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ABSTRACT - The objective was to evaluate the effect of adding increasing water levels in
conditioner on kibble’s physicochemical characteristics and diet digestibility in dogs. Five
adult dogs were used, who consumed diets containing: 1072, 1182, 1293, 1444, and 1565
kg of water/ hour added in conditioner. The design was a Latin Square (5 x 5) and the data
were subjected to analysis of regression and correlation. The inclusion of up to 1565 kg of
water/ hour in conditioner presented negative correlations (P <0.05) with hardness and
density and positive with the water activity, moisture, porosity, and degree of starch
gelatinization of kibbles. However, the digestibility and the metabolizable energy of the diets
did not are affected by the amount of water added in the conditioner (P> 0.05). Furthermore,
the intermediate addition of 1293 kg of water / hour in conditioner resulted in kibbles with
larger pores, and increased up to 1565 kg of water / hour result in smaller pores providing
lower density and hardness and an increase in starch gelatinization. However, it does not
affect the diet digestibility in dogs.
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RESUMO - Objetivou-se avaliar o efeito da adicdo de crescentes niveis de agua no
condicionador sobre as caracteristicas fisico-quimicas dos extrusados e a digestibilidade da
dieta em cées. Foram utilizados cinco caes adultos que consumiram dietas contendo: 1072,
1182, 1293, 1444 e 1565 kg de agua/hora adicionada no condicionador. O delineamento foi
em Quadrado Latino (5 x 5) e os dados foram submetidos a analise de regressdo e
correlacdo. A inclusdo de até 1565 kg de agua/hora no condicionador apresentou
correlagBes (P<0,05) negativas com a dureza e a densidade e positivas com a atividade de
adgua, umidade, porosidade e grau de gelatinizagdo do amido dos extrusados. No entanto, a
digestibilidade e a energia metabolizavel das dietas ndo foram influenciadas pela
guantidade de agua adicionada no condicionador (P>0,05). Além disso, a adicédo
intermediaria de 1293 kg de agua/hora no condicionador resultou em extrusados com poros
maiores, sendo que o aumento em até 1565 kg de &gua/hora resulta em poros menores
proporcionando densidade e dureza menores e aumento na gelatinizagdo do amido. No
entanto, ndo afeta a digestibilidade da dieta em cées.
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INTRODUCTION

Extrusion is an important step in
dog food manufacturing, as it promotes
starch gelatinization, thereby improving
diet digestibility (MURRAY, 2001). The
addition of water to the mash during
conditioning is essential for feedstuff
homogenization and cooking, and its
addition levels influences the degree of
starch gelatinization, as well as kibble
density and texture (ROKEY et al., 2010;
ZHU et al., 2016).

Water is present in foods as
bound water and free water, and their
sum is considered total water content
(humidity).  Free  water  provides
favorable conditions for the development
of microorganisms, as well as for
enzymatic, oxidative, and hydrolytic
reactions in compound feeds (KRABBE,

2009), compromising their nutritional
quality and safety.
Considering the lack of

information in literature relative to water
addition in the conditioner on expanded
dog foods, the objective of this study
was to evaluate the effect of the addition
of increasing water levels during
conditioning on the physical-chemical
characteristics and digestibility of
extruded dog food.

MATERIAL AND METHODS

The experiment was approved by
the Committee of Ethics on Animal Use
of the sector of Agricultural Sciences of
the Federal University of Parana. A
basal diet was formulated (Table 1) to
supply the nutritional requirements of
adult dogs, according to the AAFCO
(2003). The food ingredients were
ground in a hammer mill to 1-mm
particle size, and the mash was

extruded in a single-screw extruder
(Ferraz, E-130, Ribeirdao Preto, SP,
Brazil).

Table 1 - Ingredients and analyzed
chemical composition (% of dry matter)
of the basal diet.

Ingredients %

Ground corn grain 26.54
Poultry offal meal 24.48
Broken rice 15.00
Wheat midds 8.00
Soybean meal 48% 6.00
Swine offal meal 5.00
Meat meal 3.84
Fish meal 3.00
Poultry fat 4.00
Flavor! 3.00
Mineral-vitamin supplement? 0.60
Sodium chloride 0.50
Antifungal agent® 0.02
Antioxidant* 0.02
Chemical composition (on dry

matter basis)

Crude protein (%) 34.00
Ether extract (%) 7.60
Crude fiber (%) 1.79
Ashes (%) 8.61
Calcium (%) 1.30
Phosphorus (%) 0.90
Metabolizable energy (kcal/kg)® 4284.0

Liquid poultry liver hydrolysate. 2Amount per kg food: vitamin A
(retinol) = 10,000 IU, vitamin D3 = 1,000 IU, vitamin E (a-tocopherol)
= 24 mg, vitamin K3 = 2.4 mg, vitamin B1 = 2 mg, vitamin B2 = 4 mg,
vitamin B12 = 16 mcg, niacin = 28 mg, pantothenic acid = 8 mg,
choline = 400 mg, zinc = 100 mg, iron = 100 mg, manganese = 30
mg, copper = 12 mg, and iodine = 1 mg. *Ammonium
propionate.’Butylated  hydroxyanisol ~ (BHA) and  butylated
hydroxytoluene (BHT). SEstimated according to the NRC (2006).

Five water levels were added to
the conditioner (1072, 1182, 1293, 1444,
and 1565 kg water/h), resulting in five
experimental diets. Except for water
level, the five experimental diets were
extruded at identical temperature,
velocity, and pressure of 100 °C, 200
RPM, and 32 kg/cm?, respectively. After
extrusion, all diets were submitted to the
same processing steps: drying (110°C
for 20 minutes), coating with oil, cooling,
and coating with liquid flavor.

Five adult male and female
beagle dogs, with 13.4 + 1.7 kg average
body weight and 5.8 + 0.1 year of age
were evaluated. Dogs were individually
housed in stainless steel metabolic
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cages (0.7 m long x 0.6 m high x 0.5 m
deep).

Each experimental period
consisted of 10 days, with each diet
offered for a five-day adaptation period,
followed by five days of total feces
collection per period, as recommended
by AAFCO (2004). Dogs were fed twice
daily (07:30 and 16:30 hours) in
sufficient amount to supply their
metabolizable energy requirements
(kcal/d), according to following equation:
130 x body weight (kg)®" (NRC, 2006).
Water was offered ad libitum. Feces
were collected at least twice daily, and
stored frozen in duly identified
recipients.

Fecal score was evaluated
always by the same researcher, using
the following 1-5 scale: 1 = watery feces
(can be poured from the container); 2 =

soft and unshaped stools; 3 = soft,
shaped, and moist stools; 4 = well-
shaped and uniform stools; 5 = well-

shaped, hard and dry stools, as
proposed by Carciofi et al. (2009).

At the end of each experimental
period, feces were thawed,
homogenized, and dried in a forced-
ventilation oven at 55°C for 72 hours.
Diet and fecal samples were ground to
1-mm patrticle size and analyzed for dry
matter (DM), crude protein (CP), ether
extract in acid hydrolysis (AHEE), ash,
and crude fiber (CF) contents, according
to the AAOAC (1995). Gross energy
(GE) was determined in a bomb
calorimeter.

All diets were examined under an
electronic scanning microscope (ESM)
at 40x magnitude to determine kibble
porosity, defined as pore area relative to
total kibble area. Kibble pore area (mm?)
was measured of each diet using the
software ImageJ® (Wayne Rasband,
National Institutes of Health, Bethesda,
MD, USA).

Kibble density was determined as
the ratio between kibble weight (g) and

volume (L) in five samples per
treatment. Samples were homogenized,
placed in a 1000-cm?® test tube, and

weighed in a digital scale (2,000-g
capacity).
The degree of starch

gelatinization was determined according
to CHIANG & JOHNSON (1977). Water
absorption index (WAI) was determined
according to the method proposed by
HOLAY & HARPER (1982). Kibble
hardness was measured using a TA-XT
Plus texture analyzer and considered as
the average breaking strength of 50
kibbles per treatment. Water activity was
determined by Aqualab® apparatus.

The coefficients of apparent
digestibility (CAD) of the dietary
nutrients and energy were calculated
according to the equation of AAFCO
(2003), as follows: CAD% = [(g of
nutrient intake — g of nutrient
excretion)/g of nutrient intake] x 100
Metabolizable energy (ME) was
estimated according to AAFCO (2003),
with no urine collection, as: ME (kcal g-
1) = {kcal g-1 GE intake — kcal g-1 fecal
GE- [(g CP intake — g fecal CP) x
1.25kcal g-1]} / g of feed intake.

The correlation between kibble
characteristics and levels of water
addition to the conditioner was analyzed
by Pearson’s correlation analysis using
the CORR procedure of SAS statistical
package (2001). Data relative to CAD
and ME content were submitted to
polynomial regression analysis
according to a 5 x 5 Latin square
experimental design, with five replicates
per treatment, using the REG probability
(SAS, 2001). Differences  were
considered significant at 5% probability
level. Fecal scores were compared by
the test of Kruskal Wallis (n = 5,
P<0.05), as the data did not present
normal distribution.

Archives of Veterinary Science, v.23, n.4, p.62-68, 2018.



Murakami, et al. (2018)

65

RESULTS

The amount of water added to the
conditioner (1072 to 1565 kg/h) was
negatively correlated (P<0.05) with
kibble hardness and density, and
positively correlated (P<0.05) with starch
gelatinization, and with porosity (Figure
1), moisture, and water activity (Tables 2
and 3). However, water absorption index
(WAI) was not affected (P>0.05) by
water addition levels. There was no
effect of increasing water addition levels
to the conditioner on food intake, diet
digestibility, or dietary ME content

(P>0.05, Table 4). Fecal score was not
affected by the treatments (P>0.05,
Table 4).

Figure 1. Scanning microscopy (from left to
right) of diets 1072, 1182, 1293, 1444, and 1565
kg of water / hour added in the conditioner,
respectively. 40x magnification. The pores in the
kibble may be seen.

Table 2 - Average starch gelatinization degree
(SGD), hardness, porosity, density, water activity
(Aw), humidity, and water absorption index
(WAI) of dog foods extruded with increasing
levels of water addition to the conditioner.

Table 3 - Correlation between water addition
level to the conditioner and kibble

characteristics.

p Level of water addition to the
arameters .

conditioner

Density -0.5336**

Hardness -0.3077**

Starch

gelatinization 0.4311**

degree

Water

absorption index 0.2260

Porosity 0.3762**

Water activity 0.9509***

Humidity 0.9398***

**P<0.01**P<0.001

Table 4 - Dry matter intake (DMI, g/dog/d),
coefficients of apparent digestibility,
metabolizable energy content (ME, kcal/kg), and
fecal characteristics of dogs fed diets extruded
with increasing levels of water addition to the
conditioner.

Water addition level (kg/h) P

Item 1072 1182 1293 1444 1565 L Q R?

DMI 306 292 294 284 284 7.05 012 0.86 0.03

Coefficients of apparent digestibility (%)

DM 80.3 82.7 79.6 79.6 80.9 0.68 0.34 0.81 0.09

cpP 85.1 88.1 85.6 85.5 86.4 051 0.49 0.72 0.07

AHEE 87.5 87.9 88.2 89.9 88.6 051 0.07 1.00 0.27

GE 84.4 87.2 83.8 83.8 85.5 0.56 0.96 0.99 0.01

(kc';fkg) 38916 3930.7 3874.8 3838.2 3942.0 28.81 063 032 003

Fecal characteristics

Diets

SGD Density WAI
(kg Y

Humidity Hardness Porosity

Aw

S @Y ) ) (kg (mm?)
1072 88 462 493 0.27 5.6 7.83 0.43
1182 82 450 500 0.38 6.3 7.44 0.77
1293 70 444 499 0.46 6.9 7.94 1.16
1444 94 446 495 0.62 8.5 7.08 0.81
1565 94 432 498 0.68 9.9 6.02 0.76

SEM: Standard error of the mean; P: probability of linear (L)
and quadratic (Q) effects; DM: dry matter; CP: crude protein;
AHEE: ether extract in acid hydrolysis; GE: gross energy; R*
coefficient of determination; 'FS: fecal score (P = 0.909 by
the test of Kruskal Wallis); DMf: fecal dry matter.

DISCUSSION

High-density = foods  typically
present low water absorption and small
number of pores, which often indicate
poor expansion, inadequate starch
gelatinization, and lower nutrient
utilization (CAMIRE, 1998; TIWARI and
JHA, 2017). However, in the present
study, although the higher water addition
level (1565 kg/h) resulted in kibbles with
the smallest pore area, this diet presents
high SGD (92%), according to Lin et al.
(1997).
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Diet digestibility and fecal scores
were not affected by water addition
levels, demonstrating that these levels
did not influence diet homogeneity or
cooking, and were enough to hydrate
the starch granules of the feedstuffs.
When in contact with high temperature
and humidity, starch granules expand,
absorb water, and are reorganized,
providing the desired structure to the
extruded product (HARPER, 1990). The
starch gelatinization results of the
present study (Table 2) indicate that,
independently of the water addition
levels, cooking was relatively uniform. In
a study with extruded sweet potato and
soybeans, the addition of 18-30% water
to the conditioner did not change the
SGD of the extruded products (BORBA
et al., 2005). On the other hand, Lin et
al. (1997) observed that the SGD of pet
foods containing 50 g of tallow or poultry
fattkg decreased as a function of
increasing levels of water addition during
extrusion increased, as a result of lower
mash temperature decreased, and
consequently, of mash  cooking
efficiency. Some authors suggest that
SGD lower than 75% indicate deficient
processing, with negative impacts on the
digestibility of dog foods (BAZOLLI,
2006, LOUREIRO et al., 2014).
However, despite the lower starch
gelatinization value (70%) obtained in
the present study, digestibility was not
significantly affected.

One of the functions of water
addition to the conditioner is to create
bubbles in the mass, which affects the
expansion rate of the products,
according to THYMI et al. (2005) and
YOVCHEYV et al. (2017). Those authors
observed a negative correlation between
water addition level and expansion rate,
l.e., expansion rate decreases as the
amount of added water increases. The
reason is that water acts as a lubricant,
negatively influencing extrusion, and
consequently, the expansion of the

resulting products when added at high
levels (LIN et al., 2002). In the present
study, an optimal range of water to
expansion ratio was observed. The diets
expanded with the intermediate levels of
water addition presented higher pores
(Table 2), indicating levels of up to 1293
kg/h increased kibble porosity (Figure 1).
The kibbles produced with the highest
level of water inclusion (1565 kg/h)
presented the lowest porosity; however,
their density and hardness were lower
compared with the other diets.

It was also observed that water
activity and diet humidity proportionally
increased with increasing water addition
to the conditioner. Water activity is an
indication of food preservation as it is
directly related to fungal growth (Brito et
al., 2010), and therefore, special care
should be taken during the drying step of
foods manufactures with higher water
inclusion levels in the conditioner.

The results of this study show that
different levels of water addition to the
conditioner influenced the physical-
chemical characteristics of kibbles,
particularly their porosity, density, and
starch gelatinization degree, but not diet
digestibility.

CONCLUSION

The addition of 1293 kg of
water/hour to the conditioner increases
kibble porosity. The kibbles produced
with addition of 1565 kg of water/hour
presented smaller pores, resulting in
lower density and hardness and higher
starch gelatinization degree compared
with the other evaluated levels. None of
the evaluated levels of water addition
influenced the digestibility and the
metabolizable energy content of dog
foods, or the fecal texture of the dogs.
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