. After decanting the silage
extract, two samples were taken from each replication.
The first sample was used for determining pH, volatile
fatty acids, water soluble carbohydrates (WSC) and
ammonia-N. Another sample was used to determine
chemical composition (dry matter, raw ash, pectin, NDF
and ADF).

The dry matter content values of lime pulp and lime
pulp silages were determined by incubating them in an
oven (60 °C) for 72 h. The NDF and ADF content of the
samples were determined using the method of Van
Soest (Van Soest et al.,, 1991). Hemicellulose content
was calculated using Equation 1 (Eq 1) as follows:
Hemicellulose = NDF — ADF. Eq. 1

Crude ash was determined using incineration of the
collected samples in an electric furnace (A.O.A.C,
2005). Water-soluble carbohydrates and ammonia-N
were measured by spectrophotometry and volatile fatty
acids and lactic acid were measured using high-
performance lipid chromatography (HPLC), (Wang et
al., 2021). Ammonia concentration in silage extracts
was measured for distillation in a Kjeldahl auto analyzer
as described by Filya (2003).

To measure pectin, the lime peel powder (10 g) was
mixed with hydrochloric acid and citric acid at 200 and
400 g of 0.05 M solution to obtain peel-to-extractant
ratios of 1:20 and 1:40, respectively. The mixture was
heated at 95 °C with continuous shaking for 1 h in a
shaker water bath (Memmert WNB 7-45, Schwabach,
Germany). The pectin extract solution was filtrated
using a 420 um screen. The two pectin extract solutions
were pooled and centrifuged at 10,000xg (25 °C) for 5
min and then the clear pectin solution was used for
subsequent purification.

A one volumetric part of clear pectin solution was
precipitated into two volumetric parts of absolute
ethanol, stirred for 10 min, and kept for 2 h without
stirring at room temperature (25 °C). After filtration, the
pectin was washed 3 times with absolute ethanol to
remove other components and then finally washed with
acetone. The lime peel pectin was left at 50 °C for 1 h
using a hot air oven (redLINE RF 115, Deutschland,
Germany) to dry off the odorless acetone and then was
ground using a Waring blender (HGB2WT, Torrington,
CT, USA) and sieved through a 125 pum screen

(Rodsamran and Sothornvit, 2019). The yield of pectin
was calculated using the Eq. 2:
Pectin (%) _ Weight of pectin

- - x 100 Eq.2
Weight of Lime pulp

Water Holding Capacity (WHC)

To measure the WHC, 2.5 grams of the sample was
soaked in 250 ml of distilled water for 24 h. The wet
sample was placed on filter paper for 10 minutes, then
the sample was weighed (Giger-Reverdin, 2000).

Gas Production Test

The method of Fedorak and Harodi (1983) was
employed to gauge the digestibility of organic matter
and metabolizable energy through the use of gas
production. The amount of gas produced was recorded
in hours 2, 4, 6, 8, 12, 24, 36, 48, 72 and 96 of
incubation time. The Eq. 3 was used to determine the
gas production parameters as described by Orskov and
MacDonald (1979).

Y=b (1-e™¢) Eq. 3
where “Y” (mLg"! of DM) is gas produced at a time of
“t”, “b” (mL) is gas production from the fermentable
insoluble fraction, “e” otherwise known as Euler's
number, is a fundamental mathematical constant that is
roughly equal to 2.71828, “c” (mLh™) is gas production
rate for “b” fraction, and “t” (h) is the incubation time.

Digestibility of nutrients

To measure the digestibility of DM, ruminal fluid was
collected from two sheep with fistula. The digestibility
of the samples was determined using the method of
Holden and the Daisy digestion simulator (Holden,
1999).

Statistical analyses

The obtained data were analyzed in a completely
random design with four treatments and three
replications for each treatment using the SAS statistical
program (SAS, 2004). The data were analyzed
according to the model Y; = p+T; + ;. In this model,
“Y;” represents the general observation, “p” is the
overall mean, “Ty” indicates the treatment effect, and
“ei” accounts for the experimental error. Tukey test (at
a 5 % probability level) was used to compare the means.

RESULTS and DISCUSSION

The values of ash, NDF, and ADF were significantly
(P<0.05) higher in silages containing molasses (LPMS)
compared to silages without molasses (LMS) treatment
(Table 1). But, the values of HC was significantly
(P<0.05) lower in silages containing molasses (LPMS)
compared to silages without molasses (LMS) treatment.
However, adding molasses did not have a significant
effect (P<0.05) on the dry matter percentage of fresh
lime pulp or fresh lime pulp silage (Table 1). Similarly,
Kordi et al (2010) used different levels of molasses (0,
6, 12, and 18 g kg™! fresh citrus pulp) to prepare citrus
pulp silage and observed that the percentage of dry
matter was not significantly different between
treatments. As molasses is one of the most widely used
food additives in livestock nutrition, it has been shown
that the application of molasses to silage promotes the
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access of lactobacilli to soluble carbohydrates,
consequently increasing the amount of lactic acid, and
reduces the pH of silage (Ke et al., 2023). The results of
this research also revealed that molasses can enhance
the ash content of silage (Table 1, compare the ash
percentage of DM between LPS and LPMS treatments)
because of the high mineral content in molasses as
discussed by Paviz et al. (2011) and Palmonari et al.
(2020).

The values of pH were significantly (P<0.05) higher
in treatments containing molasses compared to
treatments without molasses (Table 1). It was shown
that the low pH of the fresh lime pulp during ensiling
resulted in achieving a suitable silage pH at the end of
the period; So, after 60 days of ensiling, the pH of LPS
was reported as 3.97 (Table 1). The addition of
molasses elevated (P<0.05) the pH value of the fresh
lime pulp (4.10 to 4.27) and fresh lime pulp silage (3.97
to 4.21, Table 1). One of the most obvious
characteristics of fresh lime pulp in this experiment that
sometimes caused a change in the expected results was
its initial low pH. After adding five % molasses, fresh
lime pulp became alkaline by about 0.2 units. In lime
pulp silages, upon the addition of molasses, although the
lactic acid content of the silage increased when
molasses was used at ensiling, the results revealed an
increase in pH value. This may be due to an increase in
the percentage of raw ash after adding molasses to the
fresh and ensiled lime pulp (Table 1) and also be
because of the high macro-minerals (potassium,
calcium, etc) and micro-minerals (copper, magnesium,
etc) contents in molasses as it has been reported by
Palmonari et al. (2020).

It seems that among these minerals, the highest
amount of micro-minerals was related to potassium. It
has been reported that the potassium content in sugar
beet molasses and sugarcane molasses were 1/82 and
2/44 % of their dry matter, respectively (Palmonari et
al., 2020). Potassium is an alkaline element that can
control pH. Also, potassium specifically helps remove
protons or positively charged atoms, which results in a
decline in acidity (Aras et al., 2008). Independent
studies on the effect of potassium on the pH of animal
feed have not been reported, but some studies have
suggested that replacing starch with molasses or
molasses-based liquid feeds can have positive effects on
rumen pH (Oelker et al., 2009; Brito et al., 2017).
Further, citrus fruits contain considerable level of
natural citrate. The highest level of citric acid has been
reported to be in lemon juice (Penniston et al., 2008).
Metabolization of citrate to citric acid results in
bicarbonate production, which in turn leads to
alkalinization of the environment. Minerals in molasses
(K, Na, and so on) seem to facilitate this reaction, since
citric acid does not become bicarbonate until it is
complexed with cations (Gabutti et al., 2009; Aman et
al., 2010; Krieger et al., 2015).

Pectin constituted about 43.98% of the dry matter of
fresh lime pulp (Table 1). The addition of molasses and
ensiling did not cause significant differences in pectin
values (Table 1). This finding shows that lactic acid
bacteria  cannot  ferment this  carbohydrate.
Physicochemical characteristics of lime pulp, whether

fresh or ensiled, are related to its pectin. Pectin-rich cell
walls usually have very high hydration properties,
which can be attributed to the hydrophilicity and high
charge of pectic substances (Thibault and Ralet, 2003).
Pectin in lime pulp absorbs water due to its galacturonic
acid structure. Pectins are all hydrophilic colloids, so
they have a high hydration capacity due to the binding
of water molecules to the hydroxyl group of the
galacturonic polymethyl chain. In addition, there is a
negative charge in the pectin molecule, so they can repel
each other and increase the viscosity of the solution.
This is because under negative charge conditions and
due to high hydration, pectin fibers approach each other,
and they interact with each other to create a solid three-
dimensional network containing a liquid phase inside
(Visser and Verragen, 1996). The chemical composition
alone cannot adequately reflect the complexity and
heterogeneity of lime pulp tissue. According to Table 1,
the fresh lime pulp had a high WHC. Adding molasses
to a fresh lime pulp lowered its WHC significantly. It
seems that the absorption of molasses by lime pulp
while completing part of this capacity, by penetrating
pectin fibers, reduces the negative charge and hydration
due to the interaction with divalent cations, especially
Ca?" with high ionic strength, which results in the
stabilization of pectin molecule (Castillo-Israel et al.,
2015). Also, the abundance of monovalent cations in
molasses can influence cell wall swelling due to the
known interaction between pectin and monovalent
cations, particularly potassium, at a pH below 5 (Yoo et
al., 2003). This is because the ionic interactions in the
pectic polysaccharide matrix can affect the swelling of
the cell wall (Thibault and Ralet, 2003).

Adding molasses to fresh lime pulp lowered its
WHC significantly (P<0.05). However, no significant
difference was observed in WHC between LPS and
LPMS indicating that adding molasses to the silage did
not affect the WHC of the silage (Table 1). In the
experiments of this study, the necessary conditions for
drainage and leachate removal were considered for the
silos during the 60-days storage period. However, no
leachate was extracted from the silos during the entire
ensiling period. This finding confirmed the high WHC
of lime pulp, which would prevent leachate production
even in low dry matter lime pulp (21.69-23.67 %, Table
D).

Regarding the data of the fermentation
characteristics (Table 2), the WSC content in LPMS
treatment was higher (P<0.05) than that in LPS
treatment, likely it is due to the higher total sugar
content (62.1% of dry matter on average) found in
molasses (Palmonari et al., 2020). The amount of lactic
acid in silage containing molasses (LPMS) was also
higher (P<0.05) than that in LPS treatment (Table 2),
Also, a higher (P<0.05) concentration of acetic acid and
propionic acid was observed in LPS treatment compared
with LPMS treatment. However, in silage containing
molasses (LPMS), a significant increase (P<0.05).in the
amounts of valeric acid, and isovaleric acid was
observed compared with LPS treatment (Table 2).

Adding molasses elevated the final concentration of
butyric acid in the lime pulp silages (Table 2). Studies
have demonstrated that saccharolytic fermentation is
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linked to increased production of ketogenic fatty acids
(Chen et al., 2010). According to reports, sucrose makes
up 48.8% of the dry matter in sugarcane molasses and
60.9% in dry beet molasses (Palmonari et al., 2020).
This leads to an increase in butyric acid production in
silage due to the high sucrose content in molasses.

There was a significant (P<0.05) difference in gas
production values (mLg! of DM) among treatments
(Table 3). Slowly degraded fraction (b) amount (mL)
and rates (mLh") of gas production (c) also differed
(P<0.05) among treatments. FLPM treatment had the
highest "b" and "c¢" values. Upon adding molasses to
fresh lime pulp, significantly (P<0.05) increased the
amount of gas production. Similarly, Behasharti et al
(2017) observed that adding citrus pulp and application
of molasses during alfalfa silage preparation enhanced
gas production in a laboratory experiment.

Rumen rapidly and extensively breaks down pectin
(Barrios-Urdaneta et al., 2003). In vitro gas production
is heavily reliant on the amount of fermentable
carbohydrates (Behasharti et al., 2017). It has been
shown that increasing rumen fermentation is facilitated
by pectin in lime pulp and carbohydrates in molasses
resulting in increasing gas production (Lashkari and
Taghizadeh, 2012; Palmonari et al., 2020).

During the 60-day ensiling period, the fermentation
of WSC by Lactobacilli in the LPMS treatment
contributed to a decrease in rumen fermentation and gas
production (P<0.05), as the number of fermentable
carbohydrates plays a crucial role in in vitro gas
production (Behasharti et al., 2017). The FLPM
exhibited the highest gas production rate due to the
well-known fact that lime pulp pectin and molasses
carbohydrates enhance rumen fermentation. (Lashkari
and Taghizadeh, 2012; Palmonari et al., 2020).

Table 1. The data of the chemical and physical properties of this study’s treatments including fresh lime pulp without
additives (FLP), fresh lime pulp mixed with molasses (FLPM), fresh lime pulp silage (LPS), and fresh lime pulp silage mixed

with molasses (LPMS)
" Treatment**

Items FLP FLPM LPS LPMS SEM P-VALUE
pH 4.10%® 4272 3.97°b 4212 0.061 0.0055
DM (%) 23.67 23.26 21.13 21.69 0.972 0.0771
Ash (% of DM) 6.55° 7.42? 6.63° 7.93 @ 0.032 0.0001
NDF (% of DM) 25.132 22.73¢ 23.82° 24,732 0.533 0.0001
ADF (% of DM) 19.932 18.07° 18.36° 19.69 @ 0.389 0.0001
HC (% of DM) 5.20° 4.73¢ 5.46% 5.04° 0.231 0.0001
Pectin (% of DM) 43.98 42.75 41.58 41.96 0.677 0.1873
WHC (%) 70.302 45.56° 34.33¢ 32.59¢ 3.384 0.0013

*DM, dry matter; NDF, neutral detergent fiber; ADF, acid detergent fiber; HC, hemicellulos; WHC, water holding capacity.

**Values sharing the same letter are not significantly (P<0.05) different. SEM, the standard error of the mean. P-VALUE,

the probability value.

Table 2. The data of the fermentation characteristics of fresh lime pulp silage (LPS), and fresh lime pulp silage mixed with

molasses (LPMS)

" Treatment**

Item LPS LPMS SEM P-VALUE
WSC (Mmol /100 mol) 2.56P 3.432 0.142 0.0002
LA (Mmol /100 mol) 43.31° 54.982 0.956 0.0066
AA (Mmol /100 mol) 47.842 37.140 1.891 0.0298
PA (Mmol /100 mol) 4.88* 2.06° 0.235 0.0024
BA (Mmol /100 mol) 1.25° 3.42° 0.193 0.0078
VA (Mmol /100 mol) 0.86° 1.122 0.005 0.0004
IVA (Mmol/100 mol) 0.85° 1.062 0.025 0.0145
AA:LA 0.91° 1.48? 0.071 0.0147
LA: VFA 0.75° 1.222 0.049 0.0109

*WSC, water soluble carbohydrates; LA, lactic acid; AA, acetic acid; PA, propionic acid; BA, butyric acid; VA, valeric acid;

IVA, isovaleric acid; VFA, volatile fatty acids

** Values sharing the same letter are not significantly (P<0.05) different. SEM, the standard error of the mean; P-VALUE, the

probability value
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Table 3- The data of total gas production (mLg"' of DM), estimated gas production from fermentable insoluble fraction
(mL) and estimated gas production rate (mLh™") of this study’s treatments including fresh lime pulp without
additives (FLP), fresh lime pulp mixed with molasses (FLPM), fresh lime pulp silage (LPS), and fresh lime pulp

silage mixed with molasses (LPMS)

Time of incubation (h) Treatments™ SEM P-VALUE
FLP FLPM LPS LPMS

2 64.53% 68.932 63.07* 51.73% 4.381 0.0001

4 110.932 116.00? 111.132 95.69° 4.504 0.0001

6 143.73% 152.532 146.36% 130.42¢ 4.820 0.0001

8 168.00% 178.40° 173.96% 157.35¢ 6.009 0.0001

12 196.07% 199.40° 205.44* 187.40° 7.007 0.0001

24 224,27 235.932 235.53% 214.73b 7.327 0.0001

36 243.207 257.86° 253.62° 232.44 ¢ 7.564 0.0001

48 249.87% 263.33% 258.64* 239.11° 8.018 0.0001

72 251.20% 265.47* 261.39* 241.96° 8.203 0.0001

96 253.33% 269.87* 265.402 246.84¢ 8.262 0.0001
DM degradation
characteristics*

b (mL) 248.00° 262.76* 258.402 238.74° 8.052 0.0001

¢ (mLh) 0.1272 0.119% 0.1302 0.1272 0.007 0.0460

*b, gas production from fermentable insoluble fraction; c, gas production rate for “b” fraction.
**Values sharing the same letter are not significantly (P<0.05) different. SEM, the standard error of the mean; P-VALUE.

The probability value

Table 4 presents the results of examining the
digestibility of ensiled lime pulp before ensiling and
after 60 days of ensiling in laboratory silos. Holden's
method (Holden, 1999) was employed to assess the
digestibility of fresh lime pulp and lime pulp silages
after incubation. The results revealed that the addition
of molasses to fresh lime pulp (FLPM) enhanced

(P<0.05) the digestibility of dry matter in the rumen and
total digestive tract. However, the application of
molasses in lime pulp silage (LPMS) reduced (P<0.05)
the digestibility of dry matter in the rumen and total
digestive tract.

Table 4. The data of total tract digestibility of nutrients (%) of this study’s treatments including fresh lime pulp
without additives (FLP), fresh lime pulp mixed with molasses (FLPM), fresh lime pulp silage (LPS), and fresh lime

pulp silage mixed with molasses (LPMS)

Treatments™ P-
*
Ttems FLP FLPM LPS LPMS SEM -y ALUE
Total deg (%) 3115 3430° 34210 31.16° 1291 0.0092

*Total deg; Digestibility of the entire digestive system of the feed obtained from Holden's method (Holden, 1999).
**Values sharing the same letter are not significantly (P<0.05) different. SEM, the standard error of the mean; P-

VALUE, the probability value

CONCLUSIONS

The physicochemical attributes of lime pulp
dramatically changed when molasses was added to it,
resulting in an increase in digestibility, water-soluble
carbohydrates, pH, and ash, and a decrease in water-
holding capacity. Ensiling of lime pulp mixed with
molasses caused a rise in lactic acid and ketogenic fatty
acids. Although lime pulp in its fresh form is more
nutritious and digestible, ensiling is a good way to save
its main nutrient, pectin, for fermentation in the rumen.
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