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APRESENTACAO

A presente obra “Alimentos, Nutricdo e Saude” publicada no formato e-book, traduz
o olhar multidisciplinar e intersetorial da Alimentagéo e Nutricdo. Os volumes abordaréo de
forma categorizada e interdisciplinar trabalhos, pesquisas, relatos de casos e revisdes que
transitam nos diversos caminhos da Nutricdo e Saude. O principal objetivo desse e-book foi
apresentar de forma categorizada e clara estudos desenvolvidos em diversas instituicoes
de ensino e pesquisa do pais em quatro volumes. Em todos esses trabalhos a linha
condutora foi o aspecto relacionado a avaliagdo antropométrica da populacdo brasileira;
padrdes alimentares; avaliagdes fisico-quimicas e sensoriais de alimentos e preparacoes,
determinacao e caracterizagcéo de alimentos e de compostos bioativos; desenvolvimento de
novos produtos alimenticios e areas correlatas.

Temas diversos e interessantes sdo, deste modo, discutidos nestes volumes com a
proposta de fundamentar o conhecimento de académicos, mestres e todos aqueles que de
alguma forma se interessam pela area da Alimentagéo, Nutricdo, Saude e seus aspectos.
A Nutricdo € uma ciéncia relativamente nova, mas a dimensdo de sua importancia se
traduz na amplitude de areas com as quais dialoga. Portanto, possuir um material cientifico
que demonstre com dados substanciais de regibes especificas do pais € muito relevante,
assim como abordar temas atuais e de interesse direto da sociedade. Deste modo a obra
“Alimentos, Nutricdo e Saude” se constitui em uma interessante ferramenta para que o
leitor, seja ele um profissional, académico ou apenas um interessado pelo campo das
ciéncias da nutricdo, tenha acesso a um panorama do que tem sido construido na area em
Nnosso pais.

Uma étima leitura a todos(as)!

Carla Cristina Bauermann Brasil



SUMARIO

(071 =11 1 1] N0 X5 [T 1

TEOR PROTEICO EM ALIMENTOS PLANT-BASED: ESTUDO DE CASO SOBRE
CORRELACOES ENTRE BACALHAU, HAMBURGUER E “LEITE” VEGETAIS

Yanni Sales Caruso

Luiz Eduardo R. de Carvalho

https://doi.org/10.22533/at.ed.0202123081

(07 =11 1 ] N0 X5 20T 9

COMPARACAO DOS EFEITOS DA TECNOLOGIA ULTRAVIOLETA E TECNOLOGIA
CONVENCIONAL EM ASPECTOS DE QUALIDADE DE FOLHAS DE COUVE

Sidnei Macedo Pereira Filho

lasmim Pereira de Moraes

Leticia Cabrera Parra Bortoluzzi

Marcia Regina Ferreira Geraldo-Perdoncini

Stéphani Caroline Beneti

Roberto Ribeiro Neli

Leila Larissa Medeiros Marques

Fabio Henrique Poliseli-Scopel

https://doi.org/10.22533/at.ed.0202123082

(071 =11 1 1] N0 X< J0UNu T 24

PRATICAS DE PROCESSO FERMENTATIVO EM AMBIENTE DOMESTICO PARA O
ENSINO REMOTO EMERGENCIAL

Rosangela Maria Oliveira Marinho

Rute Chayenne Teixeira de Azevedo

Glinailzia Dod¢ da Silva

Daiane de Moura Araujo

Felipe Sousa da Silva

Sheyla Maria Barreto Amaral

Mayara Salgado Silva

https://doi.org/10.22533/at.ed.0202123083

(071 =11 1 1] N0 X0 N 34

VALIDATION OF IC-ELISA: LOW-COST IMMUNOASSAY DEVELOPED FOR AFLATOXIN
ANALYSIS IN EGG

Livia Montanheiro Médici Zanin

Thais Marques Amorim

Fernando de Godoi Silva

Fabiana Akemi Hirata Bae

Giovana dos Santos Marcolino

André Ribeiro da Silva

Mariana Ribeiro Benfatti

Angélica Tieme Ishikawa

Céssia Reika Takabayashi Yamashita

Daiane Dias Lopes




Elisabete Yurie Sataque Ono
Eiko Nakagawa Itano
Osamu Kawamura

Elisa Yoko Hirooka

https://doi.org/10.22533/at.ed.0202123084

CAPITULO 5....eeeeeeeeeessasensssssssesnsnsasasasassssssssnsnsasasssssssssessnsasasanssssassnsnensasassssnns 53

ASSESSMENT OF SAFETY, FUNCTIONAL AND TECHNOLOGICAL PROPERTIES OF
LACTICASEIBACILLI AND LIMOSILACTOBACILLI BEFORE AND AFTER IN VITRO
GASTROINTESTINAL TRANSIT

André Fioravante Guerra

Layse Ferreira de Brito

Karina Coelho Moreira da Silva

José Francisco Pereira Martins

Rosa Helena Luchese

https://doi.org/10.22533/at.ed.0202123085

(071 =11 1 U] N0 Y- J0Uu T 64

ASPETOS NUTRICIONAIS E PROPRIEDADES BIOLOGICAS DAS SEMENTES DE
PAPOILA E DE QUINOA

Ana Cristina Mendes Ferreira da Vinha

Carla Alexandra Lopes Andrade de Sousa e Silva

Carla Manuela Soares de Matos

Carla Maria Sanfins Guimaraes Moutinho

https://doi.org/10.22533/at.ed.0202123086

[07.Y =11 1 1] W0 Y 2000 89

PROCESSAMENTO DE RIZOFOROS COMO ESTRATEGIA PARA O FOMENTO DO
CULTIVO ECONOMICO DE CARA-DE-ESPINHO (Dioscorea chondrocarpa GRISEB. -
DIOSCOREACEAE)

Eleano Rodrigues da Silva

Ana Paula Mileo Guerra Carvalho

Sheila Barros Cabral de Araujo

Flavia de Carvalho Paiva Dias

Sonia Seba Alfaia

Robert Corréa Rodrigues

https://doi.org/10.22533/at.ed.0202123087

(07 =11 1] W0 X: J00uu o 100

PRODUTIVIDADE E PADRAO COMERCIAL DE CULTIVARES DE MAMOEIROS
AVALIADOS NO AMAZONAS

Lucio Pereira Santos
Enilson de Barros Silva

https://doi.org/10.22533/at.ed.0202123088




(07 =11 1 1] W0 X JEUN 109

UTILIZACAO DE MODELOS NAO LINEARES NA DESCRICAO DO CRESCIMENTO DE
FRUTOS DE MANGA DA VARIEDADE PALMER

Felipe Augusto Fernandes

Isolina Aparecida Vilas Bbéas

Henrique José de Paula Alves

Tales Jesus Fernandes

https://doi.org/10.22533/at.ed.0202123089

CAPITULO T0...eeeeeeeeeeeeeeeeeeseseseseseessessmsssssasassesssssssnsasasssssssesssensnsasasasssssesenensnsasasres 117
SEGURANCA ALIMENTAR E TOXICIDADE PRELIMINAR DO ARAQA AMARELO (Psidium
cattleianum)

Aiane Benevide Sereno

Luciana Gibbert

Marina Talamini Piltz de Andrade
Carla Dayane Pinto

Michelli Aparecida Bertolazo da Silva
Josiane de Fatima Gaspari Dias
Obdulio Gomes Miguel

Claudia Carneiro Hecke Kriger

lara José de Messias Reason

https://doi.org/10.22533/at.ed.02021230810

(07 =11 1] W0 X5 & TN 129

DESENVOLVIMENTO E CONTROLE DE QUALIDADE DE PICLES DO PECIOLO DA
VITORIA-REGIA (POEPP.)

Midori Nakamura Marques

Jaime Paiva Lopes Aguiar

Francisca das Chagas do Amaral Souza

https://doi.org/10.22533/at.ed.02021230811

(07 =11 1 1] W0 J5 -3 142

MYCOTOXINS, A PROBLEMATIC AFFECTING FOOD SAFETY IN FOOD INDUSTRY
FOR PETS WORLDWIDE

Nadia Boncompagno
Gianni Galaverna
Andrea Astoreca

https://doi.org/10.22533/at.ed.02021230812
CAPITULO 13..cueueeenessesssssessssssssssesssssssssssssssssssssssssessssssssssessssssssssessssssssssessssssssasees 155

ACIDOS GRAXOS TRANS: ORIGEM ANIMAL E INDUSTRIAL
Mahyara Markievicz Mancio Kus-Yamashita
Thais Fukui de Sousa

https://doi.org/10.22533/at.ed.02021230813




(07 =11 1 1] W0 J5 1 TN 164

ANALISE PARASITOLOGICA DE HORTALIGCAS COMERCIALIZADAS EM FEIRAS
LIVRES DE SALVADOR-BAHIA

Rafael de Sa Barreto Leandro Cruz

Rebeca Bispo de Morais

Cassia Cristina Leal Borges

Paulo Leonardo Lima Ribeiro

https://doi.org/10.22533/at.ed.02021230814

(07 =11 1 1] W0 15 - J0 T 175

CONHECIMENTO DOS CLIENTES DE UM SUPERMERCADO SOBRE HIGIENIZACAO
DE HORTIFRUTIS

Licia Maria Amaral Albuquerque

Mirella Castro Dantas

Eliane Costa Souza

https://doi.org/10.22533/at.ed.02021230815

(07 =11 1 1] W0 15 [ N 183

AVALIACAO QUANTITATIVA E QUALITATIVA DA ADEQUACAO NUTRICIONAL
DAS REFEICOES OFERECIPAS AOS TRABALHADORES CON:I'EMPLADOS PELO
PROGRAMA DE ALIMENTACAO DO TRABALHADOR: UMA REVISAO DE LITERATURA

Cibele Maria de Araujo Rocha

Yanna de Jesus Carneiro

Ariele Milet do Amaral Mercés

https://doi.org/10.22533/at.ed.02021230816

(07 =11 1 1] W0 J5 r 2000 197

AVALIACAO DOﬂiNDICE DE RESTO INGESTAO E SOBRAS SUJAS EM UMA UNIDADE
DE ALIMENTACAO HOTELEIRA LOCALIZADA EM MACEIO/AL

Julia Mayara Correia de Farias

Maria Carolina de Melo Lima

Carla Beatriz Martins da Silva

Maria Augusta Tendrio Ferreira

Eliane Costa Souza

https://doi.org/10.22533/at.ed.02021230817
SOBRE O ORGANIZADORA .......ooooirimrrsmrsssnrsssssssmssssmssssmssssssssssssssssssmssssmssssmssssnes 205
INDICE REMISSIVO......ooouiueeuircssscsssssssssssssssssssssssssssssssssssssssasssssssssssssssssassssssssans 206




CAPITULO 12

MYCOTOXINS, A PROBLEMATIC AFFECTING
FOOD SAFETY IN FOOD INDUSTRY FOR PETS

Data de aceite: 01/08/2021
Data de submissdo: 10/05/2021

Nadia Boncompagno

Laboratory analyst - Quality & Food Safety.
Royal Canin Argentina S.A (a division of MARS,
Inc.) Buenos Aires, Argentina.

Gianni Galaverna

Full Professor in the Department of Food and
Drug of the Universita di Parma (UNIPR),
Parma, Italy.

Andrea Astoreca

Center for Research and Development

in Industrial Fermentations (CINDEFI).
Researcher of the National Council of Scientific
and Technical Research (CONICET), Faculty
of Exacts Science, National University of La
Plata.47th and 115th Street (B1900ASH) La
Plata, Argentina.

ABSTRACT: The feeding of companion animals
has some objectives of its own that differentiate it
from that of other animals. In addition of providing
a correct and balanced amount of nutrients, it
should allow them to optimize their health, activity
and longevity, since these are often considered
as “family members” and are treated as such.
Through different investigations it has been
shown that the pet food can be contaminated with
mycotoxins. These metabolites are produced by
different fungal species which contaminate cereals
and their derivatives, used as raw materials for
the manufacture of these products. This has
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greatly favoured the risk of poisoning with these
substances. Therefore, the pet food industry
must ensure that the concentration of mycotoxins
in its products remains below the established
toxicological limits. It is known that the different
stages of the pet food production process, cannot
completely inactivate these fungal metabolites,
so the best way to avoid contamination with
fungal toxins is through prevention, however, it is
often insufficient. Several alternatives have been
sought to treat the contaminated grain. One of the
most promising approaches to solve this problem
is the addition of adsorbents materials, such as
clay materials, activated carbon and yeast cell
wall extracts. It should be noted that all these
practices do not replace the need to use high-
quality ingredients, from trusted suppliers, with
established processing guidelines to avoid the
production of mycotoxins.

KEYWORDS: pet food, mycotoxins, food safety,
raw materials.

MICOTOXINAS, UM PROBLEMATICO
QUE AFETA A SEGURANCA ALIMENTAR
NA INDUSTRIA DE ALIMENTOS PARA
ANIMAIS DE ESTIMAGAO EM TODO O
MUNDO

RESUMO: A alimentacdo de animais de
companhia tem alguns objetivos préprios que
a diferenciam da de outros animais. Além de
fornecer uma quantidade correta e equilibrada de
nutrientes, deve permitir que eles otimizem sua
saude, atividade e longevidade, ja4 que muitas
vezes sdo considerados “membros da familia”
e sdo tratados como tal. Por meio de diferentes
investigagdes, foi demonstrado que os alimentos
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para animais de estimac¢@o podem estar contaminados com micotoxinas. Esses metabdlitos
séo produzidos por diferentes espécies de fungos que contaminam os cereais e seus
derivados, utilizados como matéria-prima na fabricacéo desses produtos. Isso tem favorecido
muito o risco de intoxicagdo por essas substancias. Portanto, a industria de alimentos para
animais de estimacdo deve garantir que a concentracdo de micotoxinas em seus produtos
permaneca abaixo dos limites toxicologicos estabelecidos. Sabe-se que as diferentes etapas
do processo de produgéo de ragdes, ndo conseguem inativar completamente esses metabdlitos
fungicos, portanto a melhor forma de evitar a contaminagéo com toxinas fungicas é através
da prevengao, porém muitas vezes € insuficiente. Vérias alternativas tém sido buscadas
para tratar o gréo contaminado. Uma das abordagens mais promissoras para resolver este
problema é a adigcdo de materiais adsorventes, como materiais argilosos, carvao ativado
e extratos de parede celular de levedura. Deve-se observar que todas essas praticas nao
substituem a necessidade de usar ingredientes de alta qualidade, de fornecedores confiaveis,
com diretrizes de processamento estabelecidas para evitar a producéo de micotoxinas.
PALAVRAS - CHAVE: alimentos para animais de estimagdo, micotoxinas, seguranga
alimentar, matérias-primas.

INTRODUCTION

History of the dry pet food industry

Humans have fed, domesticated, and adopted dogs and cats for work and/or pleasure
for thousands of years. Research mentions that dogs were in the company of humans for
more than 30,000 years (Gomez et al. 2007). At beginning, their diet was very similar to that
of their owners, and consisted of whatever food they could spare. But over the years, these
animals became an integral part of homes, and scientific understanding of pet nutrition
and food safety focused on their diet to protect their health. During the new millennium,
dry pet food companies have continued to develop specific foods for different life stages,
psychological states, and disease states (Arango, 2016).

World and Latin America market

Pets are part of the family in most homes around the world. More than half of people
worldwide have a pet at home (57%), according to a global study conducted by GfK in 2016.
Argentina, Mexico and Brazil present the highest rate of pet ownership, among 22 consulted
countries, being the dogs the most popular pet in the three nations. Contrary, Asian countries
have obtained the lowest percentages in terms of pet ownership (in more than 27,000
people, over 15 years of age, from 22 countries, belonging to the five continents).

Regarding the Latin American market, Brazil is the main producer and consumer in
the sector (46%), followed by Mexico (20%) and Argentina (11%).

Despite the economic crises that Argentina has faced cyclically over the years, this
topic is in continuous growth. Figure 1 shows the evolution in the sale of dry pet food from
2008 to the present.
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Figure 1. Tons of dry pet food sold in the last decade. Source: Argentine Chamber of Animal Nutrition
Companies.

In the local market a very wide variety of products formulated according to the
following criteria may be found:

*  Age range: puppies, juveniles, adults, seniors.

»  Breed requirements: size (small, medium, large), special breeds (Sheepdog,
French Bulldog, Labrador, etc), activity (sedentary, active), etc.
But, the market segmentation is divided into the following categories based on
the quality of the raw materials used in the formulation: Super Premium, Low Premium,
Premium, Standard and Economy.

Technology of the production process during its elaboration

Dry pet foods are considered high fat, low moisture, and low water activity (a,,)
products. When formulated without humectants or preservatives, these products have
an a,, of 0.65 or less, and are generally coated with fat (beef or chicken fat) to improve
palatability (Crane et al., 2000). At these low levels of a,, dry pet foods are considered
stable to microbial growth (Carrion and Thompson, 2014). However, as the main ingredients
that compose it are cereals and their derivatives (corn, soy flour, wheat, rice, corn gluten,
etc.) it is necessary to pay special attention to the contaminants that may be introduced into
the food. The main risk posed by these ingredients are due to the possible contamination by
mycotoxins, a topic that will be developed below.

Mycotoxins

Mycotoxins are fungal secondary metabolites that cause biochemical, physiological
and pathological changes in other species, including animals, plants, microbes and even
humans (Pleadin et al., 2019). The disease resulting from exposure to mycotoxins is
called “mycotoxicosis”. These metabolites are capable of causing both acute (high dose of
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mycotoxin, short-term exposure) and chronic (lower dose of mycotoxin, long-term exposure)
toxic effects in humans and animals. Situation is to be considered since pets consume
balanced food throughout their lives and these contaminants may cause a wide variety
of mutagenic, carcinogenic, teratogenic, dermatotoxic, immunosuppressive, neurotoxic
effects, among others, and can even be lethal. The target organs can be liver, kidneys,
lungs, central nervous system and immune system. The degree of susceptibility of an
organism depends on genus, age, diet, general health, the amount and type of mycotoxin,
and the duration of exposure (Kabak et al., 2006; Pleadin et al., 2019).

The contamination of food with filamentous fungi producing mycotoxins and yeasts
is the cause of great economic losses in the food industry throughout the world. The most
colonized crops around the world are those of rice, corn, wheat, barley, oats, peanuts,
cotton seeds and soybeans (Haschek and Voss, 2013).

Legislation on mycotoxins in dry pet food

Regulations regarding permissible concentrations of mycotoxins in animal feeds
focus mainly on farm animals used for food production. While much of what is known about
mycotoxins in animals is based on toxicological data demonstrating adverse effects in farm
and laboratory animals exposed to naturally occurring concentrations of mycotoxins, there
is perhaps even more concern for companion animals who are often maintained and fed
for longer periods of time on a homogeneous, grain-containing diet and thus more likely
to have chronic exposures to pet foods contaminated with either single mycotoxins, or
multiple mycotoxins in various combinations (B6hm et al. 2010). Moreover, none of these
studies have investigated the long-term chronic exposures that likely occur if pets are fed a
contaminated feed over a typical lifespan (Leung et al. 2006).

More recently, following some scientific opinions provided by the European Food
Safety Authority (EFSA), specific “guidance values” recommended for DON, ZEA, OTA,
T-2, and HT-2 also referred to the compound feed intended for dogs or cats have been
introduced (Grandi et al. 2019).

In Argentina there is no exclusive legislation for food for companion animals, but
they are considered within the current regulations of SENASA resolution 594/15 “Technical
Standard for Animal Food of the Argentine Republic” (http://www.senasa.gob.ar/normativas/
resolucion-594-2015-senasa-servicio-nacional-de-sanidad-y-calidad-agroalimentaria).
Mycotoxin reports in dry pet food

In the last 20 years, some monitoring initiatives carried out in different parts of the
world have revealed a significant presence of mycotoxins in the pet food samples analyzed.
More specifically, the principal mycotoxins investigated were aflatoxins, fumonisins,
deoxynivalenol (DON), zearalenone (ZEA) and ochratoxin A (OTA). Table 1 summarizes
the main scientific works reported worldwide with the corresponding highlighted results and
authors.
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) Samples Analitical Quantification .
Location surveyed methods limits (LOQs) Mycotoxins detected References
Raw materiale AFB;:0.1ug/Kg  AFB, was detectedonly ~ FERNANDEZ
Argentine rea dyp dog foods HPLC in wheat and soybean JURI et al.
samples FB,: 0.02 ug/Kg pelletized 2009a
AFB, was detected in
Zgoei?rrdptlazs AFB,:0.1 ng/Kg 2Oa?1rgidsige/;r %frgrﬁzlrl# "
] FERNANDEZ
Argentine commercial dog HPLC puppy food samples, JURI et al
9 foods (_standagd, - resggctiv;sly) f 20090 ’
premium an rom 40 to 75% o
super premium) FB,: 0.02 ug/Kg the samples were
contaminated with FB,.
AFs: 1 uglkg DON was found in 83% of
the samples (with median
OTA: 2 ug/kg of 308 ug/kg). ZEA (47%
Seventy-six positives) and FUM (42% )
Vienna, dry dog food ELISA Kit FUM: 50 pg/kg positives) were also BOHM et al.
Austria samples from 27 frequently detected in 2010
producers dog food. OTA was found
DON and ZEA: 25  only in 5% of the samples
Hglkg whereas AF were not
detected in any sample.
FB, and FB, were
FB,: 0.100 wg/g quantified in 63.4 and
56.1% of the samples,
41 dry dog food respectively. The range of
samples (32 ) FB, + FB, was between
Italy complete and 9 HPI"&;SMS/ 1501and 82800 pg/kg. Two PAGLL%?;A etal.
complementary samples (one complete
formulations) FB,: 0.005 pg/g and one complementary
dog food), containing 5190
and 8800 pg/kg of FB, +
FB,, respectively.
87% of the samples were
positive for AFs (mainly
AFB, and AFB,): mean
of 248 pg/kg, FUM were
detected in 98% of the
S 00 WRLC Notmenonea  SenPESTemmol1ott  MULUNOAetsl
in 68% of the samples
(mean of 13.7 pg/kg). ZEA
was detected in 96% of
the samples (mean value
of 354 ug/kg).
The incidence of T-2,
ZEA and FB, was 79.5%,
HPLC with 85.2% and 96.1%,
China 422;26?:;Uﬁ fluorescence Not mentioned respectively; levels WAZ‘& gt al.
P detection detected ranged from 10-
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735, 35-1478 and 20-6568
ug/kg, respectively.
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DON: 20 pg/kg

T-2 toxin: 1.5 pug/kg

DON and ZEA were
detected in all samples.
T-2 and HT-2 toxins
were present in 88%

Poland 25dogand24  HPLC-MS/  HT-2toxin, FUM:  and 84% of the samples, Kog:_é\kjﬂ-t al
cat food samples MS 5 uglkg respectively. Two samples 2014 ’
contained FUM. AFB, and
OTA were detected in 8%
ZEA: 0.10 pglkg and 45% of the samples,
respectively.
All assayed substances
were present in all
. products, however in small
6 commercial er _ amounts. The average HOLDA and
Poland foods for growing HPLC-MS Not mentioned f DON. ZEA GLOGOWSKI
dogs content o , , 2014
a-ZEL and B-ZEL were
11.2, 2.6, 5.3 and 3.9 ug/
Kg, respectively.
DON and FB,: .
1 ug/Kg DON was found in 100%
of the samples; AFB, and
48 samples AFB, and AFB,:  AFG1 not detected; AFB,
ital of complete UPLC-MS/ 0.5 pg/Kg and AFG, detected in 4%  GAZZOTTl et al.
v extruded dry dog MS AEG.. AFG.. EM and 8% of the samples, 2015
foods and OTA: QZI:IQ/KEl respectively; FUM and
OTA in 88% and 81% of
ZEA: 5 ug/Kg the samples, respectively
AFB.. AFG.. OTA: Among all total analyzed
0.1 ng1/’g samples, 28.82% (n =
147) samples were found
510 commercially positive for AFB,, 5.80%
Eg&tag rgaK pet food samples HPTLC of AFB, and 21 37% for TAle%ﬁ‘set al.
of cat and dog AFB,, AFG,: OTA. However, neither
0.5 ng/g cat food nor dog food was
found contaminated for
AFG, and AFG,
AFs: 5 pglkg 15% of the samples were
positive for AFB, (max
20 pet food (5 AFB.- 1 ua/k 18.4 pg/kg); OTA was
wet dog foods, 5 i+ 1 HI%9 detected in most of the ABD-ELHAKIM
Egypt wet cat foods, 5 ELISA kit OTA: 2.5 ya/k samples (max 6.65 g/ ot al. 2016
dry dog foods, 5 -9 HO/kg kg); ZEA was measured ’
dry cat foods) in 20% of the samples at
ZEA: 1.75 pglkg levels between 148 and
1170 pg/kg
FB‘E 45.8 ug/kg
FB,: 58.8 pg/kg
ZEA: 6.08 ualk Despite the high
Parana - 0.0 Lgikg frequency of FUM (68%),
State, ~ 100dvdogfeed yp g ZEA (95%) and AFs (68%) ©'ooodU!etal
Brazil P in feed samples, the mean

AFB,: 0.32 pg/kg
AFG,: 0.15 ug/kg
AFB,: 1.09 pg/kg

AFG: 0.48 yig/kg

2

levels detected were low.
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South
Africa

20 dry dog foods HPLC

Not mentioned

All the samples were
positive for FUM; OTA
and ZEA were detected
in most of the samples at
very low concentrations;
AFs were identified in all
the samples with relatively
high concentrations of
AFB,

SINGH and
CHUTURGOON
2017

Brazil

87 feed samples
intended for
dogs (included
standard,
premium and
superpremium
quality)

HPLC

Not mentioned

FUM (FB,+FB,) were
detected in 77.6%
Standard followed by
Premium (72%) and
Super Premium (42.9%)
feed samples. ZEA levels
in most feed samples
(90.1%) were below 50
ug/kg. Concerning total
AFs (AFB, + AFB, + AFG,
+AFG,): Standard feed
samples showed the
highest mean levels (1.29
pg/kg), which differed
significantly from the
Premium (0.49 pg/kg) and
Super Premium feed (0.53
Hg/kg)

TEXEIRA et al.
2017

USA

58 dogs, cats, ELISA and
birds, and rabbits HPLC-MS/
Pet food samples MS to confirm

AF: 0.02 ug/kg

OTA: 0.05 pg/kg

DON: 0.5 pg/g

OTA was detected in
one rabbit pet food and
AFs were detected
in two samples. DON
was detected in 74%
of samples. One rabbit
sample tested positive for
both OTA and DON.

OKUMA et al.
2018

China

DON: 16.5 ug/Kg

AFG,: 0.7 ug/Kg

AFB,: 1.7 ug/Kg

CIT: 3.3 pug/Kg

FB,: 10 pyg/Kg

T-2 toxin: 3.3 yg/Kg

OTA: 10.7 pg/Kg

ZEA: 2.5 ug/Kg
BEA: 0.2 ug/Kg

Only one sample was free
of contamination. All the
other samples (96.9%)
contained at least three
mycotoxins. DON, ZEA,
AFB,, FB,, CIT, and BEA
displayed a relatively high
occurrence (78.1, 62.5,
87.5, 93.8, 68.8, and
96.9%, respectively). T-2
toxin was found in only
one sample (15.4 pg/kg)
and OTA in two samples
(15.1 and 17.3 pg/kg).

SHAO et al.
2018

Italy

32 dry dog
food samples
of different HPLC-MS/
. MS
commercial
brands
64 extruded cat UPLC-MS/
foods MS

ZEA: 5 ug/Kg

DON, FUM and
AF: 3 ug/Kg

T-2 toxin: 10 yg/Kg

HT-2 toxin: 20 pg/
Kg

DON and FUM were
the most common
contaminants (quantified
in 80 and 95% of the
samples, respectively).
Conversely, AFB,, AFG,,
and AFG, were not
identified in any sample.

GRANDI et al.
2019
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60 samples of

AFB,, AFB,, AFG,
and AFG,: 1 ug/g

DON, FUM, T-2
toxin and HT-2

None of the total samples
tested had concentrations

Southern HPLC-MS/ . above the detection limits ~ TEGZES et al.
California 9" a7d et dog MS toxin: 0.1 ug/Kg for AFB,, AFB,, AFG,, 2019
. AFG,, HT-2 toxin, OTA, or
OTA:2 ug/g . toxin
ZEA: 20 pg/g
. ZEA was detected in 69%
(wﬁizcr?i?rﬁ);?ssted ZER T (range, 1.22-51.7 ug/kg),
of 17 veterinary FB.: 2 na/ DON in 52% (24.87-2451 WITASZAK et
Poland o0t ote and HPLC 12 Ng/g Hg/kg), FB, in 33% (4.89- al 2019
> . 80.13 pg/kg), and NIV in )
5 veterinary DONand NIV: 269 (17.43-200 pg/kg) of
dists for dogs) 10 ng/g the samples.
AFs = 0.025 ng/g
TA: 0.1 ng/
60 packages OTA: 0.1 ng/g
of pelleted dry FUM: 2.5 ng/g AFB._, HT-2 toxin, DON, ‘
Canary 1 MACIAS-
food for cats and UPLC-MS/ . and FB, and FB, were
;sélggﬁiqs) 62 packages of MS T-2 toxin: 0.2 ng/g detected in 100% of the MON;'(I)EQSOet al.

pelleted dry food
for dogs

HT-2 toxin: 0.1 ng/g
DON: 5 ng/g
ZEA: 0.04 ng/g

samples analyzed.
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Table 1. Studies on the incidence of the main mycotoxins present in pet food.

AFs: aflatoxins; AFB,: aflatoxin B,; AFB,: aflatoxin B,; AFG,: aflatoxin G,; AFG,: aflatoxin G,; FUM:
fumonisins; ZEA: zearalenone; ZEL: zearalenol; DON: deoxynivalenol; OTA: ochratoxin A; CIT: citrin;
BEA: beauvericin; NIV: nivalenol; HPLC: high-performance liquid chromatography; UPLC-MS/MS: ultra-
performance liquid chromatography (UPLC) coupled with tandem mass spectrometry; ELISA: enzyme-
linked immunosorbent assay.

Mycotoxins and the production process of dry pet food

Most of these mycotoxins found in pet food are chemically and thermally stable
compounds. Once mycotoxins are formed in the feed ingredients, efforts must be made to
ensure detoxification during processing and/or prevent mycotoxicosis without compromising
the nutritional quality of the pet food (Atungulu et al. 2018). It has been shown that extrusion
cooking can lead to a reduction in the mycotoxins levels present in cereals such as corn,
wheat and rice (Castells et al. 2005) but not their elimination. The rate of reduction of the
mycotoxin concentration in a finished product depends on several factors including the
initial concentration and group of mycotoxins, the temperature of the extruder, the speed
and type of screw, the moisture content of the extrusion mixture, the residence time inside
the extruder and the use of additives. Among these factors, extrusion temperature and
residence time appear to have the greatest effect. The greatest reductions in mycotoxin
concentrations in extrudates occur at temperatures of 160 °C (or higher) and long residence
times (Bullerman et al. 2007). Unfortunately the extrusion process to obtain dry pet food
does not reach the necessary temperature to obtain a significant destruction of mycotoxins.
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In other words, the temperature in the extruder does not exceed 130 °C since the availability
of proteins, vitamins and other thermolabile nutrients could be affected.

Prevention strategies applied to dry pet food

Mycotoxin contamination of grains (used as raw material for the elaboration of
dry pet food) can occur during the pre- or post-harvest stages due to the application of
inappropriate agricultural practices (Kabak et al. 2006; Neme et al. 2017). At present it is
not feasible to completely eliminate products contaminated by mycotoxins, therefore, it is
important that grain producers are aware that good agricultural practices are the first line of
defense against contamination of cereals by mycotoxins, followed by good manufacturing
practices during the handling, storage and distribution of cereals intended for human and
animal consumption.

Methods used by the pet food industry to prevent mycotoxicoses include processing
techniques, nutrient supplementation, use of mycotoxin adsorbent, and microbial inactivation.
Contamination levels in most cereal-based pet food ingredients can be reduced by sieving,
washing, and pearling techniques. Broken, malformed, and immature kernels, as well as
dust and other materials, tend to promote fungal growth and mycotoxin contamination.
The use of sieves to remove unwanted grain fractions can significantly prevent mycotoxin
contamination (Geetanjali, 2013). Successful mycotoxin reduction has also been achieved
by washing methods. A wash treatment may require the moistened product to dry, which
could mean additional expense; this can have significant financial consequences for pet
food manufacturers. Peeled or sequential removal of the outer portions of the kernels
by abrasive pearling procedures has also been used to decrease mycotoxins. Other
processing techniques to prevent mycotoxin contamination in pet food include ozonation
and the addition of acid-based fungal inhibitors (benzoic, acetic, sorbic, and propionic acid)
(Atungulu et al. 2018).

The effectiveness of the use of nutritional supplements, especially neutral amino
acids, antioxidants, and polyunsaturated fatty acids has been reported to manage
mycotoxin-induced tissue damage and altered behavior. In many circumstances, there are
still numerous clinical feeding trials that need to be conducted to determine the efficiency of
using these dietary supplements to treat mycotoxicoses in pets.

The most common strategy to mitigate the exposure of animals to mycotoxins is
to reduce the bioavailability of these toxins by incorporating various detoxifying agents in
the feed in order to reduce their absorption and distribution through the bloodstream to
vulnerable organs. Mycotoxin adsorbing agents are high molecular weight compounds that
are not digested by the animal and are excreted in the faeces. The two most widely studied
categories of mycotoxin sequestrants include hydrated calcium sodium aluminosilicate and
silicate minerals (HSCAS) (Amer et al. 2018). Other minor categories include activated
charcoal, cholestyramine, chlorophyllin, and yeast cell wall derived agents (EFSA, 2009).
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Silicate minerals comprise the largest class of mycotoxin sequestering agents and include
bentonites and zeolites. The latter are widely used because they have a high degree of
ion exchange capacity and are primarily effective against aflatoxins. The disadvantage of
most of these mycotoxin sequestering agents include the fact that they only absorb specific
mycotoxins, require a high inclusion rate in animal feed, can cause other health complications,
or are too expensive for industrial applications. In contrast, polymers containing naturally
occurring glucomannan extracted from yeast cell wall may have some merits for practical
use in the pet food industry. Glucomannan has a high adsorption capacity to bind to a
combination of different mycotoxins; this, together with low inclusion rates, make them
attractive for preventing mycotoxicosis in the pet food industry (Jard et al. 2011).

The use of some microorganisms, such as lactic acid bacteria and bifidobacteria,
has been shown to prevent mycotoxicosis in pet food (Muhialdin et al. 2020). These
bacteria have the ability to reduce the bioavailability of aflatoxins by binding them through
peptidoglycans and polysaccharides in the bacterial cell wall. Saccharomyces cerevisiae
yeast can reduce the bioavailability of mycotoxins. The presence of beta-D-glucans in the
yeast cell wall has been correlated with the elimination of mycotoxins such as zearalenone,
aflatoxin B,, deoxynivalnol and ochratoxin A.

In the Argentine market, dry products for pets are currently for sale (regardless of
whether they are dogs or cats, puppies or adults), where some of the ingredients mentioned
above are declared among the components. The vast majority are present in products in the

super premium segment.

CONCLUSIONS

Good processing techniques, sequestering agents, nutritional supplementation, and
microbial inactivation methods used to prevent mycotoxicoses in pet food should not replace
the need to use high-quality ingredients to avoid the presence of these metabolites in such
feeds. The procurement of ingredients from the point of supply, prior to procurement, and
subsequent storage and handling methods significantly affect their quality. It is important
to purchase ingredients from trusted suppliers, with established processing guidelines, to
avoid mycotoxin production in source products. In the case of ingredients of plant origin,
several strategies could be used for plantations, ranging from (1) the selection of varieties
of crops resistant to mycotoxin-producing fungi; (2) proper production practices, such as
the correct choice of planting and harvest dates, crop rotation, plant population, irrigation,
and sanitation schemes to limit the proliferation of mycotoxin-producing fungi, and (3) the
appropriate application of chemicals for crop protection or biological controls to mitigate
mycotoxin production.
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