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ABSTRACT: Starch factories generate large amounts of cassava solid waste. A small amount is utilized for
animal feed but most of it is discharged with deleterious effects to the envirounment. A edible food with a
high content of insoluble dietary fiber (60.9%), nhamed “partially hidrolyzed cassava waste” (PHCW), was
prepared from industrial cassava solid waste by an enzymatic process. PHCW or wheat bran (WB) were fed
to model rats and both promoted digestive function effects, but PHCW produced the greatest effect. The
insoluble fiber constituent from PHCW (and not the soluble fiber), promoted the greatest fecal bulking, feca
weight and defecation frequency inrats, as compared to WB. Such resultsindicate that the partially hydrolyzed
cassava waste presents digestive function properties which alow it to be used as an adequate source of
insoluble dietary fiber in the formulation of functional food for human nutrition.
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PROPRIEDADES FUNCIONAIS-DIGESTIVAS DO CONCENTRADO
DE FIBRA ALIMENTAR OBTIDO DE MANDIOCA

RESUMO: As fecularias e polvilheiras produzem grandes quantidades de bagago de mandioca. A proposta
dessa pesqui saconsi stiu determinar, em ratos model o, apropriedade funcional -digestivado produto alimenticio
bagaco de mandioca hidrolisado (BMH), um concentrado de fibra alimentar (60,9%, peso seco) que foi

obtido a partir do bagaco de mandioca da polvilheira e através de processo de hidrdlise enzimatica. O BMH
produziu efeitos fisiol 6gicos no trato digestivo dos ratos model os mais acentuados que os efeitos produzidos
pelo farelo de trigo (FT). Foram os componentes insolUveis da fibra alimentar do BMH, e ndo a fragdo
solUvel, os que mais contribuiram para 0 maior volume e peso das fezes e, por conseguinte, para 0 maior
nimero de defecacBes. Por isso, 0 BMH pode ser usado como fonte alternativa de fibra alimentar para a
formulagéo de alimentos, principal mente os consumidos por individuos com afinalidade de regular ou manter
normal afuncionalidade digestiva.

Palavras-chave: mandioca, fibra alimentar, farelo de trigo, alimento funcional, nutricdo humana

INTRODUCTION

Cassava processing plants produce not only tapi-
oca starch and “polvilho”, a naturally-fermented cassava
starch, typical products of Brazil, but also a solid, moist
by-product, the cassava solid waste, which represents an
environmenta problem. Drying cassava waste, to produce
bran/rough flour for animal feed is economically unfea
sible, because of low market prices (Lima, 1982; Cereda,
1994; Vilpoux & Cereda, 1995; Raupp et al., 1998; 1999).
The nutritional composition of cassava solid waste was
determined by Raupp et a. (1999), and its dietary fiber
(43.1%, dry weight) and starch contents (47.1%, dry
weight), as well as the amount yielded (Cereda, 1996),

justify the search for processes that would enable a more
noble use for this foodstuff.

Dietary fibers present carbohydrates that are not
digested by the digestive enzyms in the human body, but
some can be hydrolyzed or degraded by natural microf-
lora present especialy in the colon. Pectins, mucilages
and gums can be completely degraded, while hemicellu-
lose presents a variable degree of degradation, and cel-
lulose is only dightly degraded. The importance of fibers
is related to the physiological effect, both for digestive
function regulation and for controlling and/or preventing
gastrointestinal diseases or related malfunctions, such as
constipation, diverticulitis, digestive cancer, cholester-
olemia and glycemia. The ability many fibers have to bind
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to toxic compounds has not been sufficiently studied, al-
though it is considered to be the reason for its protective
action against gastrointestinal cancer. The role of fibers
such as those in some fruit and vegetables as well as in
wheat bran in stimulating peristaltic action, is another ef-
fect considered protective. Conversely, some products
produced and released in the large bowel from the mi-
crobial fermentation of dietary fiber constituents have
been considered as carcinogenic. Because viscous fibers
sow down the food bolus and fecal matter movement,
they stimulate the establishment of constipation
(Schweizer & Edwards, 1992; Birkett et al., 1997; Lewis
& Heaton, 1997; Raupp & Sgarbieri, 1997; Glitso et al.,
1998; Kritchevsky, 1998; Rigaud et a., 1998; Sorensen
et al., 1998; Wijnands et al., 1999).

Despite the controversy, the beneficia effects of
dietary fibers in human hedlth is clearly shown in most
research. These results have, in recent years, awakened
foodstuff producers for the need of making available feeds
containing dietary fibersin their composition. Fibrous by-
products, such as those from wheat mills, are no longer
discharged since their use is a well-established practice in
human nutrition. A possible exploitation dternative, both
for the solid waste from starch factories and for the solid
bulky mass that results from its hydrolysis, would be its
utilization as ingredient in the formulation of fibrous food
products. Therefore, this research was aimed at evaluating,
in model rats, the functional digestive properties of a con-
centrate foodstuff rich in insoluble dietary fiber, the par-
tially hydrolyzed cassava waste (PHCW), which was pre-
pared from cassava solid waste produced by a starch fac-
tory, against wheat bran, a dietary fiber standard.

MATERIAL AND METHODS

The raw material “cassava solid waste’, a dis-
charged by-product in starch factories, was collected in
factories in the region of Tibagi, Parang, where it is till
considered waste material. The process utilized for ob-
taining “polvilho” (naturally fermented starch) from cas-
sava, which also yields the discharged “cassava solid
waste” is summarized ahead.

The cassava roots are washed and peeled in ma-
chines operating under continuous water stream. Dirt and
superficial brown peel are eliminated in this first step.
Roots are then ground and transformed, into a mass,
which is conducted to a vibrating sifting system all un-
der running water. The starch is carried by water to a
brusher which compress the cassava mass forward against
the gutter walls and the starch-rich water passes through
the gutter holes, transporting the starch through of pipes
to a cylindrical collector located under the brushing sys-
tem. The water carries the starch from the cylindrical col-
lector to a maze-shaped tank, where starch settling (sedi-
mentation) occurs.

The surfacing water, referred to as “manipueirad’,
is collected into settling ponds exposed to the environ-
ment. The freshly obtained moist starch is transported to
atank for natural fermentation. The mass or cake is then
air dried and ground, resulting in the fermented product
“polvilho azedo” (sour starch). The discharged materia
produced in the sifting system and in the brusher consti-
tute the “ cassava solid waste”.

A concentrate dietary fiber feed, referred to as
“partidly hydrolyzed cassava waste” (PHCW), was pre-
pared from the cassava solid waste as recommended by
Raupp et a. (2002). An enzymatic hydrolysis process was
applied to the cassava solid waste, consisting in the use
of the amylolytic commercial enzymes termamyl and
amyloglucosidase (AMG), for saccharification of the re-
maining starch. Pectinex, an enzyme that acts on the fi-
bers that make up the cell wall, was aso applied to im-
prove the efficiency of the amylolytic hydrolysis process.

The solid matter that resisted the hydrolysis pro-
cess, after separation from the liquid portion by filtration
followed by washing under running water, was dried in
circulation oven with the temperature adjusted between
60 and 70°C and homogeneized in an industrial blender,
resulting in the product specified as “partially hydrolyzed
cassava waste” (PHCW).

The rehydration capacity was determined accord-
ing to Schweizer & Edwards (1992), while granulometry
was determined by sifting a 100 g sample for 30 minutes
ina2.0-10-0.25-0.105 — 0.059 mm mesh sieves se-
guence. The portions retained by each sieve were weighed
and their relative proportions in the product were calcu-
lated.

The PHCW was incorporated into diets and fed
to growing model rats, to evaluate its digestive function
properties, food intake, feed conversion ratio (FCR) and
operational protein efficiency ratio (PERop). Wheat bran
(WB) was used as a fiber source standard. The trial con-
sisted of seven treatments with six rats/treatment, indi-
vidually housed according to a random block design.
Three treatments received PHCW at rates of 5%, 15%
or 25% of the diet; three treatments received WB as a
comparison standard also at the rates of 5%, 15% or
25%; and one treatment did not receive any source of
fiber.

Diets were prepared out of casein provided by
Kauffmann & Co., 90.39% protein (%N ~ 6.40; AOAC,
1984), dry basis; refined soybean oil; corn starch (purity
degree of 99.8%, dry basis); vitamin mix and mineral mix,
both prepared in the laboratory according to the AIN-93G
formulation (Reeves et a., 1993). The base diet was pre-
pared according to the AIN-93G formulation (Reeves et
al., 1993) to contain: casein 20%; soybean oil 7%; min-
eral mix 3.5%; vitamin mix 1%; L-cystine 0.3%; choline
bitartrate 0.25%. Starch, the only digestible polysaccha
ride source in the base diet, was utilized g.s. 100%.
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PHCW or the WB standard were added to the base diet
as the only source of dietary fiber at 5%, 15% or 25%,
as areplacement for equal percentage of starch. The AIN-
93G formulation (Reeves et a., 1993) provides 5% fiber
in aregular diet, and the fiber constituent in the base diet
was replaced with PHCW or with WB (Table 1).

Model animals were 21-day-old “ Specific Patho-
gen Free” (SPF) abino rats, Wistar strain. During the as-
say, the temperature in the laboratory was maintained at
21 £ 2°C, with automatic alternation of 12 hour photo-
periods. Diet and water were provided ad libitum. The
assay lasted 33 days, including 5 days for adaptation to
the experimental environment.

Feces were collected, food intake weight and
body weight were determined each other days for each
rat. Feces were oven-dried (70°C), fecal weight and bulk
were determined, and the fecal units were counted to de-
termine the number of defecations. Upon determination
of body weight and amount of food and protein con-
sumed, feed conversion ratio (FCR) (Sgarbieri, 1987) and
the operational protein efficiency ratio (PERop) were cal-
culated, respectively. The FCR vaue was obtained, by
dividing the anima’s weight gain (g) by the amount of
food consumed during the assay; the PERop value was
obtained by dividing the anima’s weight difference (g)
by the amount of protein ingested during the assay. The

amount of protein was quantified by Kjeldhal methodol-
ogy and the 6.40 factor was utilized to convert the nitro-
gen percentages into protein (AOAC, 1984).

Data were submitted to analysis of variance and
treatment means were compared by Tukey test (P = 0.05),
according to Banzatto & Kronka (1995). Data were also
evaluated by polynomia regression anaysis to fit a sta-
tistical function relating the characteristics (variables) as
a function of rates of dietary fiber sources utilized in the
diets, (Banzatto & Kronka, 1995).

RESULTSAND DISCUSSION

The interferences of PHCW in defecation fre-
guency, weight and bulk of feces produced by the rats are
shown in Table 2. Diets containing either PHCW or WB
stimulated the animals' digestive tract function, as com-
pared to the base diet (without a FS).

The incorporation of 5%, 15% or 25% of PHCW
or WB to the base diet resulted in higher no. of defeca
tions, weight and bulk of dry feces produced by the ani-
mals. Only the group receiving the diet containing 5%
WB did not differ from the group receiving the base diet
with regard to the no. of defecations (Table 2).

The polynomial regression analysis showed that
there is a high degree of fitting, according to a linear re-

Table 1 - Composition (dry basis)* of dietary fiber sources utilized in the formulation of diets to feed model rats.

Fiber source Dietary fiber
Partially hydrolyzed cassava waste (PHCW)? 60.9
Wheat bran (WB)? 37.7

Digestible carbohydrate* Protein Lipid Ash
_______________________ 0/ == mmm e e
24.6 4.7 0.7 2.2

24.7 17.6 3.0 5.6

!mean of three analytical determinations; 2solid matter remaining after hydrolysis; *commercially obtained; “estimated by percentage

difference.

Table 2 - Mean values of treatments and results from Tukey test between means, for variables measured in a28-day biological

assay with rats.
Treatment
Variables 0 5 15 25 cv
Without FS  PHCW _ WB PHCW WB PHCW WB
___________________________________________ 7
mggfoﬂEfecat'ons P 116.6f  181.4de 1450 ef 343.4b 208.7d 4822a 280.3c  13.24
Weight of dry feces per 100 g 3.6g 70e 56f 15.0b 9.1d 21.9a 132c 6.07
ingestion (g)
Sills @5 £y e [EE L0 G| 44e 165¢ 102d 354b 184c  67.6a 336b 997
ingestion (mL)
(Fg()’Od intake during 28-day assay 549 0 5 3948a 3847a 4134a 377.0a  412.6a 3397a 1152
B°d§ ‘(’S'ght gainduring 28-day 4./, ,  1489a 1434a 137.4a 1390a 1193a 1145a  20.56
Feed conversion ratio (FCR) 0.33 ab 0.38 a 0.38 a 0.33ab 0.37 ab 0.29b 0.32ab 13.24
CipziE lane] FiOiE Eileiensy 1.86ab 220ab 230a 1.94ab 213ab 1.67b 1.92ab 1477

ratio (PERop)

Values in the rows showing distinct letters differ (P < 0.05); Without FS = without a fiber source; PHCW = partialy hydrolyzed cassava
waste; WB = commercialy obtained wheat bran (standard); cv = coefficient of variation.
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gression model, both for the treatment containing PHCW
and for the treatment containing WB, for the dependent
variables: no. of defecations per 100g ingestion (PHCW:
Y =113.94 + 14.84 X, r* = 0.9987; WB: Y = 113.86 +
6.56 X, r’ = 0.9982); weight of dry feces per 100 g in-
gestion (PHCW: Y = 3.56 + 0.74 X, I = 0.9988; WB: Y
=3.66 + 0.38 X, r* = 0.9991); and, bulk of dry feces per
100g ingestion (PHCW: Y = 3.20 + 2.47 X, I = 0.9855;
WB: Y =3.88 + 1.13 X, r* = 0.9816). There was a linear
correlation between rate (5%, 15%, 25%) of the fiber
source PHCW or WB, and each of the dependent vari-
ables under study.

In general, PHCW produced more pronounced
effects than WB on variables no. of defecations, weight
and bulk of dry feces (Table 2). At the rates of 5%, 15%
or 25% of the PHCW or WB, values for weight and bulk
of dry feces produced per 100 g ingestion were higher
for PHCW. With regard to the no. of defecations per 100
g ingestion, values were also higher for PHCW at the
15% or 25% rates. However, at the 5% rate there was no
difference between PHCW and WB.

PHCW presented 1.6 times the content of dietary
fiber in the WB (60.9% against 37.7%), and a similar pro-
portion of digestible carbohydrate (24.6% against 24.7%).
However, it showed about one fourth of protein (4.7%
against 17.5%) and lipid (0.7% against 3.0%) and 40%
of the ash content (2.2% against 5.6%) (Table 1, Raupp
et al., 2002).

The bulk and weight of feces, as well as the num-
ber of defecations, produced by rats receiving PHCW
were higher, as compared with those produced by rats that
received WB (Table 2), probably, because the PHCW
source had 1.6-fold greater content of dietary fiber than
WB standard (Table 1, Raupp et a., 2002). Therefore,
considering the proportion of dietary fiber (dry weight)
equal to 60.9% for PHCW and 37.7% for WB (Table 1,
Raupp et a., 2002), diets that received PHCW showed
fiber contents of PHCW diets were 3.0%, 9.1% or 15.2%,
while diets and fiber contents of WB diets were 1.9%,
5.6% or 9.4%, respectively, for diets containing fiber
source rates of 5%, 15% or 25%.

Another explanation for these results is that
PHCW fiber source presented greater degree of hydra-
tion than WB (Table 3) under agitation a condition that
occurs in the rat’s digestive tract. In addition, because of
the process by which it was obtained the dietary fiber in
the PHCW, consisted basically of insoluble fiber (Table
1; Raupp et al., 2002), which is a low-viscosity, struc-
tural fiber, not hydrolyzed by the digestive juices until it
reaches the small bowel, and is subject to very little deg-
radation by the fermentable bacteria that typically occur
in the large bowel flora of rats.

Two groups - 15% PHCW and 25% WB - (Table
2), received diets containing similar amounts of dietary
fiber respectively 9.1% and 9.4%. The group treated with

Table 3 - Degree of hydration?, with and without agitation,
of dietary fiber sources utilized in the formulation
of dietsfor rats.

Partially hydrolyzed

5 Wheat Brar®
Procedure cassava waste
Start End Start End
_____________________ m|_ e mm i —————
UL 30 52 30 60
agitation
With 30 130 30 68
agitation

'mean of three analytical determinations, utilizing a 100 g sample;
2solid matter remaining after hydrolysis; *commercially obtained.

PHCW produced a greater no. of defecations and dry fe-
ces weight than the WB group. The greater degree of hy-
dration as well as the high proportion of insoluble fiber
congtituent of PHCW (Table 3), (Table 1; Raupp €t d.,
2002), which is very little degraded in the rat’s digestive
tract, explain these resuilts.

In a previous research (Raupp et al., 1999), a
mealy product, special cassava meal, was prepared from
cassava solid waste produced by a starch factory, and sug-
gested to be used in human nutrition as a potential source
of dietary fiber because it had a digestive physiologica
function typical of insoluble dietary fibers. More recently,
Raupp et a. (2002) submitted cassava solid waste from
a starch factory to enzymatic hydrolysis by amylolytic
enzymes and produced a product the partialy hydrolyzed
cassava waste (PHCW). The enzymatic hydrolysis pro-
cess applied removed 69.13% dry weight from the cas-
sava solid waste, and 30.87% were resistant to hydroly-
sis, congtituting the PHCW.

A lower proportion of insoluble dietary fiber -
43.1%, dry weight (Raupp et a., 1999) - was determined
for the cassava solid waste material from the starch fac-
tory, while for PHCW the proportion was 60.9% dry
weight, (Table 1; Raupp et a., 2002) Digestible carbo-
hydrates, starch being the main component, represented
47.1% (dry weight) of the cassava solid waste from the
starch factory (Raupp et al., 1999), ailmost twice the pro-
portion determined for PHCW, which was 24.6% (Table
1, Raupp et a., 2002). Therefore, the enzymatic hydroly-
sis applied by Raupp et al. (2002) to the cassava solid
waste from the starch factory caused a reduction in di-
gestible carbohydrates in the PHCW, but concentrated the
dietary fiber constituent.

Leonel (1998) characterized a solid product also
prepared by enzymatic hydrolysis followed by filter press-
ing, from cassava bran produced by a starch factory, and
obtained the following results: 0.5% ash, 38% total sug-
ars, only 18% fiber, with 39% residual starch remaining
in it. Cereda (1996) aso found 75.0% starch and 11.5%
fiber in the bran, another designation of the cassava solid
waste.
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Differences found in distinct papers for fiber can
be attributed in part to the application of different ana
Iytical techniques. Cereda (1996) and Leonel (1998) used
the chemica hydrolysis anaytical technique for crude fi-
ber determination, while Raupp et a. (1999; 2002) used
the enzymatic technique, according to Prosky et al.
(1988), to determine dietary fiber.

Granulometry (Table 4), and especialy the high
concentration of dietary fiber (Table 1; Raupp et a., 2002)
could explain the higher degree of hydration (Table 3) of
PHCW, as compared to WB, when both fiber sources re-
mained submersed in water under agitation. Under agita
tion, PHCW increased dry volume 4.3 times, while WB in-
creased its dry volume 2.2 times. However, without agite-
tion, i.e., when the products remained in contact with static
water, the WB showed hydration capacity just slightly
higher (2-fold WB againgt 1.7-fold for PHCW). These prop-
erties apparently influenced the digestive function variables
measured in modd rats during the biological assays.

The ingestion of insoluble fiber increases body
weight and fecal bulking, as well as frequency defeca-
tions, both in model animals and in humans, as shown
by Waker (1975), Eastwood et al. (1984), Schneemann
(1987), Seva-Pereiraet a. (1991), Schweizer & Edwards
(1992), Saura Calixto (1993), Raupp & Sgarbieri (1996;
1997), Raupp et a. (1999; 2000), as a result of the nor-
malization of the digestive function. However, Raupp &
Sgarbieri (1997) studied the nutritional and physiologi-
cal-digestive effect of a high-viscosity soluble fiber in
model rats and demonstrated that this fiber produced, in
contrast, feces with much smaller weight and bulk. The
frequency with which the animals defecated was also
smaller, comparatively to the purified cellulose insoluble
fiber. The authors postulated that the normalization of di-
gestive function by fibers comes from their hydration abil-
ity and the formation or not of bulky chemica structures,
as well as to their fermentability property, related to the
bulk and weight of the feces, and also because being the
result of food bolus and fecal matter movement, they con-
sequently influence the frequency of defecations. In ad-

Table4 - Granulometry (w/w)* of dietary fiber sources utilized
in the formulation of dietsfor rats.

Partially hydrolyzed

Size of particles Cassava Waste? Wheat Brar®
mm e % ------mmmmmmmeee-
>2.0 0.00 0.00
2.0to 1.0 3.66 0.38

1.0 to 0.25 74.96 61.80
0.25 to 0.105 15.63 35.83
0.105 to 0.059 3.66 1.10
<0.059 2.09 0.89

'mean of three analytical determinations, utilizing a 100 g sample;
2solid matter remaining after hydrolysis; *commercially obtained.

dition, the suggested ingestion of dietary fibers is 25-35
g per day (Schweizer & Edwards, 1992).

With respect to the nutritional variables measured
during the 28 days of experimentation - food intake, body
weight gain, feed conversion ratio (FCR) and operational
protein efficiency ratio (PERop) (Table 2) - there were
no differences between the PHCW and WB at al rates.
No linear correlations were observed between rate (5%,
15%, 25%) of fiber sources (PHCW or WB) and the de-
pendent variables food intake, body weight gain, FCR and
PERop. The ingestion of more fiber did not stimulate the
rats to ingest more food and did not result in weight gain,
FCR and PERop increases.

Similar results were obtained by Raupp et al.
(2000), studying refined apple pulp, a dehydrated prod-
uct as fiber source to model rats. In addition according
to Raupp & Sgarbieri (1996), the addition of 3%, 6% or
9% insoluble fiber (cellulose) to the diet of rats at stimu-
lated food ingestion, but did not significantly affect the
rats weight. However, the high-viscosity soluble fiber
(Raupp & Sgarbieri, 1997) extracted from 80 SH carioca
bean decreased diet ingestion and negatively affected the
rats weight gain. Reductions in body weight were aso
observed by Mikkelsen et al. (1979) and Krotkiewski
(1984) in humans and rats fed cellulose and guar gum,
respectively, and also by Davies et al. (1991), who fed
rats with diets containing purified fibers, either pectin or
cellulose. Increase in satiety and reduction in food inges-
tion were also observed by Bolton et a. (1981) as afunc-
tion of dietary fibers from several sources.

The addition of PHCW as a fiber source to the
diet produced, in the rats' digestive tract effects that
would be attributable to a dietary fiber that is little de-
graded by the intestinal fermentative flora in these ani-
mals. The insoluble dietary fiber components that were
part of the PHCW source (and not its soluble fraction)
contributed the most toward greater feces bulking and
weight, and therefore to a greater number of defecations.
PHCW shows as potential, alternative source of dietary
fiber for the formulation of feeds for a normal human diet,
and especidly for the formulation of specia feeds, con-
sumed by groups of individuals aiming to maintain or nor-
malize digestive tract function.
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