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Recently, it was demonstrated that it is possible to create highly fibrous meat analogues, using
simple shear structuring. We investigated how the model meat analogue responds to sterilization
and storage in media (water, jelly, or gravy) with pet food and beef chunks as reference. Chunks
were analysed before and after sterilization, and after storage for textural properties and proxi
mate composition. The fibrous appearance of the model meat analogue was retained after ster
ilization and storage. Moisture uptake of the model meat analogue was about twice the amount of
that in pet food, resulting in textural properties approaching pet food after sterilization. Proxi
mate composition and texture of the model meat analogue remained stable during storage, except
for in gravy, which was probably caused by the salt content in the gravy. Due to the fibrousness
and pet food-like texture after sterilization, the model meat analogue can be considered promising
for the development of plant-based pet foods.

1. Introduction
Increasing awareness of animal welfare and environmental sustainability drives a shift in human diets towards more plant-based
and fuels the development of meat analogues for these diets. As owners tend to humanize their pets (Fox and Gee, 2017), many trends
in human nutrition find their way into pet nutrition. Though vegan and vegetarian pet foods are still a niche market, it can be expected
that meat analogue-like products will find their way into pet foods as well (Okin, 2017; Su et al., 2018). An additional argument to look
for plant alternatives is that animal derived products like meat by-products or meat, might become less available for the pet food
industry in the future, as these products can be used for human food, pharmaceuticals, or cosmetics (Toldrá et al., 2016). It is even
possible that meat by-products will become scarce because of introduction of breakthrough technology such as in vitro meat pro
duction (Stephens et al., 2018). It is generally accepted that consumers prefer a resemblance to meat when choosing meat analogues
(Hoek et al., 2011). Likewise, pet owners increasingly prefer pet food with a high meat content (Swanson et al., 2013), which relates to
the carnivorous background of dogs and cats (Hendriks and Bosch, 2018). Meat analogue with meat-like fibres like the couette cell
meat analogue (CCMA) (Krintiras et al., 2014) is predestined for use as sustainable pet food. It is unclear, however, how pet food
Abbreviations: CCMA, couette cell meat analogue; N, nitrogen; SPI, soy protein isolate; TPA, texture profile analysis; WHC, water holding
capacity.
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processing, especially sterilization, affects the properties of meat analogues. Rigorous data are lacking regarding how to ensure specific
pet food characteristics.
Canned pet foods are mainly made out of animal-derived ingredients, plus the necessary vitamins and minerals to fulfil the nutrient
profile of the target species. The recipe is adapted to either resemble a meat loaf type and/or a ragout type, the latter being meat or
meat analogue chunks with or without vegetables. The chunks and vegetables are placed in different aqueous media like jelly and
gravy made from hydrocolloids such as locust bean gum and xanthan gum for jelly, and xanthan and guar gum for gravy (Sworn,
2009). Before sterilization, canned pet food undergoes comminution and mixing of the fresh, dried or frozen ingredients to a ho
mogenous paste. Depending on the final product, the paste is then simmered and cut into chunks or directly filled into cans, trays, or
pouches, with or without the addition of a medium. To ensure shelf-life of a minimum of 24 months, pet food needs to be heated to
121.1 ◦ C for at least 3 min (sterilization). When pet food is sterilized in a medium, the physical properties of the product might change
due to, for example, water-uptake or –release by the chunks as well as hydrolysis reactions of the animal proteins (Chou and Morr,
1979; Kinsella, 1979). These changes can continue during storage. The physical properties like hardness of the final pet food are
important for acceptance by the pet and, as such, are an essential parameter when developing new products.
Meat analogues might be susceptible to the high temperatures typically used in pet food sterilization. Above 80 ◦ C, soy proteins
start to denature and around 140 ◦ C, degradation begins (Kinsella, 1979). Denaturation of proteins, which is dependent on water
content, impact the protein’s functionality (De Graaf, 2000). Thermal processing can impact the structural integrity, which is
important in meat analogues with fibrous structures like CCMA. Berghout et al. (2015) showed that particles of a soy protein isolate
(SPI) dispersion started to disintegrate upon longer heating time at 80 ◦ C for 8 h. Proteins in CCMA are denatured, but the exact state of
the proteins after shearing is not known yet, hence it is difficult to envisage possible changes of the CCMA through sterilization.
In this exploratory study, we evaluated how the properties of fibrous plant-based chunks change during processing conditions
typically used to produce canned pet foods. Since changes in structure of the CCMA product can be expected as well, it is interesting to
investigate the susceptibility of the product to high temperatures as commonly applied in the manufacturing of canned pet foods. The
jelly and gravy types of media have hydrophilic properties and form networks varying from firm to flowing gels, which might impact
the response of a CCMA to sterilization. We hypothesized that upon sterilization the CCMA could fall apart and components of the
CCMA solubilize when sterilized in water, but will stay intact when sterilized in jelly (firm gel) and gravy (flowing gel). Jelly and gravy
have a greater viscosity, which will hinder CCMA to swell and fall apart. In addition, the binders present in jelly and gravy have
hydrophilic properties, therefore preventing the water to enter the chunks, which will reduce swelling as well.
To evaluate physicochemical properties of CCMA as a pet food model under sterilization and storage in these types of media, chunks
of the CCMA were compared with beef chunks and commercially available pet food of the type with chunks. Measurements of the
chunks included proximate composition, texture, adhesion, and for the media viscosity and pH were measured. The measurements
were conducted before sterilization/filling, shortly after sterilization (1 day for pet food and beef chunks, 2 days for CCMA chunks) and
during storage at 7 and 28 days after sterilization.
2. Material and methods
2.1. Food composition and production
CCMA chunks were composed out of 690 g/kg water, 230 g/kg SPI (Supro® EX 37 IP, Solae, St. Louis, USA), 70 g/kg vital wheat
gluten (VITEN®, Roquette, Lestrem, France) and 10 g/kg salt and were produced according to previous procedures (Krintiras et al.,
2016). The raw material was inserted into the couette device where it was sheared between two cylinders – one stationary and one
rotating - at 120 ◦ C for 30 min with 30 rpm. The pet food chunks were composed out of 522 g/kg poultry (mechanically deboned
turkey, and chicken), 289 g/kg meat by-products (liver, spleen), 78 g/kg water, 33 g/kg animal plasma, 23 g/kg animal by-product
meal, 20 g/kg whole grain wheat flour (type 1050), 15 g/kg vitamins,minerals and amino acids, 7 g/kg sodium tripolyphosphate, 1
g/kg salt, and 0.2 g/kg canola oil. For the pet food chunks, the frozen blocks of poultry and meat by-products were broken, ground to 2
mm and mixed with the water and dry ingredients. The emulsion was spread into strips on a solid belt of a steam tunnel where it was
cooked (81 ◦ C, 70 s) and strips were cut into chunks after passing a stencil (10 × 10 × 20 mm). The beef chunks were made from strips
of low fat (<80 g/kg) silverside, topside, and leg of Irish bulls. The CCMA product and beef, initially stored at − 18 ◦ C were thawed,
heated to 40 ◦ C and cut into chunks of approximately 10 × 10 × 20 mm. In this publication, the wording CCMA, pet food, and beef is
used interchangeably with CCMA chunks, pet food chunks, and beef chunks, respectively.
The media used were tap water (control), jelly, and gravy. The binders used in the jelly were carrageenan, xanthan gum and locust
bean gum. These gelling agents immobilise water through cross-linking of the polymer chains. Formulated composition of jelly was
985 g/kg moisture, 11 g/kg crude protein, 0.2 g/kg crude fat, 4.7 g/kg crude ash (Bestmix, Adifo, Maldegem, Belgium). The gravy
contained xanthan gum, and guar gum as binders, and salt. The formulated composition was 982 g/kg moisture, 77 g/kg crude protein,
0.6 g/kg crude fat, and 1.8 g/kg crude ash (Bestmix, Adifo, Maldegem, Belgium).
For each chunk type (CCMA, pet food, beef), 24 cans (400 g, DWI, Ardagh, Deventer, the Netherlands; Softlid, Ardagh, Erftstadt,
Germany) were made with eight cans for each of the three media types. Each can was filled with approximately 180 g of chunks and the
remainder was filled with the medium. A headspace was left for pressure control. The exact weights of chunks and media were noted.
2.2. Sterilization and storage
The cans were sterilized using a continuous flow sterilization device (Hydromatic, Stork, Bad Oeynhausen, Germany) at 124.5 ◦ C
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and 1.28 bar for 36.6 min. Two wireless data loggers for each chunk type were used to monitor the pressure of the sterilization system
(TSPro, Ellab, Hilleroed, Denmark) and three loggers for each chunk and medium combination were used to monitor the products’
temperature (TSPro Mini Temperature, Ellab, Hilleroed, Denmark). Sterilization was considered successful when F-values were suf
ficiently high to ensure sterility and when F-values were in a similar range for each medium. F-values were analysed using validation
software (Valsuite Plus, Ellab, Hilleroed, Denmark).
F-values vary according to the heat transfer of the chunk and medium used. F-values were above 3 and in a similar range for each
chunk and medium combination (average and standard deviation: CCMA x water 64 ± 1.2, CCMA x jelly 48 ± 1, CCMA x gravy 24 ±
0.4; beef x water 52 ± 0.4, beef x jelly 43.6 ± 1.5, beef x gravy 21 ± 2.0; pet food x water 71 ± 0.7, pet food x jelly 47.3 ± 0.6, pet food x
gravy 17 ± 1.0). Thus, sterility of products was ensured. The cans were kept at 21 ◦ C in a temperature controlled room for 1 day (pet
food and beef) or 2 days (CCMA) after sterilization and for 7 or 28 days of storage.
2.3. Proximate analyses
Chunks were separated from the medium by emptying the can on a stainless steel sieve with a 2 mm mesh and a set time of 2 min. In
addition, any remaining jelly was manually removed with a stainless steel spatula. Nitrogen (N) was determined using the Kjeldahl
method (method 2001.12, AOAC, 2005). Moisture was determined by drying the samples to a constant weight at 103 ◦ C (method
934.01, AOAC, 2005), after heating with hydrochloric acid crude oils and fats were extracted (method 954.02, AOAC, 2005), crude ash
was determined by combusting at 550 ◦ C (method 942.05, AOAC, 2005). Each sample was analysed in duplicate and average values
were presented.
2.4. Texture profile analysis
Chunks were separated from the medium by emptying the can on a stainless steel sieve with a 1− 2 mm mesh and a set time of 1 min.
The TPA of the isolated chunks was performed with a texture analyser (Winopal TA.hd.plus, Winopal, Elze, Germany) having a
maximum force of 50 kg, 80 % strain (Bourne, 1975; Brady and Hunecke, 1985) and an equal speed to compression and withdrawal
phases of 0.8 mm/sec (Bourne, 1968). A round aluminium compression plate with 75 mm diameter (P/75, Winopal, Elze, Germany)
was used. For CCMA and beef chunks, the force was applied parallel to the fibres (de Huidobro et al., 2005). For pet food chunks, force
was applied perpendicular to their position in the steam tunnel. For each time point (i.e. before and after sterilization, 7 and 28 days of
storage), one can per treatment was randomly selected for analysis of ten chunks. Average values as well as standard errors based on
the technical replicates were calculated.
TPA parameters hardness, cohesiveness, springiness (former elasticity) and chewiness were calculated according to (Szczesniak,
1963) using Exponent 6.1.10.0 (Stable Micro Systems Ltd., Godalming, United Kingdom) TPA parameter resilience was calculated
according to the macro in Exponent 6.1.10.0 (Stable Micro Systems Ltd., Godalming, United Kingdom) as Area 2:3 / Area 1:2.
For accurate determination of TPA, chunks with a uniform size were selected (Than et al., 2019). Couette, pet food, and beef chunks
differed in height after sterilization. To only measure chunks with uniform height, outliers differing more than +/- twice the standard
deviation in height were excluded from the calculations. Of the total 270 TPA measurements after sterilization, there were 7 outliers.
2.5. Adhesion
Chunks were separated from the medium as described for the TPA after which adhesion was measured with the texture analyser
equipped with a stainless ball (SMSP/1S, Winopal, Elze, Germany). The settings used were a force of 5 kg, a compression speed of 0.5
mm/s, a withdrawal speed of 10 mm/s, and a holding time of 10 s with a pressure of 250 g. For each time point, one can per treatment
was randomly selected for analysis of ten chunks. Peak positive force (g) was recorded as value for adhesion. The data were analysed
using the software Exponent 6.1.10.0 (Stable Micro Systems Ltd., Godalming, United Kingdom). Average values as well as standard
errors based on the technical replicates were calculated and presented.
2.6. Viscosity and pH
The medium was separated from the chunks by emptying the can on a stainless steel sieve with a 1− 2 mm mesh and a set time of 1
min. Viscosity of the collected medium was measured with a viscometer (Brookfield model DV-2+, AMETEK, Lorch, Germany) spindle
RV3 and 50 rpm. The pH of the media was determined with a pH-meter (testo 206 pH-2, Testo, Lenzkirch, Germany). All measure
ments were taken in a temperature controlled room (21 ◦ C) and the temperature of the medium was recorded. For each time point, one
can per treatment was randomly selected for one analysis of media.
3. Results
Visual inspection showed that after sterilization and 28 days of storage, CCMA chunks remained visible as separate chunks, which
were swollen (Fig. 1). This effect was independent of the type of medium used. In all media, fibres were visible still but most pro
nounced in the gravy product.
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Fig. 1. CCMA chunks in water, jelly, and gravy (left to right) at day 28.

3.1. Effect of sterilization on proximate composition of chunks
Sterilization affected the exact chemical composition of the chucks. The changes in N, fat, and ash depended on the type of medium
used. Uptake of moisture was observed for CCMA and pet food chunks whereas beef chunks lost moisture (Fig. 2A). For CCMA, the total
amount of moisture in chunks per can increased from 129 to 211 g when chunks were sterilized in water (uptake of 82 g). In case of
jelly, the water uptake was 57 g and in gravy, the uptake was 48 g. Furthermore, the CCMA chunks lost more N when sterilized in jelly
(1 g) than in gravy or water (Fig. 2B). Also pet food chunks lost N when sterilized in water. Fat remained stable during sterilization of
CCMA chunks, whereas some fat loss was observed for pet food chunks in gravy (2 g) and jelly (1 g). All chunks lost ash during
sterilization, which was about 1 g for CCMA chunks and 2 g for pet food and beef chunks (Fig. 2D).
3.2. Effect of sterilization on textural properties of chunks
Sterilization affected textural properties of chunks. It was demonstrated that CCMA chunks had similar properties as pet food
chunks after sterilization (Table 2), despite clear differences before sterilization. Hardness of CCMA chunks decreased from 35 to 8
(gravy), 4 (water) and 3 kg (jelly) after sterilization. Springiness of CCMA chunks decreased by 43 (water), 21 (gravy) and 36 % (jelly),
also approaching springiness of pet food chunks which increased by 14 (water), 13 (gravy), and 9 % (jelly) after sterilization.
Cohesiveness of CCMA chunks after sterilization approached pet food values by decreasing by 25 (water), 21 (gravy), and 26 % (jelly).
The approach to pet food values after sterilization is also true for chewiness of CCMA chunks, which decreased by 170 (gravy) to 186 N
(jelly). Resilience of CCMA chunks decreased after sterilization by 0.08 (water) to 0.07 (gravy, jelly) to values similar to pet food.
3.3. Effect of storage on proximate composition of chunks
During storage, proximate composition remained stable. Thus, total amount of moisture in CCMA chunks per can remained stable.
However, total moisture in CCMA chunks at day 7 had increased by 26 g (jelly) and 4 g (gravy) (Fig. 3A). Total fat in pet food chunks at
day 7 had increased by 0.3 (water) to 2 g (gravy) (Fig. 3C). Total fat in pet food chunks per can at day 28 had decreased again by 0.1
(water) to 0.9 g (jelly). Total amount of ash in CCMA chunks per can remained stable except for the products with gravy. Here, a lower
value was observed after 7 days. (Fig. 3D). Total amount of ash in pet food chunks per can remained stable. Total ash in pet food chunks
at day 7 had decreased by 0.1 (water) to 0.06 g (jelly), at day 28 it had increased again by 0.3 (water) to 0.4 g (gravy).
3.4. Effect of storage on textural properties of chunks
During storage, textural properties remained stable (Fig. 4). However, for CCMA sterilized in gravy, greater values for hardness,
springiness, cohesiveness, and chewiness were noted.
4. Discussion
There is growing interest in meat analogues and new and improved products like the CCMA with fibrous texture are being
developed. There is also an interest in applying those types of products in canned pet foods. However, canned pet food production
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involves additional processing, such as sterilization. Those additional processing steps could change the textural properties of the
plant-protein based products. To understand the impact of sterilization and storage on pet food quality characteristics texture and
stability, a comparative study of chunks of CCMA, a standard pet food and beef in different media (water, gravy, or jelly) was con
ducted. Sterilization of CCMA chunks resulted in water uptake and swelling and a profound change in textural properties. Remarkably,
those changes made CCMA acquire very similar properties compared to pet food chunks, despite clear differences in properties before
sterilization. The different responses upon sterilization were in line with differences in water uptake. Water uptake upon sterilization
and storage was limited for pet food, water was lost for beef, but CCMA chucks absorbed a substantial amount of water. During storage,
the textural properties obtained by sterilization stayed stable as well as the chemical composition. The media in which the chunks were
sterilized and stored determined to which extent similarities of pet food and CCMA chunks were displayed.
4.1. Thermal processing and water holding of proteins
In general, heat exposure of proteins leads to a decrease in water retention (Zayas, 1997). However, water holding capacity (WHC)
is influenced by the material exposed and factors like initial moisture content, temperature, duration of exposure, and pressure
(Kinsella, 1979; Hsu et al., 1983; Wang et al., 2019). Toasting (dry heating) soy protein fractions up to 150 ◦ C, for example, increased
WHC approximately six fold (Geerts et al., 2018). According to the authors, denaturation and possibly aggregation resulted in
decreased protein solubility and explained this increase in WHC. The CCMA is based on 230 g/kg SPI and 70 g/kg wheat gluten and
contained up to 640 g/kg more water after sterilization. Gluten can absorb and hold up to twice its weight in water (Day, 2011), which
is not influenced by heating. SPI has a high capacity to take up and hold water (Fleming et al., 1974), which capacity may be increased
or decreased by thermal processing. Water uptake of SPI dispersed in water at concentrations ranging from 50 to 150 g/kg w/w and
heated at 80 or 100 ◦ C for 30 min was highest for 80 g/kg at 100 ◦ C (Sorgentini et al., 1995). Furthermore, it was suggested that
denaturation and aggregation reduced water uptake and retention. However, the percentage soluble and insoluble fractions of SPI
determined its final capacity to take up water (Sorgentini et al., 1995).
It is important to note that CCMA has undergone multiple processing steps and has been exposed to heat multiple times. From
extraction of SPI and gluten, mixing these ingredients with water and salt followed by creating the CCMA, to subsequent freezing and
then sterilization, there were at least three possibilities for denaturation and other conformational changes of the proteins. This may
have resulted in reduction of available polar amino acid groups to bind water. However, we observed an increase in WHC. This could
have been due to loss of solubility due to denaturation and aggregation, and the high amount of hydrophilic polar amino acids in SPI
(Verbeek and van den Berg, 2010; Berghout et al., 2015).
In contrast to CCMA, water loss or syneresis was observed in beef upon thermal treatment, which suggested a decrease in WHC,
similarly to what is described in other studies of thermal effect on beef (Bell et al., 2001; Kovácsné Oroszvári et al., 2006). Pet food
chunks, also being composed of animal proteins but containing salt and sodium tripolyphosphate, did not show water loss. Different
types of animal proteins, like spray dried animal plasma, can increase WHC of pet food (Polo et al., 2005) and therefore lead to a more
stable product than if meat alone is thermally treated. As reviewed by Zayas (1997), salt and phosphates can increase WHC of meat and
thus be potentially responsible for the differences in response to sterilization. In addition, there is a synergistic effect of water retention
when salt and phosphates are used in meat products, as addition of phosphates doubles the effect of salt alone on water binding
capacity (Shults et al., 1972). Furthermore, pet food underwent a first heat treatment on the steam tunnel before sterilization. Moisture
loss, uptake, and / or denaturation could already occur during this cooking step, resulting in a more stable product during sterilization
and storage.
4.2. Effect of media on moisture absorption and texture
The similarity in texture of CCMA and pet food was observed when chunks were sterilized in jelly or gravy instead of water. In case
of water, the water uptake was so high that CCMA chunks became too soft. Jelly and gravy resulted in lower water uptake. The hy
drocolloids in gravy and jelly could have slightly lowered the water activity, leading to a smaller driving force for water migration, or
reduced the water mobility. Time affected media and differences in storage behaviour could be observed. Water uptake of chunks in
gravy did not change much during storage and seemed complete directly after sterilization (Fig. 3). However, viscosity was lower
directly after sterilization than after storage of 28 days (Fig. S2). This indicates that water binding and therefore water uptake was not
complete directly after sterilization. For chunks in jelly, moisture content also changed during storage (Fig. 3). Visual inspection
reflected this and showed that it takes longer for the jelly than for gravy to reach its final gel state, and therefore gives the chunks more
time to absorb water. During storage, CCMA chunks in gravy were harder, springier and less cohesive than chunks in jelly or water.
Table 1
Analysed mean proximate composition (g/kg) of chunks of pet food, couette cell meat analogue (CCMA) and beef
before sterilization, n = 2.
Parameter

Pet food

CCMA

Beef

Moisture
Crude protein
Crude fat
Crude ash

672
192
74
36

705
248
11
18

758
211
12
13

8
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Table 2
Texture and adhesion of three kinds of chunks in different media pre vs post sterilization (mean values with standard errors based on n = 10 technical
replicates).
Parameter

Petfood

Couette cell

Beef

Pre

Post

Pre

Post

a

water

gravy

jelly

a

water

Hardness (kg)

5.9 ± 0.3

3.9 ± 0.1

5.0 ± 0.1

3.7 ± 0.1

Springiness (%)

54.5 ±
1.8
33.1 ±
0.9
10.5 ±
0.8
0.08 ±
0.00
4.0 ± 0.7

68.6 ±
1.8
33.2 ±
0.9
8.7 ± 0.5

67.6 ±
2.5
33.1 ±
0.8
10.8 ±
0.4
0.06 ±
0.00
5.0 ± 0.6

63.8 ±
2.4
33.5 ±
0.9
7.8 ± 0.3

Cohesiveness
(%)
Chewiness (N)
Resilience
Adhesion (g)
a

0.07 ±
0.00
3.1 ± 0.6

0.08 ±
0.00
3.8 ± 0.8

Pre

Post

gravy

jelly

a

water

gravy

jelly

35.3 ± 1.7 3.6 ± 0.4

8.1 ± 0.9

3.1 ± 0.3

99.1 ± 0.4 55.9 ±
3.2
56.1 ± 1.1 31.0 ±
1.0
192.1 ±
6.3 ± 0.8
8.8
0.15 ±
0.07 ±
0.00
0.00
3.2 ± 0.5 12.1 ±
4.7

78.2 ±
2.8
34.6 ±
1.3
22.0 ±
3.2
0.08 ±
0.00
4.8 ± 0.4

63.4 ±
2.8
30.6 ±
1.2
6.1 ± 0.8

31.8 ±
3.3
26.0 ±
1.2
33.0 ±
1.4
28.9 ±
4.2
0.15 ±
0.01
37.2 ±
4.0

17.2 ±
2.1
49.8 ±
4.3
37.0 ±
2.7
37.0 ±
9.9
0.08 ±
0.00
14.8 ±
2.6

18.3
1.8
52.3
4.0
36.3
1.7
34.6
5.6
0.08
0.00
21.8
3.8

17.1 ±
2.7
50.2 ±
1.5
40.4 ±
2.6
36.6 ±
8.1
0.08 ±
0.01
16.7 ±
3.5

0.08 ±
0.00
7.5 ± 0.9

±
±
±
±
±
±

Not applicable as chunks were not placed in media for the measurement pre sterilization.

Gravy contains salt, which reduces water activity in the medium surrounding the chunks and could account for these results. In
conclusion, to manage the equilibrium water content of chunks and the equilibrium water content of hydrocolloids used, media can be
utilized to enhance chunk texture.
4.3. Effect of proximate kinetics on texture
In this study, the profound changes we observed in moisture content of the chunks were associated with changes in textural
properties, but also some changes in N and fat contents were observed. A negative correlation of moisture content with hardness was
already mentioned in classical work of texture scientists (Szczesniak, 1963). Rahman and Al-Farsi (2005) showed that hardness was
171 N in dates at 170 g/kg moisture, whereas this was 3 N when moisture content was 580 g/kg. A decrease in cohesiveness,
adhesiveness, springiness, and resilience when moisture increased was also observed. In this study however, only the negative relation
between moisture and hardness in CCMA chunks and beef seemed evident. Studies reported an effect of fat content ranging from 110 to
610 g/kg on textural parameters springiness, hardness, chewiness, gumminess, cohesiveness (Saint-Eve et al., 2009; Sarıçoban et al.,
2009; Yilmaz et al., 2012). In the present study, fat content and changes therein after sterilization were minor and probably also caused
by variation of fat content in the raw materials. Therefore, the contribution of fat to the observed variations in texture was likely
limited. Sterilization resulted in N loss in CCMA and pet food chunks, which both showed decreased hardness after sterilization. The
lower N-value suggests protein loss, the results align with measurements in sausages where hardness correlated with protein content
(Pietrasik, 1999). Protein content in sausages (Pietrasik, 1999) ranged from 81 to 108 g/kg which is comparable to the protein losses of
pet food and CCMA, which were between 17–65 g/kg. However, protein content of pet food and CCMA was about twice as much as the
sausages (Table 1). Furthermore, when comparing protein loss of the CCMA, pet food, and beef chunks, this result was not as
prominent as the effect of moisture uptake. Moisture uptake of up to 106 % of CCMA chunks after sterilization resulted in CCMA
chunks having similar textural properties as pet food. We therefore consider moisture content and WHC as relevant to modify texture
parameters after sterilization.
4.4. Effect of storage
Textural properties of CCMA product remained in the range of the pet food chunks during storage. This is in contrast to stored
canned noodles containing 50 g/kg SPI, were textural properties hardness, springiness, cohesiveness, and chewiness further decreased
during storage (Yeoh et al., 2014) as a result of continued water uptake during storage. Water uptake in CCMA chunks was very small
during storage explaining more stable textural properties. Therefore, the effect of storage seems to be limited. Consequently, properties
pre-sterilization and their changes through the sterilization process is, next to WHC of the recipe, the factor that impacts textural
properties of the final CCMA in the pet food most. As such, when designing the CCMA to have specific textural properties that should
meet certain criteria, one should take into account the impact of sterilization.
4.5. Eligibility of CCMA as pet food alternative and outlook
In our study, we used a dog food as a reference product to explore to what extent the CCMA would resemble textural properties of
pet foods. Few studies on these properties for pet foods are available in the literature. Hagen-Plantinga et al. (2017) reported firmness
of loaf type pet foods from 1.9 to 4.0 kg. Than et al. (2019) compared 42 commercial canned pet foods of the type with chunks and
demonstrated hardness values in the range of 9.1–71.2 N. Hardness of CCMA after sterilization measured in this study was in this range
for chunks in water and jelly (30.7–46.9 N), whereas chunks in gravy were harder (77.6–113.7 N). In addition, Than et al. (2019)
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reported that strain (force per unit surface area) was the preferred parameter to characterize and compare pet food chunks. Due to the
swelling through water uptake, CCMA chunks were larger after sterilization (data not shown), which could have contributed to the
change in values for textural parameters after sterilization. Swelling and therefore change in surface area for CCMA chunks in gravy
was less than for the other media. This might be reflected in the greater values for hardness and therefore corresponds well with the
results of Than et al. (2019). This confirms that, in terms of texture, depending on the medium, CCMA can be used as alternative pet
food. The current study focused on a CCMA made from SPI and gluten, whereas a broader range of plant-based ingredients as basis for
the CCMA is currently being investigated and will provide more options for pet foods. Furthermore, to ensure the nutritional re
quirements, the chunks and medium will be formulated such that all essential nutrients are present in sufficient amounts and in a
bioavailable form. For example, a premix of vitamins and minerals has to be added. It is of interest to explore if such additions impact
the CCMA formation as well as the textural properties of the product after sterilization. These advancements in CCMA design and the
investigation of nutritional properties, like amino acid digestibility, are subjects for further research.
5. Conclusions
Couette cell meat analogue showed potential to be used as alternative for meat-based chunk in pet-food applications. Especially
after sterilization, textural properties were similar and could be tuned by medium composition. Couette cell meat analogue chunks still
contained a fibrous appearance upon tearing. Exposing couette cell meat analogue chunks to a typical pet food sterilization process
resulted in profound changes in textural properties. It means that fresh couette cell meat analogue may have different properties
compared to meat chunks, provided those changes disappear upon further processing.
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