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ABSTRACT Animal by-product rendering establish-
ments are still relevant industries worldwide. Ani-
mal by-product meal safety is paramount to protect
feed, animals, and the rest of the food chain from
unwanted contamination. As microbiological con-
tamination may arise from inadequate processing
of slaughterhouse waste and deficiencies in good
manufacturing practices within the rendering facilities,
we conducted an overall establishment’s inspection, in-
cluding the product in several parts of the process.

An evaluation of the Good Manufacturing Practices
(GMP) was carried out, which included the location
and access (i.e., admission) to the facilities, integrated
pest management programs, physical condition of the
facilities (e.g., infrastructure), equipments, vehicles and
transportation, as well as critical control points (i.e.,
particle size and temperature set at 50 mm, 133◦C at
atmospheric pressure for 20 min, respectively) recom-
mended by the OIE and the European Commission.

The most sensitive points according to the evaluation
are physical structure of the facilities (avg 42.2%), ac-
cess to the facilities (avg 48.6%), and cleaning proce-
dures (avg 51.4%).

Also, indicator microorganisms (Salmonella spp.,
Clostridium spp., total coliforms, E. coli, E. coli
O157:H7) were used to evaluate the safety in different
parts of the animal meal production process. There was
a prevalence of Salmonella spp. of 12.9, 14.3, and 33.3%
in Meat and Bone Meal (MBM), poultry by-products,
and fish meal, respectively. However, there were no sig-
nificant differences (P = 0.73) in the prevalence be-
tween the different animal meals, according to the data
collected.

It was also observed that renderings associated with
the poultry industry (i.e., 92.0%) obtained the best rat-
ings overall, which reflects a satisfactory development of
this sector and the integration of its production system
as a whole.
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INTRODUCTION

Rendering is a joint series of operations, facilities, and
machinery that can physicochemically transform ani-
mal by-products (including meat, bone, blood, hoofs,
feathers, and other tissues) into high aggregate value
feed ingredients (Sapkota et al., 2007; Meeker and
Meisinger, 2015). Hence, animal by-product meals are
frequently used as input in poultry, swine, and dog
food (Meeker, 2006; Mekonnen et al., 2014). Hence,
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animal by-product rendering is envisaged not only as
a revenue source but also as a means to reduce envi-
ronmental pollution, as it involves waste management
(Jayathilakan et al., 2012) through composting biore-
actions, water treatment, and heat recirculation (e.g.,
using waste heat recovery evaporators during cooking).
The main useful outputs of animal by-products process-
ing to the feed industry include meat and bone meal
(MBM), bone meal, blood meal, hydrolyzed feather
meal, poultry by-products meal, fish meal, and fish oil
(Meeker and Meisinger, 2015; AAFCO, 2017). Usually,
broilers, pets, and pigs are fed rations that may consist
of 5 g by-products/100 g feed, 25 g by-products/100
g feed, or meals made up of one-third of the protein
source, respectively (Yamka et al., 2003; Badilla, 2012;
Kawauchi et al., 2014). On the contrary, use of MBM
in cattle, sheep, deer feed (FAO and IFIF, 2010), and
cat food (de Vos and Heres, 2009; OIE, 2016) is re-
stricted due to the risk of spongiform encephalopathy
dissemination.
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Costa Rica allocates 2,406,418.4 hectares to the agri-
cultural activity in all its variants. Cattle production
comprises ca. 1,278,817 animals (42.1% destined to
the manufacture of meat), and another 453,243 and
18,600,000 animals have been reported for the pork
meat production and poultry industries, respectively
(INEC, 2015).

Also, for 2006, beef consumption of 14.4 kg, 67 kg of
pork, and around 23 kg of chicken per capita per year
are reported (Barrantes and Jiménez, 2007; Padilla,
2008). However, it should be considered that the final
meat product represents a percentage of tissue that is
fit for human consumption. Meanwhile, as high as 49,
44, and 37% of the bodyweight of bovines, pigs, and
chickens, respectively, are regarded as by-products, and
should be adequately treated (Woodgate and Van de
Veen, 2004; Meeker, 2006; Jayathilakan et al., 2012).

As mentioned above, rendering products have global
importance in the feeding of production animals and
some pets (especially dogs). Over 200 establishments
dedicated to rendering are reported between the
United States and Canada (Jekanowski, 2011), includ-
ing both independent renderings and those integrated
into slaughterhouses, which process up to 25 million
tons per yr (Meeker and Meisinger, 2015). In Costa
Rica, animal by-product meal manufacturers are dis-
tributed like so: 5 MBM (production ca. 4,500 ton/yr;
3 associated directly with slaughterhouses), 4 poultry
by-product meal (production ca. 3,200 ton/yr (3 inte-
grated into poultry meat and egg industries), and 2 fish
meal producers (production ca. 2,500 ton/yr (Badilla,
2012; Molina and Granados-Chinchilla, 2015).

Given the close relationship between feed and food,
the adoption of health and safety strict quality stan-
dards, and integrated vigilance models (e.g., “farm-to-
fork”) should be mandatory to reduce physical, chem-
ical, and biological factors that may cause health risks
(Codex Alimentarius, 2008). For example, in Costa
Rica, the safety of animal meal is carried out through
the official inspectors, as part of an annual program
to comply with regulations recommended by the OIE
(2016) regarding bovine spongiform encephalopathy
(BSE) control.

Food safety issues govern debates about the use of an-
imal proteins in feed; these include bacterial pathogen
contamination (Meeker, 2009), especially microorgan-
isms related to foodborne diseases such as Salmonella
spp. (an agent capable of infecting different hosts and
source severe outbreaks) (Hoelzer et al., 2011) and
Clostridium perfringens (a pathogen that can cause
substantial economic losses in the poultry industry due
to necrotic enteritis) (Casagrande et al., 2013; Tessari
et al., 2014). Globally, these species have presented
a relatively high prevalence, especially in MBM (Pa-
padopoulou et al., 2009; Li et al., 2012; Magwedere
et al., 2015; Molina et al., 2016). Therefore, feed
and feed ingredients destined for animal consumption
should be regularly monitored. In fact, safety standards
for sources, processing, and use of rendered products

within the animal feed industry have already been dis-
cussed (Woodgate and Van de Veen, 2004). For exam-
ple, the parameters used to render animal by-products
(i.e., particle size and temperature set at 50 mm,
133◦C at atmospheric pressure for 20 min, respectively)
(European Commission, 2002; OIE, 2016) are usually
sufficient to eliminate pathogenic bacteria present in
the raw material. However, some pathogens are oppor-
tunistic organisms (e.g., Salmonella spp. and Clostrid-
ium spp.) and may re-contaminate products after cook-
ing or processing and during storage, transport, and
handling (Meeker, 2009). Hence, the rendering indus-
try should be strictly controlled by the appropriate
authorities, and finished products should be routinely
inspected for compliance with applicable regulations.
Hereafter, we aim to provide an epidemiological back-
ground of the animal meal industry in Costa Rica, in-
cluding nutritional aspects of the animal meal, preva-
lence of relevant bacteria (Salmonella spp., Clostridium
spp., total coliforms, E. coli, E. coli O157:H7), manu-
facturing, and food safety practices.

MATERIALS AND METHODS

Study Area and Sampling

A total of n = 89 animal meal samples of about
0.5 kg were collected in different parts of the render-
ing process (cooker, after extraction of fat, including
a collection in the screw conveyor, and the final prod-
uct) during 2015 and 2016 with the collaboration of
government inspectors in 11 Costa Rican renderings as
part of an annual country-wide surveillance program.
Samples included poultry meal (n = 21; 23.6%), MBM
(n = 62; 69.6%), and fish meal (n = 6; 6.7%). Sampling
was performed following the Association of American
Feed Control Officials (AAFCO, 2014). Samples were
analyzed immediately upon arrival at the laboratory.

Nutritional Analysis

Dry matter (DM, loss on drying/moisture), crude
protein (CP), fat (EE), fiber (CF), and ash, as
well as calcium, phosphorus, and pepsin digestibil-
ity of animal protein assays were performed to as-
sess the nutritional quality of each of the animal
by-products meals collected. All tests were performed
using ISO 17025 accredited methods based on AOAC
930.15, 988.05/984.13/976.06/990.02, 920.39, 962.09,
942.05, 968.08/975.03/985.35, 965.17/986.24, 935.13,
and 971.09, respectively.

Microbiological Assays

As part of the microbiological evaluation of the sam-
ples collected, Salmonella spp., total coliform bacte-
ria, Escherichia coli, and (the enterohemorrhagic) Es-
cherichia coli O157:H7 analyses were performed. Assays
were based on ISO 17025 accredited methods AOAC
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Table 1. Factors to describe the production performance of different rendering facilities in Costa Rica.

Rendering Equipment Products

Production, ton
d−1; [final product

yield, %]

Initial raw
material, ton

d−1

A 2 crackers, 4 cookers (maximum capacity
of 4,500 kg), 3 spellers, and a grinder

Mixed meat and bone meal (beef and
pork)

10; [74] 13.5

B A cracker, 4 cookers (maximum capacity
between 3,000 and 4,000 kg), 2
centrifuges, and 2 grinders

Mixed meat and bone meal (beef and
pork)

12; [72] 16.6

Animal fat/3,5
C A cracker, 3 cookers (maximum capacity

of 5,000 kg), 2 spellers, and a grinder
Mixed meat and bone meal (beef and
pork)

12; [30] 30–40

D A cracker, 4 cookers (maximum capacity
of 4,000 kg), a centrifuge, and a grinder

Animal meal by-products 18; [75] 24

Poultry meal
E A cracker, 3 cookers (maximum capacity

of 3,000 kg), a centrifuge, and a grinder
Meat and bone meal 11; [73] 15

Animal fat/1,1
F 6 cookers (maximum capacity of 5,000

kg), 2 spellers, and a grinder
Feathers meal 1.5; [30] 2 feathers:3

blood
Poultry meal

G 2 cookers (maximum capacity of 7,000
kg), and a sage

Poultry meal 7; [52] 10–14

H 3 cookers (maximum capacity of 4,500
kg), and a sage

Poultry meal 11; [31] 35

I A cracker, 7 cookers (maximum capacity
of 2,600 kg), a speller, a grinder, and a
sage

Fish meal 7; [29] 24

J NE Fish meal NE NE

NE, Not evaluated

967.25/967.28/994.04/978.24 (Molina et al., 2016) and
APHA/CMMEF methods 9.91- 9.94 (based on a MPN
technique) and 34.22-34.24.

Analysis for C. perfringens contamination was per-
formed according to the methodology proposed by
the United States Department of Agriculture´s Food
Safety and Inspection Service (USDA-FSIS). Briefly,
25 grams of each sample were homogenized with 225
mL of Butterfield´s phosphate diluent (BPD). Dec-
imal dilutions up to 10−5 were prepared using BPD,
and 0.1 mL of each dilution was streak plated by du-
plicate on tryptose sulphite cycloserine (TSC) plates
supplemented with egg yolk. After the inoculum had
dried slightly, the surface was overlayed with approxi-
mately 10 mL or more of egg-yolk-free TSC agar. The
plates were allowed to solidify, and they were incu-
bated at 37◦C for 24 h inside an anaerobic jar. Af-
ter incubation, typical C. perfringens colonies (black
color surrounded by a halo) were isolated for further
confirmation. Analysis of suspicious colonies included
Gram staining, hemolytic activity on blood agar plates,
the absence of growth under aerobic conditions, and
ability to grow at 42◦C in chopped meat broth after
18 h of incubation. Final confirmation of suspicious C.
perfringens isolates was performed with an API R© 20A
(Biomérieux, Hazelwood, MO).

Rendering Facility Description and
Evaluation

Individual descriptions of the studied facilities were
obtained. Data included available equipment within the

premises, input for raw material, and main output met-
rics to assess the productivity and size of each industrial
activity (Table 1).

Additionally, each of the renderings was subjected
to evaluation based on recommendations by Codex Al-
imentarius (CAC/RCP 1–1969), the Central Ameri-
can Technical Regulation (RTCA 65.05.52:11), Euro-
pean Commission Directive (CE) N◦ 1774/2002, and
the World Organization for Animal Health (OIE, 2016)
to ensure feed innocuity.

Location The geographical position of the render-
ing facilities was taken into account, including aspects
such as distance from other industrial activities, from
thickets, and in an area not prone to floods. In the vehi-
cles and transport section, the condition of the vehicles
were considered, as well as their cleaning and disinfec-
tion procedures. Additionally, the availability of areas
suitable for private vehicle parking far away from the
primary production zone was recorded.

Infrastructure and Facilities Access to the render-
ing service was assessed by the adherence to hygiene
practices such as change of clothes and footwear, hand-
washing and footwear washing, the availability of foot
baths, and the route layout from the cleanest area
to the dirtiest one. At the facilities, particular atten-
tion was paid to the existence of different parts for
the raw material receipt, processing, and storage of
the finished product, as well as an optimum process
flow that minimizes cross-contamination, in addition
to the materials used in the infrastructure (e.g., walls,
ceilings, and floors). In the evaluation of the equip-
ment, type of materials used, the general condition of
the equipment, and the presence of devices that allow
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Figure 1. Process diagram describing a hypothetical fish meal production line where the mass balance is presented. Key: a. Raw fish. b.
Mauled tissue. c. Sieved gum. d. Cooked material. e. Press cake. f. Fish meal. g. Waste vapors. h. Stick water. i. Fish water. j. Sludge. k. Fish
oil. l. Protein water. m. Fish soluble paste. n. Waste gasses. 1. Grinder. 2. Screen. 3. Cooker. 4. Screw press. 5. Dryer. 6. Decanter. 7. Centrifuge.
8. Double-stage waste vapor evaporator. 9. Steam vacuum evaporator.

temperature and pressure monitoring during cooking
were evaluated.

Pest Management and Control Integrated pest
management included establishment outlining, the de-
sign of a trapping map to facilitate verification, and use
of physical and chemical methods as appropriate.

Disinfection and Cleaning For the evaluation of
the cleaning and disinfection procedures, some aspects
including cleanup before and after the manufactur-
ing process and disinfection methods (e.g., irrigation
with boiling water, detergents, and antiseptics) were
assessed. At the critical points, internationally recom-
mended parameters, already mentioned above, were
evaluated (European Commission, 2002; OIE, 2016).

Process Efficiency Calculations Mass balance
was calculated for a theoretical fish meal manufacturer
(Figure 1). Fish meal was chosen based on the avail-
ability of performance data for each equipment (Kirk-
Othmer Encyclopedia of Chemical Technology) used
during the process feed streams (e.g., material input,
volumes and flows, carry-over, efficiency, performance,
valve outlets, and pressures). Process thermodynam-
ics simulation and mass balance were performed using
the Peng–Robinson method. The process flowchart and
all calculations were done using CHEMCAD software
version 7.1.4.10142 (Chemstations, Inc., Houston, TX).
Rendering schematic diagrams were drawn using Edraw

Max 8.4 (EdrawSoft, Nanshan District, Shenzhen City,
Guangdong Province, China)

Statistical Analysis

A variance analysis was performed with Infostat soft-
ware version 12.0.0.0. The presence of microorgan-
isms (Salmonella spp, Clostridium spp, total coliforms,
and E. coli) was used as the dependent variable, and
the type of meal of animal origin (MBM, poultry by-
products, and aquaculture by-products) was used as
the independent variable. When normal distribution as-
sumptions were not met, the Kruskal–Wallis test was
used. All assays were executed using Infostat software
version 12.0.0.0 (Universidad de Córdoba, Argentina).
Results were considered to differ significantly if P <
0.05.

RESULTS

Nutrition and Composition

We observed considerable variations in CP (avg 45.9;
37.0 to 51.5 g/100 g), calcium (avg 9.9; 5.4 to 12.9
g/100 g), and phosphorus (avg 5.4; 2.9 to 7.3 g/100
g) in MBM. Poultry by-products returned the most
mutable values for crude protein (avg 71.6; 46.3 to
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Table 2. Nutritional components (expressed in g/100 g) obtained from animal by-product meals collected in Costa Rican renderings
from 2015 to 2016.

Nutrient Dry matter
Crude
protein Crude fat Crude fiber Ash Ca P

Protein
digestibility

Meat and bone meal (n = 23)
Mean ± Standard deviation 95.3 ± 1.8 45.9 ± 3.8 18.2 ± 3.4 1.5 ± 1.0 29.4 ± 4.9 9.9 ± 1. 9 5.4 ± 1.1 81.7 ± 10.3
Median 95.8 46.3 17.6 1.3 28.9 10.0 5.3 82.4
Max 97.4 51.5 25.1 4.0 37.8 12.9 7.3 95.1
Min 90.7 37.0 13.4 0.3 16.4 5.4 2.9 62.2

Poultry by-products (n = 44)
Mean ± Standard deviation 92.9 ± 4.0 71.6 ± 14.9 13.1 ± 7.8 1.0 ± 0.8 9.1 ± 7.4 2.8 ± 1.6 1.7 ± 1.2 49.1 ± 19.3
Median 93.7 76.0 10.4 0.7 7.4 2.5 1.7 40.6
Max 97.9 90.3 31.2 3.0 31.1 6.2 4.7 89.5
Min 85.2 46.3 2.8 0.2 2.9 0.5 0.5 25.2

Fish meal (n = 4)
Mean ± Standard deviation 96.5 ± 0.3 58.1 ± 1.0 14.2 ± 3.3 1.1 ± 1.1 19.8 ± 2.3 5.9 ± 0.5 3.9 ± 2.4 –
Median 96.5 58.1 13.3 1.1 19.8 5.7 3.0 –
Max 96.7 59.1 17.9 1.8 21.4 6.7 7.4 –
Min 96.3 57.0 11.4 0.3 18.1 5.5 2.3 –

90.3 g/100 g), calcium (avg 2.8; 0.5 to 6.2 g/100 g), and
phosphorus (avg 1.7; 0.5 to 4.7 g/100 g). Values for fish
meal were steadier: CP (avg 58.1; 57.0 to 59.1 g/100 g),
calcium (avg 5.9; 5.5 to 6.7 g/100 g), and phosphorus
(avg 3.9; 2.3 to 7.4 g/100 g) (Table 2). On the other
hand, Table 2 shows pepsin digestibility values for both
MBM and poultry by-products meal with average val-
ues of (81.7 ± 10.3) g/100 g and (49.1 ± 19.3) g/100 g,
respectively.

Rendering Safety Evaluation

Several rendering facilities evidenced serious deficien-
cies in safety protocols and basic good manufacturing
practices, as recommended by FAO and IFIF (2010), for
feed processing establishments (Table 3). Each graded
aspect considered within the scope of our assessment
is determinant to guarantee a safe product (Table 3).
Overall, location (avg 75.0) and pest management (avg
71.4) are among the best-scored sets. Conversely, entry
procedures (avg 48.6) and infrastructure (avg 42.2) are
among the lowest (Table 3).

Location Regarding location, most renderings com-
ply with evaluation criteria (avg 75.0). Rendering A:
(avg 75.0); renderings E (avg 75.0) and I (avg 75.0):
must improve access and entry points for both pedes-
trians and vehicles, as the main route is made of gravel.
On the other hand, rendering D (avg 25.0) is near an
area prone to floods.

Infrastructure and Facilities Outdated infrastruc-
ture (over 40 yr old, except for F and G), with no evi-
dence of recent amendments, porous surfaces, or with-
out waterproofing represent occupational hazards for
employees and justify the overall low score (avg 42.2)
for the infrastructure category (Table 3). In addition
[except for E (avg 77.8) and G (avg 100.0)], general ren-
dering construction has been done with non-hermetical
features allowing the product to be exposed to exter-
nal agents (e.g., dust). Some cases, such as renderings
B (avg 33.3) and C (avg 22.2), have common areas

in which raw material reception, processing, and final
product storage are occurring simultaneously and rel-
atively near each other. Nevertheless, (except for ren-
derings B, F, and G) current process flows are incon-
venient for general cleanup, as they hamper access to
some equipment (conveyor screws, expeller, among oth-
ers), or the equipment is very close to each other. In
broad terms (except for renderings F, G, and I), no
clear procedure was found for access to the facilities,
and there was no extra change of clothing for the work-
ers nor hand or foot wash areas. Noteworthy, rendering
E fails to comply with most of the evaluated points in
this section, but the distance between the processing
areas and the strict personnel flow between the differ-
ent areas are sufficient to obtain a Salmonella spp. free
product.

Disinfection and Cleaning Three different scenar-
ios were found with respect to cleaning after cooking
the product, i.e., establishments with 1) programmed
procedures (production is halted during scrubbing), 2)
weekly rinse using hot water, detergents, and disinfec-
tants (this is the most common in Costa Rica), and
3) screw conveyor dry cleansing and use of hot wa-
ter and detergents only in the raw material receiv-
ing docks (e.g., rendering E). Deficient practices ob-
served within other renderings that can contribute to
product contamination included equipment that is not
dried before each batch, equipment spatial location
hindering cleaning procedures, and, particularly, fail-
ure to remove residual organic matter from the screw
conveyors.

Pest Management and Control Pest control (in-
cluding snare setting, establishment mapping, staff
training, and recommendation of disinfectant products)
is usually relegated to third parties. We found facilities
that are pest proofed (avg 71.4) (Table 3). In this re-
gard, rendering D (avg 42.9) is a notable exception,
because it presents faults in the infrastructure, which
facilitate the access of birds, insects, and rodents to the
installation, and therefore to the product.
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Table 3. Animal by-products rendering facility assessment according to aggregate marks based on safety compliance.

Key pointsa,b/Rendering A B C D E F G H I J

Location[75.0] 75.0 100.0 100.0 25.0 75.0 100.0 100.0 NE 75.0 100.0
Admission to the facilities [48.6] 71.4 57.1 57.1 0.0 14.3 100.0 100.0 NE 85.7 NE
Integrated pest management[71.4] 100.0 85.7 85.7 42.9 85.7 71.4 100.0 85.7 57.1 NE
Physical condition of the facilities[42.2] 55.6 33.3 22.2 33.3 77.8 66. 7 100.0 NE 33.3 NE
Equipment[62.5] 75.0 75.0 100.0 50.0 75.0 75.0 100.0 NE 75.0 NE
Cleaning procedure[51.4] 71.4 71.4 57.1 57.1 28.6 85.7 85.7 NE 57.1 NE
Vehicles and transportation[57.1] 71.4 85.7 85.7 57.1 57.1 42.9 100.0 NE 71.4 NE
Critical points[51.7] 66.7 66.7 66.7 66.7 66.7 50.0 50.0 NE 83.3 NE

Total[57.5] 73.3 71.9 71.8 41.5 60.0 74.0 92.0 10.7 67.3 12.5

aKey points are equal to each one of the sections that were evaluated.
bNumber in brackets represents the average of compliance for each of the points chosen as a determinant of safety.
NE, Not evaluated. A grading system based on scores (from 0 to 100).

Figure 2. Continuous dry rendering processes schematic diagrams. Examples of (A) adequate and (B) unfitting distributions within MBM
facilities found in the country. Black outlines represent the physical divisions among different process areas. Graphs within panel (A) repre-
sent microbiological contamination of specific points sampled during production (i.e., after cooking, after defatting, and in the final product.
Salmonella spp., Clostridium spp., Total coliforms, Escherichia coli, E. coli O157:H7).

Vehicles and Material Transport Overall, estab-
lishments kept load vehicles in good condition. Par-
ticular trucks destined for raw materials and finished
product transportation were regularly disinfected and
cleaned following proper procedures. Only rendering G
(avg 100.0) has vehicle disinfection arcs, both at the
entrance and at the exit of the establishment. On the
other hand, rendering F (avg 42.9) production trans-
port is achieved through hoists and conveyors from the
raw material to the finished product, due to its inte-
grated system in poultry production. Rendering F is
unique as it is associated with a processing plant of
chicken for human consumption (Table 3).

Regulatory Critical Thresholds All renderings (ex-
cept those destined to process poultry by-products)
comply with international recommended critical points,
including temperature and cooking time. Interestingly,
manufacturers of poultry meal use a lower temperature
(120 to 124◦C) than their MBM and fish meal coun-
terparts. Nevertheless, regarding meal particle size, a
simple visual inspection suffices to evidence that none
of the renderings complies with this parameter (i.e.,

50 mm). However, samples seized directly after the
product left the cookers showed no Salmonella spp.
prevalence (Figure 2A).

Rendering Production

In Costa Rica, the MBM rendering works on aver-
age with 21.8 tons/d of initial raw material (max 40,
min 13.5). In the case of the poultry meal, there is
an average of 18.0 ton/d and the fish meal 29.5 ton/d
(Table 1).

Renderings with the best yields (i.e., the final per-
centage of the finished product) are producers of MBM
(30 to 75% product yield, Table 1), and fish renderings
were the lowest (29% product yield, Table 1).

Microbiological Evaluation

The prevalence for indicator microorganisms spec-
ified by international regulations ranged from 0.0 to
33.3% (Table 4). Overall, the data indicate E. coli (0.0
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Table 4. Microbial safety indicator organisms for each animal by-product meal.

Animal meal/
indicator organism

Salmonella spp.
(presence in 25 g)

Clostridium spp.
(presence in 10 g)

Bacillus spp.
(presence in 10 g)

E. coli
(>3 MPN/g) Total coliform bacteria (>3 MPN/g)

Meat and bone meal
(n = 62)

12.9% (n = 8/62) 27.4% (n = 17/62) 32.2% (n = 20/62) 9.7% (n = 6/62) 25.8 (n = 16/62)

Poultry by-products
(n = 21)

14.3% (n = 3/21) 33.3% (n = 7/21) 4.8% (n = 1/21) 14.3% (n = 3/21) 28.6% (n = 6/21)

Fish meal (n = 6) 33.3% (n = 2/6) 16.7% (n = 1/6) 16.7% (n = 1/6) 0.0% (n = 0/6) 33.3% (n = 2/6)

Accepted minimum
parameters

Absence in 25 ga,b Absence in 10 ga Absence in 10 ga Absence in 1 gc For every 5 samples max 2 between
10 and 300 CFU/g, and none with
>300 CFU/ga

aEuropean Commission (2002).
bFDA (2013).
cFDA (2005).

to 14.3%) and total coliform bacteria (25.8 to 33.3%)
presence in n = 89 samples (Table 4). Additionally, E.
coli O157:H7 was found to be absent in all samples
(n = 89, Figure 2A).

The overall presence of Clostridium spp. and Bacillus
spp was of 28.1% (n = 25/89) and 24.7% (n = 22/89),
respectively. Clostridium spp. and Bacillus spp. were
found in several parts of the process (Figure 2A), even
after thermal processing; the presence of these microor-
ganisms may be caused by re-contamination of product
due to poor sanitary conditions of the facilities, or from
the workers themselves.

In addition, the presence of Salmonella spp. was
found for n = 8 MBM samples (Table 4). Furthermore,
37.5% (n = 3/8) of these positive MBM samples were
recollected from different points of the rendering pro-
cess (i.e., transport through conveyors and defatting by
expellers); directly after cooking, the samples were neg-
ative (Figure 2A). It is interesting to mention that one
of these samples is directly related to the finished prod-
uct of the same rendering, i.e., it can be inferred that
there is obviously cross-contamination of pathogenic
microorganisms when there is a failure following good
manufacturing practices (GMPs). However, C. perfrin-
gens was found just in n = 1 MBM sample (1.61%
prevalence).

On the other hand, poultry by-product meal demon-
strated the lowest prevalence of Bacillus spp (n = 1,
4.8%), while MBM showed the highest (n = 20, 32.2%).
All poultry by-products samples (n = 21) represent the
final product.

Fish meal reported the highest prevalence of
Salmonella spp. and total coliforms bacteria (33.3% for
both accounts), but these samples (n = 6) exhibited the
lowest incidence for Clostridium spp. (16.7%) and were
negative for E. coli (Table 4).

Interestingly, no significant differences (P = 0.73)
were found between the different animal meals regard-
ing the presence of Salmonella spp. Similar results were
obtained for Clostridium spp. (P = 0.68), Bacillus spp.
(P = 0.21), total coliforms (P = 0.70), and E. coli
(P = 0.44).

Furthemore, directly after cooking, there was no pres-
ence of Salmonella, however, this changes as the pro-

duction process moves forward. This change occurs dur-
ing the production process, as shown in Figure 2A;
also, the levels of Clostidium spp., total coliforms,
and E. coli augmented through the rendering process
(Figure 2A). The previous statements support the con-
clusion that microbes post cooking can come only from
re-contamination.

DISCUSSION

Nutrition and Composition

By-products of animal origin and the final rendering
product are characterized by the contribution of the
protein of high biological value (2.59% lys and 0.69%
met), in addition to calcium and phosphorus, during the
production of feedstuff (Rostagno et al., 2011; NRC,
2001; Meeker, 2009). Exceptions include diets formu-
lated for ruminants and felines, due to the possibility
of BSE transmission (OIE, 2016).

When data for different animal by-product meals are
compared (Table 2), it is evident that the nutritional
quality of the national products is similar to the data
of South America and the United States (Rostagno
et al., 2011; NRC, 2012). It is apparent that the pro-
cedures, work equipment, and the raw materials used
for meal elaboration allow complying with the interna-
tional guidelines. The few deviations found are to be
expected, as rendering associated with slaughterhouses
produces a mixed product (swine and beef, mainly,
Table 1). Those rendering facilities that are not associ-
ated with slaughterhouses must acquire their raw ma-
terials elsewhere and have the disadvantage of using a
mostly bone input, which in turn, reduces the percent-
age of CP and raises the ash contents (Jayathilakan et
al., 2012; Kawauchi et al., 2014; Hendriks et al., 2012).

Even so, the animal meal is still considered a good
option to lower the costs of animal feed production
(Meeker and Meisinger, 2015), as the local production
is available and, compared to other protein sources, is
cheaper [e.g., distillers’ dried grains (28.9 g CP/100 g,
35 profat): 148 dollars per metric ton, and soybean
meal (45.1 g CP/100 g): 408 dollars per metric ton.
Both values calculated on a free-on-board transport to
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New Orleans, LA) (NRC, 2001)]. Additionally, evidence
suggests that inclusion of vegetable origin meals, when
substituting animal ones in the feed, may need further
study (Zhang et al., 2014). Recent data have even de-
scribed that inclusion of vegetable-based diets nega-
tively affects growth and tissue quality in fish (Liang
et al., 2017). During the preparation of animal feed,
animal by-product meals can be included up to a maxi-
mum of 5, 15, and 25 g per 100 g of poultry, swine, and
dog food, respectively (Murray et al., 1997; Rostagno
et al., 2011).

In this regard, thermal processing may be neces-
sary for safety but must be surveilled, as overcooking
can have a deleterious effect on protein quality (e.g.,
amino acid bioavailability; Meeker, 2006; Meeker and
Meisinger, 2015; Hendriks et al., 2012). It is recom-
mended that such assays be incorporated in the rou-
tine nutritional analysis for animal by-product meals.
On the other hand, moisture content (≤10 g/100 g)
should be guarded as an increased aw favors pathogen
growth (Badilla, 2012).

There are 2 main premises regarding animal by-
product meals: 1) the cooking process favors the loss
of amino acids and the digestibility of the protein, and
2) animal meal protein is a raw material that provides
protein of high biological value (Table 2). Animal by-
products must be as digestible as possible so that the
animal has an optimal yield in weight gain and egg or
milk production (Meeker, 2009; Meeker and Meisinger,
2015). Therefore, despite being a relative measure [e.g.,
other enzymes, in addition to pepsin, act in the gas-
trointestinal tract], in vitro digestibility with pepsin is
still an accepted method (Nieto et al., 2005), allowing
a relatively swift evaluation of animal meal (Bellaver
et al., 2000).

AAFCO (2017) reports acceptable values for pro-
tein digestibility of 88.00 g/100 g and 75.00 g/100 g
for MBM and hydrolyzed feather meal, respectively.
Both MBM and poultry by-product meals do not com-
ply with the above guidelines. It can be inferred that
the thermal process may contribute to the low qual-
ity of the final meal, which in turn, may reflect neg-
atively on the productive performance of the animal
(Hendricks et al., 2012). However, these treatment con-
ditions comply with other established procedures (Eu-
ropean Commission, 2002; OIE, 2016), and they are
efficient to eliminate pathogens (Table 4, Lambertini
et al., 2016). Lastly, Nieto et al. (2005) reported that
on average the pepsin digestibility of the meal of aquatic
animal by-products is 65.00%.

Rendering Safety Evaluation

Location Rendering A’s neighboring industry is
dedicated to the manufacture of computer equipment,
which was considered not to be a safety issue for the
final product. On the other hand, as rendering D is
near an area prone to floods, pest infestations are a

real possibility (COMIECO, 2012; National Renderers
Association, 2015). Furthermore, facilities lacking clear
access procedures and that are surrounded by under-
ground may have a higher incidence of biological con-
tamination (FAO and IFIF, 2010; National Renderers
Association, 2015).

Infrastructure and Facilities Different parts of the
process should be carried out in dissimilar zones (FAO
and IFIF, 2010; Meeker and Meisinger, 2015). As raw
materials could become a significant source of contam-
ination for the final product (they are usually contam-
inated with high amounts of bacteria), the division of
areas is a critical point to guarantee safety. High humid-
ity of slaughterhouses could also favor recontamination,
as it promotes the replication of this initial bacterial
load (Meeker and Meisinger, 2015; Jayathilakan et al.,
2012). On the other hand, external thermometers and
manometers are used to ensure critical equipment per-
formance, especially for cookers, which have a primary
role in tissue transformation and pathogen elimination.

Disinfection and Cleaning Screw conveyor dry
cleansing and additional hot water and detergent steps
for the raw material receiving docks (e.g., rendering E)
seem to be the most efficient methods based on the
absence of microbial pathogens (i.e., Salmonella spp.)
during the assay of samples (n = 7) collected from facil-
ities applying this procedure. Nonetheless, for render-
ing E, n = 2 samples exhibited a total coliform bac-
teria concentration >110,000 MPN/g, which is usually
used as a hygiene marker, reflecting inadequate sani-
tation conditions and the risk for the presence of other
pathogens. Otherwise, at least one Salmonella spp. con-
tamination incident was found for each rendering after
fat extraction (expeller) and carried all the way through
the finished product. Biofilms or already established
“in-house” strains may be responsible for repetitive and
stubborn contamination (Vestby et al., 2009; Shi and
Zhu, 2009; Joseph et al., 2001). Several practices ob-
served within other renderings that can contribute to
final product contamination included equipment that is
not dried before each batch, equipment spatial location
hindering cleaning procedures, and, particularly, failure
to remove residual organic matter from the post-cooker
screw conveyors.

Pest Management and Control Based on the ev-
idence recollected during facility inspection, the con-
trol system cannot be efficient if the facilities are not
proofed against insects, rodents, and birds, which are
known vectors of pathogenic microorganisms.

Vehicles and Material Transport The general aver-
age of this section was 57.1% (Table 3); however, of the
8 evaluated renderings, only one obtained a rating be-
low 50% (rendering F, avg. 46.9) because the transport
points of raw material were not assessed, since screws
transport this from the broiler slaughterhouse.

Regulatory Critical Thresholds During poultry
meal preparation, it is assumed that lower tempera-
ture during cooking when compared with other meal
processing procedures is still sufficiently high enough
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for the elimination of pathogens, while the nutritional
quality of the product is maintained (Lambertini et al.,
2016b; Lambertini et al., 2016a). On the other hand,
since poultry meal is not considered a raw material
with BSE risk, it is not necessary to retain the tem-
perature of 133◦C (Meeker and Meisinger, 2015; Lam-
bertini et al., 2016b). Currently, in Costa Rica, raw
material particle size, as measured previous to cook-
ing, is not a parameter being evaluated by govern-
ment officials. Rendering non-compliance of the regula-
tory framework declaring maximum particle size does
not seem to affect the prevalence of pathogens, mean-
ing that regulatory compliance does not often impact
contamination.

Rendering Production

A theoretical analysis using machinery efficacy, out-
puts, and turnover demonstrate that, e.g., a fish ren-
dering produces 200 kg fish meal (20% theoretical
yield) and 80 kg fish oil (8% theoretical yield) from
1,000 kg raw material (Figure 1). Though rendering al-
ready is a waste recycling procedure, it is critical to note
that residue production, after the meal is obtained, can
range from 71 to 25% in mass (Table 1, Figure 1). In-
terestingly, this is in line with the yields found in situ,
i.e., 29% yield (data from rendering I, Table 1).

Microbiological Evaluation

The absence of Clostridium spp. and E. coli in fish
meal must be assessed with caution, as sample n may
be too small to reach relevant conclusions (Table 4).
Though the presence of E. coli and total coliform bac-
teria in several samples is not considered worrisome per
se, it does speak about failure in general cleaning pro-
cedures (Table 4). In fact, higher levels of coliform bac-
teria and E. coli in poultry by-products concurred with
a higher prevalence of Salmonella and Clostridium spp.
in comparison with MBM samples. Lower DM content
in poultry meal, when compared with MBM samples
(Table 2), could result in higher humidity or water ac-
tivity values in the final product; this situation may
favor the contamination rates and the establishment
of foodborne pathogens. More studies are necessary to
understand why poultry meal samples have higher con-
tamination rates.

Contamination found in the final product may re-
flect cross-contamination, which, as stated before, can
be caused by having the entire process in a single gen-
eral area (Figure 2B). Spore-forming bacteria, such as
Clostridium and Bacillus species, can withstand harsh
environmental conditions, such as high temperatures
(Freedman et al., 2016). However, cooking parameters
used in rendering facilities should be sufficient to elim-
inate microbial contamination; this means that these
spore formers may reach the final product due to cross-
contamination. As it is observed in Figure 2A, this con-

tamination may occur very soon after cooking. This sit-
uation is evidenced by the number of samples positive
for both clostridia and bacilli spores and, most impor-
tantly, the presence of the pathogenic C. perfringens
isolated from a MBM sample. Low incidence of C. per-
fringens suggests that the risk of contamination with
these bacteria from animal feed is very low. Neverthe-
less, higher contamination rates with other clostridia
indicate a high risk of pollution for the final product, as
these species are ubiquitous (Ferreira et al., 2003) and
they may share common environmental niches. Also,
low C. perfringens incidence in the samples may be a
consequence of a more moderate sporulation capacity
of this species in the environment as compared with
other clostridia (de Jong et al., 2002); this situation may
limit the sensitivity of the methodology to actually iso-
late C. perfringens from samples heavily contaminated
with other spore formers.

Animal by-product meals can be vehicles for trans-
mission and contamination with Salmonella. Table 2
shows that all 3 types of products analyzed in the
study are prone to contamination with this bacterium.
The presence of Salmonella in animal by-products is
a confirmation that there is a high rate of cross-
contamination of the final product, as the regular
cooking process for animal meals should be suffi-
cient to eliminate this pathogen. Higher prevalence of
Salmonella in samples taken at the end of the process
(Figure 2A) confirms that there is contamination from
the production environment. Presence of Salmonella in
animal by-products must be taken into account, as this
microorganism is widely recognized for being able to
survive for extended periods in low water activity foods
(Santillana Farakos et al., 2014). Other studies have re-
ported a high prevalence of Salmonella spp. in MBM
samples (Li et al., 2012; Molina et al., 2016; Jiang,
2016). The rendering industry should take proper steps
to control the microbial contamination of animal by-
products with Salmonella,to reduce the risk for live an-
imals and humans.

CONCLUSIONS

Differences among integrated meat, poultry, and fish
systems are transferred to the rendering process as
well. Enterprises such as avian product processing have
evolved into a safety-centric industry involving all pro-
duction areas. Other production systems (cattle beef)
remain undeveloped in Costa Rica regarding produc-
tion, animal nutrition, and welfare. Most renderings
are still considered secondary productive activities, and
they are seen just as a means to dispose of the slaugh-
terhouse’s waste instead of using them as productive
recycling facilities, as other countries regard them.
The confirmation of high risk for microbial contami-
nation justifies the need to increase control measures
and upkeep vigilance programs, regarding meal safety
and facilities post-cooking disinfection; this is relevant
considering the industrial and economic relevance of
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this activity. Also, it is pertinent to identify the pri-
mary contamination sources for the product within the
processing environment. Updating renderings’ equip-
ment and facilities should be mandatory to ameliorate
hazards and improve feed safety critical point compli-
ance. Even though animal by-product meals have been
wholly discarded or restricted just to particular appli-
cations in several countries (e.g., fertilizers), they can
still be considered a valuable and relatively inexpen-
sive protein and mineral source in diets for productive
animals. Rendered products could be used to improve
the sustainability of food production. Hence, animal by-
products can still be a good option for such places where
other protein sources may be deemed too expensive or
are not available at all. Noteworthy, thanks to the data
collected, national meal manufacturers were able to ap-
ply immediate corrective actions for some of the devia-
tions found during the inspection. Finally, besides the
issues covered above, we suggest further control must be
enforced on other aspects of increasing notoriety, such
as odor and noise control, biowaste management, and
occupational hazards.
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