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ABSTRACT

The present study was conducted to evaluate the effect of different processing techniques on nutritive
value and to determine appropriate inclusion level of soy nuggets (SN) in dog food. Standardized dog foods
were subjected to different processing techniques viz. raw, boiling and extrusion. The in vitro study was
performed with two incubation stages, with gastric phase of 2 hours in the presence of pepsin, gastric lipase in
HCI solution, and intestinal phase of 4 h in presence of pancreatin and bile salts in buffer solution. Data
analysis revealed that extrusion improved (P<0.01) in vitro nutrient digestibility and the best (P<0.01) response
was observed in diets having 5% SN containing extruded dog food. Maximum (P<0.01) dry matter digestibility
and organic matter digestibility was observed in extruded diet; No significant difference (P<0.01) was observed
in crude protein digestibility at 5% SN supplementation. However, with 10% and 15% SN supplementation, no
significant difference (P<0.01) was observed in raw and boiled diets, but crude protein digestibility increased
(P<0.01) with extrusion as compared to raw and boiled diets. Ether extract digestibility decreased (P<0.01)
in boiled diet at all the levels of SN supplementation. Irrespective of processing techniques, level of SN
supplementation had shown non-significant difference in nutrient digestibility but the extent was lesser than

no supplementation. It was concluded that SN can safely be included in dog diet at 5% level.
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INTRODUCTION

The ever increasing demand for pet food in India
has abetted the prompt growth of pet industry.
Advancement in research for improved health and
disease prevention in dogs has led to the production of
multitude of commercial dog foods with novel sources
of protein (Zentek and Mischke, 1997; Dust et al.,
2005), carbohydrate (Fortes et al., 2010; Kore et al.,
2008; Kore et al., 2009) and fiber (Bednar et al., 2001;
Swanson et al., 2001; Kore et al., 2012). Consequently,
the quality and quantity of commercial dog foods have
also improved. Most of the pet food manufacturing
industries use animal co-products as preferred protein
sources; however, their bioavailability and component
composition can be very capricious due to undesirable
components and processing techniques employed. Most
of pet owners are vegetarians (Sethi et al., 2019), so
the nutritional value of vegetable protein sources need
to be ascertained. Soy by-products possess 23%
carbohydrate, 20% fat and reasonable amount of
minerals, vitamins and dietary fibre besides containing

40% protein and essential amino acids such as glycine,
tryptophan and lysine efc. However, soyabean also
contains some anti-nutritional factors. Quality of soya
protein is sensitive to processing techniques employed.
Various soy products like soy milk, soy nuggets, soy nuts
efc. are available in the market but no work has been
done to use them in canine diets. Hence, the present
experiment was concocted to study the effect of
processing and level of incorporation of soya nuggets
on diet digestibility under in vitro condition.

MATERIALS AND METHODS

Samples of soy by-products (soy nuggets, soy
chunks and soy flour) were procured from the local
market and were analysed for proximate principle as
per AOAC (2005). Soy nuggets were added at 0, 5, 10
and 15% level to formulate diets to meet specifications
for puppy stage of dogs (AAFCO, 2014). The energy
density was kept 3500 kcal ME/kg (ICAR, 2013). The
formulated diets were subjected to different processing
techniques viz. raw, boiling and extrusion, and were
analysed for proximate principles and major minerals.
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Raw diets were formulated using dried ingredients which
were kept overnight in hot air oven at 90°C. In case of
boiled diets, 100 g of dried diets were weighed and boiled
with 300 ml of water for 15 min. The boiled feed was
kept for cooling and was further kept overnight in hot
air oven at 90°C for drying. After drying, the boiled feed
was grinded and analyzed for proximate composition.
For formulating the extruded diets, all the ingredients
were grinded in a mill, converted into flour, each
ingredient was mixed in requisite proportion, properly
blended and extrusion was done in the twin screw
extruder. The product was cooled for about 30 minutes.
Aflatoxin estimation of extruded feeds was done by
column chromatography with VICAM series 4 and 4EX
instrument.

In vitro method as validated by Biagi et al. (2016)
was used with slight modifications such as nylon bags
were used for collection of the undigested fraction.
Nylon bags were properly washed and kept for drying
in hot air oven at 65°C, labeled and weighed. Filtration
of the undigested residue was done through nylon bags
and washings were given with cold water and were tied
firmly. Afterwards, nylon bags were kept in hot air oven

Table 1. Nutrient composition of experimental diets

at 65°C until constant weight was obtained. The dried
weight of nylon bags was recorded and residue obtained
was subsequently analyzed for the parameters such as
crude protein (CP), ether extract (EE) and total ash as
per AOAC (2005). In order to determine the dry matter
digestibility of the food samples residue obtained from
each bottle after the in vitro digestion was weighed and
digestibility was calculated using following equation: Dry
matter digestibility=(100-([residue weightx100]/sample
weight). The undigested fraction was analyzed for
different nutrients. Nutrient digestibility was calculated
with the following equation: Nutrient digestibility=100-
{[nutrient% in residue x (100-diet digestibility)] /
nutrient % in diet}.

The data pertaining to digestibility of nutrients was
subjected to statistical analysis using one-way ANOVA
in Software Package for Social Sciences (SPSS,
version 25.0). The treatment means were compared by
Duncan’s Multiple Ranged Test (Duncan, 1995).
RESULTS AND DISCUSSION

Data pertaining to nutrient composition of
experimental diets are presented in Table 1. Proximate
analysis of soy nuggets revealed that it contained 45.07%

Treatments Nutrient composition (% dry matter basis)

Crude protein Ether extract Crude fibre Ash
Raw diets
0 % soy nuggets 23.18 7.42 3.80 7.60
5% soy nuggets 22.75 8.67 3.68 6.80
10% soy nuggets 23.00 8.44 3.86 7.33
15% soy nuggets 22.75 8.20 3.75 6.25
Boiled diets
0 % soy nuggets 22.75 3.40 3.50 7.56
5% soy nuggets 23.00 6.45 3.20 6.68
10% soy nuggets 22.75 6.20 3.34 7.26
15% soy nuggets 23.18 6.30 3.40 6.50
Extruded diets
0 % soy nuggets 23.18 6.10 3.70 7.32
5% soy nuggets 22.97 8.55 3.50 6.95
10% soy nuggets 22.77 8.44 3.65 7.30
15% Soy nuggets 22.75 8.65 352 6.80
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Table 2. In vitro nutrient digestibility of control feed using different processing techniques

Nutrient Control diet (0% soya nugget diet) P-value
digestibility % Raw Boiled Extruded

DM 80.46° 84.01° 92.2¢ 0.001
CP 90.16 91.59 92.80 0.145
EE 94.18° 83.342 94.92° 0.032
oM 84.38¢ 86.68° 91.27¢ 0.002

*b¢Means bearing different superscripts in a row differ significantly (P<0.05)

crude protein (CP), 5.70% ether extract(EE), 8.65%
crude fiber (CF) and 7.68% total ash (TA), while soy
chunks contained 48.12% CP, 0.53% EE, 14.40% CF
and 7.33% TA. Soy flour had low nutritional profile as
compared to soy nuggets and soy chunks. It contained
17.94 % CP, 0.38% EE and 2.02 % fibre. Though soy
chunks had more CP than soy nuggets soy chunks were
poorer in EE and higher in CF content.

The analyzed value of crude protein of control
group and feed containing different levels of raw, boiled
and extruded feeds were around 23%. This confirms
that all formulated diets were iso-nitrogenous.
Different processing method had not affected the
nutrient composition of diet except the EE and CF

content which was reduced in boiled diets. The
reduction in these parameters could be due to the
diffusion of soluble nutrients into water and softening of
fiber fraction during boiling. Hefnawy (2011) also
observed decreased fat content in pulses after cooking.
Nsa et al. (2011) reported that crude fiber content of
un-decorticated castor oil seeds reduced after boiling.
In vitro nutrient digestibility of control feed i.e
without soy nuggets supplementation using different
processing techniques (raw, boiling and extrusion)
revealed that DM digestibility and OM digestibility of
boiled feed was higher (P<0.05) than raw feed, but lower
(P<0.05) than extruded feed. No significant (P<0.05)
difference was observed in CP digestibility among

Table 3. In vitro nutrient digestibility of soy nuggets based dog feed at different levels using different

processing techniques

Diets Dry matter Crude protein Ether extract Organic matter
Soy nuggets 5%

Raw 66.74* 87.51 91.06° 66.84
Boiled 84.27° 87.59 83.70¢ 84.26°
Extruded 88.20¢ 88.13 88.85° 87.94¢
P-value 0.000 0.896 0.002 0.000
Soy nuggets 10%

Raw 64.98* 85.22¢ 90.35° 64.48*
Boiled 83.80° 85.92 83.36° 83.74°
Extruded 89.25¢ 89.72° 91.75° 89.90¢
P-value 0.000 0.016 0.000 0.000
Soy nuggets 15%

Raw 67.96* 85.49 90.05° 67.22°
Boiled 83.42° 86.02° 84.09¢ 83.40°
Extruded 88.36° 89.00° 90.20° 88.30¢
P-value 0.000 0.002 0.000 0.000

ab¢Means bearing different superscripts in a row differ significantly (P<0.05)
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different processing techniques. Boiled feeds had lower
(P<0.05) EE digestibility than raw and extruded diets,
while no significant difference was observed in EE
digestibility between raw and extruded diets. Extrusion
of feed improved the in vitro digestibility of nutrients
(Table 2).

Nutrient digestibility of feed containing soy
nuggets is depicted in Table 3. Digestibility of DM of
boiled feed containing 5% SN was significantly (P<0.05)
higher (84.27 %) than raw diet (66.74 %) and lower
(P<0.05) than extruded (88.20 %) diet. No significant
(P<0.05) difference was seen in CP digestibility of raw
(87.51%), boiled (87.59 %) and extruded diets (88.13%).
EE digestibility was lower (P<0.05) in case of boiled
diets and was higher (P<0.05) in raw diets. The OM
digestibility of boiled feed (84.26 %) was lower (P<0.05)
than extruded (87.94 %) and higher (P<0.05) than raw
diet (66.84 %). Lankhorst et al. (2007) also observed
that in vitro protein digestibility was not affected by
different extrusion conditions.

The in vitro digestibility of nutrient of boiled dog
feed containing 10% soy nuggets showed better (P<0.05)
DM digestibility than raw diet (64.98%). However, it

was lower (P<0.05) than extruded diet (89.25%).
Non-significant (P<0.05) difference was recorded
between raw and boiled diets with respect to CP
digestibility. However, CP digestibility was higher
(P<0.05) in case of extruded diet (89.72%).
Non-significant (P<0.05) difference was observed in
EE digestibility of raw (90.35%) and extruded (91.75
%) diet, however, EE digestibility was lowest (P<0.05)
i.e., 83.36 % in boiled diet. OM digestibility of boiled
diet (83.74 %) was significantly higher than raw diet
(64.48 %) but was significantly lower than extruded diet
(89.90 %).

DM and OM digestibility of boiled feed
containing 15% SN was higher (P<0.05) than raw diet
and lower (P<0.05) than extruded diet. There was no
significant (P<0.05) difference in CP digestibility
of boiled (86.02%) and raw diets (85.49%). CP
digestibility of extruded diet (89.00%) was highest
(P<0.05). Park et al. (2010) reported that apparent ileal
digestibility’s for extruded pea seeds with respect to CP
digestibility were higher than unprocessed pea seeds,
hence extrusion improved protein digestibility.

Irrespective of processing methods inclusion of

Table 4. Effect of processing technique and level of inclusion of soy nuggets (SN) on in vitro digestibility

of nutrients

Dry matter

Crude protein

Ether extract Organic matter

Processing Technique' (P)

Raw 70.042 87.09° 91.41° 70.732
Boiled 83.88" 87.78 83.62* 84.52°
Extruded 89.50¢ 89.86° 91.43° 89.35¢
Level of soy nuggets® % (L)

0 85.568 91.458 90.818 87.448
5 79.744 87.75% 87.874 79.68%
10 79.354 86.954 88.494 79.374
15 79.914 86.84* 88.114 79.644
PSE 0.22 0.35 0.49 0.22

P-value

P <0.001 <0.001 <0.001 <0.001
L <0.001 <0.001 0.007 <0.001
PxL <0.001 0.118 0.050 <0.001

Trrespective of level of soy nuggets in the diet; *Irrespective of processing technique; Means with different superscripts*®< for different
processing techniques and superscripts®2< for different levels of soy nuggets with in a row differ significantly; PSE Pooled standard error
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soy nuggets had significant effect on the digestibility of
nutrients. Digestibility of DM, OM, CP and EE was
highest (P<0.01) in feed containing no soya nuggets.
However, non-significant difference was observed
between different levels of soy nuggets inclusion in dog
feed.

FDA (2019) suggests 20 ppb of aflatoxin in pet
foods is safe. Analysis revealed that aflatoxin content
of soy nuggets was 21 ppb. Lowest aflatoxin content
was found in control diet i.e., 5.7 ppb whereas for 5%
soy nuggets diet it was 16 ppb, which was within
permissible limits. Rumbeiha (2001) observed that dogs
are susceptible to the noxious effects of mycotoxins
mainly aflatoxin B, in feed (> 60 ig/kg of feed) with an
LD50 of 0.5 to 1.5 mg/kg of body weight).

CONCLUSIONS

In vitro study revealed that soy nuggets can be
incorporated into the extruded dog’s diet up to 5% level
and extrusion improved the digestibility of nutrients.
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