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Abstract

The value of feed protein sources in ruminant nutrition is measured by how effectively the protein is
degraded in the rumen and converted into microbial protein. High-producing ruminants acquire high
nutritional requirements to sustain their metabolic demands for production and performance. However,
protein sources occasionally fall short in supplying the required amount of rumen undegradable protein
and amino acids. Chemical treatment (formaldehyde) could be used to increase the efficiency of protein
sources, which are highly degradable in the rumen. Canola oilcake meal (CM) and sweet lupin seed
(SL) were treated with formaldehyde (40% wi/v) at concentrations of 10 g/kg (F10) and 15 g/kg CP
(F15). In this study, six Dohne Merino wethers fitted with rumen cannulas were used to determine the
effect of formaldehyde treatment on the in situ dry matter and crude protein digestibility. The treatments
entailed CM control (CMFO0), CM treated with 10 g/kg CP formaldehyde (CMF10), CM treated with
15 g/kg CP formaldehyde (CMF15), SL control (SLFO) SL treated with 10 g/kg CP formaldehyde
(SLF10) and SL treated with 15 g/kg CP formaldehyde (SLF15). Treatments were incubated in the
rumen at time intervals of 0, 2, 4, 12, 36, 48, 72, and 96 hours. Overall, formaldehyde treatment
significantly decreased rumen degradation at all outflow rates of both CM and SL. Therefore,
formaldehyde treatment could be used to increase the rumen undegradable protein fraction. Potential
improvement in animal performance in terms of live weight gain, average daily gain, and feed
conversion efficiency has to be evaluated in production studies.
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Introduction

Recently, emphasis has been placed on increasing high-producing ruminant productivity by
optimizing the animals’ use of protein sources. Degradation models have identified that amino acids
absorbed by the animal originate mainly from the feed protein escaping rumen degradation and
microbial protein (MP) (Poos-Floyd et al., 1985). Das et al. (2015) stated that a variety of technical
methods could be used to increase livestock productivity. Physical treatment (extrusion, grinding, and
roasting) and chemical treatment (formaldehyde and alcohol application) could be used to increase
the efficiency of certain protein sources that are highly degradable in the rumen.

The formaldehyde reaction consists of two steps entailing the rapid formation of a methylol
compound, followed by a slow condensation reaction (Barry, 1976). Formaldehyde (HCHO) treatment
reduces the activity of proteolytic bacteria on feed protein entering the rumen, by the formation of
methylene cross-linkages between HCHO and the protein under ruminal pH conditions (Kumar et al.,
2014). The correct concentration of formaldehyde must be applied to prevent overprotection.
Overprotection results in the methylene cross-linkages being irreversible as the protein enters the
small intestines (SI). Sequentially, the amino acids will be unavailable to the animal, reducing the
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protein availability directed towards tissue growth and production. A variety of studies proved that 1%
(10 g/kg CP) formaldehyde treatment of feedstuff is sufficient for the majority of feedstuffs (Malik et
al., 1981; Pratihar & Walli, 1995; Kondusamy, 2010). However, HCHO treatment differs between
feedstuffs, being dependent on the protein solubility of the protein source (Barry, 1976).

Gulati et al. (2005) stated that HCHO treatment of a feedstuff has no harmful effect on the
animal when ingested and no residue remains in the tissue of the animal (Wales et al., 2009).
However, human safety precautions must be in place regarding HCHO application, due to sensitivity
of the human sensory system. Nonetheless, formaldehyde treatment is allowed as a feed processing
method in the EU (Wales et al., 2009). Previous research studies have indicated that HCHO
treatment decreases both in situ and in vitro effective ruminal degradation (Rodehutscord et al., 1999)
and protein degradation (Kumar et al., 2014). Formaldehyde (HCHO) treatment along with methionine
supplementation resulted in (i) increased wool growth (Rodehutscord et al., 1999), (ii) increased
protein digestion in the SI (Eghbali et al., 2011), (iii) improved body weight gain (BWG), feed
conversion ratio (FCR), and average daily gain (ADG), (iv) decreased in vitro ammonia concentration
of fishmeal (Kondusamy, 2010), and a (v) overall increase in amino acid availability for further
absorption in the Sl (Barry, 1976; Bhatt & Sahoo, 2019). In addition, formaldehyde could be used as
fumigant gas (Wales et al., 2009) to reduce or prevent antimicrobial infestations during feed storage,
ultimately extending animal feed storage life.

Shannak et al. (2000) stated that a research gap pertaining to trustworthy data based on the
undegradable protein values (UDP) of concentrate ingredients existed. The aim of this study was thus
to determine the effect of formaldehyde treatment at levels of 0 g/kg CP, 10 g/kg CP, and 15 g/kg CP
on the in situ dry matter and crude protein digestibility of the locally-produced, plant protein sources,
canola oilcake meal and sweet lupin seed. The rate of degradation was determined using the
technigue described by Orskov & McDonald (1979).

Materials and Methods

Ethical clearance for this study was granted by the Animal Care and Use Research Ethics
Committee of Stellenbosch University (#21726) and DAEC (AP/NP/S/TB103) (Departmental
Evaluation Committee) of the Agricultural Department of the Western Cape Government at Elsenburg.
Six Dohne Merino wethers at a live weight ~95 kg, already fitted with rumen cannulas, were housed at
Kromme Rhee Experimental Farm of the Agricultural Department of the Western Cape Government.
Each animal was placed in an individual paddock (2.1 m x 2.0 m). Feeding commenced twice a day,
once in the morning (08:00) and the afternoon (16:00), along with fresh water being provided. They
were fed an ad libitum basal diet consisting of 50:50 wheat straw and lucerne hay.

The trial consisted of six treatments being tested in situ, based on Orskov & Mcdonald's
(1979) research on rumen protein degradability. The treatments entailed canola oilcake meal control
(CMFOQ), canola oilcake meal treated with 10 g/kg CP formalin (40% wi/v) (CMF10), canola oilcake
meal treated with 15 g/kg CP formalin (40% w/v) (CMF15), sweet lupin seed control (SLFO0), sweet
lupin seed treated with 10 g/kg CP formalin (40 % wi/v) (SLF10), and sweet lupin seed treated with
15 g/kg CP formalin (40% w/v) (SLF15).

Both plant protein sources (canola oilcake meal and sweet lupin seed) were purchased prior
to the trial at our local cooperative (Kaap Agri). The canola oilcake meal and sweet lupin seed
(Lupinus angustifolius) were separately ground to 2 mm size, using a hammer mill (serial no 372),
after which the ground samples were filtered using a Retch AS200 apparatus, to get rid of any powder
that could potentially influence the dry matter (DM) disappearance. Afterward, both canola oilcake
meal and sweet lupin were separately placed in large zip lock bags at a 4 mm thickness level and
sprayed with formalin (40 % wi/v) (Das et al., 2015). The bag was then vigorously shaken for 5
minutes before storage (Subuh & Rowan, 1994). The sprayed samples were left at room temperature
for 24 hours for the reaction to occur (Antoniewicz et al., 1992) and to prevent condensation of the
formalin. After 24 hours, the samples were placed in tinfoil cups and retained in a force draught oven
at 60 °C for 48 hours.

The dry matter (DM) and crude protein (CP) degradability of canola oilcake meal and sweet
lupin seed were determined using the in situ technique described by Orskov & Mcdonald (1979). Both
plant proteins were dried in a force draught oven for a minimum of 48 hours at 60 °C. Afterward, 5 g
samples were weighed off in dracon bags (Brand & Jordaan, 2020) and tied off using a constrictor
knot with a nylon string, along with being colour coded using a cable tie, relative to which treatment it
contained. For easy retrieval from the rumen, a washer was connected at the end of the string. The
bags were incubated in the rumen for seven different time intervals. The time intervals were 0, 2, 4,
12, 36, 48, 72, and 96 hours, with the 0-hour bag representing the control. The control bag was
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prepared identically to that of the other time intervals, except for not being placed in the rumen. It was
also rinsed with tap water and placed in a force draught oven. The incubation period started with all
seven bags (2, 4, 12, 36, 48, 72, 96 hours) being placed in the rumen every Monday morning at
07:00. The first bag retrieval was at 09:00 on a Monday morning, representing the 2-hour time
interval, with the last bag being retrieved at 07:00 on Friday morning representing the 96-hour bag.
Treatments were randomly assigned to the six wethers making use of a cross-over design. Thus,
each sheep received all six treatments, with each treatment being replicated six times (a total of 288
observations).

After retrieval from the rumen, the bags were rinsed under cold running tap water, to prevent
further degradation, until the colour of the water draining from the dracon bag was clear. The bags
were then placed in the oven at 60 °C for a minimum of 48 hours. Afterward, the dried bags were
weighed to determine the dry matter residue (Jordaan & Brand, 2020). The % nitrogen content of the
residue was determined using a LECO TruMac N Nitrogen Determinator (LECO Corporation,
Michigan, USA). The CP content of the dry matter was determined by multiplying the percentage N by
a factor of 6.25.

The DM and CP disappearances were stated as percentages of the amount of residue
remaining after rumen incubation. The Mitscherlich function was used to fit the percentage of material
degraded in the rumen by means of SAS 9.4 software (SAS Institute Inc., 2016) to determine the DM
and CP degradability parameters:

Deg= A+ B(1—e™‘T)

Deg represents the potential degradability at time, t (%), with A representing the rapidly soluble
fraction (represents 0-hour disappearance (%)), B the fraction degraded over time (potentially
degradable fraction (%)), and C the rate of degradation of the B fraction (%/h) (Jordaan & Brand,
2020).

With ruminal retention time affecting the degree of degradation, the fractional outflow rate of
undegraded protein (UP) from the rumen (k) was considered in determining the percentage of
effective degradation. The following k values were used: 0.02 (low intake level), 0.04, 0.06, and 0.08/h
(high intake level) (Brand & Jordaan, 2020). The percentage of effective degradation (Deg,ss) was
determined by using a Latin square factorial design, with two protein sources (canola oilcake meal
and sweet lupin seed) and three treatments (control/ no formaldehyde application) (F0), 10g/kg CP
formaldehyde (F10) and 15g/kg CP formaldehyde (F15) application). The percentage of effective
degradation was determined using the equation:

Degerr= a+ [bc/(c + k)] (1—e (R

Results and Discussion

The in situ results of the DM disappearance parameters for the effect of formaldehyde
treatment on plant protein sources canola oilcake meal (CM) and sweet lupin seed (SL) are
summarized in Table 1. No interaction was present for the dry matter soluble fraction (A), dry matter
potential degradable fraction (B), and the rate of degradation of B (C), for protein source (CM & SL)
and processing (formaldehyde treatment).

Significant differences were present for the DM soluble fraction (P = 0.036) and the rate of
degradation of the potential degradable fraction estimates for the DM degradability (P <0.0001), for
processing as the main factor. Significant differences was also present for all the DM non-linear
parameters (P 0<.0001) for protein source as the main factor. Sweet lupin seed obtained a 23.6%
(86.4% versus 66%) greater DM potential degradable fraction in the rumen of the sheep, relative to
canola oilcake meal. These results was supported by Heuzé et al. (2020 & 2022), where the average
potential degradable fraction of Lupinus angustifolius was 5% greater compared to canola oilcake
meal (60% versus 55%).
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Table 1 The effect of formaldehyde (HCHO) treatment on the means (+SE) of non-linear parameters
of in situ dry matter (DM) rumen disappearance of canola oilcake meal and sweet lupin seed

*Dry matter non-linear parameters
A B C
Canola oilcake meal (CM) 10.1+0.4 66.0+£0.9 0.1 +£0.004
Protein Sweet lupin seed (SL) 7.2+04 86.4+0.9 0.1 £ 0.004
source P value <0.0001 <0.0001 <0.0001
Control (FO) 7.6°+0.5 76.6 £ 1.05 0.152+ 0.01
HCHO treatment 10 g/kg CP (F10) 9.32+ 0.5 76.0 £ 1.05 0.06°+ 0.01
Processin HCHO treatment 15 g/kg CP (F15) 9.12+ 0.5 76.1+1.05 0.05°+ 0.01
9 | pvalue 0.036 0.911 <0.0001
CM control (CMFO0) 8.5+0.7 67.0+15 0.13+0.01
CM treated with 10 g/kg CP HCHO (CMF10) 10.8+0.7 65.2+15 0.05+0.01
Protein CM treated with 15 g/kg CP HCHO (CMF15) 11.1+0.7 65.9+1.5 0.03+0.01
Source x SL control (SLFO) 6.7+0.7 86.2+1.5 0.18 £ 0.01
Processin SL treated with 10 g/kg CP HCHO (SLF10) 7.8+0.7 86.8+ 1.5 0.08 +0.01
9 SL treated with 15 g/kg CP HCHO (SLF15) 7.1+0.7 86.3+1.5 0.06 +0.01
P value 0.285 0.740 0.428

*A = rapidly soluble fraction (%), B = the fraction that will degrade over time (%), C = the rate of degradation of

the B fraction (%/h)

ab.c Denote significant differences (P <0.05) in columns

The dry matter effective degradability (Deg.) for all treatments at various outflow rates is
presented in Table 2. Significant differences were present for processing at all outflow rates.
Formaldehyde treatment at both concentrations of 10 g/kg CP and 15 g/kg CP effectively decreased
the DM effective degradation at each fractional outflow rate, with the largest effect seen at 0.08/h
(from 57.6/h to 37.9/h). These results are supported by Eghbali et al. (2011), where canola oilcake
meal treated with 12 g/kg CP HCHO effectively decreased the Deg. s, by 21.2% at an 0.08/h outflow

rate. This suggests that formaldehyde application enhances the apparent digestibility of protein

(Eghbali et al., 2011). Thus, the F10 treatment decreased the DM effective degradation by 10.1%,
14.1%, 15.6%, and 16.1% at outflow rates of 0.02, 0.04, 0.06, and 0.08, respectively. Additionally, the
F15 treatment decreased DM effective degradation by 13.2%, 17.8%, 19.4%, and 20.0% at outflow

rates of 0.02, 0.04, 0.06, and 0.08, respectively. Differences were also present at each fractional
outflow rate for both protein sources, canola oilcake meal and sweet lupin seed (P <0.0001).

Table 2 The effect of formaldehyde (HCHO) treatment on the means (+SE) of canola oilcake meal
and sweet lupin seed in situ dry matter (DM) effective degradation in the rumen

Dry matter effective degradation at fractional outflow
rate (%)
0.02/h 0.04/h 0.06/h 0.08/h

Canola oilcake meal (CM) 56.8 +0.5 47.4+ 0.6 41.4+£0.7 37.3+£0.7
Protein | Sweet lupin seed (SL) 77.8+0.5 67.4+0.6 59.8 + 0.7 54.1+0.7

source P value <0.0001 <0.0001 <0.0001 <0.0001
Control (FO) 75.12+ 0.6 68.02+ 0.7 62.32+0.8 | 57.62+0.8
Process HCHO treatment 10 g/kg CP (F10) 65.0° + 0.6 53.90 + 0.7 46.7°+0.8 | 41.5°+0.8
in HCHO treatment 15 g/kg CP (F15) 61.9c+ 0.6 50.2¢+ 0.7 42.9¢+0.8 37.9¢+0.8

9 P-value <0.0001 <0.0001 <0.0001 <0.0001

ab.c Denote significant differences (P <0.05) in columns
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Figure 1 The effect of formaldehyde treatment on the DM degradability of canola oilcake meal at
different rumen incubation time intervals
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Figure 2 The effect of formaldehyde treatment on the DM degradability of sweet lupin seed at
different rumen incubation time intervals

Figures 1 and 2 illustrate that formaldehyde treatment at concentrations of 10 g/kg and 15
g/kg CP effectively decreases the DM disappearance of both canola oilcake meal and sweet lupin
seed at different rumen incubation time intervals (0, 2, 4, 12, 36, 48, 72, and 96 hours).
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The in situ results of the CP disappearance parameters for the effect of formaldehyde
treatment on plant protein sources, canola oilcake meal (CM) and sweet lupin seed (SL), are
summarized in Table 3. An interaction was observed for the soluble fraction, potential degradable
fraction, and the rate of degradation of the potential degradable fraction (P <0.0001). Therefore, the
main effects could not be interpreted. Formaldehyde treatment at both concentrations (F10 and F15)
decreased the soluble fraction of canola oilcake meal but increased the soluble fraction in sweet lupin
seed. Formaldehyde treatment increased the potential degradable fraction of canola oilcake meal by
11.8% (F10) and 32.1% (F15). These results are similar to results presented by Subuh et al. (1994),
where canola oilcake meal treated with 8 g/kg CP (30% formalin) decreased the ruminal degradation
by 11.2 %. Additionally, Eghbali et al. (2011) suggested that canola oilcake meal treated with 12 g/kg
CP HCHO led to a 30.7% decrease in the soluble fraction, 11.9% increase in potential degradable
fraction, and a 43.5% decrease in the rate of degradation of the potential degradable fraction.
Furthermore, formaldehyde treatment decreased the rate of degradation of the CP potential
degradable fraction of both canola oilcake meal and sweet lupin seed by 70% (CMF10), 80%
(CMF15), 80% (SLF10), and 90% (SLF15), respectively.

Table 3 The effect of formaldehyde (HCHO) treatment on the means (+SE) on non-linear parameters
of canola oilcake meal and sweet lupin seed in situ crude protein (CP) rumen disappearance

*Crude protein non-linear parameters
A B C
Canola oilcake meal (CM) 10.6 £ 0.4 93.43+1.0 0.05+0.01
Protein | Sweet lupin seed (SL) 16.9+0.3 80.72+0.9 0.2 +0.005
source P value <0.0001 <0.0001 <0.0001
Control (F0) 14.0+0.4 81.0c+1.1 0.32+0.01
Proces- HCHO treatment 10 g/kg CP (F10) 13.6+0.4 85.270+ 1.1 0.05b + 0.01
sin HCHO treatment 15 g/kg CP (F15) 13.6 0.5 94.952+ 1.3 0.04° + 0.01
9 P value 0.441 <0.0001 <0.0001
CM control (CMFO0) 14.2¢+0.6 78.8c+ 1.6 0.1+ 0.01
CM treated with 10 g/kg CP HCHO (CMF10) 9.7¢+ 0.5 90.6°+ 1.6 0.039¢+ 0.01
Protein | CM treated with 15 g/kg CP HCHO (CMF15) 8.01+0.7 11092+ 2.1 0.02¢ £ 0.01
source SL control (SLFO0) 13.9¢+ 0.5 83.2¢+1.6 0.52+0.01
X SL treated with 10 g/lkg CP HCHO (SLF10) 17.5°+ 0.5 79.9¢+ 1.6 0.1°+0.01
Proces- | SL treated with 15 g/kg CP HCHO (SLF15) 19.22+ 0.5 79.0c+ 1.6 0.05¢d £ 0.01
sing P value <0.0001 <0.0001 <0.0001

*A = rapidly soluble fraction (%), B = the fraction that will degrade over time (%), C = the rate of degradation of
the B fraction (%/h)

ab.cdie Denote significant differences (P <0.05) in columns

However, formaldehyde treatment decreased the potential soluble fraction of sweet lupin

seed by 3.3% (F10) and 4.2% (F15). The nitrogen digestibility of Lupinus angustifolius is 2.8 %
greater than canola oilcake meal (80% versus 77.2%) (Heuzé et al., 2020 & 2022). Thus, the above
result can potentially be explained by the protein solubility influencing the potential degradable protein
fraction. It is, therefore, probable that 10 g/kg CP and 15 g/kg CP HCHO treatment of the sweet lupin
seed exceeded the optimal level of HCHO treatment. Thus, overprotection resulted in a slight
decrease in the potential degradable fraction due to complexes formed between HCHO and the
protein group, rendering the sweet lupin seed less digestible and decreasing the protein digestibility
(Gulati et al., 2005; Das et al., 2015).
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The crude protein effective degradability (Deg.) for all treatments at various outflow rates is
presented in Table 4. Significant differences were present for processing at all outflow rates of 0.02,
0.04, 0.06, and 0.08/h. Formaldehyde treatment at both concentrations of 10 g/kg CP and 15 g/kg CP
formaldehyde (HCHO) effectively decreased the CP effective degradation at each fractional outflow
rate, with the largest effect seen at 0.08/h (from 71.7% to 38.1%). Thus, F10 concentration treatment
decreased CP effective degradation by 16.5%, 23.6%, 26.5%, and 28.2%, at outflow rates of 0.02,
0.04, 0.06, and 0.08, respectively. Additionally, the F15 concentration treatment decreased CP
effective degradation by 21.2%, 29.7%, 32.6%, and 33.6%, at outflow rates of 0.02, 0.04, 0.06, and
0.08, respectively. Differences were also present at each fractional outflow rate for both protein
sources, canola oilcake meal and sweet lupin seed (P <0.0001). This is supported by results obtained
by Rodehutscord et al. (1999), where lupins treated with 4 g/lkg CP HCHO markedly decreased the
fractional outflow rate of nitrogen disappearance at a 0.03/h outflow rate.

Table 4 The effect of formaldehyde (HCHO) treatment on the means (£SE) of canola oilcake meal
and sweet lupin seed on in situ crude protein (CP) effective degradation from the rumen

Crude protein effective degradation at fractional outflow
rate (%)
0.02/h 0.04/h 0.06/h 0.08/h
Canola oilcake meal (CM) 65.5+0.6 51.7+0.8 44.0+0.8 39.0£0.9
Protein | Sweet lupin seed (SL) 83.0+0.6 74.1+0.7 68.0+0.8 63.4+0.8
source P value <0.0001 <0.0001 <0.0001 <0.0001
Control (FO) 86.82+0.7 | 80.72+0.9 75.72+ 0.9 71.72+ 0.9
Proces- HCHO treatment 10 g/kg CP (F10) 70.3°+0.7 | 57.1°+ 0.9 49.26+0.9 43.8°+ 0.9
sin HCHO treatment 15 g/kg CP (F15) 65.66+0.8 | 51.0c+1.0 43.1°c+1.1 38.1c+1.1
9 P value <0.0001 <0.0001 <0.0001 <0.0001

ab.c Denote significant differences (P <0.05) in columns
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Figure 3 The effect of formaldehyde treatment on the crude protein degradability of canola oilcake
meal at different rumen incubation time intervals
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Figure 4 The effect of formaldehyde treatment on the crude protein degradability of sweet lupin seed
at different rumen incubation time intervals

Figures 3 and 4 illustrate that formaldehyde treatment at both concentrations of 10 g/kg CP
and 15 g/kg CP HCHO gradually decreases the CP degradability of both canola oilcake meal and
sweet lupin seeds at different rumen incubation time intervals (0, 2, 4, 12, 36, 48, 72, and 96 hours).
Canola oilcake meal was used due to the decreased rate of nitrogen digestibility in ruminants being
3.5% lower compared to soybean meal and 20.8% lower than high protein fishmeal (Canola oilcake
meal N digestibility (77.2%) versus soybean meal (80%) & fishmeal (97.5%)) (Heuzé et al., 2015 &
2020b).

A variety of previous studies have suggested that formaldehyde (HCHO) treatment of different
protein sources supports increased live weight gain (LWG) and improved feed conversion efficiency
(Peter et al., 1971; Spears et al., 1980; Bhatt & Sahoo, 2019) of ruminants. Gupta & Gupta (2012)
and Chopra et al. (2013) also found similar results obtained at a 10 g/kg CP HCHO application,
compared to a 20 g/kg CP HCHO application that drastically decreased LWG and impaired FCE.
Additionally, Kondusamy (2010) indicated that 10 g/kg CP HCHO application markedly decreased the
nitrogen solubility and in vitro ammonia levels of sardine fishmeal. With formaldehyde being a product
of intermediate metabolism in mammals (Gulati et al., 2005), it is an effective strategy and feasible
technology (Kumar et al., 2014) to increase the rumen undegradable protein or bypass protein of
protein sources which is highly degradable in the rumen. Nonetheless, HCHO application is crucial to
optimize the quantity and quality (Bhatt & Sahoo, 2019) of the protein available in the small intestines
of the ruminant.

Conclusion

Processing (formaldehyde treatment) at both 10 g/kg and 15 g/kg CP concentrations,
increased the rapidly soluble fraction and lowered the rate of degradation of the DM potential
degradable fraction (P <0.0001), with plant protein sources CM and SL obtaining potential degradable
fractions of 66% and 86.4%, respectively. Formaldehyde treatment at both concentrations
substantially decreased effective DM degradation (Deg.ff) at all outflow rates with the largest effect
seen at 0.08/h. Formaldehyde 10 g/kg CP treatment decreased the Deg.¢; by 16.1 % and
formaldehyde 15 g/kg CP treatment decreased Deg, s by 19.7% (at an outflow rate of 0.08/h).

Formaldehyde treatment at both concentrations substantially increased the crude protein (CP)
potential degradable fraction of CM by 11.8% (F10) and 32.1% (F15), respectively. In contrast with
the above, F10 and F15 formaldehyde application decreased the potential degradable fraction of SL
by 3.3% and 4.2%, respectively. Nonetheless, HCHO treatment decreased (P <0.0001) Deg,f at all
outflow rates, with the largest effect seen at 0.08/h. Formaldehyde 10g/kg CP treatment decreased
the CP Deg. s by 27.9% and formaldehyde 15g/kg CP treatment decreased Deg, s by 33.6%.
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To conclude, formaldehyde (HCHO) treatment effectively decreased both DM and CP rumen
degradation at all outflow rates for both CM and SL. Therefore, HCHO application can be used to
increase the rumen undegradable protein fraction of highly degradable protein sources. Potential
improvement of animal performance in terms of live weight gain, average daily gain, and feed
conversion efficiency should be tested in practice.
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