FPublished January 9, 2015

In vitro fermentation characteristics of novel fibers,
coconut endosperm fiber and chicory pulp, using canine fecal ineculum!
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ABSTRACT: The objective of this experiment was
to determine the effects of in vitro fermentation of
coconut endosperm fiber (CEF), chicory pulp (CHP),
and selective blends of these substrates on SCFA pro-
duction and changes in microbiota using canine fecal
inacula. A total of 6 individual substrates, including
short-chain fructooligosaccharide (scFOS; a well-
established prebiotic source), pectin (PEC; used as a
positive control), pelletized cellulose (PC; used as a
negative control}, beet pulp (BP; considered the gold
standard fiber source in pet foods), CEF, and CHP, and
3 CEF:CHP blends (75:25% CEF:CHP [BI], 50:50%
CEF:CHP [B2], and 25:75% CEF:CHP [B3]) were
tested. Triplicate samples of each substrate were fer-
mented for 0, 8, and 16 h after inoculation, A significant
substrate x time interaction (2 <0.05) was observed for
pH change and acetate, propionate, butyrate, and total
SCFA concentrations. After 8 and 16 h, pH change was
greatest for scFOS (—2.0 and 3.0, respectively) and
smallest for PC (0.0 and -0.1, respectively). After 16 h,

CEF had a greater butyratc concentration than CHP
and all the CEF:CHP blends and it was not different
than PEC. The substrate x time interaction was signifi-
cant for bifidobacteria {* < 0.05) and lactobacilli (£ <
0.05). After 8 h, bifidobacteria was greatest for BP and
lowest for PC (12.7 and 10.0 logl0 cfu/tube, respec-
tively). After 16 h, PC had the lowest and scFOS had
the greatest bifidobacteria (6.7 and 13.3 log1G cfu/tube,
respectively). In general, CEF, CHP, and their blends
had similar bifidobacteria populations after 8 and 16 h
of fermentation when compared with BP and scFOS.
After 16 h, lactobacilli populations were greatest for
B1, B2, B3, BP, and scFOS. intermediate for PEC, and
lowest for PC (P < 0.05). Overall, our data suggest that
CEF had a butyrogenic effect and that CEF, CHP, and
their blends had similar bifidobacteria and lactobacilli
populations as popular prebiotic and fiber substrates.
Future research should investigate the effects of CEF,
CHP, and their blends on gastrointestinal heaith and
fecal quality in dogs.
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INTRODUCTION

Dietary fibers are heterogeneous compounds, vary-
ing in their chemical composition and fermentative
behavior. For this reason, the pet food industry is con-
stantly searching for novel fiber sources and blends that
have the potential to be moderately fermentable and to
optimize the gastrointestinal health of pets.
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Common sources of dietary fiber used in pet foods
include beet pulp, a soluble and moderately ferment-
able fiber source, and cellulose, an insoluble, nonfer-
mentable, and nonviscous fiber source. Short-chain
fructooligosaccharide (s¢FOS8) and inulin are also
used as prebiotics in diets for dogs and cats. Chicory
pulp (CHP) is the dried and ground product obtained
after extraction of inulin by diffusion of the chicory
root shreds. Chicory pulp is known by its high concen-
tration of pectin and moderate concentration of inulin,
with the latter being a well-documented prebiotic in
domestic animals (Flickinger et al., 2003),

Coconut endosperm fiber (CEF) is the defatted
coconut residue after milk extraction during the wet



In vitra fermentation of novel fibers 371

processing of fresh coconut {Trinidad et al., 2006),
which contains approximately 28% ADF and 50%
NDF. The outer skin and seed husks are first removed
by a mechanical peeling process. Following the peel-
ing process, the material is cold pressed and then heat-
ed before being pressed a second time.

When incorporated up to 25% of baking goods,
the dietary fiber of coconut residue has been shown
10 be moderately fermentable and butyrogenic and to
reduce glycemic index, serum total cholesterol, low-
density lipoprotein, and triglycerides of humans with
moderately hyperlipidemia (Trinidad et al., 2006}
The desirable prebiotic effect of CHP in conjunction
with the potential butyrogenic behavior of CEF may
be beneficial to the gastrointestinal health of compan-
ion animals. Therefore, the objective of this study was
to determine the effects of in vitro fermentation of
CEF, CHP, and selective blends of these substrates on
SCFA concentrations and changes in microbiota using
canine fecal inocula.

MATERIALS AND METHODS

Substrates

Chicory pulp (ADM Alliance Nutrition, Effingham,
[L), CEF {Stance Equine, Kenmore, QLD, Australia),
3 CEF:CHP blends, the 3 fiber references, and 1 es-
tablished prebiotic were tested. The specific propor-
tions of CHP and CEF used to produce the tested fiber
blends as well as the resulting percentage of sofuble
and insoluble fiber concentrations and the ratio of sol-
uble to insoluble fiber are presented in Table |. The
fiber references included pelletized cellulose (PC; J.
Rettenmaier, Schooleraft, MI), citrus pectin (PEC,
high methoxy rapid set from TIC Gums, Belcamp,
MI), and beet puip (BP; Michigan Sugar Company,
Bay City, MI). The prebiotic tested was scFOS (GTC
Nutrition, Westchester, L),

Chemical Analyses

Substrate samples were ground through a 2-mm
screen in a Wiley Mill (model 4; Thomas Scientific,
Swedesboro, NI and analyzed according to proce-
dures by the American Organization for Analytical
Chemists for DM and OM (AOAC, 2006; methods
934,01 and 942.05). Crude protein was calculated from
Leco total N values (AOAC, 2006; method 992,15).
Total lipid concentration (acid hydrolyzed fat [AHF])
of substrates was determined according to the meth-
ods of the American Association of Cereal Chemists
(1683} and Budde (1952). Dietary fiber concentrations
were determined according to Prosky et al. (1992).

Table 1. The combination of chicory pulp and coconut
endosperm fiber

Fber  D3lend pereent Blend percent Sol:bnsol™ Coconul endosperm Chicory

Pend! soluble fiber insoluble fiber  ratw fiber, %o pulp, %
23] 610 455 [ 75 25
132 9.3 483 I:3 A i
133 F30 511 = 23 s

FRL = 75:25% coconul endosperm [iber clicory pulpy B2 == S(:50%
cogonul endosperm liberchicory pakp; B3 - 23:73% coconwt endosperm
fiber chicory puip,

ol = solubke fiber: Insol = wnsolable fiber

Samples to be analyzed for SCFA (2 mL) were
mixed with 0.5 ml of 23% metaphosphoric acid
{Erwin et al., 1961). Concentrations of SCFA were de-
termined via gas—liquid chromatography. Briefly, con-
centrations of acetate, propionate, and butyrate were
determined in the supernatant of the tubes using a
Hewlett-Packard 5890A Series 11 gas chromatograph
and a glass column (184 cm by 4 mim i.d.) packed with
10% SP-1200/1% H5 PO, on 80/100 mesh Chromosorb
WAW (Supelco Inc., Bellefonte, PA). Nitrogen was
the carrier gas with a flow rate of 75 mL/min. Oven
temperature, detector temperature, and injector tem-
perature were approximately 125, 175, and 180°C, re-
spectively. Short-chain fatly acid concentrations were
corrected for by the quantities of SCFA produced in
blank tubes. All samples were analyzed in duplicate,
and an error of 5% or less was considered acceptable,

In Vitre Fermentation Procedures

Fiber substrates were fermented in vitro for 9,
8, and 16 h with the fecal inoculum obtained from 3
purpose-bred female dogs (Butler Farms, Clyde, NY?)
with hound bloodlines, 8 mean initial body weight
of 20 kg, and a mean age of 3.5 yr. Dogs were indi-
vidually housed in 1.2 by 2.4 m clean floor pens in a
climate-controlled room at the animat care facility of
the Edward R. Madigan Laboratory on the University
of linois campus, Urbana, IL.. Al dogs were fed the
same commercial diet (Proplan Sport All Life Stages;
Purina, St. Louis, MO). Freshly voided feces from
each of the 3 donors were maintained at 39°C and
used to inoculate all substrate x time combinations
in triplicate. Triplicate tubes containing no substrate
also were fermented with each inoculum source and
time point to enable appropriate corrections for OM
disappearance, SCFA, and microbial populations not
arising from the substrates themselves.

Aliquots (26 mL) of a semidefined medium, add-
ed to maintain microbial viability, were aseptically
transferred into 50-mL tubes containing 300 mg of
substrate or blend (Bourquin et ai., 1993). Anaerobic
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Table 2. Chemical composition of selected fiber sub-
strates and blends

Substrate?
hem? CEF Bl B2 By CIP B scFOS PEC PC
M, B4 029 918 912 G4 H96 902 954 920 945
[t basis
OM, %% 934 929 922 91,3 979 918 1000 979 996
R % 227 193 156 118 85 75 040 19 04
AHEF 9 115 1040 88 07 46 30 1.9 14 ]
T, %% 452 512 573 633 704 630 NI 594 BR3
Inscluble 427 458 504 3318 539 458 ND 006 962
fiber, %
Soluble 2.5 5.4 6% 85 165 172 ND 3594 214
fiber, %4
GE, kealfeg 4.8 46 44 42 41 4.1 4.0 39 42

'CEF = cocenut endosperm fiber (100% coconut tiber); B1 = 75:25%
coconut endosperm fiber:chicory putp; B2 = 50:50% coconut endospenn
fiberichicory pulp; B3 = 25:75% coconul endosperm tiberichicory pulp;
CHP = chicory pulp (100%); BP = beet pulp {pelletized), seFOS = short-
chain tructooligosaccharides; PEC = pectin (high methoxy from TIC
Gums, Belcamp, MIY, PC = pelletized cellulose.

2AHF = aeid hydrolyzed fat, TDE = ol dietary fiber.

conditions were maintained by sealing the tubes with
rubber stoppers equipped with l-way gas release
valves, Fecal sampies were poeled and then diluted
1:10 (wt/vol) in anaerobic dilution solution by blend-
ing it for 15 sec in a Waring blender {Waring Products,
New Hartford, CT) under a stream of CO,. Blended,
diluted feces were filtered through 4 layers of cheese-
cloth and sealed in 125-mi. serum bottles under CO,.

Appropriate sample and blank tubes were aseptical-
ly inoculated with diluted feces (4 mL), Tubes were in-
cubated at 39°C with periodic mixing for the respective
fermentation times. At the appropriate time, tubes were
removed from the 39°C incubation and immediately
processed for analysis. A 2-mL subsample was taken
from each 50 mL tube for SCFA analysis, and another
2 mL was frozen at —80°C for microbial analyses.

Quantitative Polymerase Chain Reaction

Escherichia  cofi,  Bifidobacterium  genus,
Lactobacillus genus, and Clostridium perfringens
were quantified via quantitative PCR (gPCR) using
specific primers. Amplification was performed in a set
of triplicate reactions for each bacterial group within
each sample according to the procedures of DePlancke
et al. (2002). For amplification, a 10-uL final volume
containing 2x SYBR Green PCR Master Mix (Applied
BioSystems, Foster City, CA), 15 pmol of each primer,
and 10 ng of template DNA was used. Pure cultures of
each bacterium were used to create a 5-fold dilution se-
ries (10 x 10%to 10 x 10%) in triplicate from target spe-
cies, Deoxyribonucleic acid from each serial dilution

was extracted using a QiAamp DNA Stool Mini-kit
(Qiagen, Valencia, CA) and amplified along with fecal
DNA samples using & Tagman ABT PRISM 7900HT
Sequence Detection System (Applied BioSysiems).
The number colony forming units of each standard
curve sertal dilution was determined by plating the
FE. coli grown on Luria-Bertani Medium ([0 g/ tryp-
tose, 5 g/l yeast extract, and 5 g/l NaCl {pH 71), the
Lactobacillus penus grown on Difco Lactobacilli
MRS broth (Becton, Dickinson, and Company, Sparks,
MD3}, and the C. perfringens and Bifidobacterium ge-
nus grown on Difco Reinforced Clostridial Medium
{Becton, Dickinson, and Company). Cycle threshold
values were plotted against standard curves for quan-
tification (cfu/ml.) of the target bacterial DNA {rom
fermentation samples.

Statistical Analysis

Data were analyzed as a complete randomized de-
sign using the MIXED procedure of SAS (SAS Inst.
Inc., Cary, NC). The statistical model included sub-
strate, time (length of fermentation), and substrate
time interaction. Ditferences among substrates were de-
termined using least square means with Tukey adjust-
ment to control for experiment-wise error. A probability
of P < 0.05 was accepted as statistically significant.

RESULTS AND DISCUSSION

Chemical Composition of Selected
Fiber Substrates and Blends

All substrates were similar in DM and OM con-
centration (Table 2). Dry matter concentrations ranged
from 89.6 (CHP) to 95.6% (scFOS). Short-chain fruc-
tooligosaccharide had the greatest OM concentra-
tion (100%) and 25:75% CEF.CHP [B3] the lowest
(91.3%), Crude protein concentration varied among
substrates, ranging from 22.7 (CEF) to 0.0% (scFOS
and PC). Coconut endosperm fiber had the preatest
AHF concentration {11.5%), whereas PC had the low-
est (1.6%). Total dietary fiber (TDF) and its fractions
also differed among substrates. Pelletized cellulose had
the greatest TDF concentration (98.3%), predominantly
comprising insoluble fiber (96.2%) and having the low-
est soluble fiber (2.1%), whereas CEF had the lowest
TDF concentration (45.2%), with 42.7% comprising in-
soluble fiber. Citrus PEC had the greatest soluble TDF
fraction (59.4%). Total dietary fiber concentration of
scFOS could not be determined because this subsirate
is completely solubilized in the TDF solution and there-
fore not captured in the fitration step of this procedure,
All substrates had similar GE concentration, being
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Table 3. Concentrations of SCFA (mmaol/g DM} and pH change following 8 and 16 h of in vitro fermentation of
selected fiber sources and fiber blends

pH change Acelale Propiomuale Butyrau Total SCFA

Substrate! 8h 16 h 8h 16 h &h 16 h %h 16 h 8h 16 h
CEF 0.5 —p.ghd n.e™M i 0.598hed ] ypBe 0.09As 278 0.41be 076"
Bl —p4de g oRd 0. § 5hd Q60400 g ggled Qg ehh .37 ne7l
B2 —(.30e ~{1.9Bd 0. ghed 2 (jBed 0,644 LinBe 0.0 (1780 {0.39h: {97
B33 L 0.6 t 4bd 0474 ggpBd 0.06" 0.12he {1.35he 0.840
CHP —0.34¢ B 0.6 2,20 0.44ne 0,963 0 0gb p.a1be 02788 [ g3Bh
3P 0.7 —1.q0e 1.1 2380 0.550¢ | pelied oot 0.12be {1.35he 091t
sclOS ~2.0842 -3.088 2.54 3.8 L2pAe 2.0082 0.0 0.06¢ FA18 |.252b
PEC —1288 g qBb ] Al 3.480 0.714h 17280 0.0880 goyk 0,690 | 5gBa
PC o.0f —0f 0.0ov 0.0¢ 001" o.ole o.o0 o.008 .oy ooe
SEM? 0.024 0.069 0.028 H.013 0.129

*IWithin a column, means without a common fetter differ (effect of substrate al speetiic time point;, P < {1 05},

ABWithin a row, means without a common letter differ (effect of time within substrate; £ < 0.05).

CEF = coconut endosperm fiber (100% coconut fiber), B1 = 75:25% cocomut endosperm fiberichicory putp; B2 = 50:50% coconut endosperm
fiber:chicory pulp, B3 = 25:75% coconut endosperm fiberchicory pulp, CHP = chicory pulp (100%); BP = heel pulp {pelletized); scFOS = short-chuin
iructooligosaccharides; PEC = pectin (high methoxy from TIC Gums, Beleamp, M1, PC = pelietized cellulose.

The interaction of substrate and time of fermentation for pH ehange, acetate, propionate, butyrate. and total SCFA were significant {# < 0.05).

AR
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greatest for CEF (4.8 keal/g) and lowest for PEC (3.9
keal/g). As expected, blends of CEF and CHP (75:25%
CEF:CHP [B1], 50:50% CEF:CHP [B2], and B3} pre-
sented a linear decrease or increase in the concentration
of nutrients in relation to the inclusion percentage of
either CEF or CHP in each blend. For example, B1 had
greater concentrations of CP, AHF, and GE and lower
concentration of TDF in comparison to B2 or B3.

Beet pulp, PEC, and PC were used as control sub-
strates in this study as they are chemically well char-
acterized and commonly used as fiber sources in pet
foods. The chemical composition of the control sub-
strates were similar to values previously reported in
the literature (Kerr et al., 2013; Fischer et al., 2012;
Bosch et al., 2008; Sunvold et al., 1995a,b,c}). Usually,
little variation in macronutrient composition is ob-
served for purified cellulose and PEC, whereas BP can
be more variable due to processing conditions.

Previous research examining the chemical com-
position of coconut flour has reported a TDF value
of approximately 60%, with 56% insoluble and 4%
soluble fiber (Trinidad et al.,, 2006). Another study
reported TDF, CP, and crude fat concentrations of
38.0, 21.7, and 8.4%, respectively {(Gunathilake et al.,
2009). Even though coconut flour is also a byproduct
of the coconut milk industry, differences in process-
ing conditions could result in variation in the chemi-
cal composition of the byproducts. In the current
study, CEF had an intermediate TDF concentration
(45.2%) when compared to the previous studies but
a similar insoluble to solubie fiber ratic. In addition,
CP concentration was also comparable to previous re-
search, while the fat concentration was slightly greater
(11.5%), which could potentially be due to differences

in the fat extraction method used in the current study
{AHF) vs. the crude fat method used in the previous
study (Gunathilake et al., 2009). Processing condi
tions in the manufacture of these byproducts may also
contribute to nutrient variability.

L

Fermentation Metabolites and Microbiota afier In Vitro
Fermentation of Selected Fiber Substrates and Blends

A significant interaction {# < (.05) of substrate and
time of fermentation was observed for pH change and
acetate, propionate, butyrate, and total SCFA (Table 3).
Change in pH was significant (£ < 0.05) over time with-
in substrate, except for PC. At 8 and 16 h of fermen-
tation, pH change was greatest (P < 0.05) for scFOS
(2.0 and —3.0, respectively) and lowest for PC (0.0 and
0.1, respectively), At 16 h, B3 and CHP had similar pH
changes when compared to BP (P > 0.05), Similar to
the changes in pH, acetate and propionate concentra-
tions were greatest (P < 0.05) for scFOS (2,53 and 1,21
mmol/g DM, respectively) at 8 h of fermentation. Citrus
PEC and scFOS had the greatest (£ < 0.03) acetate con-
centrations (3.43 and 3.14 mmol/g DM, respectively),
while scFOS had the greatest (P < 0.05) propionate con-
centration (2.0 mmol/g DM) at 16 h of fermentation. in
addition, all substrates had greater (P < 0.05) production
of SCFA at 16 h than at 8 h, except for PC. The latter
had the {owest concentration of all SCFA (acetate, pro-
pionate, and butyrate) when compared to all other fiber
substrates and blends tesied {P < 0.05). At § h postfer-
mentation, CEF, B1, B2, BP, scFOS, and PEC had simi-
lar butyrate concentrations, varying between 0.07 and
0.09 mmol/g DM. In contrast, butyrate concentration
was greatest for CEF and PEC at 16 h, with both having
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Table 4. Microbiota populations (log |, cfu/tube) fol-
fowing 8 and 16 h of in vitro fermentation of selected
fiber sources and fiber blends!

Bifidobacteria Lactobacilli Escherichio coli®
Substrate? 8h 16h 8h 16k $h 16h
CiF 100l (o4t 13210 138180 0t 1006
Bl 10350 12,348 330k 1440 1021 10.49
B2 11,8520 123720 (394 14267 1051 1066
B3 1195 12470 14349 1422% 1081 1067
CHP 12382 12678 14312 140620 1073 1054
B 1293 11947 1447 14177 1066 1032
scFO% 1244%  1326%  1405%0 14380 1048 1043
PLiC 10550 gooed (360 13260 {oR ]! .80
PC 9.a94b  gegBd  13304be 3338 0ps GO
SEM? 0.561 0.149 0677

EWithin a column, means withewt a common letter ditfer (efiect of
substrate at specific time point; P < 0.05).

ABWithin a row, means without a common letter differ (effect of time
wilhin substrate; # < (.05},

Ihean values £ SD for § b tubes are 9.07 £ 0.41 log), cfultube for
bifidobacteria, 12.89 & 0.29 log, ; cfu/tube for factobacitli, and 8.96 + 0.56
log,q cfuftube for £ cofi. Concentration of Closiridium perfringens was
below minimal detectable level,

1CEF = coconut endosperm fiber {100% coconut fibery; Bl = 75:25%
coconut endosperm fiber:chicory pulp; B2 = 50:50% coconut endosperm
fiber:chicory pulp; B3 = 25:75% cocomut endospenn fiber:chicory pulp,
CHP = chicory pulp {100%), BP = beet pulp {pelletized). setFO8 = shorl~
chain fructooligosaccharides, PEC = pecetin (high methoxy trom 1IC
Gums, Belcamp, MI), PC = pelictized cellulase,

¥The interaction of substeate and time of fermentation for bifidobacteria
and factobacilli was significant (P < (,03),

*Treatment effect (P < 0.03),

a concentration of 0.27 mmol/g DM, After 8 and 16 h of
fermentation, total SCFA production was greatest for sc-
FOS and PEC (1.11 and 1.58 mmol/g DM, respectively)
and lowest for PC (0.02 and 0.00 mmol/g DM, respec-
tively). In general, CEF, CHP, and their blends {B1, B2,
and B3) had (P > 0.05) total SCFA production similar to
BP and PEC. The observed increase in fecal SCFA con-
centration, especially butyrate, is & positive finding as
butyrate is used by the colonocytes as a primary source
of energy and has also been associated with gut health
and positive shifts in hindgut microbiota.

In this experiment, an in vitro fermentation assay
was performed to mimic the in vivo fermentative pro-
cess of the selected fiber sources and blends in dogs.
The in vitro assay is an effective method fo estimate the
fermentative behavior of fiber sources, and it is also a
faster, cheaper, and safer method to assess the efficacy
and adequacy of novel fibers as potential ingredients to
be incorporated in pet foods. After 8 and 16 h of in vitro
fermentation, scFOS and PEC resulted in the greatest
pH change and greatest SCFA concentrations. This out-
come was not surprising because both substrates con-
sist of predominantly soluble and highly fermentable
fibers. Coconut endosperm fiber, CHP, and their biends

were moderately fermentable, resulting in intermedi-
ate SCFA concentrations and pli change. After 16 h
of in vitro fermentation, CEF resulted in the greatest
butvrate concentration, along with PEC. Augmented
butyrate concentration also was observed in blends
containing greater proportion of CEF {B] and B2)
when compared to the scFOS and PC. Little research
is available on the fermentation characteristics of coco-
nut fiber sources. Trinidad et al. {2006), using human
fecal inoculum, investigated the in vitre fermentative
profile of coconut flour fiber isolate. In that study, an
altered molar ratio among acctatepropionate:butyrate
{39:13:48%) was observed in contrast to the normal
acetate:propionate:butyrate molar ratio observed for
most of the fiber sources {6(:20:20%). While an in-
creased production of butyrate from CEF was ob-
served when compared to the other fiber sources
tested in the current study, the increase was not robust
enough to change the pattern of the SCFA molar ratio
acetate:propionate:butyrate  (53:38:9%). The differ-
ences observed between these studies could potentially
be explained by different inoculum sources and fecal
microbiota (human vs. canine) and differences in the
coconut fiber products tested.

Citrus PEC 12 and 24 h postfermentation with
canine fecal inoculum had similar acetate (3.29 and
3.31 mmol/g OM, respectively) and butyrate (0.35 and
0.37 mmol/g OM, respectively) concentrations to the
current study at 16 h postfermentation. However, pro-
pionate concentration differed {0.79 and 1.30 mmol/g
OM; Sunvold et al., 1995a,c). Those studies reported
negligible fermentation of cellulose, which is in agree-
ment with our results, Compared to our results, Bosch
et al. {2008) reported similar acetate concentration, af-
ter 8 h of in vitro fermentation, for PEC (1.59 mmol/g
OM) but greater for BP (1,99 mmol/g OM). The same
authors also reported similar propionate concentra-
tions for BP (0.56 mmol/g OM) but lower propionate
concentrations for PEC {0.38 mmol/g OM). However,
butyrate concentrations were greater for PEC (0.26
mmol/g OM) and BP (0,33 mmol/g OM; Bosch et al.,
2008) when compared to the current study.

For scFQS, similar acetate {2.34 mmol/g OM) and
propionate (0.92 mmel/g OM) concentrations were ob-
served 12 h postfermentation by Vickers et al. (2001).
Faber et al, (2011} reported lower acetate {1.43 mmol/g
DM), propionate (1.02 mmol/g DM), butyrate (0.00
mmol/g DM), and total SCFA (0.73 mmol/g BM) con-
centrations and pH change (—1.22) after 12 h of in vitro
fermentation using canine inoculum. The discrepancy
observed between that study and the current one could
be due to differences in time allowed for in vitro fermen-
tation {12 vs. 16 h) and source of scFOS. The source of
scFOS used in the study by Faber et al, (2011) was of
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low purity, resulting in partial in vitro hydrolytic diges-
tion of this substrate that led to less substrate present for
in vitro fermentation. In contrast, Bosch et al. (2008)
reported greater concentrations of acetate (4.57 mmol/g
OM), propionate (3.67 mmol/g OM), and butyrate (0.49
mmol/g DM} after 8 h of'in vitro fermentation of scFOS
{degree of polymerization [DP] = 4), using canine inocu-
lum. The small DP of this substrate could have resulted
in faster rate of fermentation, in contrast to the scFQS
source tested in the current study (DP < 10).

Chicory pulp contains inulin, characterized as a
moderately soluble and fermentable fiber. Previous
research using canine fecal inoculum reported simi-
lar acetate (2.65 mmol/g OM) and propionate (1.10
mmol/g OM) concentrations but greater butyrate (0.37
mmol/g OM) concentration after 12 h of in vitro fer-
mentation (Vickers et al,, 2001).

The interaction of substrate and time was signifi-
cant (P > 0.05) for bifidobacteria and lactobacilli (P <
0.05) but not for E. coli, Bifidobacteria and lactobacilli
populations changed over time only for PC (P < 0.05),
whereas all other fiber substrates and blends had similar
microbiota populations after 8 and 16 h of in vitro fer-
mentation (Table 4). At 8 h, bifidobacteria was greatest
for BP (12.73 log,, cfu/tube) and lowest for PC. At 16
h, PC stiil had the lowest bifidobacteria concentrations;
however, scFOS had the greatest. In general, CEF, CHP,
and their blends had similar bifidobacteria populations
after 8 and 16 h of fermentation when compared to BP
and scFOS. Citrus PEC, at 16 h postfermentation, had
lower (7 < 0.05) bifidobacteria concentrations when
compared to most of the blends but was similar to CEF.
Lactobacilli counts over time within substrate differed
only for PC (P < 0.05). At 8 h, Jactobacilli counts were
greatest for B3, CHP, and BP (14.34, 14.31, and 14.47
log10 cfu/tube, respectively) and did not differ from sc-
FOS, B3, and PEC. Lactobacilli counts were lowest for
CEF (13.21 log;, cfu/tube), which did not differ from
B1, B2, PEC, and PC. Lactobacilli populations after 16
h of fermentation were greatest for B1, B2, B3, BP, and
scFOS; intermediate for PEC; and lowest for PC (P <
0.03). A treatment effect was observed for E. coli (P <
0.05), as it was lower for PC and greater for B1, B2,
B3, CHP, BP, and scFOS. The observed decrease in mi-
crobial populations over time for PC was likely due to
the absence of substrate to be fermented by the bacteria
because of the insoluble and nonfermentable character-
istics of this fiber source.

To our knowledge, the effects of coconut fiber on
the gut microbiota of dogs have not been studied. Few
studies have examined the effect of BP, cellulose, and
fructooligosaccharide on the canine fecal microbial
population. Middelbos et al. (2007) noted a benefi-
cial effect fecal bifidobacteria population, determined

by qPCR, of dogs fed a diet containing 2.5% of BP,
whereas no difference was observed between a control
(no fiber supplementation) and a 2.5% cellulose diet.
Swanson et al. {2002) did not observe any beneficial
etfects on the fecal microbial populations (bifidobac-
teria, factobacilli, C. perfringens, and K. cofi, deter-
mined by using sterile agar gels) of dogs fed a seFOS
diet when comparced with a controi diet in which cel-
lilose was the predominant fiber source, In the cur-
rent study, the bacterial populations were, generally,
slightly greater than the 2 aforementioned studies,

Overall, our data suggest that CEF had a butyrogenic
eflect and that CEF, CHP, and their biends resulted in simi-
lar total SCFA concentrations and bifidobacteria and lacto-
bacilli populations as popular prebiotic and fiber substrates
used by the pet food industry. Future research should in-
vestigate the effects of processing on CEF, CHP, and their
blends as the harsh conditions of extrusion or retorting
could alter their chemical and fermentative characteristics.
Further studies are also warranted to examine the effect
of these novel fiber sources and blends on gastrointestinal
health and tolerance and fecal quality in dogs.
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