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ABSTRACT

In this study, effects of different levels of feeding on digestibility, body weight(BW), body condition score(BCS) and
some stool parameters were investigated. Fifteen adult Golden Retriever dogs were divided into 3 groups. ME content
of food and ME requirements of the dogs were determined by the modified Atwater factors and the FEDIAF
equation(95*BWO75). The first group was fed 50% less than daily metabolic energy requirement(MER)(1), second group
was fed 100%(2) and the third group was fed 50% more than the MER(3). Ttial lasted 15 days. Stools were scored and
stool samples were taken in last 4 days of the study. Dry matter(DMD) and organic matter digestibilities(OMD) were
determined by acid-insoluble ash indicator method. BW and BCS values were determined on the 7th and 15th days.
Changes in BW and BCS between days and groups were insignificant(P>0.05). DMD and OMD values were the highest
in groups 1 and 2(P<0.05). Group 1 had the highest stool score(P<0.05). There was no significant difference in stool
DM levels between all groups(P>0.05). In conclusion, modified Atwater factors and formula 95*BW97 were sufficient
to preserve BW and BCS for this 15-day study. More studies are needed to compare the different formulas used to
calculate the energy needs of dogs and the energy content in their diets. BW and BCS changes should be demonstrated
with long-term trials. Effects of daily amount of food determined by the formulas on digestibility and health of dogs
should also be investigated.
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Hokk

Farkli Diizeylerde Beslemenin Képeklerde Sindirilebilirlik Canli agirlik Viicut Kondiisyon Skoru ve
Disk: Kalitesi Uzerine Etkileri

(074

Bu calismada farklt diizeylerde beslemenin sindirilebilirlik, canlt agithik(CA), viicut kondisyon skoru(VKS) ve bazi diskt
parametreleri izerine etkileri arastirildi. Onbes yetiskin Golden Retriever kdpek 3 gruba ayrildi. Mamanin ME igerigi ve
képeklerin ME gereksinimleri, modifiye Atwater faktorleri ve FEDIAF denklemi(95*CA%7) ile belirlendi. Birinci grup
giinlitk metabolik enerji ihtiyacindan(MET) %50 daha az(1), ikinci grup ihtiyacin %100%4(2) ve tigiinci grap MEI(3)'dan
%50 daha fazla olacak diizeyde beslendi. Deneme 15 giin stirdii. Calismanin son 4 giiniinde diskt skorlamast yapildi ve
diski numuneleri alindi. Kuru madde(KKMS) ve organik madde sindirilebilirligi(OMS) asitte ¢éziinmeyen kil indikator
yontemi ile belirlendi. CA ve VKS degetlerindeki degisimler 7. ve 15. glinlerde belitlendi. Giinler ve gruplar arasindaki
CA ve VKS degisiklikleri 6nemsizdi(P>0.05). KMS ve OMS degetleri grup 1 ve 2'de en ylksekti(P<0.05). Grup 1 en
yitksek diski skoruna sahipti(P<0.05). Her ti¢ grubun digki KM diizeyleri arasinda anlamls bir fark yoktu(P>0.05). Sonug
olarak, 15 glin stiren bu ¢alisma i¢cin modifiye Atwater faktorleri ve 95*CA%7 formilii CA ve VKS’yi korumada yeterliydi.
Kopeklerin enerji ihtiyaglarint ve diyetlerindeki enetji igerigini hesaplamada kullanilan farkl formillerin karstlagtirilmali
olarak degerlendirildigi daha fazla calismaya ihtiya¢ vardir. CA ve VKS’ye etkileri uzun siiren denemelerle ortaya
konulmalidir. Formiillerle belitlenen giinlik mama miktarinin képeklerde sindirilebilitlik ve sagliga etkileri de
aragtirilmalidir.
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INTRODUCTION

The energy levels of the food is important as the food
intake is basicly controlled by energy density of dog
food or diets. Therefore, all the other nutrients in the
food should be relative to the energy content (Abinaya
et al. 2020). Determining metabolizable energy
requirements(MER) of dogs is an important topic for
pet food brands and manufacturers. Accurate data on
MER of dogs allows to ensure giving accurate feeding
recommendations on packaging, ensures advising
customers correctly and also plays a role in animal
welfare. The energy density of dog foods determines
the amount of food need to be given and consequently,
knowledge of food energy content is critical for the
reliable usage of commercial dog foods (Castrillo et al.
2009).

It has long been established that energy requirements
vary considerably from pet to pet, with factors such as
activity level, breed, sex, neuter status, age, health
status,  temperament, body  size, insulation
characteristics of skin and coat, in addition to
environmental factors such as housing conditions and
ambient temperature all having an effect (Lund et al.
2005, German 2006, Cameron et al. 2011). Suppling
energy has great importance for dogs in determining
nutritive value of the food. Dogs, like other animals get
their energy by partial and complete oxidation of
organic molecules absorbed from the diets and tissue
catabolism (Pond et al. 2005). The term of
metabolizable energy (ME) is commonly used to
express energy density of dog foods. The energy
density of food or diet determines the amount of food
need to be given daily. Therefore, food energy content
is critical for the reliable usage of different kind of
commercial dog foods. Energy density of food
determines the concentration of other nutrients
(amino acids, minerals, vitamins) must have in order to
provide animals requirements (Castrillo et al. 2009).
Generally ME content of commercial dry dog foods
for adult dogs is varied from 3178 to 4405 kcal/kg
(Hodgkinson et al. 2008).

Determining the energy requirements of pet dogs is
also a particular challenge, since data from other
populations, particularly those from dogs in kennelled
environments, are not representative. Based upon
available literature, maintenance energy requirements
for adult dogs varied between 95 and 200 kcal/kg?7
depending on breed, level of activity or husbandry type
(Bermingham et al. 2014, FEDIAF 2020).
Overfeeding is a growing underrated problem in dog
nutrition all over the world. It has many connections
leading not only obesity but also many metabolic
disorders in dogs (Meyer et al. 1999). It is estimated
that approximately 40-45% of pet dogs are overweight
or obese and this rate is increasing. This is associated

with medical disorders which significantly reduce life
span and quality. Being overweight in dogs is generally
because of too much food being offered (German
20006, Coutcier et al. 2010). It is

important to note that dog owners tend to
underestimate the body condition of obese dogs
(Colliard et al. 2006) even though dogs start to gain
weight, their owners will continue to overfeed
(Hodgkinson et al. 2008).

Although it is known that under and overfeeding has
negative effects in dog’s health, studies about their
effects on digestibility and stool quality are scarce. ME
measurements of dog foods are not practical or
financially feasible; therefore, accepted modified
Atwater equations are used to predict ME and develop
feeding guidelines (Asaro et al. 2017). There are
different equations for predicting ME for dogs but
effects of these equations are not well determined.
Atwater equations do not account for fiber or energy
digestibility, so predicted ME values could differ.
Therefore aim of this study was to evaluate modified
Atwater equations for determination of ME density of
dog food and FEDIAF equation of MER of dogs.
Also, it was aimed to determine the effects of feeding
at different levels on digestibility, body weight(BW),
body condition score(BCS) and stool quality in dogs.

MATERIALS AND METHODS

Dogs and Trial Design

Fifteen = adult  (age= 5-6 years,  body
weight=24.5%1.5kg) Golden retriever dogs (6 male, 9
female) were used for the present study. Dogs were
divided into 3 groups as having same number of
female-male and similar average BW. They were
housed in the individual concrete kennels with a closed
(190x190 c¢m) and open area (510x230 cm) in XXX
According to the calculated ME requirement for
maintenance, daily required food was given to the 1st
group at the level of 50% less than MER, 100% (full
requirement) for the 2nd and 50% more than MER for
the 3rd group. The trial was continued for 15 days.

Chemical Analyses and Calculation of Amount of
Food

One commercial dry dog food was used and it’s
nutrient composition was given in Table 1. Dry matter
(DM), ctude ash (CA), ether extraction (EE), crude
fiber (CF) and crude protein (CP) analyzes were
performed according to AOAC (2003) methods. In
order to determine digestibility, DM and CA analyzes
were also performed on the collected faeces. The
energy content of the food was determined by
calculations of modified Atwater factors (FEDIAF
2020). The ME requirements of an adult dog at
maintenance was calculated using the equation
presented by FEDIAF (2020) as follows:
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Amount of food given (gr) =

ME (kcal/kg) = 95 x W05, where W represents body weight.

Energy content of the dog food used in the experiment
calculated by nutrient analysis and the daily energy
requirement for maintenance of the dogs. Amounts
food given were determined with the following
formulas:

ME in food (kcal/kg)= %CP*3.5+%EE*8.5+NFE*3.5
(Modified Atwater factors)

Dog’s requirement (ME)*1000

according to a 9 point scale system (Laflamme, 1997).
Four classes of BCS were considered in this trial as
follows:

BCS 1 to 3 = lean dog; BCS 4 - 5 = ideal dog; BCS 6 -7 =
overweight dog; and BCS 28 = obese dog.

Determination of Stool Consistency Score

Stool consistency scoring was performed by 4 different
researchers just before stool collection in the last 4
days of the trial. Stool consistencies were scored by
following 1-5 system. According to this system, stools

Food’s ME density (kcal/kg)

BW=Body weight, CP=Crude protein, EE=Ether exraction,
NFE,%=100-CP(%)-EE(%)-CF(%)-CA(%)-moisture(%5)

Determination of Digestibility

Clean drinking water was provided ad libitum in closed
part of the individual kennels. Stool samples were
stored in a deep freezer (-18°C) for later analysis.
Method of Alvarenga et al. (2019) was used to
determine digestibility. Acid-insoluble ash(AIA) in
feces and food was evaluated as an indicator. After the
feces of each dog were dissolved, they were mixed and
sampled for digestibility analysis. Feces were dried at
55°C for 48 hours in drying oven(VWR,Venti-line,
USA) and ground in laboratory mill(Retsch
SM100,Germany), after determining the stool dry
matter(SDM) levels. Samples of 3g of dry feces and 10
g of food were weighed in tared porcelain crucibles and
burned in a furnace (Gerhardt,Germany) at 600°C for
8 hours. They were then boiled in 2N hydrochloric
acid. After this treatment, samples passed through
ashless filter paper (541: Whatman, Maidstone, UK)
and reburned at 600°C overnight (approximately 12
hours). The samples were weighed after the second
burning to determine the percent of AIA. Digestibility
was determined by AIA in 2 parallels in all 5 dogs in
the three groups. The formulas given below were used
to determine AIA and digestibility.

(c-a) x 100
b

AlA, % =

a= tare of ash pots, b= weight of stool and food, c= sample
remaining after the second burning

% AIA in food
% AIA in feces

Digestibility, % = 100 - 100 x

Determination of Body Weight and Body
Condition Score

Dogs were weighed on the first, 7th and 15th days of
trial (ERTE, model B1, Turkey) . The BCS evaluation
was based on visual assessment and palpation

are scored by their appearance and consistency.
Propetly shaped and hard-consistent stools are
considered high quality.

1. diarrhea-like stool, 2. soft and slightly shaped stool,
3. soft, shaped, moist and leaving marks of stool on the
floor, 4. well-formed stool, non-dissolving and leaving
no traces on the floor, 5. very well-formed and dry
looking stools (Strickling et al. 2000).

Statistical Analysis

SPSS 22 (IBM Corp. Released 2013. IBM SPSS
Statistics for Windows, Version 22.0. Armonk, NY):
IBM Corp) statistics package program was used. One-
way ANOVA tests were performed on BW and BCS
changes, DMD, OMD, SDM and fecal consistency
scores(FCS) data. Also Independent t-test (Student's t-
test) test was used to compare three groups and if not
met with the prerequisites, then the Bonferroni-Dunn
test was performed to compare the means of the
groups for all parameters examined. Values of P<0.05
were considered statistically significant.

RESULTS

Dry matter (DMD) and organic matter digestibilities
(OMD) of tested food were the highest in group 1
(DMD:73.49%, OMD:77.8%) and 2 (DMD:72.37%,
OMD:78.86%) P<0.05. Dog group 3 which, fed 50%
more than MER ate all dog food given in fifteen
minutes and no refusal was recorded. This group
showed the lowest DMD (68.29%) and OMD
(72.95%) (Table 2).

Dogs consumed all of their calculated amount of the
food and maintained a good health throughout the
study. Determined BW and BCS changes were not
significant between groups and days (Table 3,4).
Results of fecal consistency score and stool dry matter
were given in Table 5. There was a difference between
the groups in terms of fecal scores (P<0.05). It was
determined that the stools of the dogs in the 1st group,
which ate 50% less food than they needed, had a
harder consistency (P<0.05). There was no difference
between the groups in stool dry matter levels.
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Table 1. Nutrient Composition of Commercial Dry Food Fed to Dogs (%DM)
Composition

Dry matter,% 95.95
Crude ash,% 10.64
Ether extraction,% 8.96
Crude fiber,% 9.92
Crude protein,% 20.07
ME ,kcal/kg* 3142.65

*: Calculated value

Table 2. Dry matter and organic matter digestibilities of groups,%

Groups N X SEM P-value
1 10 73.49a 0.5
DMD 2 10 7237 0.6 0.004
3 10 68.29v 1.12
1 10 77.82 0.35
OMD 2 10 76.862 0.47 0.004
3 10 72.95b 0.94

DMD= Dry matter digestibility, OMD= Organic matter digestibility, SEM= Standart error of means

1= Group of dogs given -50% less amount of food than requirement of daily metabolizable energy of maintenance
2= Group of dogs given 100% amount of food of daily metabolizable energy of maintenance

3= Group of dogs given +50% more amount of food than requirement of daily metabolizable energy of maintenance
Means in the same column having different superscripts differ significantly (P<0.05)

Table 3. Body condition score changes of dogs given three different levels of food

1 2 3
N Mean*tSEM Mean*SEM Mean*SEM
Day 0 5 7%0.37 7.310.53 6.610.43
Day 7 5 6.5%0.34 7.6£0.55 7.240.33
Day 15 5 6.4%0.48 7.2£0.60 7.310.34
P-value 0.342 0.631 0.229

1= Group of dogs given -50% less amount of food than daily metabolizable energy of maintenance
2= Group of dogs given 100% amount of food of daily metabolizable energy of maintenance

3= Group of dogs given +50% more amount of food than daily metabolizable energy of maintenance
SEM= Standart error of means
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Table 4. Body weight changes of dogs fed at three different levels

Levels of Metabolizable energy
requirements fed to dogs

Dogs body weight P-value P-value P-value
parameters N 50% less(1) 100%(2)  50% more(3) 3vsl 2vs 1 2vs3
Mean*SEM  Mean*SEM  Mean*SEM

Body weight day 0, kg 5 25.82£1.02  25.54%£0.49  24.6£1.19 0.635 0.615 0.645

Body weight day 7, kg 5 24.44%1.12  24.76X0.45  25.3%1.21 0.752 0.772 0.712

Body weight day 15,kg 5 23.58%£1.03 24.56X0.46  25.74*1.18 0.117 0.107 0.110

Body weight change day 0 to 7, kg -1.38 -0.78 0.7

Body weight change day 0 to 15, kg -2.24 -0.98 1.14
Day 0 vs day 7 P-value 0.365 0.378 0.357
Day 0 vs day 15 P-value 0.769 0.786 0.724

1= Group of dogs given -50% less amount of food than daily metabolizable energy of maintenance requirement
2= Group of dogs given 100% amount of food of daily metabolizable energy of maintenance requirement
3= Group of dogs given +50% more amount of food than daily metabolizable energy of maintenance requirement

SEM= Standart error of means

Table 5. Fecal consistency scores(FCS) and stool dry matter(SDM) levels of dogs

N  min max SEM X P-value
1 60 3.5 5 0.06 4.21a
FCS 2 60 3.5 5 0.05 4.05>  0.032
3 60 3 5 0.82 3.96>
1 5 1.52 37.46
SDM 2 5 1.46 37.82  0.892
3 5 1.73 39.46

1= Group of dogs given -50% less amount of food than daily metabolizable energy of maintenance requirement
2= Group of dogs given 100% amount of food of daily metabolizable energy of maintenance requirement
3= Group of dogs given +50% more amount of food than daily metabolizable energy of maintenance requirement

SEM= Standart error of means

Means in the same column having different superscripts differ significantly (P<0.05)

DISCUSSION AND CONCLUSION

Total collection of feces and urine is the most accurate
method for ME determination for dogs (Laflamme
2001, Case et al. 2011). Collection of the feces is,
however complicated for dogs, and requires the dog to
be maintained immobile during the process, which has
animal welfare implications (Hodgkinson et al. 2008).
Also, caprophagia and stepping on feces can be seen
in dogs kept in kennels, which cause problems in feces
collection process. Thus, AIA indicator method was
used in this study for digestibility determination.
Variations can be high when determining digestibility
with AIA method in low ash content feedstuffs
(Alvarenga et al 2019). Therefore, it is difficult to
interpret the data. There is sufficient ash in the food
prepared for this study (9.92%). It has been concluded
in many studies that the digestibility determination in
dogs with the AIA method is reliable (Zanatta et al.
2013, Alvarenga et al. 2019, Kahraman et al. 2021). Dry
matter (DMD) and organic matter digestibilities
(OMD) of tested food were the highest in groups given
50% less than

daily MER (DMD:73.49%, OMD:77.8%) and total
MER (DMD:72.37%, OMD:78.86%). Digestibility of
dog foods should be more than 80%, values less than
75% are not recommended (Malca et al. 2006). Dogs
fed 50% more than MER showed the lowest DMD
(68.29%) and OMD (72.95%). Besides estimated
amount of food given, this can be explain by increased
transit time of food. In 50% less than MER given dogs
showed similar DMD and OMD with 100% of MER
given dogs. Fiber level in this dog food may be the
reason of this result. Because satiey of dogs might
increased by fiber (Pappas et al. 1989). Reduced transit
time and high ileal digestibility might caused same
digestibilitiy results in 50% less than MER given dogs
with 100% of MER given group. There are not
scientific data about effects on direct food restriction
on digestibility other than BW and body composition
in dogs.

Total dietary fiber could contain high levels of
insoluble fiber fraction, so that increased volume and
frequency of bowel movements could be reason of low
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digestibility coefficients (Prola et al. 2010). DMD and
OMD of dry food used were not high even given at
the MER and %50 less than MER. Reason of low
digestibility was probably high level of CF in used dog
food (9.92%). Pet foods have fiber ranges form 0.61 to
9.40% (Hervera et al. 2007). It is the most responsible
nutrient that reduces digestibility and energy content
of food. High levels of fiber decreases transit time of
food and digestibility in dogs (Duque-Saldarriaga et al.
2017). In a study dogs switched from a diet containing
0.6% to 14.7% of CF, DMD was reduced from 90%
to 70% (Burrows et al. 1982). EI-Wahab et al (2021)
determined no difference of digestibility of foods
contain CF levels between 1.7-2.1%. They concluded
that CF was not enough to affect digestibility. Similar
to this study, Brambillasca et al (2010) fed dogs with
3.33% and 9.46% CF content. They found lower
DMD (71%) and OMD(75.5%) in 9.46% CF
containing food.

Abinaya et al. (2020) fed dogs with three different
energy levels containing foods (3021, 2697 and
2358kcal/kg food). They fed dogs ad libitum for 20
minutes. They reported higher DMD coefficient in
high energy density food (3021 kcal/kg). Reason of
this was probably lower CF and crude ash content of
high energy food they used. They concluded that
reduced DMD was compensated with higher DM
intake of foods with lower energy density. ME of food
used in this study was 3142.65 kcal/kg calculated by
modified Atwater factors. 50% more MER given
group’s DM intake(DMI) was 20.06 gr/kg BW and
100% of MER given group’s was 13.43 gr/kg BW in
this study and dogs left no food in 20 minutes. Carciofi
et al (2009) and Sa et al (2013) determined DMI of
16g/kg BW in adult dogs. They estimated the amount
of food with the energy value of food and energy
requirement of the animal, according to NRC (2000).
Case et al (2011) and Laflamme (2001) also indicated
that the modified Atwater calculation has shown
underestimate prediction of ME of highly digestible
diets and overestimate ME of those with lower
digestibility. In that case, maybe daily given amount of
food was not accurate for dogs used in this study for
better digestibility.

Soluable and insoluable fiber fractions of dog food was
not determined in this study. But it has been
demonstrated that soluble fiber increases DMD (De
Godoy et al. 2013). On the other hand, dog foods with
CF content above 8% and a high level of fermentable
non-starch polysaccharides (NSP) in the CF fraction
leads underestimate prediction of energy density by
modified Atwater equations (FEDIAF, 2020). NSP
fraction of fiber also was not determined in this study.
NRC suggests 4 step equations starts with (5.7 x %
protein) + (9.4 x % fat) + [4.1 x (% NFE + % crude
fibre)| calculating gross energy and there are 3 more
steps to calculate ME. But modified Atwater factors
suggest equation of %CP x 3.5 + % EE(fat) x 8.5 +
%NFE x 3.5 (AAFCO, 2008). They are based on an
average digestibility of 90% for fat, 85% for

carbohydrate (NFE) and 80% for protein. Different
equations did not compare with each other in this
study. More studies are needed to assess equations for
ME estimation of dog foods and longer feeding trials
to determine their effects on BW and BSC. Soluable
fiber fractions need to be determined for further
studies to interpret their effects on digestibility, BW
and BSC.

Dogs were kept in individial kennels which have open
and closed parts and they were not allowed to run or
take a walk. This was probably one of the reasons of
being no digestibility coefficient difference between
st and 2nd groups. The exact ME requirements of an
individual dog will depend on its age, activity level,
body condition, hair (insulating conditions),
environmental temperature, acclimatization, external
environmental circumstances and  psychological
temperament (NRC 20006). Type of husbandary has an
important effect for MER estimation (Bermingham et
al. 2014). Activity level was considered as”low”when
calculate MER with 95 kcal*BW075 in this study. The
equation of 95 kcal*BW"75 maybe was not the best
choice for the dogs kept in individual kennels. 95-130
kcal*BW7> is recommended for low active dogs. But
Individually housed dogs, with little opportunity to
move, may have daily energy requirements as low as 70
kcal ME/kg?7 (FEDIAF 2020). Recommendations
for MER may overestimate energy needs by 10 to 60%
(NRC 2000). They often include a reasonable amount
for activity.

Modified atwater factor and NRC equations have
modarete accuracy for estimation of ME for wet pet
foods. But NRC equations are recommened for
estimation for dry dog foods (Calvez et al. 2012a). For
the kibble diet, the modified Atwater calculation
underestimates the ME and the NRC calculations are
the most accurate predictor of ME (Tanprasertsuk et
al. 2021). Furthermore, Oba et al. (2020) stated that
modified Atwater factors systematically underestimate
the ME content of low-fibre foods whereas they
overestimate those that are high in fibre. On the other
hand, Hall et al. (2013) reported that modified Atwater
factors accurately predict ME concentrations in dog
foods (r?=0.97). There are conflicting results but
modified Atwater factors and 95kcal*BW'7 equations
might be the reasons of determination of low
digestibility of dog food used in this study. More
studies are needed for further investigations to
determine MER of dog and ME of dry kibble foods.
Despite of low digestibility, equations used in this
study seem effective to maintain BW and BSC.
Calculated amount of food for dogs to maintain BW
and BCS was acceptable for 15 days. Dogs started to
lose weight but not significantly at the end of the trial.
It can be interpreted that if this study has lasted for
more than 1 month, BW changes would have been
significant. Because dogs tend to lose %10 of their
body weight in 1 month. Yamka et al. (2007)
conducted a weight loss study lasted 2 months. They
found significant change after 1 month of trial.
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Alexander et al. (2017) offered %200 of MER to dogs
and record %1.25 BW gain per week during 1 month
trial. 50% more than MER given dogs gained 4.63% of
initial BW end of 15 days in this study. Further studies
should continue at least 1 month to determine
significant BW changes.

The ideal BCS should be between 4/9 and 5/9
(FEDIAF, 2020). Initial BSC of dogs used in this study
were between 6.6-7.3. These scores ate considered
overweight. MER for maintanence of dogs were
calculated with inital body weights, ages and activity
levels of dogs. After 15 days of trial, changes of BW
and BSC scores of dogs were not significant. In some
dogs calorie needs may further decrease as ansequence
of an increase in subcutaneous fat (Meyer and Zentek
2005). According to Chandler (2011), loss of more
than 2% of BW each week is undesirable because a
greater proportion of lean body tissue loss often
occurs. Saker and Remillard, (2005) used a weight loss
program that estimates %1-4 of body weight loss in 1
week in dogs. They observed a poor accuracy of their
weight loss program. Reasons were method and
amount of food given. They used the equation of NRC
suggests as 132*BW075 for MER of dogs. In this study
95*BW075 was used. Although it was not statistically
important, 100% of MER given dogs started to lose
weight after 15 days of trial. %50 more and less than
daily MER given dogs were not shown any significant
changes in terms of BW and BCS after 15 days of trial.
These results indicates that 15 days of trial was not
sufficient to determination of accuracy of modified
Atwater factors. Next studies should be conducted for
longer periods. Different equations are also needed to
be investigated and compared to decide whether these
formulas are accurate or not.

Neuter status of dogs were not considered for
calculation MER. Bermingham et al (2014) reported
that MER of neutered dogs lower than the
requirements of intact dogs. For this study BW, age
and activity levels were considered as FEDIAF (2020)
suggests. As many factors affects MER, energy
requirement may be below or above that suggested by
NRC, AAFCO or FEDIAF and density of dog foods
may need to be adjusted up or down to make sure
sufficient but not excess of nutrients (Hill, 20006). In
this study, ME of dog food was determined by using
nutrient analysis. Quantity of the dog foods that
should be fed to the animals presented on the package
gives a range of quantities to take into consideration as
variations between dogs. Owners often follow the
recommended amounts of food labeled on the
package. However, there are also obese dogs, even
though they are given in the recommended amounts
on the packages (Hodgkinson et al. 2008). Nuttall et al.
(2017) reported that the modified Atwater factors
assume  constant  macronutrient  digestibility
coefficients and have been challenged for being a
source of error when calculating predicted ME.

Tanprasertsuk et al. (2021) indicated that, modified
Atwater calculation underestimates the ME and NRC
(20006) calculation is the most accurate predictor of ME
for the kibble diets of dogs. Calculated ME of dog
food used in this study was 3142.65 kcal/kg.
Hodgkinson et al (2008) used a commercial dog food
with 2916 kcal/kg ME. They obsetved less BW gain.
Researchers emphasized that low calorie foods should
contain less than 3100 kcal/kg ME. The food used in
this study was neatly a low calorie food. That could be
another reason of insignificant BW gain in the group
given 50% more than MER. Hodgkinson et al. (2008)
used 1.2¥(132*BW075) as NRC recommended. In this
study 95*BW075 was used. This equation can be also
considered another reason of insignificant changes in
BW and BSC in all three groups. In a study, less
adiposity was determined in 25% food restricted dogs
(Kealy et al. 2002). Dog food used in this study had
sufficient nutrient content as FEDIAF(2020)
recommend. Being more than 8% fiber content may
be another reason of insignificant changes for BW and
BCS.

Some studies have shown that high fiber content
reduces stool quality (Sunvold et al. 1995b, Wichert et
al. 2002). In this study, no significant difference was
found between the groups in terms of fecal score and
stool dry matter parameters. Fecal scores of all groups
were better than ideal range (3-4) (Inal et al. 2017).
There was no difference even in dogs consumed 50%
more or less of their daily MER. This might may be an
indication that the formulas used are inaccurate. There
are not scientific data focus on stool quality and
modified Atwater factors relationships. Higher CF
levels could cause wet and soft stool excreation in dogs
(Brambillasca et al. 2010). Fecal consistency scores
were not soft in this study even dog food had 9.92%
CF. This result may be related to fiber fractions of dog
food used or it may be equaiton used for determination
of MER of dogs (95*BW0.75).

In conclusion, understanding energy density of dog
foods enables the development of accurate feeding
programs that allow to be fed with the total
recommended daily energy requirement. Accurate
feeding guides help to avoid under and overfeeding.
Although further studies are required, the present
study indicates that the combination of modified
Atwater method and 95¥*BW075 formula for estimation
dog’s MER, might not adequate for the food tested
here. BSC and BW changes were not significant as
expected at the end of 15 days trial. But relationship of
low digestibility of the food with these formulas need
to be investigated. Nutrient and energy contents
labeled on commercial dog food packages should be
evaluated in all brands. The effects of amount of food
recommended by manufacturers on BW and BCS of
the dogs should be determined and checked for
digestibility as well. From the dog-owner and
veterinary point of view, this study highlights the
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importance of adjusting the quantities of dog foods
that should be fed according to the body condition of
the dog. Each dog’s feeding program should be
assessed routinely and adjustments made based on the
animal's life stage and general health. This study
provides scientific information to veterinarians,
nutritionists, pet food manufacturers, and pet owners
in understanding the importance of energy density of
dog foods and energy requirements of dogs.
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