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Abstract

World poultry production reached 122.5 million tons in 2018. A
main factor explaining the continuous increase of poultry production
is the development of cut pieces and processed products. The di-
versity of poultry processed products is very wide. In order to adapt
the process, the meat industry needs to characterize the nutritional,
technological and sanitary quality of poultry meat. This review focus
on the different factors involved in the determinism of technological
quality of poultry meat that corresponds to its ability to be processed
and preserved. The processing ability of poultry meat depends large-
ly on the meat ultimate pH that affects the conformation of muscle
proteins and their functionality. All factors modulating muscle glyco-
lytic reserves and metabolism will have an effect on this parameter
such as genotype, slaughter age, feeding programme, pre-slaugh-
ter conditions and slaughtering procedure. The preservation ability
depends more on the muscle lipid and antioxidant contents, fatty
acid composition and meat storage conditions. It is then strongly
influenced by feed. In conclusion, many factors can influence the
technological quality of raw poultry meat inducing a variability of this
quality. Then, the aim of processing technologies is to reduce this
variability and to increase technological yields and preservation abil-
ity of poultry meat products.
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Introduction

World poultry production reached 122.5 million tons in 2018 [1].
It is now the most produced meat in terms of volume, leads by USA,
China and Brazil. Relatively low and competitive prices compared
to other meats, the absence of cultural or religious obstacles, and di-
etary and nutritional (protein) qualities are the main factors explain-
ing poultry meat’s attractiveness [2]. It has become a mass consumer
product throughout the world. Another factor explaining the contin-
uous increase of poultry production is the development of cut pieces
and processed products. Services embedded in products constitute
another recent dynamic factor appealing to consumers. The consump-
tion of poultry meat is developing primarily around two main types
of consumer service: an economy of preparation time (the ‘ready-to-
eat’) and a diversification of places of consumption. Catering outside
the home combines both of these aspects. Whole chickens now ac-
count for a very small proportion of overall consumption, as opposed
to almost 50% in the late 1980s. For example, in the USA, chickens
sold under whole carcasses, cut parts or processed products repre-
sented 11,40 and 49%, respectively, in 2015 (source: https://www.
nationalchickencouncil.org/about-the-industry/statistics/how-broil -
ers-are-marketed/). In France, these proportions were 22,48 and
29%, respectively, in 2018 (source: https://www.volaille-francaise.
fr/wp-content/uploads/rapport2018chiffres-cles.pdf). The diversity of
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poultry processed products is very wide. In order to adapt the process,
the meat industry needs to characterize the nutritional, technological
and sanitary quality of poultry meat. The following review will focus
on the different factors involved in the determinism of technological
quality of poultry meat that corresponds to its ability to be processed
and preserved. The preservation ability depends on the intrinsic prop-
erties of meat leading or not to lipid and protein oxidation but also
on the possible contamination and development of pathogens and/
or spoilage microbial flora. Only the preservation faced to oxidation
mechanisms will be presented.

Processing Ability of Poultry Meat

The processing ability can be assessed by the water holding ca-
pacity and by measuring the juice losses during storage at +4°C or
after thawing and/or cooking and by determining the technological
yield by measuring material loss after processing. The water holding
capacity depends largely on the meat ultimate pH (pHu) that affects
the conformation of muscle proteins and their functionality. Le Bi-
han-Duval et al. [3] estimated genetic correlations of -0.89 and -0.80
between pHu on one-hand and exudate and juice loss from chicken
fillets on the other. Many factors can affect water holding capacity of
meat.

Effect of feeding

Feeding has an indirect effect by first modulating the glycolytic
reserves of the muscles before slaughter and thus the meat pHu [4].
For example, Berri et al. [5] tested variable digestible lysine content
of the finishing diet distributed to standard chickens. When this con-
tent increased from 0.83 to 1.13%, the juice loss after 4 days storage
at +4°C decreased from 1.10 to 0.87%. Jlali et al. [6] compared two
isoenergetic finishing diets with different protein contents. Fillets of
chickens fed diet containing 23% proteins had higher juice loss after 4
days of storage at +4°C than chickens fed diet containing 17% proteins
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(1.30 vs. 1.08%). However, the feed impact on the fillet characteristics
depended on genotype, with animals selected for low peripheral fat-
tening being more sensitive to variations in protein intakes. In order
to better define the response governing changes in fillet quality as a
function of amino acid intake, several studies [7,8] have shown that
beyond the amount of proteins, the amino acid profile of diet could
influence meat pHu and some associated traits (colour, exudate). The
results showed that an excess intake of amino acids (+10%), combined
with a low intake of lysine (0.7-0.8%), favoured the production of acid
and exudative meat. The hypothesis would be that a chicken subjected
to an amino acid intake exceeding its requirements for protein synthe-
sis and muscle growth would use part of its dietary intake for energy
purposes, particularly in the form of muscle glycogen, explaining the
observed pH decrease [9]. However, the animal response would de-
pend on the initial intake of lysine (and hence crude protein) and the
duration of exposure to these imbalances, which, by modulating the
nutrient proportion used for protein synthesis or energy storage pur-
poses, will determine the animal metabolic response thresholds for
variations in amino acid intakes. Beyond pHu, the degree of muscle
oxidation can also affect the technological properties of meat. Thus,
the use of DL-HMTBA (hydroxyl-analogue of methionine) signifi-
cantly improved the functional properties of chicken fillet (exudate
and technological yield) by reducing the index of muscle oxidation
[10].

Oxidation modifies the biochemical properties of muscle proteins
and particularly their ability to bind to water [11]. Therefore, antiox-
idants have direct effect on the water holding capacity of meat. For
example, by increasing the amount of selenium yeast in feed from 0.15
to 0.60 ppm, Oliveira et al. [12] reduced juice loss after cooking of
chicken fillets from 21 to 16%. In this study, the dietary intake of se-
lenium under organic form was more effective in reducing meat juice
loss after cooking than the intake of selenium under mineral form.
However, in turkey, the feed supplementation with selenium at 0.3 to
0.5 mg/kg had no effect on the juice loss of fillets stored at +4°C for
48 h [13]. The feed supplementation with 40 or 80 ppm zinc also in-
creased the water holding capacity of chicken fillets compared to not
supplemented controls (63-66 vs. 56%) [14].

Effect of rearing and pre-slaughter conditions

The water holding capacity can also be influenced by age, geno-
type, pre-slaughter conditions (mainly heat stress) and post-mortem
evolution of meat pH. The effect of age on the water holding capacity
is variable according species. For standard heavy chickens slaughtered
between 35 and 63 days of age, juice loss after 4 days storage at +4°C
and after cooking decreased from 2.02 to 1% and from 18.8 to 17.4%,
respectively [15]. Conversely, for fillets of Muscovy ducks slaughtered
between 8 and 15 weeks of age, the juice loss after 24 h storage at +4°C
increased from 0.68 to 1.62% [16]. For fillets of mule ducks slaugh-
tered between 8 and 13 weeks of age, juice loss after 24 h storage at
+4°C was not affected by age [17].

The effect of genotype will depends on the ability of the animal to
store energy in muscles. For example, juice loss after 2 days storage at
+4°C was higher in fillets of Label Rouge chickens compared to fillets
of standard chickens (1.64 vs. 1.24%) [18]. Consistent with this re-
sult, the technological yield after curing and cooking fillets was high-
er in standard chickens compared to Label Rouge chickens (106.8 vs.
100.0%). Sibut et al. [19] compared two chicken lines divergently se-
lected on the proportion of abdominal fat relative to live weight (4.66
vs. 2.09%), and showing differences in pHu fillets (5.79 vs. 5.66 for

lean and fat lines, respectively). They showed that fillets of fat chickens
had slightly higher juice loss after 4 days storage at +4°C than lean
chickens (1.35 vs. 1.12%). A chicken line, selected for a high pHu (av-
erage 6.09) in the fillet, had lower juice loss after 5 days storage at
+4°C or after cooking than the line selected for a more acid pHu (2.20
vs. 3.80% and 10.2 vs. 11.9%, respectively) [20]. Consistent with these
differences, the technological yield after curing and cooking was high-
er for the high pHu line (86.6 vs. 80.5%). Chicken fillets with a severe
“white striping” defect had higher cooking losses than normal fillets
(26.7 vs. 21.3%) [21]. Those with “wooden breast” defect had higher
juice loss after cold storage but also after cooking than normal fillets
(1.19 vs. 0.93% and 28.0 vs. 21.6%, respectively) [22]. Marinade intake
and technological yield were also much lower for “wooden breast” fil-
lets compared to normal fillets (6.94 vs. 13.15% and 87.3 vs. 94.5%,
respectively).

The pre-slaughter conditions can also affect the glycolytic reserves
of muscles and therefore its water holding capacity. For example,
comparing exposure of chickens to different temperatures during
pre-slaughter transport, Dadgar et al. [23] showed that negative tem-
peratures (-14 to -17°C) negatively impacted muscle glycogen reserves
and thereby increased pHu and reduced fillet cooking loss (10.52 vs.
13.45%) compared with positive temperatures (20 to 22°C).Juice loss
after 48 h storage at +4°C of fillets from chickens exposed to 33°C for
2 hours before slaughter were higher than those of chickens exposed
to 21°C (3.7 vs. 2.0%) [24]. Finally, a too fast post-mortem pH drop
negatively affects the technological yield. For example, turkey fillets
with pH values measured 20 min after slaughter of 5.90 or 6.55 had
technological yields after curing and cooking of 97.4 and 98.3%, re-
spectively [25].

Preservation Ability of Poultry Meat

The preservation ability is estimated by the oxidation susceptibility
of meat lipids and proteins. First, the preservation ability depends on
the muscle type and poultry species. Thighs having a higher lipid con-
tent than fillets (4.5% vs. 1.3% for standard chickens) [26] are more
susceptible to oxidation [27,28]. Turkey meat is more susceptible to
oxidation than chicken and duck meat (Figure 1) due to its lower
ability to bind antioxidant molecules such as vitamin E in muscle tis-
sues [29]. Poultry meat has a high content in unsaturated fatty acids
(around 30% of monounsaturated fatty acids, MUFA and 30% of poly-
unsaturated fatty acids, PUFA) [26] that increases its susceptibility to
oxidation.
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Figure 1: Oxidation susceptibility of chicken, duck and turkey thighs and fillets stored
at +4°C (Gong et al., 2010).
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The preservation ability is strongly influenced by feed that will affect
the lipid, PUFA and antioxidant contents of meat. It also depends on
the preservation conditions. For example, Cortinas et al. [30] com-
pared 4 levels of PUFA in feed (15, 34, 45 and 61%) and 4 conditions
to preserve chicken thighs (raw meat, raw meat refrigerated 3 days at
+4°C, cooked meat and cooked meat stored 2 months at +4°C). The
oxidation susceptibility of meat increased with PUFA content (Figure
2). The TBARS (Thio-BArbituric Reactive Substances) index (indi-
cator of lipid peroxidation) increased with storage duration at +4°C.
Cooking also promoted oxidation (Figure 2). Vacuum-packed and
cooked chicken fillets stored at +4°C were more susceptible to oxi-
dation than raw chicken fillets vacuum-cooked only at the end of the
storage period [31]. Jankowski et al. [32] compared three different oils
in feed (soybean, rapeseed and linseed). The highest TBARS index in
turkey fillets was obtained with the lowest ratio FA n-6/FA n-3 in feed
(17.07 vs. 15.64 and 10.91 nmol/g for linseed, rapeseed and soybean
based diets, respectively). A storage of turkey fillets for 4 months at
-20°C strongly promoted lipid oxidation especially for the linseed oil-
fed group for which the TBARS index was multiplied by 4.7 when
compared to non-frozen meat. The use of linseed oil in the feed also
promoted protein oxidation in chicken thighs [28]. The incorpora-
tion of 2% micro-algae in feed increased the oxidation susceptibility
of chicken fillets stored 6 days at +4°C and then cooked compared
with fillets of chickens fed diet containing soybean and palm oils (1.79
vs. 0.49 mg equivalent MDA/kg meat) [33]. Mercier et al. [27] also
showed that protein oxidation was higher in the Sartorius thigh mus-
cle of turkeys fed diet containing soybean oil compared with turkeys
fed diet containing tallow. The production system can also have an
impact. The TBARS index of fillets and thighs from chickens reared
under organic conditions was higher than that measured for chickens
reared under standard conditions, whereas for the lipid content, it was
the reverse [34].

12000 - TBARS value (pg MDA/kg meat)
10000 -
8000 LI PUFA 15%
E PUFA 34%
6000
B PUFA 45%
4000 B PUFA 61%
2000
RM = raw meat
0 RRM = refrigerated raw meat
CM = cooked meat
RM RRM (M RCM RCM = refrigerated cooked meat
Figure 2: Effect of diet polyunsaturated fatty acid (PUFA) content on the oxidation
susceptibility of chicken thighs (Cortinas et al., 2005).

The pH may also affect the oxidation susceptibility of meat. The
more acid a meat is, the greater the risk of oxidation. In a chicken line
selected for an acid pHu in breast muscle, the TBARS index of fillets
preserved at +4°C for 8 days was higher than that measured in chicken
fillets of the line selected for a high pHu (0.65 vs. 0.50 mg MDA equiv-
alent/kg meat) [35].

The use of antioxidants in feed limits the oxidation susceptibility of
meat. For example, a dietary supplementation with 400 mg vitamin E/
kg feed divided by 2 to 3 the TBARS value measured in the Pectoralis
major and Sartorius muscles of turkeys stored at +4°C for 1, 3 or 9 days
[25]. In chicken, a supplementation with 200 mg of vitamin E/kg was

sufficient. Vitamins A and C did not have the same antioxidant pow-
er [36,37]. Vitamin E supplementation also limited the formation of
cholesterol oxidation products. For chicken meat cooked, then stored
12 days at +4°C, this reduction was 42% and 75% for fillets and 50%
and 72% for thighs when vitamin E supplementation was 200 or 800
mg/kg compared to a control diet supplemented with 20 mg vitamin
E/kg [38]. The antioxidant effect of vitamin E can be increased when
combined with other compounds such as oregano essential oil [39].
The preservation of chicken meat placed under vacuum in a package
composed of biopolymers with antioxidant molecules can also limit
the oxidation risk. For example, Sogut and Seydim [40] stored chicken
fillets vacuum-packed with a chitosan biopolymer combined with dif-
ferent concentrations of grape seed extracts (5,10 and 15%) at +4°C.
The 15% intake inhibited the oxidation of fillets after 15 days storage.

Conclusion

The processing ability of poultry meat depends largely on the meat
pHu that affects the conformation of muscle proteins and their func-
tionality. All factors modulating muscle glycolytic reserves and metab-
olism will have an effect on this parameter such as genotype, slaughter
age, feeding programme, pre-slaughter conditions and slaughtering
procedure. The preservation ability depends more on the muscle lip-
id and antioxidant contents, fatty acid composition and meat storage
conditions. It is then strongly influenced by feed. In conclusion, many
factors can influence the technological quality of poultry meat induc-
ing a variability of this quality. Until now, studies related to the de-
terminism of technological quality have mainly focused on poultry
meat. There are few references in the literature concerning poultry
processed products. Berri et al. [18] compared the technological qual-
ity of curing-cooking meat from fast-, medium- and slow-growing
(FG,MG,SG) commercial chickens slaughtered at their usual market
ages (6, 8 and 12 weeks, respectively). The highest curing-cooking
yields were obtained with the breast and leg meat from 6wk-FG and
the lowest with that from 12wk-LG. Because of their reduced water
holding ability, the processed meat of 12wk-LG exhibited the lowest
moisture and the white cured-cooked meat showed the driest texture
and the best slice cohesiveness. This study suggested that processing
ability and processed product characteristics of breast and leg meats
are greatly related to the chicken type of production with FG chickens
being more adapted to further processing than SG ones in terms of
profitability. Singh et al. [41] compared the effect of chicken strain (a
high growth rate strain, Cobb 400 and three local Indian strains) on
nugget quality. The nuggets produced with Cobb 400 strain had the
highest water and lipid contents. They also had the most stable emul-
sion, and the highest cooking yield. Now, there is really a research
need to determine if, and how the production system or rearing con-
ditions can modulate the quality of processed poultry products.
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