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Abstract

Soybean meal and poultry offal meal are protein ingredients commonly used in the formula-

tion of commercial diets for dogs. However, there remains great variability in the data on the

digestibility of each protein source. This systematic review study aimed to examine the

intake, apparent nutrient digestibility coefficients and fecal output of protein sources (soy-

bean meal and poultry offal meal) in adult dog food as reported in published studies. The

article search was conducted in August 2018 in the PUBMED, SciELO, Science Direct and

AGRIS indexing databases. The literature search was performed using "digestibility",

"source protein" and "dog" as the main key terms combined with sub-terms to broaden the

scope of the search. Criteria were defined for readability, exclusion and inclusion of articles.

Results were organized in groups according to the search in the indexing databases, totaling

1,414 articles. After the works were selected following the inclusion criteria, 17 articles were

evaluated in this review. According to most studies, plant-based ingredients have a less var-

iable nutritional composition than animal-derived ingredients and poultry offal meal

increases the digestibility coefficients of nutrients and energy and reduces fecal dry matter

production. Factors inherent to raw-material origin, ingredient and food processing, as well

as the high heterogeneity of the methodologies evaluated in the studies are directly related

to the obtained results. To ensure a more accurate evaluation of the quality and of effects on

the digestibility of protein sources, we recommended that articles include ingredient pro-

cessing data and that the variables be evaluated under standardized study conditions.

Introduction

To determine the quality of a dog food, one must consider the nutritional requirements of

these animals as well as the ingredients (protein sources, mainly), metabolizable energy con-

tent, palatability and digestibility of the product. Dogs require high levels of dietary protein,

which can vary depending on the size and age of the animal. A minimum inclusion of 18%
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crude protein is recommended for adult and medium-sized dogs or 25% in the case of puppy,

pregnant and lactating dogs [1].

A complete and adequate diet has an ideal balance of essential amino acids from a set of

protein sources of plant and animal origins. Animal by-products usually provide ideal concen-

trations of amino acids and proteins, but the quality of these nutrients can vary widely between

sources. This variability may be related to different factors, such as particle size; levels of inclu-

sion in the food; methodology used to estimate amino acid digestibility, composition and bio-

availability; and processing [2]. Animal meals (tallow, oil, fat and flour) are generated during

the rendering process, which consists of the heat treatment and recovery of wastes from

slaughterhouses and meat-packing plants, which in turn must be free of materials foreign to

their composition and pathogenic microorganisms [3, 4]. In addition, these by-products are

subjected to a second processing step (extrusion) that takes place during the production of the

commercial food. The extrusion process promotes physical-chemical changes in the ingredi-

ents that enhance the nutritional value and increase the digestibility of the food [5]. However,

the quality of the heat treatment and extrusion is important, because, depending on how these

processes are carried out, they may directly interfere with the nutritional composition of the

raw material, increasing or reducing the bioavailability of amino acids, palatability and nutri-

ent digestibility [6].

Among animal by-products, offal meal is the ingredient most widely employed by indus-

tries in the formulation of commercial dog foods [7]. The product results from the cooking,

pressing and milling of poultry offal, where the inclusion of heads and feet is allowed. It must

not contain feathers, except those which can occur unintentionally. All parts resulting from

slaughter can be included, but these must not contain hatchery waste or contamination with

eggshells. Inclusion of these parts and other foreign materials characterizes adulteration. The

composition of offal meal is extremely variable, and its protein content can vary from 55 to

65% [3]. Despite being an excellent source of essential and non-essential amino acids [7], diets

based on this by-product may have their digestibility reduced, as the bioavailability of nutrients

can be influenced by the level of inclusion of different animal tissues and by processing [8, 9].

Although most industries recommend the inclusion of animal-derived meals as a primary

source of protein in the formulation of dog diets, several studies indicate that plant-based pro-

tein sources with an adequate essential amino acid profile can increase the nutritional value of

the diet [8–10]. In general, plant-based ingredients have a less variable composition when

compared with products of animal origin [9].

When included in the diet in association with animal proteins, soy protein complements

the essential amino acid profile and increases the nutritional quality of the food [9]. Addition-

ally, because it is largely available, it contributes to reducing the production costs of commer-

cial foods [11, 12]. Soybean meal is a by-product derived from the grinding, heating and

extraction of the lipid content of the grain [9]. In addition to its high energy value, it is a source

of protein and essential fatty acids (linoleic acid, mainly) [10]. However, soybean meal con-

tains several antinutritional factors such as protease inhibitors, phytates, lecithins and non-

starch polysaccharides [13], which are not digested by dogs, which may limit its use in diets for

this species. Extrusion inactivates the protease inhibitors present in the meal due to the high

temperatures used in the process (110 to 180˚C) [14]. Nevertheless, the extrusion of the feed-

stuff can contribute to the over-processing of the meal, denaturing its proteins and

compromising its amino acid bioavailability. On the other hand, under-processing will not

remove anti-nutritional factors such as oligosaccharides, which cause gastrointestinal discom-

fort (flatulence), contribute to the formation of low-quality stools, dilute the energy of the diet

and reduce the palatability and digestibility of the food [15–17]. To date, no systematic review

or meta-analysis has been carried out to investigate the nutritional composition and
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digestibility of protein ingredients in dogs. Therefore, this study proposes to examine and

compare the effects of including soybean meal and poultry offal meal in adult dog food on the

parameters of intake, apparent nutrient digestibility coefficient and fecal characteristics (fecal

production and fecal dry matter) through a systematic review.

Materials and methods

Study protocol

This systematic review study was undertaken to evaluate publications related to nutritional

and digestibility characteristics of protein sources (soybean meal and poultry offal meal) com-

monly used in commercial adult dog food. The study was developed by five authors and began

in August 2018. The developed protocol followed the requirements established by the Pre-

ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [18]. Although

the protocol was not previously registered, this work was conducted similarly to other recent

articles published in a systematic review and meta-analysis format [19, 20].

Source and research information

The studies that make up this review were found through searches in electronic databases and

in articles’ reference lists. The searches were performed in the PUBMED, Scielo, Science Direct

and AGRIS indexing bases. The keywords used were (apparent total tract digestibility OR
digestibility OR nutrition) AND (protein sources OR dietary protein OR protein ingredients OR
animal protein OR vegetal protein) AND (dog OR canine OR adult dog). Combinations between

keywords were always made in sets of three to ensure that more studies were found. The terms

and sub-terms used for the search of references are listed in Table 1. No restrictions were

applied as to year of publication and language, and the last data search was performed on 11/

17/2018.

Selection of studies and construction of databases

As previously mentioned, this systematic review was not limited to studies published in

English and there was no restriction on the year of publication. The following materials were

excluded: book references, book chapters, literature reviews, articles that were not available in

full and articles whose author could not be contacted to obtain detailed data in order to pre-

serve the reliability of the results found.

This review only included studies developed with healthy, adult (1–6 years old) and

medium-sized (10–25 kg) dogs. Animal age, size and physiological status are known to deter-

mine its nutritional requirements as well as the digestibility of the food, and these differences

are well known between puppies and adult dogs [21, 22].

In addition to these parameters, studies that evaluated only soybean meal and poultry offal

meal in commercial dog foods were included in this review. The studies must necessarily

Table 1. Keywords, terms and sub-terms.

Terms Sub- terms

Apparent total tract

digestibility

Ash, crude protein, crude energy, digestibility, fecal, intake

Dogs Adult dogs, pet

Nutrition Diet, canine nutrition, metabolismo

Protein sources Protein ingredient, dietary protein, protein food, animal ingredient, vegetal sources,

by-products, co-products

https://doi.org/10.1371/journal.pone.0249321.t001
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present the parameters of intake levels and total apparent digestibility coefficient (ADC) of at

least one of the following variables: dry matter (DM), organic matter (OM), crude protein

(CP), ether extract (EE), gross energy (GE) and metabolizable energy (ME). Studies in which

the diet was supplemented with sources of prebiotic fibers, probiotics, enzymes and any other

nutrient or additive that interfered with the digestibility of the food were dismissed. When

protein sources other than those of interest in this review were tested in the same experimental

trial, only groups with soybean meal and poultry offal meal were considered, regardless of

their inclusion levels. When the digestibility of protein sources in dogs of different ages and

sizes was evaluated in the same protocol, only the groups of adult and medium-sized dogs

were classified. In comparative studies between collection methods (total or ileal), only the

groups evaluated by the total fecal collection method were included.

Details on the databases search and construction mechanisms are summarized in Fig 1 and

are in line with the preferred reporting items for systematic reviews and meta-analyzes

(Prisma) [18].

Readability criteria

After the studies were selected, the articles underwent a thorough readability review according

to a scoring scale of 0 (inadequate), 1 (inaccurate/partially adequate) and 2 (adequate), where

only the most relevant items were scored, as shown. The scoring criteria, described below,

were adapted from other published systematic reviews [19, 23, 24]:

• A—Sample n: the scoring system was established as follows: 0 (works with less than 4 ani-

mals/treatment), 1 (works with 4 to 19 animals/treatment) and 2 (works with more than 20

animals/treatment);

• B—Randomization: prospective studies conducted at random received 2 points, and those

which were not randomized or whose experimental design was not clear received 1 point;

• C—Sample homogeneity: studies that used animals of the same breed, sex, size and age were

considered homogeneous and received 2 points. Studies that did not use homogeneous sam-

ples or that did not mention one or more of the previous traits received 1 point;

• D—Intake levels: studies that mentioned the intakes of DM, OM, CP, EE and GE per animal

received 2 points; studies that evaluated one to three of these variables received 1 point; and

those which did not evaluate this parameter or in which results were not clear received 0

points;

• E—Digestibility coefficients: studies that measured the ADC of DM, OM, CP and EE per

animal received 2 points; studies that evaluated one to three of these variables received 1

point; and those which did not evaluate these parameters or in which results were not clear

received 0 points;

• F—Fecal characteristics: studies that evaluated fecal production and fecal dry matter received

1 point; studies that did not evaluate these variables received 0 points;

• G—Metabolizable energy: studies that complemented the digestibility results with the

metabolizable energy values received 1 point, and those which did not measure this parame-

ter received 0 points.

Additional data such as experimental period, fecal collection method, description of diet

and ingredient processing, among others, were used only for descriptive purposes, without a

scoring scale, and included in this study to contribute to the interpretation of results and
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synthesis of the discussion. After the articles were evaluated, 17 were selected for the present

study.

Results

The results were organized into groups according to the search in the indexing databases,

totaling 1,627 articles (Fig 1). The largest number of journals (1,289) was concentrated in the

PUBMED database, followed by Science Direct (196), AGRIS (131) and Scielo (11). The review

Fig 1. Prisma flow diagram. Preferred reporting items for systematic reviews and meta-analysis (PRISMA) flow diagram identifying the total number of

articles initially surveyed, the number of articles included and excluded for this systematic review (Moher et al., 2009).

https://doi.org/10.1371/journal.pone.0249321.g001
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of the articles began with the exclusion of duplicate articles, which resulted in 1,414 papers to

be evaluated. Next, the titles were read and 967 works were excluded. Of the 447 articles

remaining, 403 were excluded after the abstracts were read. The discarded articles corre-

sponded to literature reviews, chapters of books, books and experiments in other biological

areas. Finally, the remaining 44 papers were read in full and only 12 were in accordance with

the established selection criteria. An additional search was performed through the references

that were part of each of these works and another 5 new articles were found, resulting in 17

journals that were evaluated in this review.

Although most articles included in this review were published in English and in the last 19

years, there were no language or date restrictions during the search and selection of studies. Of

the 17 articles included, 7 were local (Brazil) and 10 international (USA—6, Canada—1, Bel-

gium—1, France—1 and United Kingdom—1), as shown in Table 3. An important finding

was that no articles published before 2006 were found in the national literature, as the first

studies started to be developed only from that date [13].

In addition to the evaluated variables that constitute the main objective of this systematic

review, the inclusion levels and processing data of each ingredient were also analyzed. The

quality of the selected articles was determined considering these criteria and measured using a

score scale, as shown in Table 2. The maximum score assigned was 10 and the minimum was

4, out of 14 possible points. No study used less than 4 animals per treatment; half of the studies

were randomized; and only 6 used homogeneous experimental groups, that is, animals of the

same sex, size and/or age.

The number of animals varied between studies (from 4 to 36 per treatment), totaling 204

animals in this review. Most studies evaluated digestibility coefficients in adult dogs and only 2

were comparative between ages [22, 24] (Table 2). From these 2, only the data compatible with

the criteria established for this review were extracted.

Table 3 shows the inclusion levels of both soybean meal and poultry offal meal as well as

other protein ingredients evaluated in the studies. Only two [28, 30] of the 17 studies did not

provide this information. The processing of the ingredient and diet was only documented by

two authors [3, 22].

The results described in Table 4 and Table 5 were obtained from a comparison between the

effects of soybean meal and/or poultry offal meal and those of other protein ingredients evalu-

ated in each scientific article.

In most studies that evaluated soybean meal, there were no statistical differences for the

intakes of DM (g/kg/day) [3, 9, 22, 24, 29, 32, 34], CP (g/kg/day) [3, 9, 10, 29, 34], EE (g/kg/

day) [3, 9, 10], or GE (kcal/day) [3, 29, 32]. The same was observed for the intakes of DM [3, 9,

29, 31, 32, 34], CP [3, 9, 10, 29, 31, 34], EE [3, 9, 10, 31] and GE [3, 29, 32] from poultry offal

meal. In the studies in which differences were detected between treatments, both for soybean

meal and poultry offal meal, there was great variability in the results and a close relationship

was observed between the intake levels and the ingredient inclusion levels, i.e., higher inclusion

levels resulted in higher intakes of DM, CP, EE and GE and vice-versa (Table 4).

As regards the digestibility coefficient (Table 5), in most studies, the inclusion of soybean

meal reduced the ADC of DM [9, 13, 22, 28, 30, 32], EE [3, 27, 28, 30] and GE [22, 27, 30] and

increased the ADC of CP [3, 24, 27, 29]. Of the 13 articles cited, 7 [10, 22, 24, 26, 27, 32, 34]

presented the metabolizable energy (ME) values of the diet and, within these studies, soybean

meal inclusion reduced ME.

In contrast to what was observed for soybean meal, most studies that investigated poultry

offal meal did not describe statistical differences in the digestibility results [3, 12, 27, 29, 31,

34]. Only one study [33], in which different inclusion levels were tested, showed opposite

results, i.e., when the level of inclusion of the ingredient was increased, the ADC of DM

PLOS ONE Protein sources of dogs: Systematic Review

PLOS ONE | https://doi.org/10.1371/journal.pone.0249321 May 27, 2021 6 / 16

https://doi.org/10.1371/journal.pone.0249321


Table 2. Database of intake levels, nutrients digestibilty coefficients and fecal characteristic of dog protein ingredients according selected articles for systematic

review.

# Authos Sample n Age Origin

Country

Evaluated ingredients Evaluated variables

1 Carciofi et al. (2009)

[10]

18 Adults Brazil Soybean meal; Poultry offal meal; Intake: DM, OM, CP, EE

ATTD: DM, OM, CP, GE, ME, acid eter

extract

Micronized whole soybeans.

Fecal score, FDM, fecal wet;

Palatability.

2 Carciofi et al. 24 Adults Brazil Soybean meal; ATTD: DM, OM, CP, acid eter extract,

(2006) [13] Poultry offal meal;

Meat and bone meal; FDM

Corn gluten meal.

3 Cavalari et al. (2006)

[25]

4 Adults Brazil Whole soybean meal; ATTD: DM, CP, GE; DE.

Meat meal;

Extruded meat meal;

Poultry offal meal;

Extruded poultry meal

Extruded fish meal;

Extruded feather meal

4 Clapper et al. (2001) [3] 6 Adults USA Soy protein concentrate; Intake: DM, OM, CP, EE;

ATTD: DM, OM, CP, EE, GE;Whole soy

protein; Fecal production and fecal score.

Soybean meal

Soy flour;

Poultry offal meal;

5 Menniti et al. (2014)

[26]

36 Adults Canada Soybean meal; Intake: DM, CP;

ATTD: DM, OM, CP, EE, ME, ED;

6 Maria et al. (2017) [24] 6 Adults and

seniors

Brazil Sugar cane fiber; Intake: DM, ME;

ATTD: DM OM, CP, EE, GE, ME.Beet pulp;

Fecal production, FDM, fecal scoreSoybean meal;

Poultry offal meal

7 Bednar et al. (2000) [9] 4 Adults USA Soybean meal; Intake: DM, OM, CP, EE,

ATTD: DM, OM, CP, EE;Poultry meal;

Fecal production, FDM, fecal score.Poultry offal meal;

Meat and bone meal

8 Félix et al. (2013) [22] 12 Adults and

puppies

Brazil Defatted soybean meal; Intake: DM;

AATD: DM, CP, EE, GE, ME;

Fecal production, FDM, fecal wet, fecal

score

Soybeam meal;

Micronized soybeans;

Toasted soybeans

9 Zanatta et al. (2013)

[27]

8 Adults Brazil Soybean meal; ATTD: DM, OM, CP, GE, ME, acid eter

extract;Poultry offal meal

FDM, score fecal

10 Yamka et al. (2003)

[12]

8 Adults USA Poultry offal meal Intake: DM, CP;

ATTD: DM, CP;

Fecal production. FDM, fecal wet

11 Neirinck et al. (1991)

[28]

4 Adults Belgium Soybean meal; ATTD:DM, OM, CP, EE

Lungs; offal; fresh meat

(Continued)
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decreased, whereas when its inclusion level was reduced, the ADC of DM increased. The ADC

of CP was the variable that most varied in the results: 4 articles reported no statistical differ-

ences [10, 13, 31, 34]; another 4 [3, 25, 27, 29] showed reduced digestibility; and only one [9]

described an increase in the coefficient. Results were divergent in only two articles [12, 33], in

which the authors compared increasing levels of inclusion and observed that higher levels

resulted in increased digestibility of the ingredient, whereas lower levels induced a reduction

in the ADC of CP. For the ADC of EE, no significant differences were described in most stud-

ies [9, 10, 13, 29, 31, 33, 34]. As with soybean meal, the ME value was not specified in most (9)

of the studies cited, and the results found in the journals that evaluated this parameter [9, 10,

32, 33] were divergent, making it difficult to interpret the data.

For soybean meal, fecal production was not evaluated in most (9) of the articles found. In

contrast, fecal dry matter (FDM) was analyzed in 9 of the articles, and the inclusion of the

ingredient reduced FDM in 4 of these studies [13, 26, 27, 34]. For poultry offal meal, the same

was observed in terms of fecal production, with the majority of articles (8) not analyzing this

parameter. Fecal dry matter was evaluated in 7 articles, and the inclusion of the ingredient

increased FDM in 4 of these studies [10, 12, 27, 34].

Table 2. (Continued)

# Authos Sample n Age Origin

Country

Evaluated ingredients Evaluated variables

12 Zuo et al. (1996) [29] 5 Adults USA Conventional Soybean meal; Intake: DM, OM, CP, EE, GE;

ATTD: DM, OM, CP, EE, GELow oligosaccharide Soybean meal;

Poultry offal meal

13 Kendall et al. (1982)

[30]

6 Adults United

Kindom

Soybean meal; ATTD: DM, OM, CP, GE;

Fecal production.Textured soy protein;

Extracted soybean meal;

Full-fat soy flour; Micronized whole

soybeans

14 Murray et al. (1997)

[31]

6 Adults USA Meat and bone meal; Intake: DM, OM, CP, EE, GE

ATTD: DM, OM, CP, EE, GE.Fresh beef meat;

Poultry offal meal;

Fresh poultry meat;

Deffated soybean

meal;

Dehydrated egg

15 Yamka et al. (2006)

[32]

6 Adults USA Soybean meal; Intake: DM, GE

Low oligosaccharide; ATTD: DM, GE;

Fecal production, fecal wet, FDM.Soybean meal;

Poultry offal meal

16 Nery et al. 27 Adults France Corn gluten meal ATTD: DM, CP, EE, GE

(2010) [33] Fecal production, fecal wet, fecal score,

FDM.

Poultry offal meal

17 Tortola et al. (2013)

[34]

24 Adults Brazil Poultry offal meal Intake: DM, OM, CP. EE

ATTD: DM, OM, CP, EE, GE, ME;Soybean meal

Soybean meal with enzyme addition. Fecal production, fecal score, FDM

ATTD: apparent total tract digestibility; CP: crude protein; DM: dry matter; EE: ether extract; ED: digestible energy; FDM: fecal dry matter; GE: gross energy; ME:

metabolizable energy.

https://doi.org/10.1371/journal.pone.0249321.t002
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It is worth stressing that all the studies included in this review evaluated the composition

and digestibility of the experimental diet only, not the ingredient, specifically. In addition, the

ME values described in Table 5 are expressed in different units, since this variable was mea-

sured and described according to the methodology of each author.

Table 3. Inclusion levels of soybean meal, poultry offal meal and other protein sources evaluated in the studies and adults dogs diets processing information.

Authors Selected ingredients inclusion levels (%) Inclusion levels of other protein sources (%) Ingredient processing Diet processing

Soybean meal
Carciofi et al. (2009) [10] 29,5 12,0: meat and bone meal NE Evaluated

Carciofi et al. (2006) [13] 32,1 25,05: corn gluten meal NE NE

29,22: meat and bone meal

Clapper et al. (2001) [3] 44,0 17,1: chiken bone residue NE Evaluated

Menniti et al. (2014) 6,0; 20,8; 15,1 e 13,8: poultry offal meal NE NE

11,5; 18,3: corn meal

6,5: fish meal17,0

Maria et al. (2017) [24] 30,0 11,2: poultry offal meal NE NE

Bednar et al. (2000) [9] 30,0 NE NE NE

Félix et al. (2013) [22] 46,7 59,8: maize Evaluated Evaluated

26,14: poultry offal meal

5,71: corn gluten meal 60%CP

Zanatta et al (2013) [27] 30,0 NE NE NE

Neirinck et al. (1991)

[28]

NE NE NE NE

Zuo et al. (1996) [29] 18,5; NE NE NE

37,1

Kendall et al. (1982) [30] 9,1 NE NE NE

Yamka et al.(2006) [32] 30,9 NE NE NE

Tortola et al. (2010) [34] 30,0 NE NE NE

Poultry offal meal
Carciofi et al. (2009) [10] 22,8 12,0: meat and bone meal NE NE

Carciofi et al. (2006) [13] 23,7 NE NE NE

Cavalari et al. (2006) [25] 40,0 22,0 comemercial diet at proportion: NE NE

60:40 corn gelatinized / poultry offal meal; and at

Proportion: 50:50 corn gelatinized / poultry offal

meal

Clapper et al. (2001) [3] 32,7 7,8 poultry offal meal NE Evaluated

Bednar et al. (2000) [9] 18,0 NE NE NE

Zanatta et al (2013) [27] 50,2 NE NE NE

Yamka et al. (2003) [12] 10,4; NE NE NE

17,8;

25,0;

32,5

Zuo et al. (1996) [29] 33,3 NE NE NE

Murray et al. (1997) [31] 14,54 18,32: dehydrated egg NE NE

Yamka et al. (2006) [32] 22,4 NE NE NE

Nery et al. (2010) [33] 46,5 25,6 and 14,3: corn gluten meal NE NE

74,4

Tortola et al. (2013) [34] 28,9 NE NE NE

NE: none evaluated

https://doi.org/10.1371/journal.pone.0249321.t003
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Discussion

Systematic reviews use specific methodologies to undertake a complete literature search, allow-

ing a broad and clear visualization of the results of a given subject over several years. In this

way, it offers impartial suggestions on the best methodological protocols to be employed or on

the implementation of new lines of research, directing the researcher to more objective

conclusions.

Commercial dog foods are made up of various protein components, both animal- and

plant-derived. However, when we conducted a pre-review to evaluate the state of the art in the

Table 4. Inclusion levels and intake levels of dry matter (DM), crude protein (CP), ether extract (EE), gross energy (GE) of soybean meal and poultry offal.

Author/ year Selected ingredients Inclusion levels (%) Intake levels (g/kg/day) Intake GE

(kcal/day)Soybean meal DM CP EE

Carciofi et al. (2009) [10] 29,5 169,0�# 42,0NS 21,0NS NE

Clapper et al. (2001) [3] 44,0 299,0NS 95,0NS 76,0NS 1.641NS

Menniti et al. (2014) [26] 6,0 321,0�" 93,3�" 57,6�" NE

11,5 318,0�" 92,4�" 57,5�" NE

17,0 324,0�" 97,9�" 58,2�" NE

Maria et al. (2017) [24] 30,0 133,0NS NE NE NE

Bednar et al. (2000) [9] 30,0 380,0NS 97,0NS 48NS NE

Félix et al. (2013) [22] 46,7 246,0NS NE NE NE

Zanatta et al. (2013) [27] 30,0 NE NE NE NE

Neirinck et al. (1991) [28] NE NE NE NE NE

Zuo et al. (1996) [29] 18,5 401,0NS 123,3NS 56,8�" 2.005,0NS

37,1 395,0NS 126,5NS 49,6�# 1.947,0NS

Kendall et al. (1982) [30] 9,1 NE NE NE NE

Yamka et al. (2006) [32] 30,9 331,0NS NE NE 4.649,0NS

Tortola et al. (2013) [34] 30,0 143,0NS 40,0NS 17,0�" NE

Poultry offal meal
Carciofi et al. (2009) [10] 22,8 189,0�" 44,0�NS 22,0�NS NE

Carciofi et al. (2006) [13] 23,7 NE NE NE NE

Cavalari et al. (2006) [25] 40,0 NE NE NE NE

Clapper et al. (2001) [3] 32,7 271,0NS 83,0NS 67,0NS 1.547,0NS

Bednar et al. (2000) [9] 18,0 338,0NS 83,0NS 48,0NS NE

Zanatta et al. (2013) [27] 50,2 NE NE NE NE

Yamka et al. (2003) [12] 10,4 278,8�# 28,8�# NE NE

17,8 269,4�# 40,6�# NE NE

25,0 294,5�# 60,0�" NE NE

32,5 295,1�# 73,8�" NE NE

Zuo et al. (1996) [29] 33,3 400,9NS 121,6NS 59,0�" 2.012,0NS

Murray et al. (1997) [31] 14,54 418,0NS 87,0NS 57,0NS 1.998,0NS

Yamka et al. (2006) [32] 22,4 304,0NS NE NE 4.819,0NS

Nery et al. (2010) [33] 46,5 NE NE NE NE

74,4 NE NE NE NE

Tortola et al. (2013) [34] 28,9 135,0NS 37,0NS 17,0�# NE

CP: crude protein; DM: dry matter; EE: ether extract; ED: digestible energy; GE: gross energy; NE: none evaluated

NS: not significant

�": statistical differences (nutrient intake levels increased)

�: statistical differences (nutrient intake levels decreased).

https://doi.org/10.1371/journal.pone.0249321.t004
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Table 5. Inclusion effects of soybean meal and poultry offal meal under digestibility coefficients, metabolizable energy, fecal production and fecal dry matter.

Author / year Selected ingredients Inclusion levels (%) Apparent total tract digestibility (%) Fecal production (g/d) FDM (%)

Soybean meal DM CP EE GE ME

Carciofi et al. (2009) [10] 29,5 84,0�" 86,0NS 92,0NS 89,0NS 14,2�# 318�# 16,0NS

(MJ/kg)

Carciofi et al. (2006) [13] 32,1 81,1�# 86,3NS 92,0NS NE NE NE 30,1�#

Menniti et al. (2014) [26] 6,0 80,2NS 80,9NS 91,0NS NE 159%�" NE 32,4�#

11,5 80,9NS 82,1NS 91,8NS NE 150%�" NE 30,8�#

17,0 81,4NS 83,1NS 92,0NS NE 151%�" NE 30,2�#

Maria et al. (2017) [24] 30,0 79,6NS 82,8�" 90,0NS 85,5NS 4,03NS 114,2�" 36,4NS

(kcal/g)

Bednar et al. (2000) [9] 30,0 78,3�# 82,7�# 88,4NS NE NE 226�" 54.0�"

Félix et al. (2013) [22] 46,7 75,8�# 85,2�# NE 79,7�# 17,0�# NE 31,1NS

(MJ/kg MS)

Zanatta et al. (2013) [27] 30,0 80,7NS 84,0�" 90,7�# 84,9�# 4.198,7�# NE 29,1�#

(kcal/g/d)

Neirinck et al. (1991) [28] NE 73,8�# 77,7�# 89,4�# NE NE NE NE

Zuo et al. (1996) [29] 18,5 77,7 NS 80,3�" 90,6 NS 83,4 NS NE NE NE

37,1 78,9 NS 84,6�" 90,8 NS 84,1 NS NE NE NE

Kendall et al. (1928) [30] 9,1 75,0�# 84,0NS 57,0�# 78,0�# NE NE NE

Yamka et al. (2006) [32] 30,9 86,5�# NE NE NE 4.014,0�# 142�" NE

(kcal/g/d)

Tortola et al. (2013) [34] 30,0 84,5NS 87,0NS 91,3NS 87,7NS 17,0NS NE 30,7�#

(kJ/g MS)

Poultry offal meal
Carciofi et al. (2009) [10] 22,8 83,0�# 85,0NS 92,0NS 89,0NS 15,9�" 454�" 17,0�"

(MJ/kg)

Carciofi et al. (2006) [13] 23,7 83,6�" 84,4NS 91,7NS NE NE NE 35,0�#

Cavalari et al. (2006) [25] 40,0 88,1�# 88,9�# NE 91,2�# NE NE NE

Clapper et al. (2001) [3] 32,7 81,9NS 76,9�# 92,9�" 84,9NS NE NE 30,0�#

Bednar et al.(2000) [9] 18,0 84,5�" 87,5�" 91,9NS NE NE 117,0�# 39,0�#

Zanatta et al. (2013) [27] 50,2 81,2NS 82,7�# 94,8�" 87,9�" 4.464,8�" NE 41,9�"

(kcal/g/d)

Yamka et al. (2003) [12] 10,4 91,2NS 81,0�# NE NE NE NE 24,8�"

17,8 90,8NS 84,5�# NE NE NE NE 25,2�"

25,0 90,3NS 86,3�# NE NE NE NE 28,6�"

32,5 89,4NS 86,6�" NE NE NE NE 31,6�"

Zuo et al. (1996) [29] 33,3 77,0 NS 77,2�# 90,6 NS 83,1 NS NE NE NE

,Murray et al. (1997) [31] 14,54 85,1NS 89,5NS 93,7NS 92,1NS NE NE NE

Yamka et al. (2006) [32] 22,4 91,3�" NE NE NE 4.254,0�" 64,8�# NE

(kcal/g/d)

Nery et al. (2010) [33] 46,5 84,4�" 81,3�# 96,3NS 88,3�" NE 658,0NS NE

74,4 82,4�# 83,1�" 95,5NS 85,9�# NE 665,0NS NE

Tortola et al. (2013) [34] 28,9 85,6NS 85,9NS 91,7NS 88,1NS 17,4NS NE 37,0�"

(kJ/g MS)

CP: crude protein; DM: dry matter; EE: ether extract; ED: digestible energy; FDM: fecal dry matter; GE: gross energy; ME: metabolizable energy; NE: none evaluated

NS: not significant

�": statistical differences (nutrient apparent total tract digestibility increased)

�: statistical differences (nutrient apparent total tract digestibility decreased).

https://doi.org/10.1371/journal.pone.0249321.t005
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subject, results led to a new search for two specific ingredients (soybean meal and poultry offal

meal). These were chosen because they are the main protein sources used in the formulation

of dog foods and also because the number of studies with other protein ingredients (meat-

and-bone meal and maize by-products) was limited, which would make it difficult to draw any

conclusions about their effects.

The criteria for checking the quality of the selected articles were the presence or absence of

randomization, number of animals per treatment, homogeneity of the studies and complete

availability of the data for each variable measured (ADC, intake, fecal production and FDM).

As an essential part of the results, no study was identified as a blind experiment so as to reduce

any type of bias during the experimental protocols, providing greater credibility to the results.

In addition, sample size is another important factor to be considered; most studies used less

than 10 animals per treatment.

In digestibility trials, some fundamental factors inherent to the animal must be considered,

e.g., species, age, size and physiological condition. Therefore, for this review, it was appropriate

to evaluate studies solely with medium-sized and healthy adult animals (up to 6 years old).

Dogs are considered puppies until 1 year old, adult between 1 and 6 years old and senior

from 7 years of age [21], and each phase of life has a specific nutritional requirement. For

instance, puppy dogs have a 50% higher calorie requirement in their diet than adult dogs [21,

22]. Senior dogs, on the other hand, do not have specific nutritional needs, which are equiva-

lent to that of an adult animal [35]. This aspect is even more important in nutrition studies,

since digestibility varies according to the animal’s energy requirement [22].

As previously mentioned, digestibility varies with animal age, physiological condition and

size. Large dogs are prone to produce lower-quality stools (poorly formed, moist and fetid)

and a larger fecal volume [36, 37]. This can be explained by the anatomical and physiological

differences between sizes. One of these differences can be seen in the larger area of relative

absorption, which, associated with the volume of the intestinal tract and higher rate of colonic

fermentation, results in reduced absorption of electrolytes and water, directly impacting

digestibility and fecal characteristics [38]. This is one of the reasons why dogs of other sizes

were not included in this review.

Considering the evaluated protein sources, factors such as the origin and processing of the

ingredients are crucial to interpret the different results found for the digestibility of the food.

In this study, seven articles were national and the others were published in several countries,

which is important, since the nutritional composition of the raw material varies according to

the country of origin, meaning there is no standardization [38, 39]. Moreover, each supplier

employs different processing methods and quality standards for each ingredient. These meth-

odological and quality differences result in products with an even more variable composition,

which will directly interfere with the digestibility and bioavailability of nutrients [12]. Never-

theless, soybean meal has a more uniform composition and its processing conditions vary less

between suppliers when compared with poultry meal [34, 40].

Based on most of the results described in the selected studies, there were no statistical differ-

ences in the intake levels of the analyzed variables between soybean meal and offal meal. Feed

intake is influenced by several factors, among which are the physicochemical characteristics

(flavor, texture, aroma and taste) and energy density of the diet. In other words, foods with a

higher energy concentration (whether it comes from protein, lipids or carbohydrates) are con-

sumed in smaller quantities than lower-energy foods. This is demonstrated in some studies

that examined different inclusion levels [12, 41].

In addition to feed intake, other important complementary data to be considered are fecal

production and FDM. Despite the large variability of results, overall, soybean meal was found

to reduce FDM, whereas poultry offal meal tends to increase this coefficient. Other factors can

PLOS ONE Protein sources of dogs: Systematic Review

PLOS ONE | https://doi.org/10.1371/journal.pone.0249321 May 27, 2021 12 / 16

https://doi.org/10.1371/journal.pone.0249321


influence the FDM increase, some of the factors are diet dry matter intake, the digestibility of

nutrients present in the raw material, sources of the ingredients and process type. Therefore,

food intake increase may not always lead to higher levels of FDM production [12, 42, 43].

Additionally, fecal production generally reflects the concentration of indigestible diet compo-

nents [27, 44]. For instance, soybean meal contains oligosaccharides (raffinose, stachyose, b-

mannanase), phytates, hemicellulose and non-structural carbohydrates that are excessively fer-

mented by the intestinal microbiota [3, 12]. Fermentation results in the production of short-

chain fatty acids, which increase intraluminal osmotic pressure and contribute to reducing

fecal dry matter and increasing its moisture [9, 12]. In the case of diets based on poultry offal

meal, results are even more inconsistent due to wide variations in the composition of the prod-

uct. Meals with high ash and low protein contents lead to greater mineral losses (calcium,

phosphorus, magnesium) through the feces, consequently increasing the FDM content [45,

46].

Finally, the inclusion of the two protein sources in the foods resulted in different effects on

digestibility. As demonstrated in most studies, soybean meal reduces the digestibility coeffi-

cients of DM, OM, EE, GE and ME. The presence of antinutritional factors (protease inhibi-

tors) in soybean can depress the bioavailability of nutrients [47]. In contrast, the ADC of CP

increases with the inclusion of the raw material in the diet. This may be related, in part, to the

proper processing of the ingredient and the food, since the thermal process inactivates the

anti-nutritional factors present in the meal [26]. When properly processed, soybean meal con-

stitutes an excellent source of protein [3, 29], although must be associated with other protein

sources to ensure the adequate intake of all amino acids essential to the species [10, 13, 32], as

described in all the studies cited.

With poultry offal meal, the effects were opposite for the ADC of DM, OM and ME, which

increased with the inclusion of the ingredient. No significant differences were seen for the

ADC of EE and GE, whereas the ADC of CP decreased. The remarkable variation of results

reflects the lack of uniformity in the composition of the ingredient. The studies that showed

better digestibility coefficients likely used a meal with less variation in its composition and

with higher proportions of more digestible components (offal, muscle tissue, adipose tissue)

[12, 13]. Conversely, those which reported the worst digestibility coefficients for the protein

indicate that the meal used possibly had a higher concentration of minerals and a lower pro-

portion of protein [25, 31].

Conclusion

The results of this review demonstrate the superior effect of poultry offal meal over soybean

meal on the digestibility of dietary nutrients in adult dogs. We recommend evaluating and

comparing these ingredients at different inclusion levels, under standardized study conditions,

so that less variable results are obtained and the existence of specific effects for each treatment

confirmed, since the evaluated methodologies were highly heterogeneous. Therefore, trials

should include the minimum necessary information, such as an assessment of the impacts of

using different raw-material inclusion levels, the same feeding period, data on the collection of

biological material and information on the processing of the ingredient and of the experimen-

tal diet.
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samentos térmicos para suı́nos em crescimento. Arq. Bras. Med. Vet. Zoo. 2004; 56:207–213. http://

dx.doi.org/10.1590/S0102-09352004000200011

42. Taylor EJ, Adams C, Neville R. Some nutritional aspects of ageing in dogs and cats. Proc. Nutr. Soc.

1995; 54:645–656. https://doi.org/10.1079/pns19950064 PMID: 8643702

PLOS ONE Protein sources of dogs: Systematic Review

PLOS ONE | https://doi.org/10.1371/journal.pone.0249321 May 27, 2021 15 / 16

https://doi.org/10.2527/jas.2011-4662
http://www.ncbi.nlm.nih.gov/pubmed/23572259
https://doi.org/10.1111/jpn.12030
https://doi.org/10.1111/jpn.12030
https://doi.org/10.1016/j.vetmic.2010.10.003
https://doi.org/10.1016/j.vetmic.2010.10.003
http://www.ncbi.nlm.nih.gov/pubmed/9303468
http://www.cnpsa.embrapa.br/sgc/sgc_publicacoes/publicacao_u5u82m5u.pdf
https://doi.org/10.2527/jas.2013-7226
http://www.ncbi.nlm.nih.gov/pubmed/24668960
https://doi.org/10.2527/jas2016.1302
https://doi.org/10.2460/ajvr.67.1.88
http://www.ncbi.nlm.nih.gov/pubmed/16426217
https://doi.org/10.1093/jn/121.suppl%5F11.S64
http://www.ncbi.nlm.nih.gov/pubmed/1941241
https://doi.org/10.2527/1996.74102441x
https://doi.org/10.2527/1996.74102441x
http://www.ncbi.nlm.nih.gov/pubmed/8904713
https://doi.org/10.2527/jas.2008-1666
https://doi.org/10.1002/jsfa.2740330902
https://doi.org/10.1002/jsfa.2740330902
https://doi.org/10.1111/jpn.12009
https://doi.org/10.1111/jpn.12009
http://www.ncbi.nlm.nih.gov/pubmed/23639016
https://doi.org/10.1046/j.1439-0396.2003.00410.x
https://doi.org/10.1046/j.1439-0396.2003.00410.x
http://www.ncbi.nlm.nih.gov/pubmed/14511146
https://doi.org/10.1046/j.1439-0442.1999.00201.x
https://doi.org/10.1046/j.1439-0442.1999.00201.x
http://www.ncbi.nlm.nih.gov/pubmed/10337231
https://doi.org/10.2527/1995.7341099x
http://www.ncbi.nlm.nih.gov/pubmed/7628954
https://doi.org/10.1093/ps/79.8.1127
https://doi.org/10.1002/(SICI)1097-0010(199608)71:4<520::AID-JSFA612>3.0.CO;2-X
https://doi.org/10.1002/(SICI)1097-0010(199608)71:4<520::AID-JSFA612>3.0.CO;2-X
http://dx.doi.org/10.1590/S0102-09352004000200011
http://dx.doi.org/10.1590/S0102-09352004000200011
https://doi.org/10.1079/pns19950064
http://www.ncbi.nlm.nih.gov/pubmed/8643702
https://doi.org/10.1371/journal.pone.0249321


43. Camargo GP. Patil A, Cupp CJ, Malnoe A. Method and dietary composition for improving fat digestibil-

ity. Patent application publication, USA. 2005.

44. Félix AP, Brito CBM, Ferrarini H, et al. Caracterı́sticas fı́sico-quı́micas de derivados proteicos da soja

em dietas extrusadas para cães. Cienc. Rural. 2010; 40:256–2573. https://doi.org/10.1590/S0103-

84782010001200021

45. Laflamme DP. Nutriotional care for aging cats and dogs. Vet. Clin North Am Small Anim. Pract. 2012;

42:769–791. https://doi.org/10.1016/j.cvsm.2012.04.002

46. Masuoka H, et al. Transition of the intestinal microbiota of dogs with age. Biosci. Microbiota Food

Health. 2016; 36:27–31. https://doi.org/10.12938/bmfh.BMFH-2016-021

47. Ar Jadad, Moore RA, Carroll D, et al. Assenting the quality of reports of randomized clinical trials: is

blinding necessary? Control Clin. Trials. 1996; 17:1–12. https://doi.org/10.1016/0197-2456(95)00134-

4 PMID: 8721797

PLOS ONE Protein sources of dogs: Systematic Review

PLOS ONE | https://doi.org/10.1371/journal.pone.0249321 May 27, 2021 16 / 16

https://doi.org/10.1590/S0103-84782010001200021
https://doi.org/10.1590/S0103-84782010001200021
https://doi.org/10.1016/j.cvsm.2012.04.002
https://doi.org/10.12938/bmfh.BMFH-2016-021
https://doi.org/10.1016/0197-2456%2895%2900134-4
https://doi.org/10.1016/0197-2456%2895%2900134-4
http://www.ncbi.nlm.nih.gov/pubmed/8721797
https://doi.org/10.1371/journal.pone.0249321

