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Introduction: Iran is one of the sixth-largest citrus producing countries in the world, producing a large number
of citrus varieties annually. The remaining citrus pulp comes from juices or composting plants that are widely
produced in Mediterranean countries. Thousands of residual citrus processing plants are left untreated
annually, while being one of the valuable resources in animal nutrition. Citrus pulp contains the skin and inner
pieces of fruit collected from the citrus family (such as oranges, lemons, and grapefruits). Citrus wastes contain
high energy for ruminants, so that the metabolizable energy of the dry pomace and its wet pomace is equal to
10.30 and 2.4 Mcal / kg, and can be used as a high-energy feed in ruminant nutrition (Nazim, 2001). Due to
the high fermentation capacity of fiber feedstuffs, many citrus pulp wastes are suitable for use in ruminant
rations (Grasser et al., 1995). Therefore, citrus pulp has long been considered as an energy-rich feed to meet
the growth and lactation needs of ruminant animals (Solomon et al., 2000). According to the results reported
by (Lashkari and Taghizadeh, 2015) it is possible to replace some of the cereal sources used in the livestock
feed with citrus pulp, which significantly reduces the cost of regulated diets. Citrus pulp also has an antioxidant
role that enhances the animal's immunity and enriches milk with phenolic compounds as anticancer compounds
in lactating cows. In mixed diets, replacing starch feeds with light digestive cell wall feeds such as citrus pulp
prevents the negative effects on forage digestibility produced by starch feeds. (Barius Urdanta et al 2003) The
pectin consumed in citrus pulp has the ability to form gels and increase digestive capacity (Veragen et al.
2001). Non-fiber carbohydrates are made up of varying amounts of starch, simple sugars, beta-glucans,
galactans and pectins. In vitro, gas production increases with the addition of non-fiber carbohydrates, and
agrees with the notion that gas production increases with increasing fermentable precursor content (Blummell
and @rskov, 1993). The use of dried citrus pulp beet as a source of non-forage fiber in a lactating dairy cow in
a diet is effective in improvement of performance and increasing of milk fat. The energy content of diet
increased when dried citrus pulp used in ruminant nutrition. Dried citrus pulp dough is suitable for feeding
Holstein cows and improves livestock performance, especially Holstein infants. As well as antioxidant
compounds of citrus pulp, it strengthens the phenolic compounds of milk. Our results some positive effects of
citrus pulp on diet degradability and in vitro fermentation parameters and indicate that maize in dairy sheep
diets can be totally replaced by dried citrus pulp without negatively affecting ruminal fermentation. The use of
citrus pulp would reduce the amount of human-edible ingredients used in the diet of dairy sheep. Its
accumulation can cause environmental problems, and it causes high disposal costs for citrus processing
factories (Jairo Garcia et al. 2020).

Purpose: This experiment was conducted to determine the nutritional value of the ration of lactating cows
containing citrus pulp and determine the fermentation parameters and degradation of dry matter and crude
protein in citrus pulp. The amount and rate of gas production were determined by Manek and Steingass.
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Method (1988). According to Sunvold et al. (1995), about 450 g / kg of the cell wall contains citrus pulp pectin,
which is fermented in the rumen at high rates. Dried Citrus pulp has high pectin, which is used in rumen
microflora and improves fiber digestion (Barius-Urdanta et al. 2003). By using pectin-rich foods such as citrus
pulp, they reduce the cost of feed, prevent gastrointestinal disorders in ruminants and help improve digestibility
of cellulose compounds (Brodrick et al. 2002). To overcome the difficulties of using cereal grains in ruminants,
it is best to use different energy sources such as dried citrus pulp and sugar beet or their mixture (Kalle and
Adsule. 1995). According to Bumpidis and Robinson (2006) citrus pulp content contains 24.10 grams of
soluble sugars per kg of dry matter. Estimated dietary variables of lactating cows including metabolizable
energy (ME), lactation energy net (NEL), digestible organic matter (DOM), short chain fatty acids (SCFA) are
possible using gas production method.

Materials and methods: Evaluation of the diet of lactating cows was performed using gas production method.
The experimental treatments included dietary control of the diet without the use of dry citrus fruits, diets with
50%, 75% and 100% replacement of dietary maize with mixed dry bark. For this purpose, gas production was
recorded at 2, 4, 6, 8, 12, 16, 24, 28, 48 and 72 hours. Three different digestive models were used to evaluate
the dry matter and protein content of citrus pulp. @rskov model were used without regard to the delay phase
(1979), the model of france et al. (1993) and the model of france et al. (1999). To select the best evaluation
model, the minimum variance and maximum explanatory factor were used.

Results and discussion: The results showed that there is no significant difference between treatments at
different incubation times. By considering of MSE and R? in fitted models, the best digestible models for the
gas production of diet containing of citrus pulps were selected. For control diet, diet containing of citrus Pulps
(50 and 75%), and diet containing of 100% citrus pulps models of @rskov without delayed phase, France model
and @rskov without delayed phase were fitted, respectively. The production of soluble and insoluble part gas
(a + b) in citrus pulp 0, 50, 75 and 100% is 225.79, 235.55, 245.83, 239.35 ml / g DM, respectively. The rate
of gas production (c) in the mentioned treatments were 0.079, 0.049, 0.054 and 0.063 ml / h, respectively.
Conclusions: According to the results of gas production experiments, citrus pulp is a suitable source of energy
for ruminants. The results also showed that citrus pulp could be used as a non-forage fiber with greater
biodegradability and gas production in ruminant rations. According to the fitness of the model and considering
of the biological behavior of obtained data @rskov model without lag phase (1979) y = A (1 —€®), was selected
as the best model to indicate of ruminal digestion kinetics.

Keywords: Digestibility models, digestible citrus pulp, production gas
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Table 1- Chemical compounds of citrus pulp experimental diets

Treatment DM CP NDF ADF EE CF CA OM NFC ETfll—\lR,\ﬁ E(ngl)j PHE(RI-(I—)’?_I(_HQ)
Dried
Citrus 88.60 7.40 21.10 1540 240 2380 4.68 94.70 64.42 6.00 4.24
Pulp
Table 2- Comparison of gas production means in different treatments at various times (ml/gDM)
TRT 2h 4h 6h 8h 12h 24h 48h 72h
DCP1 18.41 44.44 74.47 108.85 134.39 180.77 216.27 232.52
DCP2 16.41 37.61 58.31 84.52 102.56 158.11 210.77 231.35
DCP3 12.75 36.94 58.81 83.68 111.73 175.94 222.27 244.68
DCP4 18.75 42.95 68.64 92.35 123.56 183.44 222.43 241.18
SEM 2.84 3.99 5.59 7.69 9.89 15.33 22.08 25.71
P-VALUE 0.42 0.47 0.17 0.12 0.17 0.65 0.97 0.97

1-Control (DM) 2-Replaced DCP with 50% corn grain. 3- Replaced DCP with 75% corn grain 4- Replaced DCP with

100% corn grain
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Table 3. Estimated values for the components of the various mathematical models adapted for the gas production of experimental diets?

Model A c k | d SSM SST R2 MSE
DCPO
Model 1 225.79 0.079 - - - 173696 230793 0.752605 1968.9
Model 2 234.1 0.034 11.19 - - 174227 230793 0.754906 2020.2
Model 3 228.29  -0.014 - 2.92 0.43 174702 230793 0.756964 2077.4
DCP50
Model 1 235.56 0.049 - - - 177519 182237 0.974111 162.7
Model 2 248.78 0.024 5.86 177722 182237 0.975225 161.3
Model 3 225.79 0.015 - 2.48 0.16 177844 182237 0.975894 162.7
DCP75
Model 1 245.83 0.054 - - - 210317 213506 0.985064 110
Model 2 260.82 0.022 10.99 - - 210465 213506 0.985757 108.6
Model 3 256.34 0.028 - 2.52 0.14 210463 213506 0.985747 112.7
DCP100
Model 1 239.35 0.063 - - - 194409 208376 0.932972 481.6
Model 2 251.91 0.022 18.34 - - 194565 208376 0.933721 493.3
Model 3 249.24 0.025 - 2.69 0.20 194601 208376 0.933894 510.2

1-Control (DM) 2-Replaced DCP with 50% corn grain 3- Replaced DCP with 75% corn grain 4- Replaced DCP with 100% corn grain
A: Gas production (mL/DM) c:Fractional rate(mL/h) t: incubation time L: Lag phase

(h) d:Potential degradability k:Passage rate (/h) Model 1: @rskov ER and McDonald I, 1979 Model 2: France et al (1999) Model 3: : France et al (1993)
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Table 4: Parameters of selected models of experimental diets

Model

A

d SSM

SST

R2

MSE

DCPO
Model 1
1_e-Ct
DCP50
Model 1
1_e-Ct
DCP75
Model 1
1_e-Ct
DCP100
Model 1
1_e-Ct

225.79

235.55

245.83

239.35

0.079

0.049

0.054

0.063

- 173696

177519

- 210317

- 194409

230793

182237

213506

208376

0.752605

0.974111

0.985064

0.932972

1968.9

162.7

110

481.6

al-Control (DM) 2-Replaced DCP with 50% corn grain 3- Replaced DCP with 75% corn grain 4- Replaced DCP with 100% corn grain
rate(mL/h) t: incubation time L: Lag phase

(h) d:Potential degradability k:Passage rate (/h) Model 1: @rskov ER and McDonald I, 1979 Model 2: France et al (1999) Model 3: : France et al (1993)

A: Gas production (mL/DM) c:Fractional
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