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Abstract

Background: Determination of the endogenous loss of fat (ELF) is used to adjust for the estimation of true total
tract digestibility (TTTD) of fat in diets and ingredients. Any factor which affected ELF may further affect the
digestibility of fat, including sources and concentrations of fat and fiber in the diet. There are some reports of
determining the ELF using regression methods based on different levels of fat intake, while reports on effects of
dietary fiber content and different fiber-rich ingredients in pig diets on ELF are very limited. Therefore, the objective
of this study was to determine the effects of dietary fiber content and different fiber-rich ingredients on endogenous
losses of fat and fatty acids at the end of ileum and throughout the entire intestinal tract in growing pigs.

Methods: In Exp. 1, the effect of fiber content on endogenous loss of fat was determined using six growing pigs
(Duroc x Landrace X Yorkshire; 27.6 + 24 kg), fitted with a T-cannula at the end of ileum. The experimental design was
a 6 x 6 complete Latin square design with six periods of feeding and six diets. The six experimental fat-free diets were
formulated to include graded levels of neutral detergent fiber (NDF) (0, 40, 80, 120, 160 and 200 g/kg) and soybean hull
(SH) was the only fiber source, providing 0, 75, 150, 225, 300 and 375 g/kg, respectively. Chromic oxide was included at
4 g/kg in all diets as an indigestible marker. In Exp. 2, six crossbred growing barrows (27.6 + 1.6 kg) were used and the
experimental design was the same as for Exp. 1. The six fat-free diets were formulated to include six common fiber-rich
ingredients and the concentration of NDF was 100 g/kg. The six fiber-rich ingredients were defatted rice bran (DRB),
sugar beet pulp (SBP), rice hull (RH), corn germ meal (CGM), SH and wheat bran (WB) and they were fed at represented
250, 270, 145, 250, 170 and 280 g/kg in the diet, respectively.
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Results: In Exp. 1, the endogenous loss of fatty acids profile did not change as dietary NDF increased in growing pigs.
The endogenous losses of fat, C16:0, C18:0, C18:1, C18:2, total unsaturated fatty acids (UFA) and total saturated fatty
acids (SFA) in growing pigs at the end of ileum and throughout the entire intestinal tract increased linearly as NDF
content of diets increased. The endogenous losses of fat, as well as C16:0 and C18:0 throughout the entire intestinal
tract also increased quadratically as NDF content of diets increased. The ELF increased from 0.71 to 3.14 g/kg of dry
matter intake (DMI) and 0.56 to 821 g /kg DMI at the end of ileum and throughout the entire intestinal tract in
growing pigs, respectively. The ELF occurred in the hindgut except for the growing pigs fed 0 and 4% NDF in their
diets. The endogenous losses of C16:0 and UFA occurred primarily in the upper regions of the gut and the greatest
endogenous losses of C18:0 occurred in the hindgut. The endogenous losses of fat, individual SFA and total SFA
throughout the entire intestinal tract were much greater than that at the end of ileum. However, the endogenous
losses of individual UFA and total UFA were less throughout the intestinal tract than at the end of ileum. In Exp. 2, the
endogenous losses of fat at the end of ileum were greater in growing pigs fed CGM or WB diets. The endogenous loss
of fatty acids profile changed to a slight degree at the end of ileum that the endogenous loss of UFA (particularly C18:
1 and C18:2) in growing pigs fed CGM or WB diets were greater (P < 0.01) than that for the other four diets. The
greatest (P < 0.01) endogenous loss of SFA (particularly C18:0) was in growing pigs fed the RH diet. The endogenous
losses of fat, C16:0, C18:0 and SFA over the entire intestinal tract were much greater in growing pigs fed CGM or WB
diets, whereas the lowest values were in growing pigs fed DRB diet. The ELF at the end of ileum in growing pigs fed
CGM or WB diets were 3.50 or 4.17 g/kg DM, respectively, and the ELF over the entire intestinal tract was 7.23 or 7.38
g/kg DMI. The contribution in percentage of ELF in the upper gut was greater than that in the hindgut of growing
pigs fed DRB and RH diets, while the ELF in the upper gut and hindgut were equal in growing pigs fed SBP, CGM and
WB diets. On the whole, the endogenous losses of C18:1 and C18:2 throughout the entire intestinal tract in growing
pigs fed the six fiber-rich ingredients diets were less than losses at the end of ileum, whereas the endogenous loss of
fat, C16:0, C18:0 and SFA were greater throughout the intestinal tract than at the end of ileum.

Conclusion: The profile of loss in endogenous fatty acids did not change as dietary NDF increased in growing pigs
and the endogenous losses of fatty acids (C16:0, C18.0, C18:1 and C18:2) fat, UFA and SFA increased linearly as NDF
content increased in the diets of pigs. The endogenous losses of fat or fatty acids at the end of ileum were greater in
growing pigs fed RH, CGM or WB diets. The endogenous losses of fat, fatty acids (C16:0 and C18:0) and SFA were
greater over the entire intestinal tract in pigs fed CGM or WB diet, while these values were the lowest in growing pigs
fed the DRB diet. The contribution in percentage losses of fat in the upper gut were greater than in the hindgut of
growing pigs fed DRB and RH diets, while the contribution of losses of fat in the upper gut and hindgut were equal in
growing pigs fed SBP, CGM and WB diets. In addition, the endogenous loss of individual or total UFA was less over the
entire intestinal tract of growing pigs fed fiber diets than that at the end of ileum, and the greatest endogenous losses
of fat, individual or total SFA were over the entire intestinal tract. Therefore, differences in fiber content and the nature
of fiber-rich ingredients in diets of pigs have different effects to the endogenous losses of fat or fatty acids. Considering
the requirement of fat or fatty acids of pigs, careful attention must be paid that the endogenous losses of fat and fatty
acids when fiber ingredients are used in diets of pigs.
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Background

Endogenous loss of fat (ELF) occurs during digestion
along the intestinal tract and the unabsorbed portion of
the endogenous fat is excreted into the gastrointestinal
tract originating from bile, mucosal exudation, choles-
terol or structural lipids from desquamation of epithelial
cells and the de novo synthesis of fatty acids by the
microbial population [1, 2]. Endogenous loss of fat may
lead to complications in determining the digestibility of
fat and fatty acids. Some reports indicate that dietary fat
intake affects the apparent total tract digestibility
(ATTD) of fat which would be expected to increase as
fat intake increases [3—6]. This phenomenon may result
from a decrease in the ratio between ELF and fat intake
in animals fed high fat diets, reflecting a lower ATTD of
fat in low fat diets instead of an increase in the digest-
ibility of fat in high fat diets [7-10]. However, the true
total tract digestibility (TTTD) of fat is not affected by
the intake of dietary fat [9, 11, 12]. That conclusion is
based on results of ELF measurements that allow adjust-
ments in the estimation of TTTD of fat in diets and
their ingredients [9]. Therefore, the accurate determin-
ation of ELF is essential, but may not, in some instances,
of concern when considering diets of pigs.

Estimates of ELF in pigs have been reported, but the
values have been not consistent [3, 7, 8, 11, 13]. The incon-
sistencies in reported ELF values are closely related to many
factors. Any factor which affect the values of ELF may
further affect the digestibility of fat, including the sources
and dietary concentrations of fat and fiber [6, 14, 15]. Some
studies have reported ELF values using the regression
method based on different levels of fat intake [3, 7, 8, 11,
13]. In particular, Kil et al. [11] reported that the ELF value
of extracted fat was lower than that for intact fat, which was
correlated with the fiber of intact fat. Nevertheless, studies
correlating effects of fiber content and different fiber-rich in-
gredients in diets of pigs on ELF are very limited.

In addition, the ELF in pigs has been evaluated over the
entire intestinal tract, while information on the ELF at the
end of ileum is limited. Furthermore, the determination of
effect of fiber on ELF is necessary for guidance on adding
proper quantities of lipids or specific fatty acids in diets of
pigs to maintain an acceptable level of dietary energy and
meet requirements for fatty acids in pigs fed diets includ-
ing fiber-rich ingredients. Therefore, the aim of this study
was to evaluate the effect of fiber content and different
fiber-rich ingredients on losses of endogenous fat and fatty
acids at the end of ileum and over the entire intestinal
tract in growing pigs.

Methods

Animal, dietary treatments and experimental design

Two experiments were performed in the Metabolism La-
boratory of the Ministry of Agriculture Feed Industry
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Centre (China Agricultural University, Beijing, China).
All diets in the two experiments were fed in mash form.
The experimental pigs (Duroc x Landrace x Yorkshire)
were obtained from the Swine Nutrition Research
Centre of the National Feed Engineering Technology
Research Centre (Chengde, China).

Exp. 1 was designed to evaluate the effect of fiber
content on losses of endogenous fat and fatty acids at
the end of ileum and over the entire intestinal tract in
growing pigs. Six crossed growing pigs (Duroc x Land-
race x Yorkshire, initial BW = 27.6 + 2.4 kg) were housed
individually in stainless-steel metabolism crates (1.4 m x
0.7 m x 0.6 m), located in a temperature-controlled room
(22+2°C). A self-feeder and a low-pressure nipple
drinker were provided in each metabolism crates. All
pigs were surgically fitted with a T-cannula at the end of
ileum according as described by Stein et al. [16]. After a
14-day recovery from surgery, initial BW of pigs was
recorded and then pigs were assigned randomly to one
of six dietary treatments in a 6-period complete Latin
square design. There were 6 observations per treatment.
Pigs were fed a grower diet (160 g/kg crude protein, CP)
during the 14 d post-surgery period. The amount of feed
was increased by 100 g daily until feed intake reached a
level of 4% of BW. The BW of the pigs was obtained at
the beginning of each period and then the feed intake
was adjusted accordingly for each pig. Two equal-sized
meals were supplied at 08:00 and 17:00h daily. Water
was provided ad libitum.

The compositions of the dietary treatments in Exp. 1
are shown in Table 1. The six experimental diets were
formulated to include 0, 40, 80, 120, 160 and 200 g/kg of
neutral detergent fiber (NDF). Soybean hull (SH), the
only fiber source, was provided at 0, 75, 150, 225, 300 or
375 g/kg in the same respective diets, respectively. Chro-
mic oxide was included at 4 g/kg in each diet as an indi-
gestible marker. Vitamins and minerals were provided in
each diet to meet or exceed the nutrient requirements
for growing pigs as recommended by the National
Research Council (NRC) [17]. The analyzed composition
of diets in Exp. 1 are summarized in Table 2.

Exp. 2 was conducted to determine the effect of different
fiber-rich ingredients on the endogenous fat and fatty acids
losses at the end of ileum and over the entire intestinal tract
in growing pigs. Six crossbred growing barrows (Duroc x
Landrace x Yorkshire), initial weighing 27.6 + 1.6 kg, were
used. The experimental design was as described for Exp. 1.
The compositions of the dietary treatments are summa-
rized in Table 3. The six experimental diets were formu-
lated to include six different fiber-rich ingredients
containing little fat and NDF concentrations were about
100 g/kg across the diets. The six fiber-rich ingredients
were defatted rice bran (DRB), sugar beet pulp (SBP), rice
hull (RH), corn germ meal (CGM), SH and wheat bran
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Table 1 Composition of experimental diets in Exp. 1 (as-fed basis)
[tems, g/kg Neutral detergent fiber content of diets, g/kg

0 40 80 120 160 200
Corn starch 649.3 598.1 547.0 495.8 4447 3935
Casein 1983 182.7 167.0 1515 135.8 120.2
Soybean hull 0.0 75.0 150.0 2250 300.0 3750
Sucrose 104.4 96.2 88.0 79.7 715 63.3
Dicalcium phosphate 250 250 250 250 25.0 250
Limestone 50 50 50 50 50 50
Salt 4.0 4.0 4.0 4.0 4.0 4.0
Potassium carbonate 4.0 4.0 4.0 4.0 4.0 4.0
Magnesium oxide 1.0 10 1.0 1.0 1.0 1.0
Chromic oxide 4.0 40 4.0 4.0 4.0 40
Mineral and vitamin premix® 50 50 50 50 50 50
Total 1,000 1,000 1,000 1,000 1,000 1,000

Vitamin-mineral premix supplied the following nutrients per kilogram of diet: vitamin A, 5512 IU; vitamin D, 2200 IU; vitamin E, 30 IU; vitamin K3, 2.2 mg; vitamin
B2, 27.6 pg; riboflavin, 4 mg; pantothenic acid, 14 mg; niacin, 30 mg; choline chloride, 400 mg; folic acid, 0.7 mg; thiamine, 1.5 mg; pyridoxine, 3 mg; biotin, 44 pg;
Mn (MnO), 40 mg; Fe (FeSO4H,0), 75 mg; Zn (ZnO), 75 mg; Cu (CuSO,4-5H,0), 100 mg; | (KI), 0.3 mg; Se (Na,Se0s), 0.3 mg

Table 2 Analyzed composition of experimental diets in Exp. 1

ltems, g/kg® NDF content of diets, g/kg

0 40 80 120 160 200
DM 9135 9118 9112 9136 9130 9144
EE 2.17 481 6.09 8.34 11.55 12.51
€120 039 043 043 0.52 045 029
C14:0 0.53 0.55 0.51 046 043 042
C16:0 294 334 3.7 4.09 431 4.86
C180 0.89 1.06 124 144 1.57 1.78
c18:1 1.56 2.2 297 3.71 4.66 557
C18:2 1.92 3.07 478 6.39 829 10.62
183 0.15 036 0.66 049 1.28 1.71
C20:0 0.03 0.05 0.09 0.09 0.10 0.12
C20:1 0.01 0.02 0.02 0.04 0.04 0.05
€220 0.04 0.05 0.00 0.01 0.01 0.02
C24:0 0.05 0.06 0.07 0.08 0.09 0.1
SFA 4.94 563 6.21 6.86 7.14 7.82
UFA 3.64 565 844 10.62 14.27 17.94
CcP 169.8 1720 168.9 1654 166.0 164.6
SDF 145 125 12.0 16.5 125 220
IDF 9.0 515 95.5 144.0 1860 2375
TDF 225 63.5 107 160.5 1985 2595
NDF 89 51.1 95.1 134.0 1889 2189
ADF 19 323 62.2 90.6 1269 1480
Hemicellulose 7.0 188 329 434 62.0 709

DM dry matter, EE ether extract, SFA saturated fatty acid, UFA unsaturated fatty
acid, CP crude protein, SDF soluble dietary fiber, IDF insoluble dietary fiber,
TDF total dietary fiber, NDF neutral detergent fiber, ADF acid detergent fiber

(WB) provided as 250, 270, 145, 250, 170 and 280 g/kg, re-
spectively. Chromic oxide was supplemented at 4 g/kg in
each diet as an indigestible marker. Vitamins and minerals
were included in each diet to meet or exceed the nutrient
requirements for growing pigs recommended by NRC
(2012) [17]. The analyzed composition of the experimental
diets are summarized in Table 4.

Experimental procedures

After the recovery period form surgery, pigs were fed one
of the six diets for six 10-day periods including a 6-day
dietary acclimation period, following by a 2-day fecal sam-
ple collection and a 2-day ileal digesta sample collection.
Feces were collected by grab sampling on d 7 and 8 and
stored at —20°C. On d 9 and 10, ileal digesta samples
were collected into plastic bags attached to the open can-
nula by cable ties. Digesta collection lasted for 9h daily
beginning at 08:00 h as described by Stein et al. [16]. The
bags were removed whenever they were filled with digesta
or at least every 30 min and then stored at - 20 °C to pre-
vent bacterial degradation. At the end of the experiment,
frozen fecal and digesta samples were thawed at room
temperature, and then mixed by pig and period,
sub-sampled and lyophilized in a vacuum-freeze dryer
(Tofflon Freezing Drying Systems, Minhang District,
Shanghai, China). Each dietary subsample was collected
each week throughout the experimental periods and in
the feed mill during mixing. At the end of the experiment,
dietary samples were pooled and subsampled for chemical
analyses. Before chemical analyses, diets, dried fecal sam-
ples and dried digesta subsamples were finely ground
through a 1-mm screen and thoroughly mixed.
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Table 3 Composition of experimental diets in Exp. 2 (as-fed basis)
[tems, g/kg Fiber-rich ingredients of diets®

250 g/kg DRB 270 g/kg SBP 145 g/kg RH 250 g/kg CGM 170 g/kg SH 280 g/kg WB
Corn Starch 477 446 544 490 542 463
Casein 125 136 163 112 140 109
DRB 250 - - - - -
SBP - 270 - - - -
RH - - 145 - - -
cGM - - - 250 - -
SH - - - - 170 -
WB - - - - - 280
Sucrose 100 100 100 100 100 100
Dicalcium phosphate 25 25 25 25 25 25
Limestone 5 5 5 5 5 5
Salt 4 4 4 4 4 4
Potassium carbonate 4 4 4 4 4 4
Magnesium oxide 1 1 1 1 1 1
Chromic oxide 4 4 4 4 4 4
Mineral and vitamin premix® 5 5 5 5 5 5
Total 1000 1000 1000 1000 1000 1000

2Vitamin-mineral premix supplied the following nutrients per kilogram of diet: vitamin A, 5512 IU; vitamin Ds, 2200 IU; vitamin E, 30 IU; vitamin K3, 2.2 mg; vitamin
B12, 27.6 ug; riboflavin, 4 mg; pantothenic acid, 14 mg; niacin, 30 mg; choline chloride, 400 mg; folic acid, 0.7 mg; thiamine, 1.5 mg; pyridoxine, 3 mg; biotin, 44 ug;
Mn (MnO), 40 mg; Fe (FeSO4H,0), 75 mg; Zn (ZnO), 75 mg; Cu (CuSO,4-5H,0), 100 mg; | (KI), 0.3 mg; Se (Na,Se0s), 0.3 mg

b DRB defatted rice bran, SBP sugar beet pulp, RH rice hull, CGM corn germ meal, SH soybean hull, WB wheat bran

Analytical methods

For Exp. 1 and Exp. 2, all diets, feces and digesta were
analyzed for dry matter (DM; method 930.15) [18], and
crude fat (ether extract; EE) [19]. Crude protein (CP) in
all diets was measured using method 984.13 [18]. Neu-
tral detergent fiber and acid detergent fiber (ADF) were
measured using filter bags and fiber analyzer equipment
(Fibre Analyzer, Ankom Technology, Macedon, NY) fol-
lowing a modification of the procedures described by
Van Soest et al. [20]. The NDF was analyzed using heat
stable a-amylase and sodium sulfite without correction
for insoluble ash. Analysis of chromium (Cr) in all diets,
feces and digesta utilized using a polarized Zeeman
Atomic Absorption Spectrometer (Hitachi Z2000,
Tokyo, Japan) after nitric acid-perchloric acid wet ash
sample preparation. The fatty acid profiles of all diets,
feces and digesta were determined using Gas Chroma-
tography (6890 Series, Agilent Technologies, Wilming-
ton, DE) according to the procedures of Sukhija and
Palmquist [21] with the slight modification of using
undecanoic acid (C11:0) (Sigma-Aldrich, St. Louis, MO)
as the internal standard. Fatty acids were converted to
fatty acid methyl esters using methanolic HCL. Aliquots
of 1 pL were injected into a capillary column (60 m x
250 mm x 250 nm, DB-23, Agilent) in which cyanopropyl
methyl silicone was the stationary phase. The column
oven temperature was programmed with a 1:20 split.

Injector and detector temperatures were maintained at
260 °C and 270 °C, respectively. Nitrogen was the carrier
gas at a flow rate of 2 mL/min. All chemical analyses
were conducted in duplicate.

Calculations

In Exp. 1 and Exp. 2, the endogenous loss of fat and
each fatty acid was calculated for ileal digesta and total
enteral feces from pigs fed the fat-free diets in using the
following equation that to determine the endogenous
loss of nitrogen (N) for each amino acid (AA) as de-
scribed by Stein et al. [22]:

IFend = [Fd X (CI‘f/CI'd)],
IFl«end = [FAd X (Crf/crd)]

IF.,q and IFA. 4 are the endogenous losses of fat and a
fatty acid (g/kg of DM intake; DMI) in ileal digesta or total
enteral feces, respectively. Fq and FAq4 represent the con-
centration of fat and fatty acid in the ileal digesta or feces
from pigs fed the fat-free diet, respectively. Crq represents
the concentrations of Cr in the ileal digesta or feces. The
Cr content in fat-free diets is represented by Cry.

Statistical analyses
In Exp. 1, Orthogonal polynomial contrasts were used to
detect the linear and quadratic responses of increasing
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Table 4 Analyzed composition of experimental diets in Exp. 2
ltems, g/kg® Fiber-rich ingredients of diets®

250 g/kg 270 g/kg 145 g/kg 250 g/kg 170 g/kg 280 g/kg

DRB SBP RH CcGM SH WB
DM 910.8 909.9 9142 9125 9103 9103
EE 329 1.39 051 1.14 627 933
C12:0 037 0.59 0.60 0.35 0.53 0.57
C140 043 042 049 037 041 033
C160 3.15 313 272 361 357 530
C180 0.80 0.71 0.85 0.76 1.21 0.79
c18:1 2.24 15 143 3.18 291 3.86
C182 257 272 1.65 550 5.06 863
C183 0.18 0.16 0.09 0.27 0.72 0.57
C20:0 0.05 0.04 0.04 0.07 0.07 0.06
€201 0.02 0.03 0.02 0.03 0.03 0.15
C22:0 0.05 0.05 0.04 0.08 0.00 0.04
240 0.08 0.09 0.06 0.08 0.07 0.10
SFA 5.03 517 4.94 543 6.02 7.32
UFA 5.02 441 3.19 8.98 8.71 13.22
CcpP 151.0 1412 1504 146.5 150.7 146.8
SDF 30 465 15.0 16.5 125 100
IDF 100.0 1335 125.0 1210 1115 1125
TDF 103.0 180.0 1395 137.0 1235 1220
NDF 99.3 1103 1183 1164 107.7 1150
ADF 56.3 62.8 82.8 29.6 68.7 320
Hemicellulose 430 475 355 86.8 390 83.0

?DRB defatted rice bran, SBP sugar beet pulp, RH rice hull, CGM corn germ meal, SH soybean hull, WB wheat bran
5pm dry matter, EE ether extract, SFA saturated fatty acid, UFA unsaturated fatty acid, CP crude protein, SDF soluble dietary fiber, IDF insoluble dietary fiber, TDF

total dietary fiber, NDF neutral detergent fiber, ADF acid detergent fiber

NDF content in diets. Data in Exp. 2 were analyzed by
ANOVA using the MIXED procedure of SAS (SAS Insti-
tute Inc, Cary, NC). The individual pig was the experi-
ment unit for all analyses. In Exp. 1, the model consisted
of NDF content as the fixed effect and pig and period as
random effects. In Exp. 2, the model contained fiber-rich
ingredients as the fixed effect and pig and period as ran-
dom effects. The significant differences among treatments
in Exp. 2 were detected by Tukey’s Multiple Range Test.
In Exp. 1 and Exp. 2, the REPEATED statement was used
to model the effect of period using individual pig as the
subject from which repeated observations were recorded
[23]. The normality of the data was detected using the
UNIVARIATE procedure of SAS (SAS Institute Inc., Cary,
NC) and no outliers were detected in either Exp. 1 or Exp.
2. The LSMEANS in SAS was chosen to calculate means.
The respective contributions in percentages of the upper
gut and hindgut to endogenous losses of fat and fatty acids
for each dietary treatment in Exp.1 and Exp.2 were tested
by ¢-test. An alpha level of P< 0.05 was set as the criter-
ion for statistical significance in both experiments.

Results

Exp. 1: effect of dietary fiber content on endogenous loss
of fat

The amounts (g/kg DMI) of endogenous losses of fat
and fatty acids and the fatty acids as a percent of total
fatty acids (% of TFA) at the end of ileum and through-
out the intestinal tract in growing pigs fed different fiber
content diets are summarized in Tables 5 and 6, respect-
ively. Based on the percentage of TFA in Tables 5 and 6,
the profile of endogenous loss of fatty acids did not
change as dietary NDF increased. The C16:0, C18:0,
C18:1 and C18:2 were the main components of en-
dogenous loss of fatty acids at the end of ileum and
throughout the entire intestinal tract. Moreover, these
fatty acids, fat, total unsaturated fatty acids (UFA) and
total saturated fatty acids (SFA) increased linearly (P
< 0.01) as the NDF content of diets increased. The en-
dogenous losses of fat as well as C16:0 and C18:0
throughout the entire intestinal tract in growing pigs in-
creased quadratically as NDF content of diets increased.
The endogenous loss of fat increased from 0.71 to 3.14
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Table 5 Effect of fiber content on amount (g/kg DMI) of losses of endogenous fat and fatty acids, as well as the percentages of
losses of individual fatty acids relative to total fatty acids (% of TFA) at the end of ileum of growing pigs (Exp. 1, DM basis)

ltems®  Neutral detergent fiber content of diets® SEM*  P-value”

0 g/kg 40 g/kg 80 g/kg 120 g/kg 160 g/kg 200 g/kg Linear  Quadratic

ag’kg % of TFA g/kg % of TFA g/kg % of TFA g/kg % of TFA g/kg % of TFA  g/kg % of TFA

DMI DMI DMI DMI DMI DMI
EE (OVA R 105 - 186 - 2.06 259 - 314 - 027 < 001 096
C120 002 294 001 066 002 077 002 068 002 041 002 032 000 037 0.72
C140 002 294 003 197 004 153 0.05 006 1.24 007 1.3 001 < 001 055
C15:0 000 0.00 001 066 001 038 001 034 002 041 002 032 000 < 001 084
C160 021 3088 043 2829 078 2989 087 2969 130 2686 160 2593 011 < 001 051
C170 001 147 002 132 003 1.5 003 1.02 005 103 006 097 000 < 001 034
c180 012 1765 023 1513 041 1571 044 1502 065 1343 080 1297 006 < 001 053
c181 009 1324 026 17.11 051 1954 0.58 19.80 095 1963 121 1961 006 < 001 012
c182 006 882 025 1645 044 1686 049 1672 106 21.90 147 2382 012 < 001 003
183 000 000 005 329 009 345 0.10 024 496 032 519 003 < 001 005
200 001 147 002 132 003 1.15 004 137 006 124 007 1.3 000 < 001 005
C201 002 294 002 132 002 077 003 1.02 004 083 005 081 000 < 001 005
1.0 001 147 001 066 001 038 0.00 0.00 001 021 001 0.16 000 023 0.50
C20:3 000 000 0.00 0.00 0.00 0.00 0.00 0.00 001 021 001 0.16 000 < 001 023
C204 001 147 001 066 001 038 000 0.00 001 021 001 016 000 097 0.04
€220 002 294 003 197 004 153 0.05 0.08 165 009 146 0.01 < 001 020
21 001 147 001 066 001 038 002 068 002 041 002 032 000 002 0.80
C230 001 147 002 132 003 1.5 003 102 004 083 006 097 000 < 001 049
240 004 588 007 461 010 383 012 410 016 331 021 340 002 < 001 048
226 001 147 002 132 002 077 004 137 004 083 006 097 020 005 0.70
41 001 147 002 132 001 038 001 034 002 041 001 016 000 047 047
SFA 047  69.12 088 5789 150 5747 166  56.66 245 5062 301 4878 019 < 001 047
UFA 021 3088 064 4211 111 4253 127 4334 239 4938 316 5122 019 < 001 002

2DMI Dry matter intake, TFA Total fatty acids;
PEF ether extract, SFA saturated fatty acid, UFA unsaturated fatty acid

"SEM and P-value all represent SEM and P-value of the amount (g/kg DMI) of endogenous losses of fat and fatty acids only

g/kg of dry matter intake (DMI) and 0.56 to 8.21 g/kg
DMI at the end of ileum and throughout the entire in-
testinal tract in growing pigs, respectively.

The endogenous loss of total SFA is a little different from
that of total UFA at the end of ileum, whereas the endogen-
ous loss of total SFA is much greater than that of total UFA
over the entire intestinal tract. On the whole, the endogen-
ous losses of fat, individual SFA and total SFA over the en-
tire intestinal tract were much greater than those at the end
of ileum, however, the endogenous losses of individual UFA
and total UFA were lower over the entire intestinal tract.

The respective contributions in percentages of losses
in the upper gut and hindgut to endogenous EE and
fatty acids are summarized in Table 7. The ELF occurred
in the hindgut except for growing pigs were fed 0 and
4% NDF in their diets. The endogenous losses of C16:0
and UFA were primarily in the upper gut and the en-
dogenous losses of C18:0 were greatest in the hindgut.

Exp. 2: effect of different fiber-rich ingredients on
endogenous loss of fat

The amounts (g/kg DMI) of endogenous losses of fat
and fatty acids and the percentage of TFA at the end of
ileum in growing pigs fed diets in which fiber-rich ingre-
dients supplements were DRB, SBP, RH, CGM, SH or
WB are presented in Table 8. The results showed that
ELF at the end of ileum in growing pigs fed CGM or
WB diets were greater (P< 0.01) than for pigs fed the
RH, DRB, SBP and SH diets. The profile of endogenous
losses of fatty acids changed to a slight degree at the end
of ileum that the endogenous losses of UFA (particularly
C18:1 and C18:2) in growing pigs fed CGM or WB diets
were greater (P < 0.01) than that for the other four diets
and the greatest (P < 0.01) endogenous losses of SFA
(particularly C18:0) was in the growing pigs fed the RH
diet compared to the other five diets. The endogenous
loss of C16:0 at the end of ileum in growing pigs fed the
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Table 6 Effect of fiber content on amount (g/kg DMI) of losses of endogenous fat and fatty acids, as well as percentages of fatty
acids relative to total fatty acids (% of TFA) over the total intestinal tract of growing pigs (Exp. 1, DM basis)

ltems®  Neutral detergent fiber content of diets® SEM*  P-value”

0 g/kg 40 g/kg 80 g/kg 120 g/kg 160 g/kg 200 g/kg Linear  Quadratic

ag’kg % of TFA g/kg % of TFA g/kg % of TFA g/kg % of TFA g/kg % of TFA  g/kg % of TFA

DMI DMI DMI DMI DMI DMI
EE 056 - 163 - 479 - 589 - 714 - 821 - 041 < 001 002
C120 000 0.00 001 050 001 022 002 037 002 030 003 044 000 < 001 046
C130 000 000 000 000 001 022 001 0.9 001 015 002 029 000 < 001 094
C140 002 217 005 248 009 198 011 206 013 198 016 233 0.01 < 001 055
C150 006 652 013 644 024 529 033 6.8 038 579 043 626 003 < 001 003
C160 032 3478 060 2970 114 2511 130 2434 157 2393 163 2373 008 < 001 001
C170 003 326 008 396 0.15 330 019 356 021 320 022 320 002 < 001 002
Cc180 033 3587 083 41.09 217 4780 260 4869 320 4878 320 4658 023 < 001 001
c181 003 326 008 396 0.18 396 020 375 028 427 034 495 002 < 001 078
c182 001 1.09 007 347 021 463 021 393 028 427 036 524 005 < 001 070
183 000 000 002 099 005 1.10 005 094 008 122 008 1.16 0.01 < 001 040
C200 005 543 005 248 009 198 010 187 010 152 0.10 146 001 < 001 009
C20:1 000 0.00 0.00 0.00 001 022 001 0.9 002 030 002 029 000 < 001 094
C21:0 000 0.00 0.00 0.00 0.00 0.00 001 0.9 001 0.5 002 029 000 < 001 092
€203 000 0.00 000 000 000 000 000 0.00 001 015 0.00. 0.00 000 003 022
C204 000 0.00 0.00 0.00 0.00  0.00 001 0.9 002 030 001 0.5 0.00  0.04 0.36
220 002 217 003 149 006 132 006 112 007 107 007 1.02 0.01 < 001 019
€221 000 000 001 050 001 022 001 0.9 001 015 001 015 000 003 0.12
€230 000 0.00 001 050 001 022 002 037 001 0.5 002 029 0.01 0.04 0.73
240 003 326 004 198 007 154 007 131 009 137 009 131 0.01 < 001 036
41 002 217 001 050 004 088 003 056 006 091 006 087 002 < 001 085
SFA 086 9348 183 90.59 404 8899 482  90.26 580 8841 599 87.19 036 < 001 < 001
UFA 0.08 6.52 019 941 050 11.01 052 974 076 1159 0.88 1281 010 < 001 067

2DMI Dry matter intake, TFA Total fatty acids
PEF ether extract, SFA saturated fatty acid, UFA unsaturated fatty acid
"SEM and P-value all represent SEM and P-value of the amount (g/kg DMI) of endogenous losses of fat and fatty acids only

RH, CGM or WB diets were greater (P< 0.01) than for
the other three diets. In general, results indicated that
the endogenous losses of fat or fatty acids at the end of
ileum was greater in growing pigs fed RH, CGM or WB
diets.

The amounts (g/kg DMI) of endogenous losses of fat
and fatty acids and the percentage of TFA over the
entire intestinal tract in growing pigs fed the six
above-mentioned common ingredients diets are summa-
rized in Table 9. The results indicated that ELF was the
greatest (P < 0.01) in growing pigs fed CGM or WB di-
ets; however, the ELF over the entire intestinal tract was
not the highest in growing pigs fed the RH diet among
the six fiber-rich ingredients and the result was opposite
that at the end of ileum. The endogenous loss of C16:0
was greater (P< 0.01) in growing pigs fed the RH, CGM
or WB diets. The greastest (P< 0.01) endogenous loss
of C18:0 was in growing pigs fed the CGM and WB

diets. The endogenous loss of SFA was the greatest (P
< 0.01) in growing pigs fed the CGM, WB and RH diets.
The least (P< 0.01) endogenous losses of fat, C16:0,
C18:0, and SFA were in growing pigs fed the DRB diets.
Overall, the endogenous losses of fat, C16:0, C18:0 and
SFA over the entire intestinal tract were much greater
(P< 0.01) in growing pigs fed the CGM and WB diets,
whereas the lowest (P< 0.01) values were in growing
pigs fed the DRB diet.

Overall comparisons revealed that the endogenous
losses of C18:1, C18:2 and UFA over the entire intestinal
tract of growing pigs fed the six common fiber-rich in-
gredients diets decreased compared with that at the end
of ileum, whereas the endogenous losses of fat, C16:0,
C18:0 and SFA were greater. The respective contribu-
tions in percentages of the upper gut and hindgut to
endogenous losses of EE and fatty acids are summarized
in Table 10. The contribution in percentages of ELF of
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Table 7 The respective contributions in percentages of the upper gut (UG) and the hindgut (HG) to endogenous losses of fat and
fatty acids in growing pigs fed diets that differed in content of NDF. (Exp. 1, DM basis)®

ltems®, %  Neutral detergent fiber content of diets, g/kg

0° 40 80 120 160 200

UG  HG SE UG  HG SE UG HG SE UG HG SE UG HG SE UG  HG SE
EE 127 =27 4 64 36 2 39 6l 135 65 2 36 64 2 38 62 1
C160 66 34 2 72 28 1 68 32 3 67 33 2 83 17 1 98 2 1
C180 36 64 1 28 72 119 8 2 17083 320 80 325 75 1
c18:1 300 -200 9 325 -225 5 283 —18 6 290 -190 6 339 -239 7 35 -25% 6
182 600 -500 8 357 -257 5 209 -109 4 233 —133 3 379 279 8 408 -308 4
c183 - - 25 -150 7 180 80 4 200 -100 5 300 -200 5 400 -300 6
SFA 55 45 148 5N 37 63 2 34 66 2 42 58 2 50 s
UFA 350 -250 8 337 237 7 222 —122 5 244 —144 4 314 214 6 359 -259 5

“In this table, the respective contribution in percentages of upper gut and hindgut were compared by T-test in each dietary treatment. No superscript indicated
that there was a significant difference in the respective contribution in percentages of the upper gut and hindgut each dietary treatment. The superscript “NS”
represented that there was no significant difference. The SE represented the standard error of the results of upper gut or hindgut in each experimental treatment
PEE ether extract, SFA saturated fatty acid, UFA unsaturated fatty acid

UG upper gut, HG hindgut, SE standard error

Table 8 Effect of fiber-rich ingredients on amounts (g/kg DM)I) of losses of endogenous fat and fatty acids and fatty acids as a
percent of total fatty acids (% of TFA) at the end of ileum of growing pigs (Exp. 2, DM basis)

ltems®  Fiber-rich ingredients of diets SEM™  P-value”
250 g/kg DRB 270 g/kg SBP 145 g/kg RH 250 g/kg CGM 170 g/kg SH 280 g/kg WB
g/kg % of g/kg 9% of g/kg % of g/kg % of g/kg % of g/kg % of
DMI TFA DMI TFA DMI TFA DMI TFA DMI TFA DM TFA
EE 134 - 2.58° - 460° - 350% - 1.54¢ - 417%  — 046 < 001
120 002 1.10 0.03 135 0.07 1.71 003 0.60 0.02 075 0.03 061 002 016
C140  003° 1.66 005° 225 0.10° 244 0.04° 0.80 0.04° 1.50 004° 081 001 < 001

150  001° 055 002° 090 009 220  001° 0.20 001° 038  001° 020 002 003
C160 044> 2431 073" 3288 126 3073 1.01° 2233 080° 3008 1.17° 2383 013 < 001
Cc170 004 221 001 045 004 098 002 040 003 113 002 041 001 021
c180 018 994 016 721 102° 2488  027° 543 040° 1504  023° 468 019 004
1811 042°¢ 2320  027° 1216 050° 1220 132 2656 052° 1955 098 1996 007 < 001

182 024° 1326 054° 2432 029° 707 167 3360 045°° 1692 1977 4012 0.6 < 001
183 001° 055 005> 225 001 024 007°° 141 009 338 0.12° 244 001 < 001
00 002 1.10 001 045 0.06 146 0.05 101 003 113 0.02 041 001 020
201 002 1.10 0.02 0.90 0.04 0.98 0.04 0.80 0.02 075 0.06 122 001 0.07
Q10 001 055 0.01 045 0.03 073 001 0.20 0 0.00 0.01 0.20 001 0.10
€204 0.02° 1.10 0.02° 0.90 0.05° 122 0.02° 040 0.00° 0.00 0.01° 0.20 0.01 < 001
20 006 331 0.04 1.80 0.06 146 0.04 0.80 0.04 1.50 0.04 081 001 0.54
221 003 166 003 135 0.04 098 002 040 001 038 001 0.20 001 0.06
30 002 1.10 0.03 135 0.03 073 0.02 040 0.03 113 0.02 041 001 0.24
€240 0.15° 8.29 0.14° 6.31 0.28° 6.83 0.10° 201 0.11P 414 0.11° 224 0.03 < 001
226 004 221 0.04 1.80 0.06 146 0.04 0.80 0.04 1.50 0.01 0.20 003 089
C24:1 005 276 0.02 0.90 0.07 1.71 0.09 181 0.02 075 0.05 1.02 002 010
SFA 0.98° 5414 123 5541 304° 7415 1.70° 3421 151 5677  170° 3462 039 002

UFA 0.83¢ 45.86 099°¢ 4459 1.06° 25.85 327° 65.79 115° 43.23 3.21° 65.38 0.24 < 001

“Within a row, means followed by the same or no superscript letter are not different (P > 0.05)

“DRB defatted rice bran, SBP sugar beet pulp, RH rice hull, CGM corn germ meal, SH soybean hull, WB wheat bran, DM/ Dry matter intake, TFA Total fatty acids
EE ether extract, SFA saturated fatty acid, UFA unsaturated fatty acid

“SEM and P-value all represent SEM and P-value of the amount (g/kg DMI) of endogenous losses of fat and fatty acids only
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Table 9 Effect of fiber-rich ingredients on amounts (g/kg DM)I) of losses of endogenous fat and fatty acids and fatty acids as a
percent of total fatty acids (% of TFA) over the total intestinal tract of growing pigs (Exp. 2, DM basis)

ltems”  Fiber-rich ingredients of diets® SEM™  P-value

250 g/kg DRB 270 g/kg SBP 145 g/kg RH 250 g/kg CGM 170 g/kg SH 280g/kg WB

g/kg % of g/kg % of a/kg % of a/kg % of g/kg % of a/kg % of

DMI TFA DMI TFA DMI TFA DMI TFA DMI TFA DMI TFA
EE 199 - 5.11° - 5.34° - 723° - 488° - 7.88° - 082 < 001
C120  001° 065 0.02° 0.58 0.02° 041 0.02° 031 0.01° 0.23 0.01° 0.17 0.00 < 001
C130  000° 000 0.01° 0.29 001% 020 001° 0.15 001 023 001 017 0.00 003
C140 003 1.94 0.13° 376 0.09°¢ 184 0.13° 2.00 0.10° 227 008> 138 0.02 < 001
c150  0.12° 7.74 040° 1156 020° 410 0.30° 462 026° 591 020° 345 0.03 < 001
C160  043° 2774 1.20° 3468  147° 3012 1427 2185 110° 2500 1407 2418 016 < 001
C170 006 387 0.14 405 0.13 266 0.14 215 0.15 341 0.14 242 003 0.25
c180 048 3097 1.06° 3064  218° 4467 374 5754  212° 4818  3.16° 5458 041 < 001
18 014° 903 0.11° 3.18 017%° 348 0.24° 3.69 017% 386 018% 311 0.02 001
C182  006° 3.87 0.11° 3.18 0.06° 123 015% 231 017 386 0.26° 449 003 < 001
c183  001° 065 0.01° 0.29 0.02° 041 003 046 0.05° 114 003 052 001 < 001
€200  005° 323 0.05° 145 0.21° 430 0.12° 185 0.07° 159 0.10° 173 003 < 001
20:1 001° 065 001 029 001 020 001® 015 001 023 0.02° 035 0.00 003
€220  003° 1.94 005% 145 0.10% 205 006® 092 005 114 005 086 001 0.09
221 001 0.65 001 0.29 0.02 041 0.01 0.15 001 023 001 0.17 000 027
€230 001 065 0.03 087 0.01 0.20 001 0.15 0.01 0.23 0.02 035 001 042
Q40 006 387 0.08 231 0.09 184 0.06 0.92 0.07 1.59 0.07 121 0.02 066
C24:1 0.04 258 0.04 116 0.09 1.84 0.05 077 0.04 091 0.05 0.86 0.02 062
SFA 1285 8258 317 9162  451° 9242 601° 9246  395° 8977  525° 9050 064 < 001
UFA 027 1742 029 838 037 7.58 049 7.54 045 1023 057 950 0.08 0.09

2Wwithin a row, means followed by the same or no superscript letter are not different (P> 0.05)

®DRB defatted rice bran, SBP sugar beet pulp, RH rice hull, CGM corn germ meal, SH soybean hull, WB wheat bran, DMI Dry matter intake, TFA Total fatty acids
fEE ether extract, SFA saturated fatty acid, UFA unsaturated fatty acid
“SEM and P-value all represent SEM and P-value of the amount (g/kg DMI) of endogenous losses of fat and fatty acids only

Table 10 The respective contribution in percentages of the upper gut (UG) and the hindgut (HG) to endogenous losses of fat and
fatty acids in growing pigs fed diets that differed in fiber-rich ingredients (Exp. 2, DM basis)?

ltems® %  Fiber-rich ingredients of diets

250 g/kg DRB 270 g/kg SBP 145 g/kg RH 250 g/kg CGM 170 g/kg SH 280 g/kg WB

UG  HG SE UG  HG SE UG  HG SE UG HG SE UG HG SE UG  HG SE
EE 67 33 2 5™ 5™ 20 g6 14 3 48" 5 2 32 68 1053 4
160 102 -2 3 6l 39 86 14 278 22 173 27 2 84 16
180 38 62 115 85 147 53 27 93 2 19 8l 17 923 1
1811 300 -200 6 245  —145 5 294 194 4 550  —450 8 306 206 7 544 —444 5
182 400 -300 6 491  —391 7 483 -383 5 1113 —1013 6 265 —165 5 758  —658 8
183 100 0 5 500 —400 4 50 s50M 3 233 133 3180 -80 3400 -300 6
SFA 77 23 239 61 1 67 33 2 28 72 138 62 2 32 68 2
UFA 307 -207 6 341 241 5 286 186 5 667 —-567 6 255 155 6 583  —483 6

“In this table, the respective contribution in percentages of upper gut and hindgut were compared by T-test in each dietary treatment. No superscript indicated
that there was a significant difference in the respective contribution in percentages of the upper gut and hindgut each dietary treatment. The superscript “NS”
represented that there was no significant difference. The SE represented the standard error of the results of upper gut or hindgut in each experimental treatment
PEE ether extract, SFA saturated fatty acid, UFA unsaturated fatty acid
“DRB defatted rice bran, SBP sugar beet pulp, RH rice hull, CGM corn germ meal, SH soybean hull, WB wheat bran, UG upper gut, HG hindgut, SE standard error
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upper gut was greater than of hindgut in growing pigs
fed DRB and RH diets, while the contribution of upper
gut and hindgut were equal in growing pigs fed SBP,
CGM and WB diets. The endogenous losses of C16:0
and UFA occurred in the upper gut and the endogenous
losses of C18:0 were mainly in the hindgut.

Discussion

Exp. 1: effect of dietary fiber content on endogenous loss
of fat

Previous reports indicated that ELF varied from 1.37 to
22.4 g/kg DMI over the entire intestinal tract in pigs fed
extracted fat [8, 10, 11, 24, 25] and from 2.0 to 12.08 g/
kg DMI in pigs fed intact fat [10, 11, 26, 27]. Those stud-
ies all used the graded levels of fat regression method to
estimate ELF values. The significant differences among
the above studies may be the reason that the lowest con-
tent of dietary fat and the range of fat content in diets
were different. The key factor for accurate determination
of regression coefficients is a broad gradient range [28].
On the other hand, other chemical components in diets
may also affect ELF values [14, 29, 30]. However, reports
on the effect of the non-fat chemical component on the
ELF was very limited. Kil et al. [11] and Kim et al. [31]
reported that ELF values are lower in pigs fed extracted
fat than intact fat which diets contained higher content
of fiber, suggesting that the higher fiber content in diets
results in greater ELF values.

In the current study, the results indicated that the ELF
value at the end of ileum and over the entire intestinal
tract increased linearly (P < 0.01) as the NDF content in
the diets increased. Those results confirm results
reported by Kil et al. [11] and Kim et al. [31]. Except for
the pigs fed 0 and 40g/kg NDF diets, the values
obtained from the current study were within the ranges
reported by others [8, 10, 11, 24-27]. This was linked to
the low fiber content (0 and 40 g/kg) in the diets which
were far below the fiber content of normal diets for
growing pigs. The higher content of fiber in diets could
reduce the absorption of dietary fat and reabsorption of
endogenous fat before the end of ileum, which would
result in much higher concentration of ELF at the end of
ileum and over the entire intestinal tract [14]. In
addition, the higher content of fiber may also promote
the fermentation of fiber that could produce volatile
fatty acids (VFA), and stimulate excretion of bile acids,
growth of the microbial population and desquamation of
epithelial cells [32-34]. Those materials could be
released into the feces as a portion of the fat content of
feces in the hindgut of pigs and an increase of ELF in
the hindgut [32-34]. This may be one reason for greater
ELF values over the entire intestinal tract compared to
the end of ileum in the present study. The result was
similar to that reported by Kil et al. [11] who found the
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ELF value at the end of the ileum to be less than that for
the entire intestine (7.27 vs 12.08 g/kg DMI) in pigs fed
intact fat, while the ELF value was not different between
the two collection sites (3.28 vs 3.77 g/kg DMI) in pigs
fed extracted fat. This phenomenon confirmed an effect
of fiber on ELF in the hindgut of growing pigs.

In addition to the above factors, another factor that
increased the endogenous loss of fatty acids as NDF con-
tent of diets increased in growing pigs was the de novo
synthesis of fatty acids by the microbial population in
the gut indicating intestinal fermentation of fiber [1, 14,
35]. Particularly, the endogenous losses of fat, individual
SFA and total SFA over the entire intestinal tract were
greater than that at the end of ileum, whereas the
endogenous loss of individual UFA and total UFA was
just the opposite in the current study. These results were
consistent with those reported by Jergensen et al. [8].
The difference may be due to hydrogenation of UFA to
SFA by the gut microflora [29, 36]. Besides, the result
that endogenous losses of fat, as well as C16:0 and C18:0
over the entire intestinal tract in growing pigs increased
quadratically as NDF content increased in diets of pigs.
Thus, the greatest endogenous losses of fat, and C16:0
and C18:0 occurs in growing pigs fed diets containing
160 or 200 g/kg NDF, but may not increase the endogen-
ous loss of fat, C16:0 and C18:0 over the entire intestinal
tract in growing pigs fed diets containing more than 160
or 200 g/kg NDF. This conjecture needs to be confirmed
by feeding greater amounts of NDF (e.g. 240, 280 and
320 g/kg) in diets of growing pigs.

Fiber could promote hindgut fermentation and micro-
bial growth, leading to the higher contribution of the
hindgut to ELF in growing pigs as dietary NDF increased,
except as noted for pigs fed 0 and 4% NDF in their diets
[1, 35]. The greater contribution of endogenous losses of
C16:0 in the upper gut may due to desquamation of epi-
thelial cells and biliary secretions that were less affected
by fermentation of fiber in the hindgut [32]. However, the
hindgut fermentation of fiber and hydrogenation of C18:1
and C18:2 increases endogenous losses of C18:0 in the
hindgut [29, 32].

Exp. 2: effect of different fiber-rich ingredients on
endogenous loss of fat

Apart from the concentration of fiber in diets of growing
pigs, the effect of fiber on digestion and absorption of
nutrients is associated closely with the functional and
structural characteristics of fiber [37-39]. In the Exp. 1
of the present study, the endogenous losses of fat and
fatty acids increased along with increases in amounts of
SH. In contrast, Kil et al. [11] reported that a purified
NDF (isolated cellulose) had little depressive effect on
digestibility of fat and ELF. The discrepancy was possibly
the result of the different characteristics of fiber between
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SH and purified NDF. The purified NDF was primarily
cellulose that is not easily digested, and may have little
stimulatory effect on microbial growth and production of
ELF [11]. Similarly, Gao et al. [38] reported that the
addition of carboxymethylcellulose sodium (CMC) to pig
diets had no effect on the ATTD of fat, while the addition
of inulin (INU) increased ATTD of fat. Those results also
contributed to the discrepancy of fiber characteristics be-
tween the two sources of fiber. The CMC has high viscos-
ity and low fermentation, which has a less stimulatory
effect on microbial growth, whereas INU has low viscosity
and high fermentation potential to increase intestinal fer-
mentation and the synthesis of fatty acids. Thus, available
results indicate that fiber type could have a significant
effect on the microbial population in the gut and affect
the endogenous loss of fat and the digestibility of fat [11,
38, 40]. Therefore, we selected six common fiber-rich in-
gredients with different fiber characteristic to determine
the effects on endogenous loss of fat and fatty acids in
growing pigs, and to provide data for optimizing digest-
ibility and energy supplying when fiber-rich ingredients
were used in diets of growing pig.

Results of the present study revealed that there was a
significant difference in the endogenous loss of fat and
fatty acids at the end of ileum in pigs fed DRB, SBP, RH,
CGM, SH or WB diets. This may be related strongly to
the characteristics and physicochemical structure of fiber
(e.g., solubility, viscosity and fermentability) [38, 39, 41,
42]. The ELF values at the end of ileum in growing pigs
fed RH, CGM or WB diets were the highest. This may
be due to the higher content of hemicellulose in CGM
and WB diets and the higher concentration of lignin in
the RH diet, while concentrations of cellulose were
higher in DRB and SH diets [43] and the soluble dietary
fiber (SDF) content was the greatest in the SBP diet [44].
The SDF was fermented more easily, rapidly and com-
pletely [40], while insoluble dietary fiber (IDF) would
prolong degradation and fermentation [14, 45, 46]
resulting in higher ELF value than SDF. Hemicellulose
and lignin are more readily fermentable than cellulose
and stimulated microbial growth and the synthesis of
fatty acids to yield a higher content of ELF [11, 47-49].
The higher endogenous losses of C16:0 at the end of
ileum in pigs fed RH, CGM and WB diet may be a result
of the role of hemicellulose to promote the synthesis of
C16:0 and lipolysis in vivo [1, 39] or due to effects to fa-
cilitate the microbial growth, desquamation of epithelial
cells and biliary secretions with a higher C16:0 content
[32-34]. The endogenous loss of C18:0 was the greatest
at the end of ileum in pigs fed the RH diet, which indi-
cated that lignin may promote the synthesis of C18:0 [1]
or stimulate microbial growth, the desquamation of epi-
thelial cells or biliary secretions iz vivo that have greater
concentrations of C18:0 [32-34]. The endogenous losses
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of C18:1 and C18:2 were the greatest in pigs fed CGM
and WB diets. This may due to effects of hemicellulose
on gut microbes, the desquamation of epithelial cells
and biliary secretions that increase C18:1 and C18:2.
But, it may also be connected to the fatty acid content
of body storage in pigs before the experiment, because
C18:1 and C18:2 are not synthesized in vivo in pigs.

However, the endogenous losses of fat and C18:0 were
the greatest over the entire intestinal tract of pigs fed
CGM or WB diets only, but values were not so high in
pigs fed the RH diet. The result indicated that the RH
diet with higher lignin content may have a stimulatory
effect on ELF before the end of ileum primarily and have
little effect on ELF in the hindgut. The endogenous
losses of fat, C16:0 and C18:0 and SFA over the entire
intestinal tract in pigs fed the DRB diet were the lowest
may due to DRB having less effects on endogenous loss
of fat and SFA in the hindgut compared with effects of
SBP and SH in the diet, but evidence for this requires
further study. Similar to results from Exp.l, the en-
dogenous loss of C18:1 and C18:2 and UFA over the en-
tire intestinal tract of growing pigs fed the six common
fiber-rich ingredients diets was lower than that at the
end of ileum, while the endogenous losses of C16:0 and
C18:0 and SFA were much higher. The hydrogenation of
UFA in hindgut may explain those results [29, 36].

Therefore, different fiber-rich ingredients have differ-
ent effects on the endogenous losses of fat and fatty
acids. Considering the requirement of fat and fatty acids
for pigs, the effects of dietary fiber ingredients on the
endogenous losses of fat and fatty acids should be con-
sidered when developing feed formulations.

Conclusions

In conclusion, the profile of endogenous losses of fatty
acids did not change as dietary NDF increased in grow-
ing pigs. The C16:0, C18:0, C18:1 and C18:2 were the
main components of endogenous loss of fatty acids at
the end of ileum and over the entire intestinal tract and
they increased significantly with the increases in NDF
content of diets for pigs. The ELF occurred in the hind-
gut except for growing pigs fed diets with 0 and 4%
NDF. The endogenous losses of C16:0 and UFA were
primarily in the upper gut while greater endogenous
losses of C18:0 occurred in the hindgut. The endogenous
losses of fat or fatty acids at the end of ileum were
greater in growing pigs fed RH, CGM and WB diets.
The higher endogenous losses of fat, C16:0 and C18:0,
and SFA over the entire tract of pigs fed CGM or WB
diets, while those values were the lowest in growing pigs
fed the DRB diet. In addition, the endogenous losses of
individual or total UFA was less over the entire intestinal
tract than at the end of ileum of growing pigs fed fiber
diets, and the higher endogenous losses of fat, as well as
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individual or total SFA occurred over the entire intes-
tinal tract. Therefore, different fiber content or fiber-rich
ingredients in pig diets have different influence on the
endogenous losses of fat and fatty acids. Considering the
dietary requirements of pigs for fat and fatty acids, care-
ful attention must be paid to avoid the endogenous
losses of fat and fatty acids when fiber ingredients are
used in diets of pigs.
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