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ABSTRACT

Severa investigations have been done on resistant starch (RS) due to its beneficial effects, such as
reduction of dietary energy, increased fecal production and growth of beneficial microorganismsinintestinal
tract, among others. The present study aimed at eval uating theinfluence of RS on some biological response
parameters. Male Wistar rats (97.1+5.3g) werefed diets supplemented with 0, 3, 9 and 18% of RS. Animals
were submitted to an adaptation period of five days. During the experimental period (15 days), dataand
samples were obtained to assess the following parameters: feed intake, body weight gain, apparent dry
matter digestibility, apparent starch digestibility, wet and dry fecal production, fecal water content, pH and
nitrogen. Addition of RS to the diets did not influence the feed intake, but it significantly reduced the
animalsbody weight. Wet and dry fecal productionswere significantly higher at adding 9 and 18% of RS.
The consumption of RS also significantly increased thewater content and nitrogen excretion in feces, and
decreased the fecal pH. The effects observed in the present study might essentially resulted from reduced
apparent starch digestibility, and from itsfermentation by intestinal microflora, demonstrating the beneficial
effects of RS on health maintenance.

Key Words. starch, undigestible carbohydrates, dietary fiber, intestinal function, fecal production, nitrogen
excretion.

RESUMO

O amido resistente (AR) vem sendo intensamente pesquisado nos Ultimos anos em fungdo de seus efeitos
benéficos, como reducéo da energia da dieta, aumento da producédo de fezes e desenvolvimento de
microrganismos benéficosno trato intestinal, entre outros. O objetivo destetrabalhofoi avaiar ainfluéncia
do AR da dieta sobre alguns parémetros de resposta bioldgica. Foram utilizados ratos machos Wistar
(97,1+5,3g) dimentados com ragdes experimentais suplementadas com 0, 3, 9 e 18% de AR. Osanimais
foram submetidos aum periodo de adaptacdo de 5 dias e, durante o periodo experimental (15 dias), foram
obtidos dados e amostras para a determinacé@o do consumo, ganho de peso, digestibilidade aparente da
matéria secae do amido, producéo de fezes imidas e secas, umidade, pH e nitrogénio nasfezes. A adicéo
de AR as ragdes ndo influenciou o consumo, mas diminuiu significativamente o peso dos animais. A
producéo defezes Umidas e secasfoi significativamente maior em niveisde 9 e 18% deAR. O consumo de
AR também aumentou significativamente o teor de umidade e de nitrogénio nasfezes, bem como diminuiu
0 pH fecal. Os efeitos observados neste trabalho podem ser essencialmente atribuidos a menor
digestibilidade aparente do amido e a sua fermentacéo pela microflora intestinal, o que demonstra seu
efeito benéfico no auxilio a manutencdo da salide.

Palavras-Chave. amido, carboidratosindigestiveis, fibradietética, funcdo intestinal, producéo de fezes,
excrecdo denitrogénio.
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INTRODUCTION

Several modern diseasesresult from inadequate feeding,
and some may be related to insufficient fiber intake. Although
thisfraction exertsimportant biological effectson health balance,
its consumption is restricted, especially due to its sensorial
properties, since the addition of traditional fiber sources causes
pronounced organoleptic alterations (e.g. bread enriched with
wheat bran)?.

In this context, there is the option of using another
indigestible carbohydrate, resistant starch (RS), defined as the
sum of starch and products of starch degradation not absorbed
in the small intestine of healthy individuals®. It has properties
similar tofiber, but with less pronounced organol eptic aterations.

RS, not being digested by the enzymes in the human
gastrointestinal tract, isconsidered areductor of dietary energy,
and may have significant effects on body weight®. It also
increases fecal mass, helps prevent constipation and
hemorrhoids, and dilutes toxic compounds!. This fraction has
also been associated with reduced post-prandia glycemic and
insulinemic responses, which may have beneficial implications
for the management of diabetes*; and reduced blood levels of
both cholesterol and triacylglycerols®S.

Behaving as a substrate for growth of beneficial
microorganisms, RS may act as a potential prebiotic agent”.
Besides, the products of starch fermentation reduce ceca and
fecal pH®9, and help in the prevention of inflammatory intestinal
diseases and certain types of cancer’.

Considering this, the present research aimed at eval uating
RS effects on feed intake, body weight gain, apparent dry matter
digestibility, apparent starch digestibility, wet and dry fecal

Table 1. Composition (g/kg) of the experimental diets (AIN 93G).

excretion, fecal water content, fecal pH and fecal nitrogen
excretioninrats.

MATERIALS AND METHODS

Dietsand treatments

Four diets (AIN 93G) were formulated (Table 1),
according to the recommendations of the American Institute of
Nutrition (AIN)*, all of them containing equivalent contents of
protein, fat, vitamins, minerals and total carbohydrates, but
differing in RS content. The starch source was cornstarch
containing less than 0.1% of RS. The RS source was a high
amylose corn starch (Novel ose 260%), containing 53.5% of RS
type 2, obtained from National Starch & Chemical Industrial
Ltda (Sao Paulo, Brazil). These dietsformed the treatments:

- Control: diet not supplemented with RS;

- 3% RS: diet where Novel ose 260° substituted for part of the
cornstarch in order to obtain 3% of RS in the total
composition;

- 9% RS: diet where Novelose 260° substituted for part of the
corngtarchin order to obtain 9% of RSinthetotal composition;

- 18% RS: diet where Novelose 260° substituted for part of
the cornstarch in order to obtain 18% of RS in the total
composition.

Animalsand experiment

Thirty-two male rats (Rattus norvegicus, Wistar albino
F1, Biotério Central/Universidade Federal de SantaMaria, age
30 days, initial body weight 97.1+5.3g) were randomly

Control 3%RS 9%RS 18%RS
Cornstarch 620.692 564.622 452472 284.242
Casain 140 140 140 140
Sucrose 100 100 100 100
Soybean oil 40 40 40 40
Purified cellulose 0 0 0 0
Novel ose 260° 0 56.07 16822 336.45
Minera and vitamin mix @ 20 20 20 20
Sodium chloride 260 260 260 260
Bicalcium phosphate 15 15 15 15
Calcium carbonate 6 6 6 6
L-Cystine 18 18 18 18
Cholinebitartrate 25 25 25 25
TBHQ®@ 8 8 8 8

@ Mineral and vitamin mix (g or mg/kg mix): K 102.86g; S8.57g; Mg 14.48g; Fe 1.00g; Zn 0.86g; Si 0.14g; Mn 0.30g; Cu0.17g; Cr
0.028g; B 14.26mg; F 28.73mg; Ni 14.31mg; Li 2.85mg; Se4.28mg; | 5.93mg; M04.32mg; V 2.87mg; nicotinic acid 3.00g; Capantothenate
1.60g; pyridoxine-HCI 0.70g; thiamin-HCI 0.60g; riboflavin 0.60g; folic acid 0.20g; biotin 0.02g; vitamin B12 2.50g; vitamin E 15.00g;

vitaminA 0.80g; vitamin D3 0.25g; vitamin K1 0.075g.
@ TBHQ: tert-butylhydroquinone.
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distributed among the treatments (8 animal s/treatment), and
individually housed in metabolic cages, with free accessto diet
and water. The period of adaptation was 5 days, during which
the animal swere consuming the experimental diets. After that,
the experimental period (15 days) began, when the
determination of feed intake and the collection of the feces
were made daily. The body weight of the animalswas obtained
every three days.

During adaptation and experimental period, temperature
was maintained at 21+2°C, and lighting was controlled by
alternating periods of 12 hours of light and dark.

Analytical M ethods

The determination of fecal water content (105°C/12h)
and fecal nitrogen (Micro-Kjeldahl) were carried out according
to methods mentioned in AOAC*2. Fecal pH was obtained from
a solution of 1g of partly dried feces (50°C/48h) in 10ml of
distilled water (method devel oped by the Nicleo Integrado de
Desenvolvimento em Analises Laboratoriais, by orientation of
Dr. LeilaPicolli daSilva).

Starch content of the starch and RS sources and feces
was determined by the AOAC* method 996.11, modified by
Walter®®. The samples (300mg) were incubated with
thermostable a-amylase (100ul) in phosphate buffer pH 6.8 (3ml)
at 95°C for 5 minutes, protease (100ul) at 60°C for 30 minutes,
and amyloglucosidase (100ul) in acetate buffer 200mM pH 4.5
(4ml) at 50°C for 30 minutes. After centrifugation, the
supernatants were used to the quantification of digestible starch
(DS). Theresiduesweretreated with dimethylsulfoxide (DM SO)
(2ml) at 95°C for 5 minutes, and then incubated with a-amylase
(200ul) in phosphate buffer pH 6.8 (3ml) at 95°C for 5 minutes,
and amyloglucosidase (100ul) in acetate buffer 200mM pH 4.5
(4ml) at 50°C for 30 minutes. After centrifugation, the
supernatants were used to the quantification of RS. Glucose
from DS and RS degradation was quantified by reaction with
glucose oxidase-peroxidase reagent.

Apparent dry matter digestibility (ADMD) was
calculated as the proportion of ingested dry matter that was

not later recovered in the feces*. Apparent starch digestibility
(ASD) was calcul ated as the proportion of starch ingested that
was not later recovered in the feces'.

Experimental design and statistical analysis

The experiment was carried out in acompletely random
design. The results obtained were submitted to analysis of
variance, with the means compared by Duncan’s test at 5% of
significance. The results were also submitted to correlation
analysis at 5% of significance. Statistical analysis was
performed using SPSSfor Windows 8.0 (1997).

RESULTS AND DISCUSSION

Feed intake, body weight gain, appar ent dry matter digestibility
and appar ent star ch digestibility

The addition of RS to the experimental diets did not
influencefeed intake, but reflected significantly on body weight
(Table 2). Some researches have demonstrated that increases
in diluting compounds, even though they reduce digestible
energy inthediet, do not cause significant effect on feed intake
and, many times, on body weight gain of the animals'®. Schulz
et al.®®and Youneset a ., using 24% of RSinthediet of young
rats, also did not observe significant effects on feed intake and
body weight of the animals. In studies with humans, the
inclusion of 30g of RS per day in the diet did not affect the
body weight, although the subjectsreported increased satiety*.
These results may be explained by the fact that, although the
energy value of starch that was excreted intact in the fecesis
zero, fermented starch has a positive energy value, although
significantly lower than that of starch which had been digested
and absorbed in the form of glucose™.

The addition of 18% of RSinthediet did not affect feed
intake, but significantly reduced the body weight gain of the
animals (Table 2). This was also observed in the results by
Morand et al .3, using the same level of RSin the diet of adult
rats, demonstrating that this effect is independent of the

Table 2. Effect of increasing levels of resistant starch (RS) on animals' performance.

Control 3%RS RS 18%RS
Feed intake (g) @ 104.06£11.15° 101.91+10.272 10391+3.31° 99.95:0.18°
Body weight gain (g) @ 1.34+4.89° 1.01+2.932 -0.75+2.232 -6.76+4.22"
ADMD (%) © 91.91+0,532 91.35:0.612 88.95+0.99° 86.83+1.27°
ASD (%) @ 99.29+0.112 98.82+0.37" 98.26+0.35° 97.86+0.31¢

@ Feed consumed during the experimental period.

@ Body weight gained during the experimental period.
©® Apparent dry matter digestibility.

@ Apparent starch digestibility.

Results expressed as mean value + standard deviation.

Mean values followed by the same letter on the same line are not significantly different (Duncan’s test at a level of 5% of

significance).
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development stage of the animal. Researches show that diets
rich in RS reduce epididymal fat pads®®, probably due to the
reduction of dietary energy caused by the substitution of DS
by RS. Thus, it may reduce body fat and, consequently, body
weight, just like the results obtained in the present research.
The dilution effect of RS is evidenced by the lower
values of apparent dry matter digestibility (ADMD) in the
present study, ascribed essentially to the lower apparent starch
digestibility (ASD) (Table 2). However, it was expected amore
pronounced reduction in the ASD, in accordance with the RS
levels of the experimental diets. This fact was not observed,
because part of the RS that escapes digestion in the small
intestine is fermented by the colonic bacteria, reducing the
amount of starch excreted in the feces. Andrieux e Sacquet?
reported ASD values of 98% for conventional rats, compared
to only 68% in germ free rats, demonstrating the effect of the
microfloraon RSfermentation. Thisincreased bacterial activity
may reflect significantly on quantitative and qualitative fecal
characteristics, such as production and water content.

Wet and dry fecal production, and fecal water content

Wet and dry fecal production, although not affected by
the addition of 3% of RSto the diet, was significantly increased
with 9 and 18% of RS (Table 3). Fecal water content was
significantly increased by RS addition, regardless of the level
used (Table 3).

De Schirjver et a.%, including 6% of RS to the diet of
rats and pigs, aso reported a significant increase in fecal
production. Similarly, Faulks et a.®, De Deckere et a.® and
Verbeek et al.2* observed increased wet and dry fecal production
adding 10, 14 and 14% of RSto thediet of rats, respectively. In
studies with humans, the consumption of 30 to 399 of RS per
day, besides increasing fecal production, also facilitated
defecation, but caused increased flatulence'®®.

Other studies with humans also demonstrated that
higher consumption of RSincreasesfecal production. Shetty e
Kurpad®, providing 100g per day of cornstarch rich in RS,
reported an increase of 30% in fecal mass, without modifying
thetransit time. Scheppach et al ., by inhibiting starch digestion
in the small intestine with acarbose, observed an increase of
68% in thisparameter.

Thisincrease of fecal production cannot be attributed
only to the resistance of starch to digestion, sinceits apparent
digestibility was higher than expected (Table 3), but also to
its effects on bacteria present in the ceccum and large
intestine, and on water retention. Eastwood?® and Wenk?®
reported that the increased bacterial activity in the
gastrointestinal tract, promoted by the higher content of
indigestible carbohydrates, increases the excretion of bacterial
constituents, which may represent a significant part of the
fecal mass.

Regarding the higher fecal water content, De Schrijver
et .2 and Geeet a .*° reported results similar to those obtained
in the present study, adding, respectively, 6 and 10% of RSto
the diet of rats.

Stephen e Cummings® and Jeraci e Horvath® explain
that theincreasein fecal water content of animalsfed dietsrich
in indigestible compounds may not be related only to its
hydration capacity, but also to a higher production and
excretion of bacterial mass (demonstrated by theincreased fecal
nitrogen excretion and the reduced fecal pH —Table 4), which
also has a high water-holding capacity.

Theincreased fecal production isimportant to prevent
constipation and hemorrhoids, aswell asto provide a substrate
for increased bacterial growth, which increases production and
concentration of potentially protective by-products while
diluting production and concentration of potentially toxic
compounds®.

Fecal pH and nitrogen excretion

The increase of RS levels in the experimental diets
significantly influenced fecal pH (r=-0.90; p<0.01) and fecal
nitrogen excretion (r = 0.84; p<0.01) (Figure 1, Table 4).

The decreased pH with RS consumption as well as the
increased fecal concentration of short chain fatty acids was
also observed in studies with humans®®. Similarly, Hillman et
al.* reported areduction in fecal pH with increasing levels of
cellulosein dietsfor humans. This effect may be explained by
the increase of indigestible carbohydrates available for
fermentation, which, reaching the colon, are fermented by the
microflora, resulting in the production of organic acids. Part of
these acidsis used by the organism, and part is excreted in the

Table 3. Effect of increasing levels of resistant starch (RS) on fecal production and water content.

Control 3%RS 9% RS 18%RS
WFP (g) @ 10.68+1.07°¢ 11.97+2.50°¢ 15.64+1.18° 18.72+2.85%
DFP(g) @ 8.70+0.83°¢ 8.82+1.10¢ 11.48+1.00° 12.70+1.62°
Fecal water content (%) 1847+1.22° 25.21+6.332 26.42+6.27° 30.06+7.862

@ Wet fecal production during the experimental period.
@ Dry fecal production during the experimental period.
Results expressed as mean value + standard deviation.

Mean values followed by the same letter on the same line are not significantly different (Duncan’s test at a level of 5% of

significance).
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feces, resulting in lower pH, which is desirable for the
maintenance of ahealthy intestinal microflora.

The increase in fecal nitrogen excretion is also an
indication of increased fermentative activity in the cecocolic
region of animals submitted to diets with higher levels of RS
(Table4). De Schrijver et a.?2 and Younes et al.* reported that
the addition of 6 and 25% of RSto the diet of rats, respectively,
significantly increased fecal nitrogen excretion. Likewise, the
consumption of dietsrichin fiber also increasesfecal nitrogen
excretion, which is normally associated with considerable
devel opment of ceccum microflora®.

Probably, the results obtained in these studies, as those
obtained in the present study, are dueto the accel erated growth
of cecocolic microorganisms, since the breakdown of high
amounts of carbohydrates increases nitrogen incorporation in
bacterial proteins®?’.

The nitrogen required for optimal bacterial growth is
provided by proteins escaping small intestine breakdown,
endogenous proteins (pancreatic and intestinal secretions,
sloughed epithelial cells), or blood ureadiffusing into digestive
contents'”. Therefore, the increase in fecal nitrogen excretion
could correspond to an increased fecal excretion of bacterial
proteins and to a shift of nitrogen excretion from urine to the
feces®.

Several sources of nitrogen used for rapid bacterial
growth aremetabolitesof protein (phenol, cresol, indoles, amines
and ammonia) that may have deleterious effects on the

pH
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Figure 1. Effect of different levelsof resistant starch (RS) inthe
diet on fecal pH and nitrogen excretionin rats.

organism, such as development of skin, bladder and bowel
cancer. So the presence of fermentable carbohydrates in the
colon, neutralizing these metabolites, reducestherisk of certain
kinds of cancer’®. Besides, the shift of nitrogen excretion from
urine to feces may help the management of chronic renal
disease"’.

Through the results obtained in the present study, we
may concludethat, except for feed intake, RStype 2 significantly
affected all other evaluated parameters. These effects are
essentialy attributed to the lower apparent starch digestibility
and its fermentation by the intestinal microflora, which
demonstrate its beneficial effect on health maintenance.
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