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Abstract

Food security is of global concern, which requires more attention on the identification
of alternative sources. To combat and marginally prevent the issue, human edible
grains can be excluded from the livestock feed. These grains can be substituted by
nutrient rich process discards and by-products such as citrus pulp. In this study, four
mathematical models were used to describe the ruminal disappearance of dry matter
(DM) and crude protein (CP) of orange, grapefruit, lemon, and tangerine pulps: (I)
non-lagged simple Mitscherlich or exponential, (I1) lagged simple Mitscherlich or
exponential, (111) Gompertz and (IV) generalized Mitscherlich. Results of DM and CP
degradability characteristics showed that all the models fitted well (r? > 0.95) to the
disappearance data and there were minor differences between the models in terms of
statistical evaluations. Results also revealed that the models differed in the estimated
parameters depending on the nature and structure of the model, and parameters
included. Model 111 estimated negative values for the studied parameters making those
biologically unacceptable. Only models | and Il can be used for estimating the
degradability of DM and CP of citrus pulps. Citrus pulps, containing a large amount
of ruminal degradable fractions, can be used as feed source in ruminants.

Keywords: citrus pulps, model selection, nonlinear regression

1. Introduction

The use of agro-industrial by-products as animal feeds has been a matter of
interest for the last few decades because of discarding or burning wastes or
agro-industrial by-products causes potential air and water pollution problems
(Palangi et al., 2013). Food processing discards and or by-products have
successfully been used to improve the sustainability of the dairy industry
(Fessenden et al., 2019). For instance, in 2016, 124.246 kt of citrus pulp was
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produced that could have been utilized as feed and or feed additive (Food and
Agriculture, 2017; Nogales-M¢érida et al., 2019).

Not only that citrus pulp is rich in nutrients, but it also contains soluble
carbohydrates as well as readily digestible neutral detergent fiber (NDF) that
could be used up by ruminal microbes as energy substrates (Ammerman and
Henry, 1991; Miron et al., 2002). This by-product has been previously used
as high energy feed to boost the growth and lactation of cattle (Pang et al.,
2018; Karlsson et al., 2020).

Generally, fermentation of feedstuff in ruminants is studied by in-vivo, in-situ
and in-vitro techniques. In the one hand, in-situ technique (Dacron polyester),
as a rather simple and an inexpensive method, has been used widely for
estimating the ruminal nutrient degradation worldwide. On the other hand,
with the nylon-bag technique, a rather complex method, potential
degradability of feedstuffs and feed constituents as well as its rates of
disappearance could be estimated (Taghizadeh et al., 2008). In contrary to the
above-mentioned techniques, dynamic digestion models not only would
predict the nutritional value of the feed, microbial populations, and
physiological status of livestock but could also facilitate investigating the
digestion process limiting factors (Palangi and Macit, 2019). It is of note that
digestion rate is the function of feed retention time in the digestive tract; thus,
changes in the digestion process can be illustrated by dividing feed into (1)
easily digested, (2) slowly digested and (3) indigestible part.

To date, various methods have been suggested for the estimation of quality
proportions of feeds. Nonetheless, identifying digestible models and plotting
their degradation curves would provide more useful information for feed
evaluation. The aim of present study was to investigate the in-situ digestion
parameters of citrus pulps as an alternative fibrous feedstuff, and to compare
different mathematical models to select the best model for fitting the ruminal
degradability data.

2. Methodology
Samples were dried in controlled conditions to avoid excessive dehydration

and heat damage, which could result in formation of indigestible protein.
Subsequently, samples were ground, sieved (Willy® Mill, 2 mm screen sieve)
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and combined for chemical analysis and in-situ degradability assays. Two
yearling ruminal cannulated wethers (35+£1.8 kg) were used for in-situ
degradability experiment.

Models | and 1l are simple negative exponential curve models
(monomolecular, Mitscherlich, or first-order kinetics model) without and with
a lag phase, respectively. Model 111 is Gompertz curve, asymmetrical about an
inflection point M, which can be calculated from K = exp (cM). Model IV is
generalized Mitscherlich, generalization of the model I (results in the model |
for d = 0), with the addition of a square root time dependence component
(Palangi, 2020). Mathematically, models I, 1I, 11l, and IV are specified in
Equations 1, 2, 3 and 4, respectively.

P=a+b(le® @)

P=a+b (l-ect+L) 2
P=a-+b (K- K (/K1) ®)
P=a+h (1-edt-Ldin) (4)

Data of the DM and CP disappearance were fitted to each model by nonlinear
regression using the Levenberg-Marquardt procedure of the MATLAB
(MATLAB, 2019). In this study, optimization method was proposed, which
combines MATLAB curve fitting toolbox and the numerical algorithm based
on the Levenberg-Marquardt method. The models were identified through the
editor toolstript, and the starting points and ranges required for the models
were defined. The study used goodness-of-fit measure function to measure the
error values of the fit curves in studied models. The mathematical model
fitting was stopped when change in residuals were less than the tolerance.
Effective degradability (ED) was calculated using Equation 5 (drskov et al.,
1980).

ED = a + [bc/(c+K)] 5)

where a, b and c¢ are the constants as described earlier in the different
mathematical models above and k is the rumen fractional outflow rate (0.02/h,
0.03/h, 0.04/h, 0.05/h or 0.06/h).
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3. Results and Discussion
3.1 Statistical Models Output

The results of the different digestible models on the DM degradability of citrus
pulps are presented in Table 1. The comparison of various fitted models for
DM degradability of citrus pulps based on the coefficient of determination (r?)
and adjusted R square (r?) showed that model I11 was fitting the best for orange
and tangerine but not biologically acceptable for grapefruit and lemon due to
estimated negative values. Correspondingly, models | and 11 were best fitted
for grapefruit and lemon. The challenge for the mathematical modeler is to
develop a meaningful equation capable of describing such a group of
accumulation curves. In this study, models | and Il showed highest goodness
parameters, which better describe the properties of citrus pulps. The process
of fitting continued until change in residuals were less than tolerance, and then
fitting was stopped. According to fitted model (model I1), there was part of the
lag time in degradability. This may mean that the degradability of citrus pulps
takes some hours to start. Thus, it can be concluded that the formation of
secondary structure of the cell wall in the citrus pulps would lead to an increase
in structural compounds, increased pectin and cellulose content impeding the
initiation of microbial degradation.

Comparison of different models for estimating ruminal CP degradation
parameters of citrus pulps revealed that models | and Il reported by @rskov
and McDonald (1979) reach convergence, while others, due to estimated
negative values, were not biologically acceptable (Table 2). The results of this
study demonstrated that model I is the best one among all fitted models given
the higher value of adjusted R square (r?).

According to Silva et al. (1997) values of soluble (a) and insoluble (b) fraction
for DM of orange were 30.06 and 69.94, respectively. The present results were
not in agreement with the findings of Silva et al. (1997). Values for CP soluble
and insoluble fractions, reported by Pereira and Gonzalez (2004), were 39.5
and 55.5, respectively. These values were higher than our findings. These
variations can be due to various factors such as citrus variety, drying
processes, climate conditions and maturity.
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3.2 Effective Degradability

Table 3 shows the effective degradability of citrus pulps in the assumed values
of ruminal rate of passage rate (0.02/h, 0.03/h, 0.04/h, 0.05/h or 0.06/h). The
ED declined as passage rates increased; if the passage rates increased, the
rumen microorganisms will not have enough time to affect the feed. The
amount of ED for crude protein in model 11 was greater. This is due to the
dissimilar behavior of different models for the degradability of dry matter and
crude protein. On the one hand, the ruminal biodegradability of CP affects the
efficiency of nitrogen use for microbial protein synthesis. On the other hand,
starch fermentation rates can also affect the rate of ammonia consumption by
altering the energy supply for microbial growth (Owens and Basalan, 2016).

4, Conclusion

It can be concluded that only models I and 11 can be used for estimating the
degradability of DM and CP of citrus pulps. However, considering similar
performance of the tested models, the biological characteristics of the models
should be taken into account in order to implement the estimated parameters
for practical use. In addition, citrus pulp may be used in ruminant rations as
an alternative feed source to roughage. Nevertheless, more in-vivo along with
in-situ and in-vitro studies are required to determine the actual nutritive value
of citrus pulp for ruminant animals.
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