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Abstract
Starch and fibre contribute to the energy components and add functionality to the end-product feed ingredients. An under-

standing of the impact of processing on carbohydrate content will support accurate formulation of feed. Six ingredients, grown
or sourced in Canada, were used in this study. They included five pulses, Amarillo peas, Dun peas, chickpeas, lentils, and faba
beans, and soybean meal (SBM) as a comparison. All ingredients were ground into fine or coarse products and then pelleted at
one of three different temperatures. Grinding reduced the total starch (TS) content of Amarillo peas and chickpeas (P < 0.05),
crude fibre (CF) in Dun peas (P < 0.05), and total dietary fibre (TDF) and insoluble fibre (IDF) in lentils (P < 0.05). Grinding only
affected soluble fibre (SDF) in chickpeas. The effect of pelleting was variable for TDF across pulses. Pelleting did not affect the
SDF content of pulses (P > 0.05). Finely processed SBM had higher (P < 0.05) TS, TDF, and IDF content than coarsely processed
SBM. Results indicate that grinding and pelleting could affect the starch and fibre composition of some pulses.
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Introduction
Pulses are dry, edible, leguminous seeds that are an impor-

tant source of carbohydrates and protein in animal and hu-
man diets (Asif et al. 2013). Pulses are also rich in fibre, vi-
tamins (folate and riboflavin), and minerals (iron and zinc;
Tosh and Yada 2010). Commonly available pulses include
field peas, beans, lentils, chickpea, cowpeas, and faba beans.
Pulses are increasingly used in diets of livestock due to the ris-
ing costs of conventional ingredients, such as soybeans and
corn, or their relative abundance in a particular region or
country. Furthermore, pulses provide both protein and car-
bohydrate and may reduce the amount of cereals that need
to be included in the diet to satisfy energy requirements. The
carbohydrate fraction of pulses represents 55%–65% of their
dry matter (DM), as primarily starch and dietary fibre, with
minor amounts of monosaccharides (Berrios et al. 2010). The
starch, fibre, and sugars in pulses contribute toward the en-
ergy requirement of animals and, in addition, the dietary fi-
bre fraction can support gastrointestinal health, positive be-
haviour, and wellbeing of animals (de Lange et al. 2010; Bach
Knudsen et al. 2012).

Starch is a portion of carbohydrates that can be digestible
in the small intestine through the action of endogenous en-
zymes and involves the breakdown of glycosidic bonds to re-
lease glucose. Generally, starch from pulses is relatively more

digestible than potato starch but less digestible than starch
from cereals; however, the digestibility can vary between
species or within varieties of pulses (Liu et al. 2006). Dietary fi-
bre refers to the portion of carbohydrates that is indigestible
in the small intestine and includes complex polysaccharides
such as lignin, gum, pectin, cellulose, hemicellulose, and re-
sistant starch (Shiga et al. 2009). Some of the physiochemical
properties of fibre considered of importance in animal nu-
trition include its hydration properties, cation exchange ca-
pacity, adsorptive properties, and viscosity (Lindberg 2014).
Based on the solubility of its components, total dietary fibre
(TDF) is often characterized as insoluble fibre (IDF) or soluble
fibre (SDF). The IDF fraction has been reported to increase
the rate of passage in the gut by enhancing fecal bulk, while
SDF has been reported to increase the viscosity of digesta and
water-holding capacity in the gut while decreasing the rate of
passage (Lindberg 2014).

Given the presence of anti-nutritional properties such as
tannins, saponnins, and protease inhibitors in raw pulse
seeds, it is common for whole pulse seeds to undergo some
form of processing before use in animal diets (Setia et al.
2019). Common processing methods include milling or grind-
ing of whole seeds, followed by dehulling or decortication
methods to separate hulls from cotyledon (Wood and Mal-
colmson 2011). Other processes such as extrusion, toasting,
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micronizing, and pelleting make use of heat and moisture
to convert pulses into products that are more valuable to ani-
mal nutrition with improved digestibility via the deactivation
of anti-nutritional factors. However, processes such as grind-
ing and pelleting could affect the protein, starch, fibre, or
lipid fractions of pulses due to the action of pressure, mois-
ture, and heat (Cargo-Froom et al. 2022). Furthermore, reduc-
ing the particle size of feed ingredients can increase the di-
gestibility of some nutrients and their biological utilization
by livestock (Kim et al. 2005). Svihus and Zimonja (2011) also
report the impact of heat on starch through gelatinization,
as well as on the composition of TDF, IDF, and SDF in feed
ingredients.

Previous work (Cargo-Froom et al. 2022) investigated the
effects of processing on the protein and amino acid con-
stituents of pulses grown in Canada. However, there is lim-
ited information on how common feed mill processes such
as grinding and pelleting could influence the starch and fibre
components of pulses. Since pulses are becoming a valuable
feed alternative to soybean meal (SBM) in animal diets, it is
imperative that changes in the nutrient profile of pulses due
to feed processing be investigated to ensure that accurate in-
formation on the nutrient composition of pulses is included
when formulating diets for livestock. The objective of this
study was to characterize the effects of grinding and pellet-
ing on the starch and fibre composition of Canadian pulses.

Materials and methods

Ingredients and processing
All selected pulses and SBM were grown or sourced in

Canada. SBM (IDFN 5-04-604; Cargill Animal Nutrition, North
Battleford, SK, Canada) was included in the study as a stan-
dard because its nutrient content and the effects of process-
ing have been well examined in the literature (Karr-Lilienthal
et al. 2005; Cromwell 1999). Pulses investigated included
Amarillo field pea (IDFN 5-08-481, CDC Amarillo Variety; Oren
and Marlene Robinson, Landis, SK, Canada), Dun field pea
(CDC Dakota; Faba Canada, Tisdale, SK, Canada), chickpeas
(Kabuli variety; AGT Foods, Regina, SK, Canada), faba beans
(IDFN 5-09-262, Snowbird variety; Faba Canada, Tisdale, SK,
Canada), and lentils (Laird variety; AGT Foods, Regina, SK,
Canada). All processing methods, including grinding and pel-
leting, have been previously described by Cargo-Froom et al.
(2022). Briefly, ingredients were sourced and then ground
in batches of 500 kg using a hammermill (G.J. Vis. Model:
VISHM2014) either through a 3.97 or 0.79 mm screen to cre-
ate coarse and fine ground product, respectively. The aver-
age particle size for fine and coarse ground ingredients, re-
spectively, were as follows: ground Amarillo peas (255 and
662 μm), ground Dun peas (278 and 744 μm), ground chick-
peas (216 and 556 μm), ground faba beans (272 and 826 μm),
ground lentils (296 and 654 μm), and SBM (370 and 854 μm).
Subsequently, coarse and fine ground ingredients were pel-
leted in smaller batches (∼100 kg) at low, medium, and high
temperature ranges of 60–65, 70–75, and 80–85 ◦C, respec-
tively, using a pilot scale pellet mill (Colorado Mill Equip-
ment ECO R30). All grinding and pelleting processes occurred

at the Canadian Feed Research Centre (North Battleford, SK,
Canada). Sample collection began after the ingredients had
been pelleted at a steady temperature for 1 min and were col-
lected for all runs at the beginning (sample 1), middle (sample
2), and end (sample 3) of the pelleting run for each ingredi-
ent processing parameter. Samples were allowed to cool prior
to storage and further analysis. All pelleted samples were
ground through a 0.5 mm screen (Ultra Centrifugal Mill Type
ZM 200 Retsch Part #20.823.0003 Serial #1214030238P) and
stored at −20 ◦C until analysis.

Nutrient analysis
Samples were analyzed for moisture with AOAC method

930.15 (AOAC 2012) and crude fibre (CF) with AOAC method
Ba 6a-05 (AOAC 2012) at SGS Agri-Foods Laboratories (Guelph,
ON, Canada). Total starch (TS) analysis was done using the
Megazyme Total Starch Assay Kit in accordance with AACC
Method 76-13.01 (AACC 2000). TDF and its fractions (IDF and
SDF) were determined using an ANKOM dietary fibre analyzer
(model TDF Serial #TDF110150; ANKOM Technology, Mace-
don, NY, USA) based on AOAC method 991.43 (AOAC 2016).
The average nutrient value in all finely and coarsely ground
and pelleted feed ingredients samples was determined and
referred to as ground and pelleted samples, respectively.

Statistical analysis
Data were analyzed using a fixed model via PROC GLIM-

MIX in SAS (SAS v 9.4; SAS Institute Inc., Cary, NC, USA). Con-
trasts were used to compare whole vs. ground, whole vs. pel-
leted, ground vs. pelleted, fine vs. coarse grind, and fine pel-
leted vs. coarse pelleted samples. Where appropriate, temper-
ature within grind was treated as a fixed effect and a post hoc
Tukey’s HSD test was used for mean comparisons between
pelleted samples. Differences were deemed significant when
P ≤ 0.05 and a tendency declared at 0.05 > P ≤ 0.1.

Results

Amarillo peas
There was no difference between the DM of whole and

ground Amarillo peas; however, pelleted Amarillo peas had
a lower DM (P < 0.05) than whole and ground Amarillo peas
(Table 1). Fine pelleted Amarillo peas had lower (P < 0.05)
DM than coarse pelleted Amarillo peas. Ground Amarillo peas
had a lower (P < 0.05) TS content, but tended to have a higher
(P = 0.06) CF content when compared with whole Amarillo
peas. Pelleted Amarillo peas were lower (P < 0.05) in both TS
and CF contents than whole Amarillo peas. There was no dif-
ference in the TS and CF content of fine and coarse ground
Amarillo peas but differences (P < 0.05) were observed be-
tween fine and coarse pelleted Amarillo peas. Ground Amar-
illo peas had higher (P < 0.05) TDF and IDF but similar SDF
with whole and pelleted Amarillo pea peas. There were no
differences in the dietary fibre components between pelleted
and whole Amarillo peas. Coarse ground and pelleted peas
had a lower (P ≤ 0.05) IDF, but similar SDF than their respec-
tive, finely ground and pelleted Amarillo peas.
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Dun peas
Ground Dun peas tended (P = 0.08) to have lower DM con-

tent than whole peas while pelleted Dun peas had signifi-
cantly lower (P < 0.05) DM than whole Dun peas (Table 2).
The TS content of whole Dun peas was higher (P < 0.05) when
compared with ground and pelleted Dun peas. There were
no differences between the TS content of fine and coarsely
ground or pelleted Dun peas. CF in Dun peas was affected by
processing, as grinding resulted in lower (P < 0.05) CF values
than whole Dun peas. Pelleting further reduced (P < 0.05) CF
content when compared with ground Dun peas. TDF and its
components were not affected by grinding or pelleting. Pellet-
ing resulted in lower (P < 0.05) TDF and IDF values when com-
pared with ground Dun peas. Soluble fibre content in Dun
peas was not affected by grinding, grind size, or pelleting.

Chickpeas
Whole and ground chickpea products had a greater

(P < 0.05) DM content when compared with pelleted chick-
peas (Table 3). The TS content was highest (P < 0.05) in
pelleted chickpeas followed by whole chickpeas and then
ground chickpeas. Finely ground chickpeas had a higher
(P < 0.05) TS content compared with coarsely ground chick-
peas, but no difference was observed between fine and coarse
pelleted chickpeas. There were no differences between the fi-
bre components of whole and ground chickpea chickpeas ex-
cept for SDF which was lower (P < 0.05) in ground chickpeas.
When the fibre components of whole and pelleted chickpeas
were compared, the CF was lower (P < 0.05) in pelleted chick-
peas, but other components were similar. Pelleted chickpeas
had lower (P < 0.05) CF and IDF values but higher (P < 0.05)
SDF values than ground chickpeas. Finely ground chickpeas
were only significantly higher (P < 0.05) in CF than coarsely
ground chickpeas when all the fibre components were con-
sidered.

Faba beans
Pelleted faba beans had lower (P < 0.05) DM content when

compared with whole or ground faba beans (Table 4). Coarsely
pelleted faba beans also had a lower (P < 0.05) DM content
when compared with finely pelleted faba beans. Pelleting in-
creased (P < 0.05) the TS and CF content of faba beans when
compared with whole or ground faba beans. The TDF and IDF
of ground and pellet faba beans were higher (P < 0.05) than
whole faba beans; however, no differences were observed be-
tween ground and pelleted faba beans. The CF, TDF, and IDF
content in coarsely ground faba beans were reduced (P < 0.05)
by 42.5, 42.0, and 39.7%, respectively, when compared with
finely ground faba beans. Similarly, when coarse and finely
pelleted faba beans were compared, a 24.0%, 17.7%, and 15.9%
difference (P < 0.05) was observed in the CF, TDF, and IDF
components, respectively. The SDF component of faba beans
was not affected by grinding or pelleting when compared
with whole faba beans; however, it was influenced by grind
size with lower (P < 0.05) values observed with coarsely pro-
cessed faba beans.
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Table 2. Nutrient composition (dry matter basis) of whole, ground, and pelleted Dun peas1.

Grind size Pellet Contrasts

Item, % Whole Ground2
Fine
grind

Coarse
grind Pellet2

Fine
pellet

Coarse
pellet SEM P value

Whole vs.
ground

Whole vs.
pellet

Ground vs.
pellet

Fine vs.
coarse grind

Fine vs.
coarse pellet

Dry matter 87.44 86.79 86.83 86.75 86.46 86.01 86.92 0.28 <0.01 0.08 <0.01 0.19 0.84 <0.01

Total starch 50.90 47.20 47.30 47.10 46.96 47.33 46.58 1.06 0.08 0.02 <0.01 0.77 0.90 0.25

Crude fibre 6.18 5.63 5.58 5.68 5.15 5.29 5.02 0.19 <0.01 0.01 <0.01 <0.01 0.68 0.02

Total dietary fibre 17.13 18.62 19.99 17.25 15.33 15.13 15.53 1.05 0.03 0.28 0.13 <0.01 0.10 0.49

Insoluble fibre 16.02 17.73 19.16 16.30 14.61 14.43 14.79 0.87 0.02 0.15 0.15 <0.01 0.04 0.45

Soluble fibre 1.11 0.89 0.83 0.96 0.74 0.74 0.74 0.24 0.11 0.49 0.18 0.43 0.72 0.98

1Data are least square means of three replicates.
2Ground and pellet values are averages of finely and coarsely ground and pelleted samples, respectively.

Table 3. Nutrient composition (dry matter basis) of whole, ground, and pelleted chickpeas1.

Grind size Pellet Contrasts

Item, % Whole Ground2
Fine
grind

Coarse
grind Pellet2

Fine
pellet

Coarse
pellet SEM P value

Whole vs.
ground

Whole vs.
pellet

Ground vs.
pellet

Fine vs.
coarse grind

Fine vs.
coarse pellet

Dry matter 88.52 88.07 87.98 88.17 87.19 87.19 87.18 0.35 <0.01 0.33 <0.01 <0.01 0.96 0.06

Total starch 41.10 37.85 40.10 35.60 44.43 44.37 44.49 0.71 <0.01 <0.01 <0.01 <0.01 <0.01 0.72

Crude fibre 3.22 3.24 3.51 2.97 2.71 2.71 2.71 0.18 <0.01 0.89 <0.01 <0.01 0.03 0.93

Total dietary fibre 12.36 12.29 12.84 11.75 12.32 11.92 12.71 0.84 0.11 0.95 0.96 0.97 0.38 0.07

Insoluble fibre 10.74 11.94 12.50 11.38 10.96 10.78 11.14 0.57 0.14 0.11 0.72 0.04 0.19 0.21

Soluble fibre 1.62 0.36 0.34 0.38 1.36 1.14 1.58 0.46 0.02 0.04 0.59 0.01 0.96 0.08

1Data are least square means of three replicates.
2Ground and pellet values are averages of finely and coarsely ground and pelleted samples, respectively.
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Lentils
Pelleted lentils were lower (P < 0.05) in DM when com-

pared with whole or ground lentils (Table 5). There was a ten-
dency (P = 0.07) for pelleted lentils to have a higher TS con-
tent when compared with whole lentils; however, grinding
and grind size did not affect the TS composition of lentils.
All fibre components except SDF were affected by process-
ing, with reductions (P < 0.05) observed in the CF, TDF, and
IDF components of lentils as further processing occurred (i.e.,
whole > ground > pelleted lentils). Coarsely ground lentils
had higher (P < 0.05) CF, TDF, and IDF values when compared
with finely ground lentils. No differences were observed be-
tween the crude and dietary fibre components of coarse and
finely pelleted lentils.

Soybean meal
There were no whole samples for SBM as it had been pre-

processed before use in the study. However, there were some
differences in the nutrient composition between ground
and pelleted SBM (Table 6). Finely pelleted SBM had lower
(P < 0.05) DM content when compared with coarsely pelleted
SBM. The TS component in SBM was affected by grind size
with a reduction (P ≤ 0.01) of 82.6% and 61.8% in coarsely
ground and pelleted products when compared with finely
ground and pelleted products, respectively. There was no ef-
fect of processing on the CF component of SBM. Pelleted SBM
had lower (P < 0.05) TDF values compared with ground SBM
and coarse products had a lower (P < 0.05) TDF value com-
pared with their respective fine product. There was no dif-
ference between the IDF component of ground and pelleted
SBM; however, finely ground products had higher (P < 0.05)
IDF values than coarse products. Soluble fibre was reduced
(P < 0.05) by 36.4% in pelleted SBM when compared with
ground SBM. In addition, finely ground SBM had increased
(P < 0.05) SDF values compared with coarsely ground SBM.

Pelleting of pulses and SBM at each grind size occurred
at various temperatures (60–80 ◦C) with differences observed
within each nutrient fraction and for each feed ingredient
(Supplementary Table S1).

Discussion
Pulses are an important group of crops serving as a feed

source to the livestock industry. Pulses have gained inter-
est in monogastric feeds due to the rising cost of contempo-
rary feed ingredients, such as corn and soybean. While pulses
have the advantage over cereals and SBM by providing pro-
tein and amino acids, digestible carbohydrate, and dietary fi-
bre (Kiarie and Nyachoti 2009; Babatunde et al. 2021), studies
have reported varying performance and nutrient utilization
responses when pulses were fed to pigs or broiler chickens at
different inclusion levels and in combination with other feed
ingredients (Algam et al. 2012; White et al. 2015). When for-
mulating diets for livestock, nutrient composition of whole
ingredients are utilized in formulation programs and used
to prepare diets. However, it is common practice for feed in-
gredients such as pulses to undergo some form of processing
before being fed to livestock. These processes could include
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simple procedures, such as grinding and pelleting, or more
complicated processing, such as extrusion or steam explo-
sion. Some studies report that feed processing could affect
the nutrient composition of ingredients due to the introduc-
tion of external factors, such as heat, moisture, pressure, or
force (Abdollahi et al. 2013). Currently, there is limited infor-
mation on how processing influences the nutrient composi-
tion of pulses. Results from this study demonstrate that pro-
cessing parameters under the context of pelleting can affect
various nutrient attributes of pulse ingredients, which could
have implications for when they are used as an ingredient as
a feedstuff.

Pelleting aims to agglomerate smaller feed particles by uti-
lizing pressure, heat, and moisture via the addition of steam
(Skoch et al. 1981), resulting in a higher moisture content.
Thus, as expected, the DM content of all whole or ground
pulses and SBM were higher when compared with their cor-
responding pelleted forms due to the inclusion of moisture
in the pelleting procedure.

The TS content of pulses ranged from 32%–52% with faba
beans having the lowest and field peas (Amarillo and Dun)
having the highest concentrations. Total starch values in
pulses were similar to those observed previously (Simsek et
al. 2009; Lu et al. 2018; Punia et al. 2019). SBM had the low-
est concentration of TS compared with other pulses due to
pre-processing resulting in a high-protein product containing
limited amounts of starch and fibre. There were varying ef-
fects of processing on the TS content of pulses, with grinding
reducing the TS concentrations in Amarillo peas, Dun peas,
and chickpeas while pelleting increased or tended to increase
the TS concentrations in chickpeas, faba beans, and lentils.

The reduction in starch from grinding may be due to loss
of hulls in the peas, which may have contained more of the
starch fraction as compared with faba beans or lentils. How-
ever, this is contrary to reports from Wang et al. (2009) where
increased TS was observed in dehulled peas. Starch is de-
posited mostly in the cotyledons of leguminous seeds as in-
soluble, semi-crystalline granules and are made up of two
glucose polymers namely amylose and amylopectin (Wang et
al. 2011). Amylose is an unbranched glucose complex bound
by α-1,4-glycosidic bonds while amylopectin contains glucose
chains in a branched structure bound by both α-1,4- and α-
1,6-glycosidic bonds. The amylose concentration as well as
the length and placement of branches in the amylopectin
structure could influence the properties of starch such as
water absorption, gelatinization, and susceptibility to enzy-
matic degradation (Jane 2007). To this end, the introduction
of external factors such as heat, pressure, or moisture from
processing could influence the structure of starch in the seeds
and cause an increase in TS concentrations of some pulses
with pelleting. In this regard, the methods for quantifying
starch use enzymes to degrade the amylose and amylopectin
constituents into glucose (McCleary et al. 2019). The relatively
high temperatures used in the pelleting process may have
caused a partial gelatinization of the starch, increasing the
susceptibility to the enzymes utilized in starch determina-
tion resulting in higher starch content for pelleted pulses.
Similarly, finely ground and pelleted SBM had higher TS con-
tent than when coarse ground SBM was pelleted in this study,
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Table 6. Nutrient composition (dry matter basis) of ground and pelleted soybean meal1.

Grind size Pellet Contrasts

Item, % Ground2
Fine
grind

Coarse
grind Pellet2

Fine
pellet

Coarse
pellet SEM P value

Ground vs.
pellet

Fine vs.
coarse grind

Fine vs.
coarse pellet

Dry matter 87.63 87.56 87.71 87.03 85.69 88.37 0.58 <0.01 0.21 0.86 <0.01

Total starch 4.05 6.90 1.20 5.77 8.35 3.19 1.31 <0.01 0.11 0.01 <0.01

Crude fibre 3.54 3.59 3.49 3.85 3.86 3.84 0.28 0.60 0.20 0.81 0.92

Total dietary fibre 19.84 21.25 18.44 18.98 19.28 18.67 0.33 <0.01 0.05 <0.01 0.04

Insoluble fibre 17.04 17.42 16.73 17.12 17.42 16.81 0.11 <0.01 0.60 0.04 <0.01

Soluble fibre 2.80 3.90 1.71 1.78 1.70 1.86 0.39 0.01 <0.01 <0.01 0.46

1Data are least square means of three replicates.
2Ground and pellet values are averages of finely and coarsely ground and pelleted samples, respectively.

which was likely due to increased surface area exposure to en-
zymatic degradation and digestibility or some level of starch
cooked from the heat of grinding (Koch 1996; Abdollahi et al.
2013). Thus, as with starch gelatinization, fine ground sam-
ples may have had increased exposure to the enzymes used
in starch determination.

CF composition of pulses and SBM was similar to reports
from NRC (2012). Processing, especially pelleting, resulted in
reduced CF content of all pulses, except faba beans, which
had increased CF with pelleting. Generally, whole pulses can
be divided into three main fractions, including the seed coat
(hulls), cotyledon, and embryo which, depending on seed
type, constitute 10%–20%, 80%–90%, and 1%–2% of the whole
seed mass, respectively (Karatas et al. 2017). Most of the di-
etary fibre of pulses is found within the coat. Given that
faba beans have larger seeds and thicker seed coats when
compared with chickpeas or lentils (Karatas et al. 2017), the
higher CF content of whole faba beans was observed in the
current study. Thinner hulls of chickpeas and lentils may ex-
plain the lower CF following processing compared with faba
beans, as the mechanical force from grinding and pelleting
could have increased separation and loss, thus decreasing CF
concentrations. There was no effect of processing on the CF
of SBM, likely because SBM is a pre-processed feed ingredient
that already had its hulls separated.

Dietary fibre is the carbohydrate portion of plants that is
resistant to enzymatic digestion by monogastric animals. De-
spite its low digestibility, dietary fibre has been reported to
support digestion, maintain gut microbiota, and encourage
hindgut fermentation (Kim et al. 2013; Chen et al. 2020). Di-
etary fibre differs from CF in that it takes into account both
the soluble and insoluble fractions of fibre in plant materials
(Chen et al. 2020). Insoluble fibre is that portion of TDF that
is considered not readily fermentable and includes cellulose,
hemicellulose, and lignin. It has been shown to improve gut
health through reducing pathogen proliferation (Lindberg
2014; Molist et al. 2014). Soluble fibre, which consists of ma-
terials such as β-glucan, inulin, resistant starch, gums, and
pectin, is considered susceptible to fermentation by the gut
microbiome, producing metabolites that may be beneficial
to gut health and function (Pascoal et al. 2015; Mudgil 2017).
As both soluble and insoluble dietary fibre can have signifi-
cant impacts on monogastric nutrition and physiology, it is
important that the total, soluble, and insoluble dietary fibre

content of feedstuffs be characterized and the impact of pro-
cessing be determined.

The TDF content of whole pulses ranged from 12% to 17%,
which is in agreement with values from literature (Hall et al.
2017). Chickpeas had the lowest amount of dietary fibre while
Dun peas had the highest concentration among pulses, with
the highest amount of TDF found in SBM. The grinding pro-
cess increased the TDF and IDF content of Amarillo peas and
faba beans, decreased the same components in lentils, but
had no effect on the SDF fractions in all three pulses. Since
most of the TDF in pulses are insoluble (Wang et al. 2010),
it is logical that the effects of grinding on TDF were carried
over from the effects on IDF. Dehulling of pulses would usu-
ally result in the loss of IDF since most of the cellulose and
hemicellulose are located in the seed coat (Hall et al. 2017).
Even though grinding may have caused a dehulling of the
field peas and faba beans, thicker hulls may not have been all
lost during grinding, and thus the higher TDF content. How-
ever, if the seed coats are thin, such as with lentils, then most
of the hulls may have been lost during grinding.

Pelleting reduced IDF content in Amarillo peas, Dun peas,
lentils, and chickpeas but had no effects on SDF content. A
similar trend was reported by Berrios et al. (2010) such as re-
ductions in IDF content of extruded peas and lentils. Simi-
lar to starch, pelleting conditions may have caused a modifi-
cation of the fibre components in pulses, thus affecting the
content of IDF and TDF levels in pulses.

The SDF fraction of pulses was generally not affected by any
processing methods applied. This could be due to their lower
proportion in relation to the TDF when compared with the
IDF fraction (Hall et al. 2017). However, levels of SDF in faba
beans were affected by particle size, with finely processed
samples having higher levels than coarse samples. Again, the
increase in surface area likely results in finely processed sam-
ple being more susceptible to degradation during the fibre de-
termination procedure. Interestingly, we observed that while
pelleting reduced the IDF content of chickpeas and lentils as
compared with grinding, there was a slight increase in the
SDF content of both pulses. This may indicate that feed pro-
cessing involving heat, moisture, and other factors may influ-
ence the structure of the IDF components in feed ingredients,
thus making them more soluble.

Pelleting reduced the TDF and SDF content in SBM but had
no effect on IDF content. Since the ratio of SDF to TDF in SBM
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was greater than in other pulses due to pre-processing, with
the removal of lipid from soybeans and reduced fibre compo-
nent overall, the greater soluble fiber fractions in SBM may
have been more susceptible to factors associated with the pel-
leting procedure as compared with other pulses. In addition,
the fibre component of SBM was influenced by particle size,
with finer samples having greater fibre content compared
with coarse samples. The observed differences between the
fibre content, particularly IDF content, of coarse and finely
processed ingredients in this study may highlight some accu-
racy challenges that occur as a result of the processing of sam-
ples prior to fiber determination in the laboratory (McCleary
et al. 2012) and thus may require further investigation. Al-
though the moisture and carbohydrate composition of pulses
and SBM were affected by the different temperatures used
in pelleting, effects were varied and dependent on the nutri-
ent fraction measured or the ingredient evaluated. However,
there was no single temperature that resulted in optimum
nutrient values across all feed ingredients.

Conclusions
The starch and fibre components of pulses may be affected

by the processing method utilized in preparing the feed. How-
ever, the degree to which starch and fibre content are affected
is dependent on the pulse type or the processing method
carried out and, as such, must be considered when select-
ing ingredients for diet formulation. Accurate nutrient val-
ues should also be utilized when formulating diets with raw
or processed pulses to ensure that adequate nutrients are be-
ing supplied to animals even as we move towards precision
nutrition. Lastly, grind size affected fibre and starch content
and, therefore, may play a role in improving the availabil-
ity of these nutrients. Processing method of pulses and SBM,
therefore, should be accounted for when formulating diets.
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