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EFFECTS OF DIETARY PECTIN ON PROTEIN
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Effects of dietary pectin on protein digestion and metabolism
in growing rats

In an attempt to clarify the relationships between the
digestive and metabolic effects of additional feeding of citrus
pectin, the intestinal contents, tissues weights, nitrogen excre-
tion and retention were studied in laboratory rats. Twenty-four
growing male Wistar rats (98.8 g + 5.3 g of body weight) were
fed ad libitum for 20 days with balanced diets containing casein
as the source of protein. In the experimental diet 96 g of wheat
starch was replaced by 80 g of citrus pectin and 16 g of vegetable
oil. Apparent digestibility and apparent protein biological value
were calculated, the weights of digestive tissues and digestive
organ content weights were also determined. All tissues of dif-
ferent parts of the digestive tract were heavier in the pectin fed
group, and small intestine and caecum were statistically sig-
nificant different as compared to control group. The contents
of the small intestine and caecum were significant heavier in
the pectin group. Pectin significantly lowered dry matter intake
and growth rate and significantly increased faecal excretion of
nitrogen and significantly decreased urinary nitrogen excre-
tion. The consequence of alteration in the nitrogen excretion
route was significantly lower apparent protein digestibility and
apparent net protein utilisation, but apparent protein biological
value was unchanged.

Key words: proteins / digestibility / metabolism / pectin /
small intestine / large intestine / laboratory rats

Delo je prispelo 02. julija 2009, sprejeto 17. novembra 2009.
Received July 02, 2009; accepted November 17, 2009.

Vpliv pektina na prebavo beljakovin in metabolizem pri rasto-
¢ih podganah

Da bi poskusili razloziti povezavo in vpliv krmljenja pek-
tina iz limonine lupine na prebavo in presnovo, smo izmerili
maso vsebine prebavil, maso tkiv prebavil ter izlo¢en in absor-
biran dusik pri laboratorijskih podganah. Stiriindvajset rasto¢ih
laboratorijskih podgan moskega spola seva Wistar (s povprec-
no telesno maso 98,8 g + 5,3 g) smo 20 dni krmili ad libitum z
uravnotezeno krmo, ki je vsebovala kazein kot vir beljakovin.
V poskusni krmi smo 96 g pSeni¢nega $kroba zamenjali z 80
g pektina iz limonine lupine in 16 g mesanice rastlinskih olj.
Izra¢unali smo navidezno prebavljivost beljakovin in navide-
zno biologko vrednost beljakovin ter dolo¢ili maso posameznih
tkiv in vsebine prebavil. V poskusni skupini, ki je imela v krmi
pektin, smo izmerili ve¢jo maso tkiv posameznih delov prebavil
v primerjavi s kontrolno skupino, s statisticno znacilnimi raz-
likami pri tankem in slepem ¢revesju. Masa vsebine tankega in
debelega Crevesja je bila statisti¢no znacilno vecja pri skupini s
pektinom. V skupini s pektinom v krmi so Zivali zauZile zna-
¢ilno manj suhe snovi krme in imele manjse priraste, znacilno
vec izlocenega dusika v blatu, pa tudi znacilno manj izlo¢enega
dusika preko seca. Posledica razlik v izlo¢anju dusika preko bla-
ta ali seca je znacilno manj$a navidezna prebavljivost in navi-
dezna neto izkoristljivost beljakovin, medtem, ko je navidezna
bioloska vrednost beljakovin ostala nespremenjena.

Klju¢ne beseda: beljakovine / prebavljivost / presnova /
pektin / tanko ¢revo / debelo ¢revo / laboratorijske podgane
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1 INTRODUCTION

Pectin is a component of many feedstuffs. Especial-
ly citrus and sugar beet pulp are rich in pectin and to a
limited degree it is present in grains and legumes. Pectin
improves the stability and tight connection of plant cells,
their osmolality and water content, and together with
hemicellulose, cellulose and lignin it reinforces the cell
matrix.

The name pectin is derived from the Greek word
“pectos”, which means gelatinizing or swelling and is re-
lated to the main physical and chemical character of this
molecule in establishing gels. Most authors point out the
resistance of pectin to the digestive enzymes of mammals
and include it among the non-starch polymers (East-
wood, 1992). A logical approach is the classification of
pectin as part of dietary fibre (Trowell et al., 1976; East-
wood, 1978; Schneemann, 1986; McDougall et al., 1996),
but only a small part of pectin belongs to the cell wall.
The rest is part of the cell cytoplasm and most fractions
of pectin are soluble. After isolation, pectin can be used
as a special dietetic feed composition.

A large number of investigations have been carried
out to study the effect of dietary fibre on the digestibility
of nutrients. Most authors report that the fibre content
of diet can impair the apparent digestibility of nutrients.
In particular, the effect of dietary fibre differs with the
source and nature of the fibre and relates to its chemi-
cal composition as well as to its physical and chemical
properties. The effect of the viscous nature of dietary fi-
bre, like pectin, on digestibility is contradictory. Already
Murray et al. (1977) reported a decrease in the apparent
digestibility of nitrogen in pigs after feeding gel-forming
polysaccharides (methyl-cellulose or pectin), whereas
the replacement of starch by cellulose caused no de-
crease. Other authors observed no effect of gel-forming
polysaccharides on nitrogen digestion in rats (Larsen et
al., 1994) and in pigs (Li et al., 1994). Soluble polysaccha-
rides have been found generally to be without significant
effect on the apparent digestibility of nutrients in pigs
(Huisman et al., 1985). For other authors, not only the
amount of nitrogen excreted in faeces, but also the ni-
trogen excreted in urine was found to be affected by the
type and fermentability of carbohydrate. Pastuszewska et
al. (2000a) found that faecal nitrogen excretion in rats
was increased by all carbohydrates (potato starch, pectin
or cellulose) when substituted for cereal starch, but only
pectin decreased urinary nitrogen excretion. Carbohy-
drates significantly altered the routes of nitrogen excre-
tion in protein-free diets too (Pastuszewska et al., 2000b).

The present study was designed to examine the ef-
fect of pectin on protein utilisation and on the develop-
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ment of the gastrointestinal tract to obtain a better pic-
ture of the nutritive functions of pectin in growing rats.

2 MATERIAL AND METHODS
2.1 DIETS

Two diets were prepared, a control diet and a pectin
diet in which a fraction of the wheat starch was replaced
by pectin from citrus peel (Fluka ref. No. 76280, degree
of esterification 63-66%, MW 30000-100000). The diets
contained different amounts of an oil mixture to adjust
the diets’ energy concentrations. The protein source in
the diets was casein purchased from Union des Caséiner-
ies de Charente Maritime (La Rochelle, France) and the
diets were calculated to contain 110 g of crude protein.
Diets (Table 1) were designed to meet the nutritional re-
quirements of growing rats (NRC, 1995). Weende analy-
sis, mineral content and dietary fibre analysis (Lee et al.,
1992) of the diets were performed.

2.2 ANIMALS AND EXPERIMENTAL PROCE-
DURE

All procedures were performed according to cur-
rent legislation on animal experimentation in Slovenia.
Permission for the experiment was granted by the Veteri-
nary Administration of the Republic of Slovenia (VURS)
under the number 323-02-215/2004/2. Twenty four male
Wistar rats (98.8 g + 5.3 body weight) reared in the Lek
laboratory animal unit (Ljubljana, Slovenia) were housed
in cages placed in a room kept at about 21 °C and 60%
humidity (checked and recorded each day), with light
automatically regulated on a 12-hour light/dark cycle
starting at 7.00 a.m. After a 4 days adaptation period, in
which the rats received a control diet, rats were separated
into two equal groups (n = 12), with average body weight
120.1 + 5.5 g and 120.1 £ 5.2 g in the control and pectin
groups, respectively. Animals were individually housed
in metabolic cages which permitted the collection of
urine and faeces separately during the experiment, and
had free access to drinking water. They received ad libi-
tum control or pectin semi-synthetic diet during an 18 or
20-day period.

On the 6™ day of the experimental period the 5-day
balance study began (Ore$nik and Cvirn, 1984; Ore$nik
et al., 1982; Stekar et al., 1984). Each day animals received
a new weighed daily meal and the residue from the day
before was weighed. Body weights were recorded on the
first day of the balance experiment, on the third day and
on the last day. Urine was collected in a bottle after filtra-
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Table 1: Diets (g/kg)
Preglednica 1: Krma (g/kg)

Control Pectin
Kontrola Pektin
Casein / Kazein 120 120
Wheat starch / P$eni¢ni $krob 616 520
Premix / Premiks ! 40 40
Sugar (sucrose) / Sladkor (saharoza) 50 50
Mixture of vegetable oils 54 70
Mesanica rastlinskih olj ?
Agar-agar / Agar-agar 40 40
Pectin / Pektin 0 80
Mineral mixture 70 70
Mesanica rudninskih snovi 3
Vitamin mixture 10 10
Mesanica vitaminov*
Sum / Vsota 1000 1000

! Mixture of wheat starch and L-cystine 55 mg/g (2.2 g of cystine added
in each diet) / MeSanica pSeni¢nega $kroba in L-cistina 55 mg/g (2,2 g
cistina dodanega vsaki krmi)

2 Rape oil, groundnut oil and sunflower oil (50:45:5) / Repi¢no olje,
ara$idovo olje in son¢ni¢no olje (50:45:5)

* Minerals UAR 205 b (UAR, Villemoisson-sur-Orge, France) / Rudnin-
ske snovi UAR 205 b

*Vitamins UAR 2.00 / Vitamini UAR 2,00

tion. This bottle contained 10 ml of 6 M HCl for each cage
to stop all reactions in the urine and to prevent losses of
nitrogen. The faeces samples were collected in a different
vessel. On the last day (5") of the balance study, the urine
was transferred to a prepared plastic bottle, weighed and
stored at —20 °C until analyses were performed. Fae-
ces samples were also stored in prepared plastic bottle,
weighed and frozen.

Before taking an aliquot of the sample for analysis,
faeces were homogenised in a ceramic holder. Urine was
homogenised by shaking to prevent stratification. In di-
ets, faeces and urine nitrogen was determined by the Kjel-

dahl method. Dietary crude protein (CP) was evaluated
as N x 6.25. Dry matter and crude ash were determined
in diets and faeces. Based on the amount of N intake, N
in faeces and N in urine, the following indices of N uti-
lisation were calculated: nitrogen apparent digestibility =
(N intake — N in faeces) / N intake; apparent protein bio-
logical value = (N intake — N in faeces — N in urine) / (N
intake — N in faeces) and apparent net protein utilisation
(NPU) = (N intake — N in faeces — N in urine) / N intake;
protein efliciency ratio (PER) = growth rate / CP intake.
Digestibility of organic matter (OM) = OM intake — OM
in faeces / OM intake and dry matter efficiency: growth
rate / dry matter intake x 100 were also calculated.

2.3 SAMPLING OF TISSUES

Half of the animals in each group were sacrificed on
the 18" day of the experiment and the other half on the
20" day in the morning between 9 and 11 oclock. Rats
were anaesthetized with an abdominal injection of Pen-
tothal (0.1 ml/100 g of body weight, Sigma, Saint Louis,
Mo., USA). The digestive tract was quickly removed.
Each part of the digestive tract (stomach, small intestine,
colon and caecum) was weighed with its content. The di-
gestive content of the small intestine was collected. The
small intestine wall was rinsed with a cold 2% TCA so-
lution, wiped and weighed. Stomach, colon and caecum
treatment was similar to treatment of the small intestine.

2.4 DATA ANALYSIS

Data were analysed by the General Linear Models
(GLM) procedure (SAS/STAT, 2000), taking into consid-
eration the diet as the main effect, and in the case of the
relative weight of intestinal tissues and gastrointestinal
content also the day of slaughter. Data are expressed as
least square means (LSM) + standard deviation (SD). Sig-
nificance was considered established at P < 0.05.

Table 2: Relative weight of digestive tissues (g per 100 g of the body weight) (average + SD)
Preglednica 2: Relativna masa tkiv prebavnega trakta (g / 100 g telesne mase) (povprecje + SD)

Control / Kontrola (12) Pectin / Pektin (12) P-value / p-vrednost *
Stomach / Zelodec 0.63 +£0.14 0.66 + 0.06 0.5410
Small intestine / Tanko érevo 2.94+£0.29 3.63+0.84 0.0151
Caecum / Slepo ¢revo 0.41 £0.07 0.65+0.10 <0.0001
Colon / Kolon 0.63 £0.07 0.70 £ 0.11 0.0656
Whole intestine / Celotno ¢revesje 3.97+0.33 4.97 £0.88 0.0016
Digestive tract / Prebavni trakt 4.60 +0.42 5.63 +0.88 0.0016

* Diet and day of slaughtering as two main effects / Krma in dan Zrtvovanja kot dva glavna vpliva
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Table 3: Weights (g) of the gastrointestinal content (average = SD)
Preglednica 3: Mase (g) vsebine prebavil (povprecje + SD)

Control Pectin P-value

Kontrola (12) Pektin (12) p-vrednost *
Content of stomach / Vsebina Zelodca 4.40+5.71 3.06 + 3.08 0.1634
Content of small intestine / Vsebina tankega ¢revesja 1.42 £0.78 3.34+257 0.0069
Content of caecum / Vsebina slepega ¢revesja 2.36+0.72 3.91+0.72 <0.0001
Content of colon / Vsebina kolona 1.44 +0.58 1.60 + 0.50 0.4928
Content of whole intestine / Vsebina celotnega ¢revesja 5.23 +1.40 8.85+3.07 0.0002
Content of digestive tract / Vsebina prebavnega trakta 9.70 £ 6.21 11.91 +5.69 0.1028

* Diet and day of slaughtering as two main effects / Krma in dan Zrtvovanja kot dva glavna vpliva

3 RESULTS

In Table 2 the weights of different organs of the di-
gestive tract are expressed as relative weights (g/100 g of
body weight) to minimise the body size effect. The av-
erage relative weights of the small intestine and caecum
were significantly (P < 0.05) higher in the pectin group
as compared to the control. The relative weight of the
stomach was similar in both groups. The average colon
relative weight was higher in the pectin group than in
the control, but the difference was not significant. The
average relative weight of the whole intestine or whole
digestive tract was also significantly (P < 0.05) higher in
the pectin group.

Similar results were found for the weights of the di-
gestive contents. There was significantly (P < 0.05) more
digestive contents in the small intestine, caecum and
whole intestine in the pectin fed rats compared to the
control group (Table 3).

After the 5-day pre-experimental period, the aver-
age body weight of animals in the pectin group was sig-
nificantly (P < 0.05) lower as compared to the control

group. Since the dry matter intake in pectin group was
lower all the time of experimental period, the difference
become significant already at the beginning of the bal-
ance experiment (15.9 g + 11.04 g ) and increased (30.7 g
+ 13.98 g) until the end of the balance experiment (Table
4). The result was significantly lower growth rate in pec-
tin group as compared to control group. The problem of
different body weight could be minimise, if animals of
the control group have some lower body weight at the
beginning of experimental period, but in this case the
age of animals will be different and the difference in the
growth rate even bigger. The differences in the dry matter
efficiency and PER value were also significantly lower in
the pectin group than in the control group.

Since the dry matter intake was lower in the pectin
group, the nitrogen intake was also significantly (P < 0.05)
lower than in the control group (Table 5). The amount
of faeces excreted per day, the amount of N excreted in
faeces per day and the amount of urine excreted per day
were significantly (P < 0.05) higher in the pectin group
as compared to the control group. On the other hand,
the nitrogen excreted in urine was significantly lower in

Table 4: Body weight, dry matter intake and growth rate (average £ SD) in 5 days balance measurements
Preglednica 4: Telesna masa, zauZita suha snov in prirast (povprecje = SD) v 5 dneh bilanénih meritev

Control Pectin P-value

Kontrola (6) Pektin (6) p-vrednost
Initial body weight (g) / Telesna masa ob zacetku poskusa (g) 149.3+7.11 133.4+£6.27 0.0021
Final body weight (g) / Telesna masa ob koncu poskusa (g) 179.2 £ 8.10 148.5+7.22 <0.0001
Dry matter intake (g DM/day) / Zauzita suha snov (gSS/dan) 17.0+0.70 13.9+0.46 <0.0001
Growth rate (g/day) / Prirast (g/dan) 6.0 £0.51 3.0 £0.40 <0.0001
DMlI/average body weight (g/g) / ZSS/povprecno telesno maso (g/g) 0.103 + 0.004 0.099 + 0.005 0.0734
Dry matter efficiency (%) / Izkoristek suhe snovi krme (%) 3522 +2.34 21.75 +2.32 <0.0001
PER (g growth/g CP) / PER (g prirasta/g SB) 3.0+0.20 1.6 £0.20 <0.0001

DMI - dry matter intake / ZSS - zauzita suha snov; PER - protein efficiency ratio / u¢inkovitost beljakovin za prirast; CP - crude protein / SB -

surove beljakovine
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Table 5: Balance experiment, digestibility, protein biological value and apparent net protein utilisation (average + SD)
Preglednica 5: Bilancni poskus, prebavljivost, bioloska vrednost beljakovin in navidezna neto izkoristljivost beljakovin (povprecje +

SD)
Control Pectin P-value
Kontrola (6) Pektin (6) p-vrednost
N intake (mg/day) 323+13 259+9 <0.0001
Zauziti N (mg/dan)
N intake/average body weight (mg/g) 20£0.1 1.8+0.1 0.0188
Zauziti N/povprec¢no telesno maso (mg/g)
Excreted faeces (g fresh mass/day) 24+0.2 3.1+0.6 0.0016
Izlo¢eno blato (g svezega blata/dan)
N in faeces (mg/day) 28.0+3.2 44.1+59 0.0002
N v blatu (mg/dan)
N in faeces/average body weight (mg/g) 0.171 £ 0,023 0.314 + 0.050 <0.0001
N v blatu/povpre¢no telesno maso (mg/g)
Excreted urine (g/day) 19.5+2.9 24.4+27 0.0120
Izlo¢en se¢ (g/dan)
N in urine (mg/day) 86.8+£9.3 66.2+7.1 0.0015
N v se¢u (mg/dan)
N in urine/average body weight (mg/g) 0.529 £0.053 0.471 £ 0.057 0.0980
N v secu/povprecno telesno maso (mg/g)
N balance (mg/day) 208 £ 10 149 + 13 <0.0001
Bilanca N (mg/dan)
N balance/average body weight (mg/g) 1.27 £0.05 1.06 £ 0.08 0.0003
Bilanca N/povpre¢no telesno maso (mg/g)
Apparent digestibility of protein (%) 91+1 83+2 <0.0001
Navidezna prebavljivost beljakovin (%)
Digestibility of organic matter (%) 95+1 92+1 <0.0001
Prebavljivost organske snovi (%)
Apparent protein biological value (%) 71+2 69+4 0.4519
Navidezna bioloska vrednost beljakovin (%)
Apparent net protein utilisation (%) 64+2 57+4 0.0047

Navidezna neto izkoristljivost beljakovin (%)

N - nitrogen / dusik

the pectin group. Consequently, the nitrogen balance was
significantly decreased in the pectin group (on average
only 71.5% of the value in the control group). Results ex-
pressed per 1 g of average body weight show significant
increase excretion of N in faeces (for 84%) and decrease
consumed N (for 10%) and N balance (for 16%) in pec-
tin group, but no significant differences in excretion of N
through urine.

The apparent protein digestibility, digestibility of
dry matter and organic matter decreased significantly
(P <0.0001) as a result of pectin addition to the diet (Ta-
ble 5). On the contrary, the apparent biological value of
protein was not affected by pectin, the average values
were not different in the two groups (P = 0.4519), but
apparent net protein utilisation was also significantly de-
creased in the pectin group as compared to the control.

4 DISCUSSION

It is well recognized that dietary non-starch polysac-
charides, especially soluble ones, such as pectin, can de-
crease the apparent digestibility of whole protein or of
amino acids in pigs (de Lange et al., 1989; Mosenthin et
al., 1994; Zhu et al., 2005; Libao-Mercado et al., 2006).
Such effects are likely to be related to endogenous ni-
trogen losses, which can be seen in increased secretion
and impaired reabsorption in the lower part of the gas-
trointestinal tract in pigs (Grela et al., 1998) and in rats
(Larsen et al., 1993), and in stimulation of the rate of mi-
crobial fermentation in the gut of monogastric animals
(Eggum, 1995; Schulze et al., 1995; McCullough et al.,
1998). The present study demonstrates that the course of
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digestion and also the enlargement of the intestinal tis-
sues are influenced by pectin.

It has been found that the addition of pectin to the
diet significantly increases endogenous nitrogen flow in
rats (Pastuszewska et al., 2000b) and in pigs (de Lange
et al., 1989; Libao-Mercado et al., 2006) which includes
digestive gland secretions, desquamated cells from ac-
tive replacement of the gastrointestinal mucosal lining,
and secretion of plasma components (urea and a small
amount of plasma protein) (Shah et al., 1982). Indeed
pectin has been shown to stimulate enterocyte turno-
ver (Fukunaga et al., 2003; Chun et al., 1989), and may
increase mucin secretions because of stimulation by the
increase in caecal short chain fatty acid production (Bar-
celo et al., 2000) in laboratory rats.

The effect of pectin on protein flow (of dietary and
endogenous origin) could also be the result of an interfer-
ence with luminal protein digestion either of dietary or of
endogenous origin, as shown for other dietary fibers that
enhance endogenous nitrogen secretion (Schulze et al.,
1995). Endogenous amino acids may not be available for
absorption because of the physical and chemical adsorp-
tive properties of pectin (Souffrant, 2001). El Kossori et
al. (2000) suggested that protein hydrolysis could be pre-
vented by interactions between protein or enzyme and
fiber without modification of the viscosity, and would
depend on the kind of fiber. Animals producing more
mucus could have a slower absorption rate, because it has
been postulated that mucus contributes to the apparent
thickness of the unstirred layer and affords protection to
the mucosal surface (Nimmerfall and Rosenthaler, 1980).
However, increased luminal mucin did not disturb glu-
cose or ovalbumin absorption (Morita et al., 2006).

Undigested endogenous or dietary nitrogenous
compounds can be transformed by microorganisms
in the large intestine. In the intestinal tract of pigs, mi-
crobes degrade up to 90% of pectin by fermentation
(Drochner et al., 2004). Such microbes use pectin as an
energy source and also use most of the luminal nitrogen,
which is consequently excreted in faeces. However, this
phenomena cannot be responsible for the enlargement
of excreted nitrogen in the faeces unless the increased
microbial fermentation, evidenced by the increase in the
production of short chain fatty acids (SCFA) in the large
intestine (Pirman et al., 2007), induces a stimulation of
endogenous nitrogen secretions. Beside that, SCFAs have
some other important roles in the intestinal lumen. Re-
search on rats showed that an increased concentration of
SCFA in the intestinal lumen, because of the ingestion of
non-starch polysaccharides or non-digestible oligosac-
charides decreased the pH value in the large intestine,
leading to the conversion of NH, to NH,*. This form
of ammonia cannot diffuse through the intestinal wall
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(Younes et al., 1995), leading to the change of the nitro-
gen metabolism, since the more nitrogen is excreted by
faeces, the less nitrogen is transferred to urea in the liver
and consequently less nitrogen is excreted by urine (Mo-
senthin et al., 1992). On the other hand, where microbial
fermentation is very intensive (because of the presence
of soluble dietary fiber, like pectin), the utilization of
urea by microflora in the intestinal lumen is increased
and again nitrogen is excreted through faeces (microbial
mass) and less nitrogen is excreted through urine.

In the present study, the enlarged faecal nitrogen
loss seems to be of endogenous origin. Indeed, faecal
nitrogen loss was increased by 57% by pectin feeding,
which is very similar to the increase described for endog-
enous losses (53%) in rats fed a pectin nitrogen—free diet
when compared with a control nitrogen-free diet (Pas-
tuszewska et al., 2000b). This conclusion suggests that the
increase in nitrogen faecal loss induced by pectin feeding
is unlikely to result from an increase in faecal loss of di-
etary nitrogen. Consequently most dietary amino acids
in our experiment would have been absorbed as with the
control diet.

All the carbohydrates (potato starch, pectin, cel-
lulose and tannic acid) used in the study on laboratory
rats of Pastuszewska et al. (2000a) tended to decrease the
blood urea nitrogen concentration as compared to the
control (wheat starch as carbohydrate), and nearly 20%
nitrogen excreted by urine in a control group (319 mg vs.
254 mg in urine of pectin group) was obviously metabo-
lized in the large intestine (72 mg vs. 110 mg in faeces
of pectin group). If such a proportion was applied in the
present study, on average 16.54 mg of endogenous urea
nitrogen (blood urea nitrogen excreted by faeces) would
be redirected from urinary excretion to fecal excretion.
This value is close to the difference between nitrogen fae-
cal excretion in the pectin (28.00 mg/d) and control rats
(44.05 mg/d). Nitrogen originating from endogenous
urea may be a major component of the increase in nitro-
gen faecal losses by pectin feeding. Another consequence
of this exchange is that the assessments of protein nu-
tritional value need to be corrected to take into account
this exchange between urine and faecal nitrogen excre-
tion. In this case, the corrected nitrogen digestibility be-
comes 91.31% and 89.37% for the control and the pectin
diets, respectively, while the corrected biological value
becomes 70.58% and 64.21% in the control and pectin
diets, respectively. Consequently the main difference in
protein and diet nutritional value between the control
and the pectin diets seems to be not at absorption level
but rather in differences in urea excretion pathways and
possibly in amino acid metabolism.

This could be a consequence of an increase in the
requirements for a specific nutrient (energy, amino ac-



EFFECTS OF DIETARY PECTIN ON PROTEIN DIGESTION AND METABOLISM IN GROWING RATS

ids like threonine) due to the high protein turnover in
intestinal tissues observed in pectin fed rats, which may
impair amino acid utilization in other organs (Pirman
et al., 2007). Indeed the weights of intestinal tissues in
rats were increased as a result of addition of pectin to the
diet, as it was found in a previous study (Pirman et al.,
2007). When different fibers were compared, the great-
est enlargement of caecal digests and tissue was observed
after addition of pectin to the diet (Pastuszewska et al.,
2000a). This intestinal hypertrophy corresponded to hy-
perplasia in the small intestine (Brown et al., 1979), to an
increase in villous cell exfoliation and crypt cell prolifera-
tion (Jacobs 1983), and to alteration of gut morphology
by increasing the number of goblet cells and mucus pro-
duction (Cassidy et al., 1981) in laboratory rats. In our
previous study on addition of pectin to the diet of the
laboratory rats (Pirman et al, 2007) the villous height
in the small intestine and crypt depth in small intestine,
caecum and colon were significantly increased as com-
pared to the control diet. In a previous study, the strong
stimulation of intestinal protein turnover corresponded
to a slight decrease in muscle protein turnover (Pirman
et al., 2008). In the study of Zhu et al. (2005) on pigs the
utilization of threonine in whole body protein deposition
was linearly decreased with the dietary pectin level, but
not of lysine. This was connected to the high amount of
threonine in mucoproteins, so the influence of pectin on
digestive physiology operates through amino acid and
nitrogen utilization at the whole body level.

5 CONCLUSIONS

Pectin is an important factor affecting the propor-
tions of faecal and urinary nitrogen excretion and ulti-
mately both apparent protein digestibility and corrected
apparent protein biological value. This effect is related
to the fermentability of pectin, especially in the large
intestine. Furthermore, the study confirmed the effects
of pectin on digestive physiology, namely increased urea
excretion from blood to intestine and reduced urea ex-
cretion by urine. Both consequences (in digestive tract
and in kidney function) of the presence of pectin in the
diet are of benefit for health status in animals and men.

6 POVZETEK

Pektin spada v skupino topne vlaknine in ga naj-
demo v mnogih in razli¢nih vrstah hrane in krme. V lit-
eraturi najdemo razli¢ne in nasprotujoce uc¢inke na preb-
avljivost hranljivih snovi pri dodajanju topne vlaknine
v obrok. V vedini primerov povecajo izlo¢anje dusika

preko blata, a le redko zmanj$ajo izlo¢anje dusika preko
seCa. Z naso raziskavo smo Zeleli ugotoviti vpliv pektina
na izkoristljivost beljakovin in na razvoj posameznih
delov prebavil, s tem pa bi dobili bolj$o predstavo o pre-
hranski vlogi pektina. Pripravili smo dve krmi, v katerih
je bil kazein kot vir beljakovin. V poskusni krmi smo del
pSeni¢nega $kroba zamenjali s pektinom iz limonine lu-
pine in mesanico rastlinskih olj, da sta bili krmi izoen-
ergijski. 24 rastoc¢ih laboratorijskih podgan moskega
spola smo po 4 dnevih predposkusa razdelili v dve ho-
mogeni skupini (telesna masa 120,1 g+ 5,5gin 120,1 g+
5,2 g za kontrolno in pektinsko skupino) in jih 20 dni ad
libitum krmili z eno od pripravljenih krmnih meSanic in
merili zauZzivanje krme in priraste. V ¢asu poskusa smo
5 dni zaporedoma loc¢eno zbirali blato in se¢ (bilan¢ni
poskus). Na koncu poskusa smo zivali Zrtvovali, odvzeli
tkiva prebavil in jih stehtali polne in prazne. Izra¢unali
smo navidezno prebavljivost beljakovin in organske
snovi, navidezno biolosko vrednost beljakovin in navi-
dezno neto izkoristljivost beljakovin. Pektin vpliva na
povecanje mase tkiv prebavil in vsebine prebavil, kar v
najvedji meri velja za slepo ¢revo. Pektin je tudi pomem-
bno vplival na porazdelitev izlo¢enega dusika preko blata
oz. preko seca, kar ima vpliv na navidezno prebavljivost
beljakovin in korigirano biolosko vrednost beljakovin.
To je povezano s fermentabilnostjo pektina. Nasi rezul-
tati potrjujejo vpliv pektina na fiziologijo prebave, saj
povecuje izlo¢anje se¢nine (dusika) preko krvnega ob-
toka nazaj v prebavila in zmanjsuje izlo¢anje le-te preko
seca. Oboje ima ugoden vpliv na zdravstveno stanje Zivali
in ljudi.
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