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1 | INTRODUCTION

Pork plays an important role in human nutrition because it is the
most consumed meat in the world with 115 million tons in 2013
corresponding to a part of 37% of all types of meat (FAO, 2018).
The Beninese national livestock was estimated to 431,000 animals

Abstract

Processing methods of grilled pork and performances of the two most used grills
were assessed. Twelve experiments were performed with three processors. Results
showed that the temperatures recorded in the combustion place of barrel grill (VBG1C)
and clay grill (CG2C) reached 466.8 + 41.7°C and 458.3 + 90.8°C, respectively. These
temperatures exceeded 450°C, value at which uncompleted wood combustion gen-
erates polycyclic aromatic hydrocarbons (PAHSs). No significant difference was found
between VBGI1C and CG2C about load capacity (3.8 £ 0.9 and 4.8 + 0.7 kg), grilling
duration (42.2 + 13.0 and 49.0 + 6.3 min), and quantity of fresh pork processed by
the time unit (0.09 £ 0.02 and 0.10 + 0.02 kg/min), except fuel consumption which
was significantly higher for CG2C than VBGI1C. No significant difference was found
for protein and fat contents (dry weight) of grilled pork according to the grill used.
The levels of BaP and PAH4 in grilled pork did not change according to the grill but

exceeded the maximal values fixed by standard regulations.

Practical applications

Knowledge development through the characterization of fresh pork grilling process,
and the assessment of the thermal and technological performances of traditional
grills could help to optimize the grilling process by developing improved equipment
with facility to manage and check the heat and smoke transfer during the grilling
process and preserve processors health. Through this study, the improved equip-
ment could be designed to increase its load capacity and to reduce its specific fuel
consumption. In addition, the best sanitary quality of grilled pork obtained with the

improved equipment will avoid sanitary risk to consumers.

in 2014, with a total production of 5,172 tons of pork and 6,540
tons by 2020 (DE/MAEP, 2014). However, in tropical region like
Benin, the preservation of fresh products from animal origin in-
cluding pork is still difficult due to their extreme perishability.
Consequently, many traditional processing techniques such as sun

drying, salting, frying, and grilling are used to extend the shelf-life of
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such products (Anihouvi, Kpoclou, Assogba, et al., 2019; Anihouvi,
Kpoclou, Massih, et al., 2019; Anihouvi, Ayernor, Hounhouigan,
& Sakyi-Dawson, 2006). Various meat products such as ham, sau-
sages, bacon, and braised or grilled meat are obtained from fresh
pork (Mopate & Kabore-Zoungrana, 2013). Hanlan mimin, a grilled
pork, is the most consumed form of pork in Benin (Assogba et al.,
2017). This traditional ready-to-eat food, which is obtained by sea-
soning and grilling of fresh pork, because of processing method,
differs from other processed porks such as the sliced smoked pork
belly and bacon (Pearson & Gillett, 1999; Poma, 1998), boucane, and
unam inung, two salted, dried, and smoked pork belly from Réunion
(Poligné, Collignan, Trystram, & Pieribattesti, 2000) and Nigeria
(Egbunike & Okubanjo, 1999), respectively. The processing of pork
into hanlan mimin is still artisanal with the use of various grills, of
which the most used were vertical barrel grill with one chamber
(VBG1C) and clay grill with two chambers (CG2C) (Assogba et al.,
2017). Based on the design and the functioning of these grills, two
methods of grilling (direct and indirect) were distinguished (Assogba
et al., 2017). The direct grilling (DG) was performed with VBG1C for
which both wood combustion and grilling take place. The meat to
be grilled was exposed above the combustion chamber and received
directly heat and smoke produced by the fuel. The indirect grilling
(IG) was accomplished with CG2C for which the combustion cham-
ber was separated from the grilling chamber. Therefore, the heat
produced in the combustion place moved by convection transfer to
the grilling chamber and allow to grill the exposed pork on the grid.
In addition, it was known that in the case where vertical barrel grill
with one chamber was used, melted fat from pork fell directly into
the combustion place and activated more the combustion, while this
was not the case for clay grills with two chambers. These process-
ing conditions could lead to various effects on the end-products in
various ways. Many authors have demonstrated that grilling process
involved the contamination of meat products (pork, beef) and fish
by polycyclic aromatic hydrocarbons (PAHs) (ko Afé et al., 2020; Oz
& Yuzer, 2016; Ratsimba et al., 2014; Viegas, Novo, Pinto, Pinho, &
Ferreira, 2012). As reported in the Practice Code for Reduction of
Food Contamination (CAC/RCP-68, 2009), the direct grilling process
led to high contamination of end-products by PAHs than indirect
grilling process. According to Codex alimentarius (2005) grilled meat
obtained by direct grilling was 10 to 30 times more contaminated
than those obtained by indirect grilling. Furthermore, according
to Branger, Richer, and Roustel (2007) and Pana (2012), high tem-
peratures (70°C-140°C) in the core of product led to a progressive
combination of denaturation, oxidation and aggregation of proteins.
Therefore, the lack of information on the technological and thermal
performances of the two grills investigated in this study could nega-
tively affect the quality of the end-products. Therefore, it was use-
ful to evaluate the performances of these grills and the quality of
end-products for further improvements.

The aim of the present study was to characterize the grilling pro-
cess of pork; to evaluate and compare the thermal and technological
performances of the two types of grills and finally to determine and
compare the effects of these grills on the physicochemical charac-

teristics of processed pork.
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2 | MATERIALS AND METHODS
2.1 | Raw materials

Six local pigs bred in an enclosing system, under the same conditions
(coming from the same sow, previously subjected to the same diet,
same age: 8 months with an average weight: 29.8 + 5.1 kg) were pur-
chased from a private farm at Cotonou. The pigs were subjected to
authorized veterinary control before slaughter and the pork as well

after slaughter.

2.2 | METHODS

2.2.1 | Experimental design of follow-up
trials and sampling

Twelve (12) follow-up trials on the processing of pork into grilled pork
were conducted with three experienced processors located at three
different processing sites (Agbokannou, Akonaboe and Djegan-Kpevi)
in Porto-Novo municipality, known as a main area of pig farming,
commercialization, processing, and consumption (Ayissiwede, 2004;
Houndonougbo, Adjolohoun, Aboh, Singbo, & Chrysostome, 2012;
PAFILAV, 2014). Each of the three processors produced grilled pork
under investigation using the same species of wood (Acacia auriculi-
formis) as fuel for all trials and two traditional grills: a vertical barrel grill
with one chamber (VBG1C) and a clay grill with two chambers (CG2C).
In order to document the processing methods, processors were asked
to produce the grilled pork as they were used to. Two follow-up trials
were performed per processor per type of grill, that is, a total of 12
follow-up trials of which six with VBG1C and six with CG2C. Fresh and
grilled pork samples were taken at various steps of grilling. A total of
24 samples including six fresh meat, six fresh meat slices, six grilled
meat obtained with VBG1C, and six with CG2C were collected for

laboratory analysis.

2.2.2 | Determination of thermal and technological
performances of grills

The thermal parameters including ambient temperature (AT), combus-
tion temperature in combustion place (CTCP), temperature in combus-
tion chamber (TCC), temperature at the contact point of grid with the
product (TCPP), and temperature at the core of product (TCP) were
recorded at 10 min frequency with a thermocouple (Traceable digital
thermocouple no. 620-2006, France) according to Kpoclou et al. (2014).
Air relative humidity (RH %) was recorded with a thermo-hygrometer
(PRO Digital) equipped with a probe (Sebastian, Bruneau, Collignan, &
Rivier, 2004). Technological parameters such as load capacity, grilling
duration, quantity of fresh pork processed per time unit, specific fuel
consumption, and yield were investigated. Three slices of fresh pork
were randomly selected at three different parts on the grid and tagged.
They were removed from the grid and put back for measurement pur-

poses at each 10 min interval during the grilling. Their masses were
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monitored and recorded using an electronic balance (Terraillon, 5 kg)
and the yields were calculated (Choi et al., 2015; Poligné, 2001). This
allowed to assess the kinetics of matter loss during the grilling of pork.
Mass transfer associated with losses of water and fat during the grilling
was evaluated using Equations (1) and (2) as stipulated by Collignan and
Raoult-Wack (1992).

m
WL=X, —X,11 < r::) (1)
m
FL=F,—F,, ( n*q“ ) (2)
t

With WL, water loss betweentand t + 1 (kg/100 kg of product);
FL, fat loss between t and t + 1 (kg/100 kg of product); X,, water
content at t (kg/100 kg of product) (wb); X, + 1, water content at
t + 1 (kg/100 kg of product) (wb); F,, fat content at t (kg/100 kg of
product) (wb); F, + 1, fat content at t + 1 (kg/100 kg of product)
(wb); m,, mass of product at t (kg); m, + 1, mass of productatt +1
(kg); wb, wet basis. The calculations were made between steps t
andt + 1.

The duration of grilling of pork was determined using a
chronometer (Degnon et al., 2013). The quantity of wood used
during each trial was obtained by weighing with a commercial
balance of 20 kg range, according to the method described by
Rivier, Kebe, and Goli (2009), Degnon et al. (2013), and Kpoclou
et al. (2014).

2.2.3 | Determination of physicochemical
characteristics of fresh and grilled pork

The physical characteristics such as size (length, width, and thick-
ness) of fresh and grilled pork were determined using a caliper,
while their real volume and density were obtained from Archimedes
principle (Ahouansou, Agbobatinkpo, Sanya, Gnonlonfin, &
Fandohan, 2016). The pH of pork samples was determined accord-
ing to AFNOR NF V 04-408 using a digital pH meter (inoLab pH
730 WTW 82362 Wellheim, Germany). The color was measured
with a portable chromameter (MINOLTA-CR/DP 400/410) using L*,
a*, b*, and AE coordinates. The dry matter content was determined
by oven drying of samples at 103 + 2°C up to constant weight (ISO
1442:1997). The protein content was determined according to the
Kjeldahl method as described in Association of Official Analytical
Chemists [AOAC] (1995), method No. 981.10. The fat content was
assessed according to the method described by Folch, Lees, and
Stanley (1957).

2.3 | Statistical analysis

The data collected were processed using the Excel software (2013)
for descriptive statistics (mean and SD). STATISTICA software
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(StatSoft France 2006, version 7.1) was used to perform means
comparison of two groups (Student's t-test or Mann and Whitney
U test) and more than two groups (one-way ANOVA or ANOVA
of Kruskal-Wallis). A significant difference was accepted when
p < .05.

3 | RESULTS AND DISCUSSION

3.1 | Characteristics of the two grills used during
the follow-up trials with processors

3.1.1 | Vertical barrel grill with one chamber

The vertical barrel grill with one chamber (VBG1C) used in this study
had similar characteristics to that reported by Idah and Nwankwo
(2013) and Assogba et al. (2019). This grill of the cylindrical form
(Figure 1) was manufactured from recovered iron barrels. It had an
opening (a) at the base whereby firewood was introduced, and a
circular opening (b) at its apex on which the grid was laid. It had
a single chamber where the combustion place was directly below
the grid.

3.1.2 | Clay grill with two chambers

The clay grill with two chambers (CG2C) used by grilled pork proces-
sors was constituted of two compartments (Figure 2). The combus-
tion chamber (A) above which was fixed a large pot used either for
the pre-cooking of meat or for the cooking of a sauce made with pig
blood (kpeété in Goun, a local language). The chamber (A) opens hori-
zontally through a small hole into the grilling chamber (B), on which
was placed the grid for meat grilling. The heat produced by wood
combustion in chamber (A) diffused into the chamber (B). An iron
rigid tray was used to regulate heat transfer from the chamber (A) to

grilling chamber (B).

3.2 | Grilling of pork
3.2.1 | Preliminary steps

Prior to processing, the pig was slaughtered, depilated by skin grill-
ing, washed, and gutted to obtain the carcass. Depilating by skin
grilling as performed by stakeholders could be a factor of the con-
tamination of the pig carcass with PAHs due to the exposition of
the slaughtered pig to flames and smoke from wood combustion.
The washing of slaughtered pig is performed by water and small
knives; sometimes stone having a rough surface is used to remove
all the waste accumulated on the animal skin since its lifetime, but
also those coming from the flames and smoke during the skin grilling.
Starting from a pig weighing 100 kg, the average carcass yield was
about 75.3 kg (75.3 + 8.1%).
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FIGURE 1 Vertical barrel grill with one

chamber (VBG1C). (a) Combustion place,

™

N\

(b) Grid

v

e
s S

T

s
w4 78-89

75-80cm

)

b

<

®)

2.85cm

v

Mesh size of grid wire

FIGURE 2 Clay grill with two
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3.2.2 | Dressing

As showed by the flow diagram (Figure 3), the carcass was cut
into quarter, dressed (boning and fat removing), and then cut
into meat slices. These unit operations were almost conducted

simultaneously.
3.2.3 | Seasoning
Fresh pork slices were put in a basin and then seasoned with a

mixture of various ingredients including salt, garlic, pepper, onion,

ginger, laurel leaves, and magic cubes. According to processors, the

seasoning plays a dual role. It makes the meat tender and gives an

appetizing flavor to the end-product.

3.2.4 | Grilling

For grilling, the seasoned fresh pork slices were placed on the grid
above the grill. As indicated below, two methods of grilling were dis-
tinguished: direct grilling (DG) and indirect grilling (IG). During the
DG, the meat was directly placed on the grid just above the com-
bustion chamber while for IG, the heat produced in the combustion
place moved by convection to the grilling chamber above which pork

slices were disposed on the grid.
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FIGURE 3 Flow diagram of processing Direct grilling (DG) Processing steps Indirect grilling (IG)
of fresh pork into grilled pork and mass
balance during the processing. DG, direct Output/ Output/
grilling; |G, indirect grilling; MB, mass MB (kg) MB (kg)
: ; Input (kg) Input (kg)
balance; *Ingredients: Salt, garlic, pepper,
onion, ginger, laurel leaves and and magic
cubes
100 Fresh pork meat (carcass) 100
Giblets, bone, Dressing (deboning, fat Giblets, bone,
Fat (49.3+0.7) removing, cutting) (4.6+2.7h) > | Fat (49.7+1.5)
Pork slices
Ingredients* — Seasoning “«— Ingredients™*
l v
50.740.7 Seasoned pork slices ‘ 50.3%1.5
1
i } ;
— 1 —
Water and fat E Grilling (DG: 3.1£0.9h; 1G: E Water and fat
1 : >
loss (26.1+0.5) i 3.6+1.1h) i loss (25.5+£0.4)
; | \
24.6+ 0.2 Grilled pork (Hanlan mimin) 248 +1.5

FIGURE 4 Changesintemperature
outside of grill (AT), at combustion place
(CTCP), in combustion chamber (TCC), at
the contact point with product (TCPP), at
the core of product (TCP), and air relative
humidity (RH) during direct grilling. AT,
ambient temperature; CTCP, combustion
temperature in combustion place; RH, air
relative humidity; TCC, temperature in
combustion chamber; TCP, temperature
at the core of the product; TCPP,
temperature at the contact point with
product
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3.3 | Heat and mass transfer, and technological
performances of the two grills investigated

3.3.1 | Changes in ambient air conditions
during the grilling

Figures 4 and 5 show the variation in air conditions during the

two grilling processes. Ambient temperature (AT) recorded on

25 35 45
Grilling time (minutes)

the processing site, out and within a radius of 0.5 m of the verti-
cal barrel grill, oscillated between 30.7 + 1.7°C and 33.0 £ 2.9°C
from O to 40 min of direct grilling (DG) (Figure 4). Meanwhile, AT
recorded during indirect grilling (IG) with the clay grill (Figure 5)
ranged between 31.6 + 0.9°C and 32.2 + 1.4°C without a signifi-
cant variation (p > .05). In the same time, the air relative humid-
ity (RH) decreased gradually and significantly from 41 + 7% to
29 + 10% between 0 and 40 min during DG (Figure 4), while that
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of IG did not vary significantly, and ranged between 31 + 5% and
35 + 11% during all the grilling time (Figure 5). This could be due
to the nature of material used for grill manufacturing. Indeed, the
heat conductivity coefficient of iron alloy (160 w/mK) is higher
compared to that of clay (1.5 w/mK) (Marti, 2002). The heat dif-
fusion through VBGIC to air explains the decrease of air relative

humidity during the direct grilling.

3.3.2 | Changes in temperature of grills and
products during grilling processes

The trends of combustion temperature in combustion place (CTCP)
during DG and IG can be subdivided into two phases. Between 5
and 35 min, the CTCP increased significantly from 337.7 + 97.8°C
to 466.8 + 41.7°C for DG (Figure 4) and from 326.8 + 89.2°C to
458.3 + 90.8°C for IG (Figure 5), due to the increase of combus-
tion intensity. During a second phase (from 35 to 45 min), the CTCP
during DG decreased significantly (p < .05) from 466.8 + 41.7°C to
414.5 + 43.6°C, while CTCP for |G oscillated between 458.3 + 90.8°C
and 448.5 + 57.4°C without significant variation (p > .05). However,
the indirect grilling took more than 45 min (49.0 + 6.3 min) with the sig-
nificant decrease of CTCP from 448.5 + 57.4°C to 356.6 + 13.2°C. The
highest average value of CTCP was obtained after 35 min of grilling.
It was 466.8 + 41.7°C with extreme values ranging between 432.5°C
and 547.7°C for DG, while the highest average value of CTCP during IG
was 458.3 + 90.8°C with extreme values oscillating between 361.4 and
611.1°C. The comparison of mean values of CTCP of the two methods
of grilling (DG and IG) indicated that there was no significant difference
(p >.05). This could be due to the use of the same wood (Acacia auricu-
liformis) having the same moisture content during the two grilling trials.

During the grilling process (5-35 min), the temperature in
the combustion chamber (TCC) increased significantly from
212.6 + 34°C to 313.8 + 13.9°C for DG (Figure 4) and from
205.3 £ 17.3°C to 301.6 + 19.2°C for IG (Figure 5). In the same time,
the temperature at the contact point of grid with the product (TCPP)

zz=1fst

Relative humidity RH (%)
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FIGURE 5 Changesintemperature
outside of grill (AT), at combustion place
(CTCP), in combustion chamber (TCC), at
the contact point with product (TCPP),
at the core of product (TCP), and air
relative humidity (RH) during indirect
grilling. AT, ambient temperature; CTCP,
combustion temperature in combustion

=== CTCP (°C)

==t==TCC (°C)

*—TCPP (°C) place; RH, air relative humidity; TCC,
== TCP (°C) temperature in combustion chamber; TCP,
temperature at the core of the product;
@ AT (°C)

TCPP, temperature at the contact point

=== T>450°C (BaP with product

Formation)
w=@==RH (%)

increased significantly (p <.05) from 65.9 + 12.9°C to 107.9 + 33.5°C
within 30 min for DG (Figure 4), while that of IG increased signifi-
cantly from 70.1 £ 22.0°C to 110.8 + 17.8°C within 30 min of grilling
time (Figure 5). This quick increase of TCPP could be due to the in-
crease of TCC induced by the increase of CTCP which assured heat
transfer successively from the combustion place to the combustion
chamber, and from the combustion chamber to the grid. Between 35
and 45 min, the TCPP during DG fluctuated between 104.1 + 17.5°C
and 109.4 + 18.5°C without significant variation, while the TCPP
during IG decreased significantly (p < .05) from 110.8 + 17.8°C to
79.8 £ 12.5°C. Statistical analysis of TCPP values showed no signifi-
cant difference between the two methods of grilling (p > .05).

The temperature at the core of product (TCP) remains the main
parameter that should be controlled to guarantee product safety
in terms of potential microbiological risks associated with the con-
sumption of end-products. TCP during DG of meat increased sig-
nificantly from 43.8 £ 10.2°C (t = 5 min) to 77.2 + 14.1°C (t = 35 min)
before falling to 71.9 + 13.8°C at 45 min (Figure 4), while TCP during
IG of meat increased gradually from 45.3 + 13.3°C to 70.1 + 11.4°C
between 5 and 35 min (Figure 5). This was followed by a stationary
phase from 35 to 55 min during which TCP did not change signifi-
cantly (Figure 5). The increase of TCP during the first 30 min attested
heat transfer from the combustion place to the grid and then to the
product. There was no significant difference (p > .05) between TCP
values of pork meat processed by DG and |G at different times of grill-
ing. Although the two grills may have different capacities to preserve
heat because of the difference related to their manufacturing mate-
rials, size, and functioning mode, it appeared that the temperature in
the core of the product did not differ significantly when comparing
the two grilling processes. Some practices of processors to maintain
the combustion intensity at the normal level during processing may
justify the compensatory and similar effects observed with respect
to the TCP of product during the two grilling methods. In the case of
DG, it was observed a continuous melting of fat which increased the
combustion intensity. At this moment, as processors known that the

increasing of the combustion temperature in combustion place could
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affect the quality of the end-product, they attenuated the fire inten-
sity by adding water to the combustion chamber, or by reducing the
firewood. The combustion intensity in the IG was not controlled like
that of the DG because the heat produced in the combustion place
was used simultaneously to cook a sauce based on pig blood, called
kpéte in the cooking pot placed above the combustion chamber, or
to grill meat exposed on grid above grilling chamber. This double role
of CG2C may explain the fact that TCP values of both direct grilling
using VBG1C and indirect grilling with CG2C were not significantly
different (p > .05) during the two grilling methods.

Mean values of TCP obtained after 35 min of direct and indi-
rect grilling were 77.2 + 14.1°C and 70.5 + 18.1°C, respectively, with
extreme values of 64.6°C-100.7°C for DG and 39°C-90°C for IG.
These two TCP mean values were similar to values ranging between
65°C and 75°C, which is a temperature range in which some authors
observed denaturation of myofibrillar protein, collagen shrinkage,
increasing of product hardness, and loss of water (Branger et al.,
2007; Davey & Gilbert, 1974; Martens et al., 1982; Pana, 2012). TCP
values recorded during the grilling were higher than 68°C after 20 to
40 min (DG) and 30 to 40 min (IG), and suggested that the end-prod-
uct obtained in both cases could be considered as a safe product
from a microbiological point of view (Anonymous, 2013). However,
TCP during indirect grilling (IG) reached the safety temperature of
70°C, 10 min later when compared to TCP in the case of direct grill-
ing (DG). This can probably be due to the larger volume (275.5-457.3
L) of CG2C compared to VBGI1C (185.3-378.1 L). Apart CTCP, other
parameters such as air velocity would be considered to determine
the heat transfer phenomenon which takes place in the grills as re-
ported by Poligné (2001) and Sebastian et al. (2004).

3.3.3 | Effect of temperature on polycyclic aromatic
hydrocarbons levels in grilled pork

The combustion temperature in the combustion place values re-
corded during direct and indirect grilling processes using barrel
and clay grills is higher than 450°C, sufficient value of tempera-
ture where the formation and detection of PAHs such as naphtha-
lene, fluorene, phenanthrene, anthracene, pyrene, chrysene, and
benzo[a]pyrene can occur (Horne & Williams, 1996; Ravindra,
Sokhi, & Vangrieken, 2008; Stotyhwo & Sikorski, 2005; Williams
& Horne, 1995). Hajaligol, Waymack, and Kellogg (1999), Hajaligol,
Waymack, and Kellogg (2001) had also reported the formation of
various aliphatic and aromatic hydrocarbons from pyrolysis be-
tween 350°C and 600°C temperature range, when cellulosic ma-
terials such as solid char residues derived from cellulose, glucose,
pectin, and xylan were used. A linear increase of PAHs in smoke
has been observed according to an increase in combustion tem-
perature from 400 to 1,000°C (Toth & Blaas, 1972). Among PAHs,
benzo(a)pyrene is considered by EU Scientific Committee on Food
(SCF) as a marker for the occurrence of carcinogenic PAHSs in food
(SCF, 2002). The level of PAH4 (benzol[a]pyrene, chrysene, benz[a]

anthracene, and benzo[b]fluoranthene) was used as an indicator to
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evaluate the sanitary quality of products (EFSA, 2008). The grilled
pork samples collected during the present study were analyzed by
lko Afé et al. (2020) to evaluate the levels of their contamination by
PAHs. Indeed, the concentration of benzo(a)pyrene (BaP) of grilled
pork samples from VBG1C (28.9 + 18.0 ug/kg, n = 6) and CG2C
(16.7 £ 10.6 pg/kg, n = 6) exceeded the maximal limit of 2 pg/kg
(BaP) fixed by the European Commission (CE: No 1881/2006, 2006)
(Iko Afé et al., 2020). These values of BaP are not also in compli-
ance with the value of 5 pug/kg (BaP) admitted by the Beninese
regulation (Arrété 2007 N° 0362/MAEP/République du Bénin).
Moreover, the levels of PAH4 recorded by lko Afé et al. (2020) were
161.8 £ 87.2 pg/kg and 106.8 + 46.0 pg/kg in grilled pork samples
from barrel and clay grills, respectively. These levels of PAH4 were
at least 8 to 10 times higher than the maximal value of 12 pg/kg
fixed by the European Commission (CE No 1881/2006, 2006). No
significant difference was found between grilled pork samples from
VBG1C and CG2C concerning their levels in BaP and PAH4. On the
one hand, these results showed that the indirect functioning mode
of clay grill (CG2C) compared to barrel grill (VBG1) did not limit the
contamination of grilled pork by PAHs. The combustion chamber and
grilling chamber of clay grill were not separated by physical material
leading to the direct contact of smoke with the product during the
grilling process (lko Afé et al., 2020). On the other hand, chemical
molecules formed at high temperature (>450°C) in the combustion
place of the two grills were transferred to the product explaining the
high levels of BaP and PAH4. Therefore, clay grill (CG2C) and barrel
grill (VBG1C) need to be improved to reduce the contamination of
the end-product by PAHs.

3.3.4 | Kinetics of product mass during grilling

Matter loss during each method of grilling was evaluated from the
proximate composition of fresh and processed pork. Average val-
ues of moisture content (X)) and fat content (F,) of fresh pork were
64.73+4.40kg/100kgand 11.14+0.49 kg/100kg, respectively. After
thegrilling, the moisture content (X, + 1)and fat content (F,+ 1)ingrilled
porkwere45.22+2.13kg/100kgand 16.70+0.47 kg/100 kg, respec-
tively, for DG, and 46.83 + 3.53 kg/100 kg and 16.14 + 0.71 kg/100
kg for IG. These data showed that moisture and fat losses were
43.11 + 5.91 kg/100 kg and 3.22 + 1.38 kg/100 kg, respectively,
for DG, and 41.30 + 4.07 kg/100 kg and 3.01 + 1.07 kg/100 kg for
IG. Figure 6 showed fresh pork mass loss kinetic during DG and IG.
Fresh pork mass decreased from 100 kg to 48.6 + 10.2 kg in the case
of DG and from 100 kg to 49.3 + 5.3 kg for |IG. These decreases lead
to a total weight loss of 51.4% and 50.7% of the product mass during
DG and IG, respectively. There was significant variation (p < .05) in
the product mass after each 10 min of grilling, and this for the two
grilling methods. As showed by regression lines (Figure 6), the rate
of the product mass loss during DG (13.19 kg/min) is higher than
that of 1G (9.77 kg/min). Mass loss during the grilling could be due to
water and fat losses from the product which are caused by thermal
treatment (Choi et al., 2015; Poligné, 2001; Sebastian et al., 2004).
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Furthermore, the rate of mass loss could be attributed to heat trans-
fer to the product during grilling. Indeed, the temperature at the
core of the product exceeded 70°C after 20 and 30 min of direct
and indirect grilling, respectively. This value of temperature around
pasteurization temperature could reduce microbial load in the end-
products as reported by Anihouvi, Kpoclou, Assogba, et al. (2019).
Water and fat losses during the two methods of grilling were not
significantly (p > .05) different, but water loss obtained for DG and
IG in this study is higher than that (31.0 kg/100 kg) reported by
Poligné (2001) during the processing of Boucane, a salted, dried, and
smoked pork. Conversely, fat loss (6.2 kg/100 kg) reported by these
authors is higher than the fat loss recorded in the present study:
3.22 + 1.38 kg/100 kg and 3.01 + 1.07 kg/100 kg for DG and IG,
respectively. This difference in fat loss can be explained by the breed

of pork used and the processing method.

3.3.5 | Comparison of the technological
performances of grills experienced

Table 1 presents the technological performances of vertical bar-
rel grill with one chamber (VBGI1C) and clay grill with two cham-
bers (CG2C). The direct grilling with VBG1C with a load capacity of
3.8 + 0.9 kg of meat lasted an average time of 42.2 + 13.0 min com-
pared to 49.0 + 6.3 min obtained for indirect grilling using CG2C with
a load capacity of 4.8 + 0.7 kg meat. There was no significant differ-
ence (p > .05) in load capacity and grilling time between both types
of grills. This confirms the reason why the quantity of fresh pork
processed per time unit with VBG1C (0.09 + 0.02 kg/min) was not
significantly different from that obtained for CG2C (0.10 + 0.02 kg/
min). Starting from 100 kg of fresh slices of pork, there was no sig-
nificant difference (p > .05) between the average yield of grilled
slices obtained by DG (48.6 + 0.55%) and that of IG (49.3 + 1.7%).
However, the average yields of the two grilling methods were lower
than the value of 67.4% obtained by Poligné (2001) during Boucane

zz=1fst
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FIGURE 6 Mass loss kinetic in pork
meat during the grilling. DG, direct grilling;
|G, indirect grilling

Y2 (Indirect grilling)

processing. The total time to grill 100 kg of fresh pork slices ranged
between 17 and 18.4 hr (data not shown). This time was so high and
showed that grilled pork processors would not be able to produce
high quantity of grilled pork in a few time for a large number of con-
sumers due to the lower performance of the grills they used.

The specific fuel consumption of CG2C (2.10 + 0.35 kg/kg of
fresh pork) was significantly higher (p < .05) than that of VBG1C
(1.73+0.15 kg/kg of fresh pork). The high fuel consumption recorded
with CG2C could be due to the additional energy input needed to
transfer heat from the first chamber to the second chamber of the
grill. Indeed, the internal volume of CG2C (366.84 + 90.88 liters) was
larger than that of VBGI1C (282.66 + 96.43 liters) and therefore it is
necessary to provide additional energy to assure heat transfer from
the combustion chamber to the grilling chamber of CG2C. Moreover,
unlike the VBG1C, CG2C had two functions, the grilling of slices of
fresh pork placed on the top of the grilling chamber, and the cooking
of pieces of meat and offal in an aluminum pan placed on the top
of the combustion chamber. This dual function could require more
energy and therefore high fuel consumption.

3.4 | Effects of grills on the physicochemical
characteristics of grilled pork

3.4.1 | Changes in size and density

The length and width of grilled pork obtained by direct grilling and
indirect grilling were significantly lower (p < .05) than those of fresh
slices of pork (Table 2). The comparison of grilled pork obtained
from DG and IG showed no significant difference (p > .05) in mean
values of their size (lengths and widths). Conversely, grilling in-
creased significantly (p < .05) the thickness of fresh pork slices from
0.59 £0.20cm to 1.01 £ 0.23 cm and 0.94 £ 0.34 cm for DG and IG,
respectively. These changes in the size of the end-product may be

related to the contraction of myofibrils by the superposition of actin
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TABLE 1 Technological performances
of the grills used

Technological performances

Load capacity (kg of fresh meat)

Duration (min)

Quantity of fresh pork processed per time unit

(kg/min)

Specific fuel consumption (kg/kg of fresh meat)

Yield of grilling (%)

_Wl LEYm

Institute of
Food Science
+Technology

ifst

Types of grills

CcG2C
VBGIC (n = 6) (n=6)
3.8+09° 48+0.7
42.2+13.0° 490+ 6.3°
0.09 +0.02° 0.10 £0.02?
1.73+0.15° 2.10 +0.35°
48.6 +0.55° 493+17°

Note: Values with different letters in the same row are significantly different at a threshold of 5%.

Abbreviations: CG2C, clay grill with two chambers, VBG1C, vertical barrel grill with one chamber.

TABLE 2 Size, density, pH, and color of
fresh and grilled pork

Parameters
Length (cm, n = 20)
Width (cm, n = 20)

Thickness (cm, n = 20)

Density (g/ml, n = 20)
pH (n = 6)
Color (n = 6)

L*
a*
b*

AE

Types of meat

FP(n = 6) GP-DG (n = 6) GP-IG (n = 6)
23.46 +9.84° 15.66 * 5.69° 16.40 + 6.84°
10.47 + 4.05° 7.59 + 2.56° 7.46 +2.86°
0.59 +0.20° 1.01+0.23° 0.94 +0.34°
1.01 +0.04° 1.03 +0.03° 1.06 +0.08°
5.48 + 0.37° 6.58 +0.34° 644 +0.23°
74.99 +3.12° 72.59 +0.53° 72.75+1.17°
7.41 +0.51° 7.30 + 0.69° 6.75 +0.822
5.17 + 1.16* 6.17 + 0.60° 5.67 + 0.842
10.02 + 1.45° 10.20 + 0.282 10.06 + 0.88?

Note: Values with different letters in the same row are significantly different at o threshold of 5%.

Abbreviations: AE, difference of color; a*, redness; b*, yellowness; FP, fresh pork; GP-DG, grilled
pork from direct grilling; GP-1G, grilled pork from indirect grilling; L*, lightness.

and myosin, and the decreasing of the juiciness of the end-product
(Branger et al., 2007). Furthermore, the average density of fresh
pork (1.01 + 0.04 g/ml) was not significantly different (p > .05) from
the density of grilled pork obtained by direct grilling (1.03 + 0.03 g/
ml) and indirect grilling (1.06 + 0.08 g/ml). Indeed, while the length
and width of the fresh pork decreased after grilling, there was also
loss of water and fat. Thus, the gradual decrease in product size,
therefore its volume, was accompanied by a proportional diminution

of product mass through the matter loss.

3.4.2 | Changes in pH and color

The pH of grilled pork obtained by DG (6.58 + 0.34) and IG
(6.44 + 0.23) was not significantly different (p > .05) (Table 2).
These pH values are similar to the pH value (6.29 + 0.47) ob-
tained by Ratsimba et al. (2019) on smoked pork kitoza produced
in Madagascar. Furthermore, the pH values of grilled pork samples
(from DG and IG) were significantly higher than that of fresh pork
(5.48 £ 0.37). The pH values recorded are not so far away from those
reported by Choi et al. (2009) and (2015) on fresh pork (5.79-5.82)
and smoked pork (5.90 and 5.94).

The color parameter (lightness) was affected by the grilling.
The lightness (L*) of fresh pork decreased significantly (p < .05)
from 74.99 + 3.12 to 72.59 £ 0.53 and 72.75 + 1.17 for grilled pork
obtained by DG and |G, respectively (Table 2). The grilled pork
was, therefore, darker than the fresh meat. This could be due to
the melting and pyrolysis of lipids, the carbonization of proteins,
and the caramelization of sugars (Branger et al., 2007). Martens
(1982) have also observed that the use of high temperature to
treat meat, led to the denaturation of myoglobin and hemoglobin
which darkens the meat. The color change could also be explained
by the occurrence of brown reaction products generated by the
rearrangement and polymerization reactions of carbonyl com-
pounds present in the smoke gas phase, and amines groups of meat
proteins (Clifford, Tang, & Eyo, 1980; Poligné, 2001; Ruiter, 1979).
In addition, the water losses (43.11 + 5.91 kg/100 kg for DG and
41.30 * 4.07 kg/100 kg for IG) observed in this study could ex-
plain the decrease in L* index after grilling as reported by Chizzolini
etal. (1996). The darkening of meat could also be due to the Maillard
reaction. Except for lightness, any other color parameters such as
the redness (a*), the yellowness (b*), and AE did not change signifi-
cantly (p > .05) from fresh to grilled pork obtained by DG and IG
methods. In addition, the two grilled pork from DG and IG did not
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TABLE 3 Nutritional characteristics of
fresh and grilled pork samples

Parameters (%) FP (n = 6) GP-DG (n = 6)
Moisture 64.73 + 4.40° 45.22+2.13°
Protein 18.87 + 0.48? 29.52 +1.68°

(54.12 + 6.39%) (53.99 + 4.23%)
Fat 11.14 + 0.49° 16.70 + 0.47°

(31.90 + 3.179) (30.52 £ 1.09%)

GP-IG (n = 6)
46.83 +3.53"
28.50 + 1.10°
(53.80 + 4.17%)
16.14 £ 0.71°
(30.53 + 3.19%)

Note: FP; GP-DG and GP-IG are the same as defined in Table 2. Values with different letters in
the same row are significantly different at « threshold of 5%. Values in brackets are in dry matter
basis and other values are in wet basis (wb). Values with different letters in the same row are

significantly different at o threshold of 5%.

show any significant difference as far as all the color parameters
are concerned.

3.4.3 | Changes in moisture, proteins, and fat of
pork meat samples

Table 3 showed the nutritional characteristics of different pork sam-
ples. The moisture of grilled pork (DG) (45.22 + 2.13%) was not sig-
nificantly different from that of IG (46.83 + 3.53%) but these two
values were lower than that of fresh pork (64.73 + 4.40%). These
moisture values of grilled pork samples were close to 48.6% re-
ported by FAO (2012) for grilled pork, but were higher than the mois-
ture value of 28.5% obtained for Boucane, a smoked meat product
(Poligné, 2001). Proteins (18.87 + 0.48% wb) and fat (11.14 + 0.49%
wb) contents of fresh pork used in this study were similar to the val-
ues of 17%-21% wb and 4%-20% wb reported by Vautier (2006).
These values are also similar to 20% proteins, and between 10% and
20% fat reported by Craplet and Josette (1980) for fresh pork. The
fat contents of grilled pork obtained from the two methods of grill-
ing, 16.70 £ 0.47% (DG) and 16.14 + 0.71% (IG) were lower than the
value of 25.3% wb reported by FAO (2012), but also lower than those
obtained for similar products such as kitoza (20%), Boucane (24.2%-
49.1%), and unam inung (24.0%-44.5%) (Andriamampianina, 2012;
Poligné, 2001; Solomon, Ekanem, & Okubanjo, 1994). Also, the
protein contents of pork meat after DG (29.52 + 1.68% wb) and IG
(28.50 + 1.10% wb) were higher than the value of 24% wb reported
by FAO (2012). On the dry matter basis (Table 3), the results showed
that the protein and fat contents of fresh meat did not change sig-
nificantly (p > .05) after grilling. In the same way, no significant dif-
ference (p > .05) was found between the protein and fat contents of
grilled pork obtained by DG and IG.

4 | CONCLUSION

The study described the technological conditions of artisanal pro-
duction of grilled pork with VBG1C and CG2C as practiced by stake-
holders. The two types of grills had similar heat and mass transfer

rates. They also had a similar grilling duration and yield. However,

the CG2C had the highest specific fuel consumption when compared
to the barrel grill. The physicochemical characteristics of grilled pork
produced did not change significantly with the type of grill. As the
processing conditions are similar to the two grills, the concentration
of PAHSs especially those of BaP and PAH4 did not vary significantly
between grilled pork samples from the two processing methods. But
these concentrations exceeded the limit values fixed by the stand-
ard regulations for BaP and PAH4. Data collected through this study
could be used to improve the processing of fresh pork, and to design
an improved grill in order to control and limit factor inducing high

chemical contamination of grilled pork.
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