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Vegan / vegetarian human food

(Bunge et al., 2024; Bourke, 2023) 



Vegan / vegetarian petfood

Protein sources, e.g.

Peas

Soybean

Lentils

Corn gluten

Potato protein isolate

Rice protein isolate

Corn protein isolate

Pea protein concentrate



Vegan /vegetarian pet food may contain ANFs

Saponins

Lectins

Polyphenols

Phytic acid

Reduce bioavailability of minerals, proteins, and starch

Reduce bioavailability of minerals, proteins, and carbohydrates

Interfere with digestive wall and reduce nutrient absorption

Reduce bioavailability of certain minerals and vitamins

(Tomaz et al., 2022; De Angelis et al., 2021; Samtiya et al., 2021; Muttagi & Ravindra, 2020; Hejdysz et al., 
2015; Staessen, 2014; Phillippy et al., 2004)

Protein sources, e.g.

Peas

Soybean

Lentils

Corn gluten

Potato protein isolate

Rice protein isolate

Corn protein isolate

Pea protein concentrate

Phytic acid 

2.1 - 9.8

6 - 21

2.7 - 15.1

15 - 16

10 - 20

Unknown

Unknown

Unknown

*mg g-1 DM

Big range



Guidelines and theory
Bioavailability

Solubilized Absorption

Accessibility

and prepare for 

Zn2+

Phytic  Acid

Insoluble 

Zn phytate

e.g.



Current knowledge

Limited data available on mineral accessibility

Dog + Food + Mineral

Dog + Food + Mineral + Vegan / Vegetarian
Dog AND food AND mineral AND plant-based OR vegan OR vegetarian

Dog AND food AND mineral AND NOT plant-based AND NOT vegan AND NOT vegetarian



Study aim

Understand mineral accessibility in commercial 

vegan / vegetarian dog foods

Animal- vs. plant-based foods

Entire grain flour vs. protein concentrate/isolate



Study design

Product inventory

Recorded from labels:

-Main protein sources

-ME content

ICP ICP

In vitro incubation

ICP ICP

In vitro incubation

Chicken, poultry 7 × Animal

Protein isolate (rice, 

potato), corn gluten
7 × Plant | Conc. / isol.

Protein sources, e.g.

Soybeans, peas, 

lentils
8 × Plant | Entire

Food base



Study design

Product inventory

ICP

IP
ICP

ICP

In vitro incubation

Gastric phase

Intestinal phase

Filtration

ICP-OES: 

Mineral content analysis

with pepsin

with pancreatin 

and bile acid

𝑀𝑖𝑛𝑒𝑟𝑎𝑙 𝑎𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦

1 −
[𝑀]𝑟𝑒𝑠𝑖𝑑𝑢𝑒

[𝑀]𝑓𝑜𝑜𝑑

ICP ICP

[𝑀]𝑟𝑒𝑠𝑖𝑑𝑢𝑒[𝑀]𝑓𝑜𝑜𝑑



Calculations

Comparison

One-way ANOVA

-Animal vs. Plant

-Flour vs. Isolate

VS

Mineral content

Recommended  

allowance

v.s.

Accessible mineral

v.s.

Minimal requirement



Mineral content

• Eight out of 15 plant-based foods 

are below Ca, Mg, K, Zn, or Cu 

recommendation

• Larger variation than animal-

based dog foods

Plant-based

Animal-based dog foods

Entire legume flour-based dog foods

Concentrate / isolate-based dog foods

• Four out of 7 foods are below Mg 

or K recommendation

Animal-based

(FEDIAF, 2021) 



• All above minimal requirement

• Larger variation than animal-based in 

Ca, Mg, Mn, and Fe

• One of 15 plant-based foods below 

minimal requirement

Accessible minerals

Animal-based dog foods

Entire legume flour-based dog foods

Concentrate / isolate-based dog foods

Plant-based

Animal-based

(NRC, 2006) 



Mineral accessibility comparison

Animal-based Plant-based

Ca 95.1%a 90.6%b

Mg 94.7%a 92.2%a

K 97.5%a 96.1%a

Zn 91.4%a 88.2%a

Cu 80.5%a 88.5%b

Mn 93.4%a 89.7%b

Fe 67.1%a 58.5%b

Entire Conc. /isol.

Ca 89.2%
a

92.3%
a

Mg 91.5%
a

93.1%
a

K 96.0%
a

96.2%
a

Zn 88.5%
a

88.1%
a

Cu 87.2%
a

90.1%
a

Mn 89.8%
a

89.7%
a

Fe 59.6%
a

57.5%
a

*Numbers in the same row with different superscript differ significantly.

• Ca, Mn, and Fe less accessible in plant-based dog foods

• Cu more accessible in plant-based dog foods

• Similar values for plant-based foods with entire and conc. / isol. protein sources



Plant-based dog foods follow 

traditional guidelines ?

Adapting for plant-based ingredients

Consider a larger safety 

margin for allowance?

Further research?

Examine ANFs 

quantity and variation 

in accessibility

Explore more factors 

such as processing 

effect on ANFs & 

mineral ratio



Takeaways

Lower mineral accessibility (except Cu) in plant-based dry 

dog foods.
1

Reflect on better adherence to guidelines. 2

Extend knowledge on mineral accessibility.4

Reflect on safety margin for recommended allowance.3



Thank you!

Mingyang Jeremy Zhu
jeremysyu@hotmail.com

Supervisor: Dr Guido Bosch
guido.bosch@wur.nl
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