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Industrial and culinary practice effects on biologically active polyamines level in turkey meat
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Abstract

Polyamines, including putrescine, spermidine, and spermine, are biological compounds present in nearly all food
items. Their desirable physiological effects include cell division and growth. Hence, are undesirable in the diet
of patients with tumor. This study aimed to assess the impact of curing agents (sodium chloride (0-2 g), sodium
nitrite (0—200 ppm), sodium polyphosphate (0-0.5 g), and ascorbic acid (0-500 ppm)), cooking (frying (180°C),
and boiling (100°C)) on polyamine contents in turkey breast meat using response surface methodology based on
central composite design and dispersive liquid-liquid microextraction. Postprocessing changes were investigated
using a high-performance liquid chromatography equipped with an ultraviolet detector. Study outcomes showed
the presence of sodium chloride, sodium nitrite, and sodium polyphosphate in turkey meat reduced the putrescine
and spermine content significantly (P < 0.0001). The addition of ascorbic acid as a curing agent slightly increased
the concentration of polyamines, while no significant linear effects were associated with the thermal processes.
The study observed that curing agents like sodium chloride, sodium nitrite, sodium polyphosphate, and ascorbic
acid at 2 g, 200 ppm, 0.5 g, and 382 ppm, respectively, in frying mode minimized spermine and putrescine content
with more than 96% desirability. In conclusion, curing additives and cooking are promising procedures for poly-
amine reduction in turkey breast meat.
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Introduction

Polyamines (PAs) are nitrogenous compounds that nat-
urally exist in food items like meat, fish, cheese, and
wine (Kala¢, 2009; 2014a). The primary biogenic PAs
include putrescine (PUT), spermidine (SPD), and sper-
mine (SPM). These are endogenously synthesized by

microbial activities, produced by microbiota, or taken in
diet (El Adab ef al., 2020; Kamani ef al., 2015; Keskekoglu
and Uren, 2013). Chromatographic methods like gas or
liquid chromatography detect PAs. However, the most
common analytical method that detect PAs is high-per-
formance liquid chromatography (HPLC; Xu et al., 2018).
The physiological roles of PAs are gathered and reviewed
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in many scientific papers and books (Dandrifosse, 2009;
Kala¢, 2009; Muiioz-Esparza et al., 2019). Accordingly,
cell growth and differentiation are one of the PAs biolog-
ical roles in the human body. However, the ingestion of
these compounds can accelerate tumors and cancer cell
growth (Kala¢, 2014a). Therefore, the decrease PA con-
centrations in food products, particularly in meat and
meat products, is crucial. Hence, experts suggest reduced
PAs in the daily diet during cancer therapy. Intake of
dietary PAs is desirable for accelerating the healing of
wounds or burns (Kala¢, 2014b).

Meat is a widely consumed food undergoing differ-
ent technical processes (curing, freezing, cooking, and
packaging) to make it digestible and safe (Mejri et al.,
2017). Cooking is a basic process commonly used
before consumption and includes of thermal processes
like boiling, frying, stewing, and grilling that influence
organoleptic properties and make meat safer (Naseri
et al., 2010; Roseiro et al., 2017b). On the other hand,
curing is a usual practice applied in meat industries to
improve the quality of products. In this regard, sodium
chloride, nitrite, phosphate, and ascorbic acid are gen-
erally used to increase shelf life and meat quality. These
additives influence microbial load, pH, lipid oxidation,
water holding capacity, texture, and flavor (Kilic et al.,
2018).

Methods like the incorporation of additives in food for-
mulations reduce the PAs concentration in food. Sodium
chloride has a dramatic influence on biogenic amines
and PAs content (Roseiro et al., 2017a). Sodium nitrite,
sodium nitrate, and other additives used in meat as pre-
servatives, show destructive effects on microbial load
and PAs (Hazar et al, 2017). Other methods like ther-
mal processes or packaging (vacuumed and modified)
have a strong effect on food compositions (Pilevar et al.,
2019) and showed degradation effects on PAs in foods
(Daddkova et al., 2012; Kalac¢, 2014b). A previous study
reported that all curing methods may influence PAs
content (Triki et al., 2018).

In this regard, many previous studies investigated the
effects of various treatments on the PAs content of dif-
ferent meats (Daddkova et al., 2012; Haddad et al., 2018;
Zhang et al., 2015). The study by Kozova et al. (2009)
evaluated the impact of thermal processing and pack-
aging techniques for chicken meat and reported a sig-
nificant decrease in PAs after frying (180°C), grilling
(215°C), roasting (180-190°C), vacuum packaging, and
modified atmosphere package (MAP). Another study by
Hazar et al. (2017) assessed the changes of histamine,
PUT, tyramine, tryptamine, cadaverine, SPD, and SPM
concentrations in pastirma (a Turkish meat product)
with different curing additives and duration. But to date,
minimal researchers have studied the PAs concentration,

effects of additives, and thermal processes in turkey meat
as its consumption has only increased in the recent years.

Among different food products, meat and meat products
of animal origin are considered the major dietary source
of PAs, especially SPM (Handa et al., 2018). On the other
hand, over the past decades, the consumption of poul-
try and processed poultry products has significantly
increased (Hrynets ef al., 2011). Among the poultry, tur-
key meat is recommended by many nutritionists because
of its moderate low-fat content, relatively higher poly-
unsaturated fatty acids, high levels of vitamin B, and low
cholesterol (Amirkhanov et al., 2017; Taheri et al., 2018).

Response surface methodology (RSM) is a time-saving,
valuable, and cost-effective tool that it decreases the num-
ber of experiments in a scientific mechanism (Aradjo and
de Aquino Santana, 2018; Pandiselvam et al., 2019). The
optimization of variables or design of a suitable predictive
model can be easily obtained by using RSM (Shameena
Beegum et al., 2019; Srikanth et al., 2020Srinivas et al.,
2020). Central composite design (CCD) is the commonly
applied design to evaluate research variables and is also
used in this study (Mokhtarian et al., 2014; Sagarika
etal., 2018).

To the best of our knowledge, no study has reported the
impact of curing and thermal processes on PAs content
in turkey meat. Hence, the current study aimed to inves-
tigate the effects of different concentrations of curing
agents (sodium chloride, sodium nitrite, sodium poly-
phosphate, and ascorbic acid) and the thermal processes
(boiling and frying) on PA content in turkey breast meat.
The study also optimized the curing agents’ concen-
tration and designed a mathematical model to predict
responses by RSM.

Materials and Methods
Chemical reagents

SPM tetrahydrochloride, SPD trihydrochloride, PUT
dihydrochloride (as standards), sodium nitrite, sodium
tripolyphosphate, and dansyl chloride (derivative
reagent) were purchased from Sigma-Aldrich (Louis,
MO, USA). Analytical grade acetone, acetonitrile, water,
and methanol, were obtained from Dae Jung (Busan,
South Korea). Hydrochloric acid (37% w/w), perchloric
acid, sodium hydroxide (NaOH), 1-octanol, ammonia,
and sodium chloride (NaCl) were supplied by Merck
(Darmstadt, Germany). Carrez solutions containing
potassium hexaferrocyanide (Carrez solution I) and zinc
acetate (Carrez solution II) were provided by Panreac
Quimica SLU, Barcelona, Spain. Ascorbic acid was pur-
chased from Dorshimi Marjan (Tehran, Iran). Carrez
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solutions I and II were prepared according to a previously
described method (Ramezani et al, 2015). Stock and
standard working solutions, methodology for HPLC and
microwave apparatus, and the conditions used for both
techniques were previously established (Bashiry et al,
2016).

Procedure

The freshly slaughtered turkey meat was purchased
from the local market of Tehran, Iran, and was immedi-
ately transferred to the laboratory in cooled and sterile
container (0°C). The meat samples of 8 x 8 x 1 cm and
with a mean weight of 50 + 2 g were cubed out from the
breast part using a kitchen knife. Later were immersed
for 30 min in the curing solution containing defined
amounts of Sodium chloride, sodium nitrite, sodium
polyphosphate and ascorbic acid (Appendix A). and
were refrigerated at 4 °C for 6 hours in glass containers
(Busboom, 2003). The cured samples were divided into
two parts. One portion was boiled in water (100°C) for 30
min, and another was fried in canola oil for 10 min, 5 min
for each side of the sample, at 180°C (Kozova et al., 2009)
and cooled to room temperature.

PAs analysis

To determine the PA content of the prepared samples,
acid extraction was carried out. Cured and cooked
samples were minced and one gram of it was weighed
and mixed with 8 mL of perchloric acid. This sample
was microwaved (MDS-10 Sineo, Shanghai, China) at
500 MHz for 2 minutes to increase the velocity and effi-
ciency of extraction. Later, the mixture was cooled, and
mixed with 2 mL of Carrez solution (one mL I and one
mL II) and centrifuged at 1252xg for 10 min at room
temperature.

Next, the pH of the centrifuged solution was adjusted to
11 by adding NaOH. Later 1 mL of dansyl chloride was
added to the tube, shaken vigorously, and incubated in
a dark place at 40°C for 1 hour (shook occasionally) for
effective processing (derivatization step). Finally, 250 puL
of ammonia was added to the tube to remove excess dan-
syl chloride, and, dispersive liquid-liquid microextraction
(DLLME) was carried out by a previously reported
method (Bashiry et al., 2016).

DLLME and HPLC analysis

Briefly, 510 pL of the extract solution (acetonitrile 450 uL
and 1-octanol 60 pL) and 2 g of sodium chloride was
added to the prepared samples (previous section) and
shaken vigorously. Then, the samples were centrifuged
(1252 xg/10 min/room temperature). Twenty microliters

Polyamines in cured turkey meat

of the supernatant were collected and injected into an
HPLC instrument (Cecil CE-4900, Cambridge, England)
with the ultraviolet-Visible detector in duplicates.
Working conditions of the HPLC: flow rate of the mobile
phase (acetonitrile and water) was 0.8 mL/min, and the
detector was set up on 254 nm. Moreover, the separation
of the analytes was carried out using an octadecyl-sil-
ica column (250 mm x 4 i.d. x 5 pm) according to the
method used by Bashiry et al. (2016).

Method validation

The calibration curves of PAs showed good linearity
for all the PAs (R? > 0.98) in the concentration range of
20-200 ng/g. To estimate the repeatability, the relative
standard deviation (RSD) was evaluated by assessing
peak areas from seven extractions of one turkey meat
sample, which ranged from 6.72% to 7.30% for all PAs.
Enrichment factor, representing the ratio of the final
concentration of the analyte in the organic solvent to its
original concentration, was 190, 210, and 305 for PUT,
SPD, and SPM, respectively. The recovery of the DLLME
procedure was determined by comparing with amounts
of PAs added to the turkey breast meat sample and the
residual concentrations after performing the procedure
were 95%, 97.6%, and 105% for PUT, SPD, and SPM,
respectively. The limits of detection for the three PAs
(based on signal-to-noise ratios of three) under the opti-
mum conditions were between 0.24 and 0.42 ng/g, and
limits of quantification (based on signal-to-noise ratios of
10) were in the range 0.8—1.4 ng/g.

Data analysis

RSM based on CCD was applied to investigate the opti-
mal level of sodium chloride, sodium nitrite, sodium
polyphosphate, and ascorbic acid, to detect the effects of
heat treatment (independent variables) on PAs. CCD in
this design consisted of 60 runs for four numerical and
one categorical variable. The curing agents (selected as
numerical variables) were studied in five levels and two
cooking types, selected as categorical variable are sum-
marized in Table 1 to investigate linear effects and detect
the optimal concentration to minimize PAs level in tur-
key meat. The PUT and SPM levels were the dependent
variables, and P < 0.05 showed significant effects. Design
Expert 11.0.3 software (Stat-Ease Inc., Minneapolis, MN,
USA) was used for Data and regression analysis.

Results and Discussion

Four common curing agents besides cooking procedures
(boiling and frying) influencing PAs content were ana-
lyzed by RSM. Furthermore, the optimal concentrations
of curing agents were also calculated for minimizing PAs
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Table 1. Levels of independent variables in Central Composite Design (CCD) design.

Independent variables Unit Symbol Coded levels

- -1 0 +1 +a
Sodium chloride g A 0 0.5 1 1.5 2
Sodium nitrite ppm B 0 50 100 150 200
Sodium polyphosphate g C 0 0.13 0.25 0.38 0.5
Ascorbic acid ppm D 0 125 250 375 500
Cooking type - E Boiling Frying

in turkey breast meat samples. The selection of variables
was based on industrial practices and culinary treat-
ments. Meat curing is a practice applied widely in food
companies to improve the shelf life of the meat (Sebranek
and Bacus, 2007). Curing additives like sodium chlo-
ride aids in digestion, nitrite influences both taste, color,
and microbial load of product, and ascorbic acid helps
to accelerate the curing process (Bakhtiary et al., 2016;
Posthuma et al., 2018; Vidal et al., 2019). On the other
hand, domestic thermal techniques like boiling and fry-
ing influence biogenic amines and PAs in the meat matrix
(Kalac, 2014a).

Analysis of parameters

To evaluate the effects of each independent variable on
PAs (SPM and PUT), the design expert software sug-
gested an appropriate mathematical model. This method
was not capable enough to detect SPD responses.

SPM analysis

According to the CCD results, the 2FI model was cho-
sen. The Box-Cox plot, which helps determine the most
appropriate transformation, suggested power transfor-
mation for a better model to predict responses. Therefore,
data were transformed by the power function (Lambda:
0.87, Constant: 0.338), and the model was re-proposed.
Equation (1) was used to predict the response for the
given levels of each variable in both boiling and frying
mode. This equation is pivotal as it can identify the rel-
ative influence of factors by comparing the coefficient of
factors.

(SPM + 0.34)°% = +20.96 — 3.08 NaCl — 0.06 Ni
—7.74 pp + 0.0001 AA
+ 0.83 NaCl*pp + 0.005 AA*pp (1)

where NaCl, Ni, pp, and AA are symbols showing con-
centrations of sodium chloride, sodium nitrite, sodium
polyphosphate, and ascorbic acid, respectively. Table 2
shows the analysis of variance (ANOVA) for the cur-
ing process, showing the impact of the variables on the

response (SPM level). Accordingly, any change in curing
conditions has led to a significant (P < 0.0001) change of
SPM content in meat samples.

ANOVA analysis showed that the 2FI model was signif-
icant (F = 4739.27). Additionally, lack of fit indicated no
significant relation with a pure error. The coefficient deter-
mination obtained from ANOVA exhibited a strong rela-
tionship between the raw data and the proposed model
(R? = 0.9984). This tool provides an index of how well-
observed results are replicated by the model and estimates
variation in the data calculated by the model. This proposed
model explained 99.84% of the variation in the responses,
and the 2FI model was compatible with the experimental
data. The adjusted R* value recorded of 0.9982, represents
the potential of the model to predict response. It is worth
noting that the more the adjusted R? values are closer to
1, the better is the model’s predictability response. Finally,
adequate precision measures the signal-to-noise ratio. A
ratio greater than 4 is desirable. Adequate precision in this
study model was 277.959 indicating an sufficient signal.

Table 2 illustrates all independent variables except D
term have a significant linear influence on SPM content
(P < 0.0001); significant linear effects also illustrated in
perturbation graph (Figure 1), in which destructive effect
of sodium chloride, sodium nitrite, and sodium poly-
phosphate on SPM is clear. Ascorbic acid was found to
be effective in a mild increase of SPM content in turkey
breast meat.

PUT analysis

CCD results suggested a linear model for PUT; Equation
(2) predicted the responses for given levels of each vari-
able in both boiling and frying methods.

PUT =14.98 — 4.08 NaCl — 7.05 Ni — 1.97 pp + 0.45 AA
(2)

where PUT is a concentration of putrescine; NaCl,
amount of sodium chloride; Ni, amount of sodium nitrite;
pp, amount of sodium polyphosphate and AA, amount of
ascorbic acid.
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Table 2. Analysis of variance for SPM content.

Polyamines in cured turkey meat

Source Sum of squares d.f. Mean square F value P value
Model 1532.98 7 219.00 4739.27 <0.0001 Significant
A-Sodium chloride 272.70 1 272.70 5901.52 <0.0001
B-Nitrite 1165.87 1 1165.87 25230.35 <0.0001
C-PP 84.58 1 84.58 1830.41 <0.0001
D-AA 7.91 1 791 171.10 <0.0001
E-Cooking 0.000 1 0.000 0.000 1.0000
AC 1.41 1 1.41 30.44 <0.0001
BC 0.51 1 0.51 11.10 0.0016
Residual 2.40 52 0.046
Lack of fit 2.40 42 0.057 Not significant
Pure error 0.000 10 0.000
Core total 1535.39 59 219.00
R?= 0.9984
Adjusted R?= 0.9982
Adequate precision = 277.959
Perturbation was compatible with the experimental data. Adjusted R?
40| of 0.9953 represented the potential of the model to pre-
dict response. Adequate precision was 199.13, indicating
adequate signal. All independent variables except E had a
30+ significant linear influence on PUT content (Table 3; P <
0.0001).
Z 20 A
n D D Sodium chloride (NaCl) is generally accepted as a good
© additive in the formulation of several food products. This
10+ B study results indicated that the presence of salt in the
cured-meat samples enhanced the reduction of PAs con-
o tent. This outcome agreed with the study of Roseiro et al.
(2017b) who observed a decrease in biogenic amine con-

T T T T T
-1.000 -0.500 0.000 0.500 1.000
Deviation from reference point (coded units)

Figure 1. Perturbation graph showing linear effects of cur-
ing agents. A: NaCl, B: sodium nitrite, C: sodium polyphos-
phate, D: ascorbic acid.

Table 3 shows the ANOVA for PUT. A significant rela-
tionship between the curing process and PUT content
(P < 0.0001) was noted. ANOVA analysis indicated that
this model (linear) was also significant for PUT (F =
2491.24). Furthermore, lack of fit is not significant indi-
cating no significant relation with a pure error. The coef-
ficient determination obtained from ANOVA, exhibited
a strong relationship between the raw data and the pro-
posed model (R?= 0.9957), and provided an index of how
well-observed results were replicated by the model. This
statistical tool also estimates variation in the data calcu-
lated by the model, 99.57% variation in the responses was
explained by the proposed model, and the linear model

centrations after the addition of NaCl to dry-cured tuna.
Reduction of biogenic amines and PAs post-NaCl addi-
tion was also demonstrated in response to its antibac-
terial properties (Naila ez al., 2010). NaCl is an efficient
additive because it inhibits the growth of microorgan-
isms, enhances the flavor, and has impacts on enzymatic,
water activity, and the texture of animal tissues (Roseiro
et al., 2017a). Although the recent policies of regulatory
organizations like the WHO recommend decreasing
NacCl level in food formulations because of its relation-
ship with cardiovascular disorders and blood hyperten-
sion, it is better to optimize its level than completely
removing it (Erdogan et al., 2018). Laranjo et al. (2017)
found increased content of biogenic amines when the
NaCl addition was reduced by 50% in dry-cured sausage
formulation, which was directly influenced by the release
of decarboxylase enzymes from bacteria.

Sodium nitrite is another additive playing an important
role as a curing agent. It speeds up meat curing and pre-
serves the cured meat from being spoiled by bacteria like

Quality Assurance and Safety of Crops & Foods 13 (2)
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Table 3. Analysis of variance for PUT contents.

Source Sum of squares d.f. Mean square F value P value

Model 2317.19 5 463.44 2491.24 <0.0001 Significant
A-Sodium chloride 544.12 1 54412 2924.96 <0.0001

B-Nitrite 1638.07 1 1638.07 8805.54 <0.0001

C-PP 128.03 1 128.03 688.24 <0.0001

D-AA 6.82 1 6.82 36.65 <0.0001

E-Cooking 0.1500 1 0.1500 0.8063 0.3732

Residual 10.05 54 0.1860

Lack of fit 4.84 44 0.1099 0.2111 0.9999 Not significant
Pure error 5.21 10 0.5208

Core total 2327.23 59

R?=0.9957

Adjusted R? = 0.9953
Adequate precision = 199.13

Clostridium botulinum which causes botulism (Alizadeh
et al., 2020). Reducing effects of sodium nitrite on PAs
were observed in this study. Our results matched the
outcomes of Gengcelep et al. (2007) who demonstrated
that nitrite inhibits the growth of amine-producing bac-
teria and hence reduced amines. Jastrzebska et al. (2016)
added several additives into fresh white and red meat to
evaluate their effects on some biogenic amines like PUT,
SPD, SPM, and cadaverine. They reported that sodium
nitrite and sodium chloride caused a reduction of bio-
genic amines formation by inhibiting amine-forming bac-
terial activities. Moreover, the inhibitory effect of sodium
nitrite was determined stronger than sodium chloride,
especially in poultry meat. It should be stressed that a
steep slope in the perturbation graph and a greater coeffi-
cient of B term in the equation in this study outcomes are
similar to the one reported in Jastrzebska et als (2016)
findings. Besides, Paulsen and Bauer (2007) studied the
effects of nitrite and sodium chloride on SPD and SPM
contents in pork meat and observed a significant reduc-
tion of PAs after the addition of nitrite that confirms our
findings.

Another important curing agent is sodium polyphos-
phate. Its beneficial properties include prolongation
of shelf life, this aids in retaining the color and flavor,
increasing water holding capacity, halting lipid oxida-
tion and microbial load, and improves texture stability,
especially in combination with other curing additives like
NaCl (Kilic et al., 2018). Though data about the effects
of polyphosphate on meat quality are widespread, stud-
ies on its effects on biogenic amines and PAs are rare.
Bozkurt and Erkmen (2002) reported a decline in bio-
genic amines after adding phosphates with some other
additives like nitrite, nitrate, a-tocopherol, ascorbic acid,
and potassium sorbate to sausage, which was similar to

the current study findings. Ascorbic acid is another com-
mon additive using in cured meat production as it has
antioxidant effects and can also influence the color of
the final product (Perlo et al., 2018). But in this study, its
influence in the reduction of PUT and SPM contents was
minimal.

Thermal treatments were the last tested factor. They
were recognized as diminishing agents too and led to a
decrease in PAs content. Furthermore, a previous study
revealed that higher temperatures resulted in a further
reduction in PAs (Dadédkova et al., 2011). However, con-
trasting results were observed in this study, finding no
significant changes in applying culinary treatments. It is
presumed that heating effects are overlayed with other
strong agents like sodium nitrite.

Significant interactive effects were also observed for SPM
content described by the 2FI model. It indicated that each
parameter might influence other factors. For example,
the three-dimensional surface of the interactive effects of
sodium chloride and sodium polyphosphate is depicted
in Figure 2. It shows that when the amount of polyphos-
phate and sodium chloride increases, significant decrease
in polyamine content is seen (P < 0.0001). It should be
noted that cooking was at average mode, and the sodium
nitrite and ascorbic acid concentrations were constant
at their central points (100 and 250 ppm, respectively).
The interaction effects of sodium nitrite and sodium
polyphosphate on SPM showed a dramatic reduction in
SPM content (Figure 3; P < 0.0001) when NaCl and ascor-
bic acid were steady in their central points (1 g and 250
ppm), and an average mode of cooking was used. Hence,
polyamine content experienced a sharp decline after an
increased addition of sodium nitrite and polyphosphate
to samples (synergistic effect).
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150 A:Nacl (9)

0.50"5 0o

Figure 2. Three-dimensional graph of interactive effects
of salt and sodium polyphosphate on SPM obtained from
CCD indicating reduction when sodium nitrite (100 ppm) and
ascorbic acid (250 ppm) are constant at their central points.

Polyamines in cured turkey meat

1.00
B: Nitirite (g)

C: Polyphsophate (g) 0.40
0.50 2.00

1.50

Figure 3. Three-dimensional graph of interactive effects of
sodium nitrite and sodium polyphosphate on SPM obtained
from CCD indicating reduction when sodium chloride (1 g)
and ascorbic acid (250 ppm) are constant at their central
points.
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Figure 4. Ramp view for optimization curing agents’ levels with propagation of error.

Optimization of curing agents’ concentrations

The main purpose of this study was the optimization
of the concentration of curing agents by RSM based
on CCD to minimize PAs level in breast turkey meat.
Accordingly, independent variables were set in the range
of studied level, and the responses were considered in the
minimum. Moreover, propagation of error (POE) was
chosen to make the optimum condition robust to vari-
ations in input variables and is only used for nonlinear
models. Derringer’s desirability function is another value
applied for the selection of optimum curing conditions.

The desirability function is a value implying the validity
of the proposed condition and is acceptable above 0.7
(Afshari et al., 2015; Granato and Ares, 2014). The opti-
mum amount of sodium chloride, sodium nitrite, sodium
polyphosphate, and ascorbic acid to minimize SPM and
PUT content, was 2 g, 200 ppm, 0.5 g, and 382 ppm,
respectively, in frying mode. This value for our proposed
condition was equal to 0.963, indicating that the chosen
solution was a great option. Figure 4 displays the ramp
view for optimization levels with POE. Selected POE
helped have minimum variation in factor setting to have
more exact responses.
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Figure 5. Chromatogram of cured turkey breast meat sam-
ple after cooking determined by HPLC-ultra-violet detector
under optimal condition (1, PUT, 2, SPM).

Applying the optimal condition to the samples besides
optimized DLLME proposed in our previous research
showed having sharp, precise, with no overlap peaks
chromatograms for PAs (Figure 5).

Conclusion

The turkey breast meat was studied to investigate PA con-
tent for the first time. Applying industrial practice (meat
curing) and thermal treatments, and then analyzing the
data by RSM to evaluate changes after this kind of treat-
ment was the aim of the study. In conclusion, sodium
chloride, sodium nitrite, and sodium polyphosphate are
strong agents decreasing PAs levels. Moreover, boiling
and frying were not as powerful as the curing process
in PAs reduction. The responses were fitted with 2FI
and linear models where high R? and adequate precision
were observed. This strongly indicated the validity of our
models, so that the condition was optimized according
the models. The proposed optimal condition to reduce
PUT and SPM to the lowest level was frying in combina-
tion with 2 g NaCl, 200 ppm sodium nitrite, 0.5 g sodium
polyphosphate, and 382 ppm ascorbic acid. Future
research should concentrate on the evaluation of polyam-
ine changes in terms of novel food processing like irradia-
tion, cold plasma and so on in meat and other foods.
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Appendix A.  CCD to investigate curing agents and heat process effects on polyamine contents.

Polyamines in cured turkey meat

Runs Sodium chloride (gram) Sodium nitrite (ppm) Sodium polyphosphate (gram) Ascorbic acid (ppm) Cooking
1 1 100 0.25 250 Boiling
2 0 0 0 500 Frying
3 1 100 0.25 250 Boiling
4 2 200 0.5 500 Boiling
5 1 100 0.25 250 Frying
6 1 100 0.25 125 Frying
7 0. 100 0.25 250 Frying
8 0 0 0.5 500 Boiling
9 0 0 0 500 Boiling
10 2 200 0 0 Boiling
1 0 0 0.5 0 Frying
12 1 100 0.25 250 Frying
13 2 0 0 0 Frying
14 2 0 0 500 Boiling
15 0 200 0 500 Boiling
16 1 100 0.375 250 Frying
17 1. 100 0.25 250 Frying
18 1 50 0.25 250 Frying
19 1 100 0.25 125 Boiling
20 2 200 0.5 500 Frying
21 2 200 0 500 Boiling
22 0 200 0.5 0 Frying
23 1 150 0.25 250 Boiling
24 0 200 0 0 Boiling
25 1 100 0.25 375 Frying
26 1 100 0.25 250 Frying
27 0 0 0 0 Boiling
28 1 100 0.25 250 Frying
29 0 200 0 500 Frying
30 1 100 0.25 250 Boiling
31 1 100 0.25 250 Boiling
32 2 200 0 500 Frying
33 2 200 0.5 0 Boiling
34 1 100 0.25 250 Frying
35 2 0 0.5 500 Boiling
36 1 100 0.125 250 Boiling
37 1 50 0.25 250 Boiling
38 1 100 0.25 250 Boiling
39 0 200 0.5 500 Boiling
40 0 200 0 0 Frying
41 1 100 0.125 250 Frying
42 2 0 0 500 Frying
43 1 100 0.25 375 Boiling
44 2 200 0 0 Frying
45 0. 100 0.25 250 Boiling
46 2 0 0 0 Boiling
47 0 200 0.5 500 Frying
48 2 0 0.5 500 Frying
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Runs Sodium chloride (gram) Sodium nitrite (ppm) Sodium polyphosphate (gram) Ascorbic acid (ppm) Cooking

49 0 0 0 0 Frying
50 1.5 100 0.25 250 Boiling
51 1 100 0.25 250 Boiling
52 2 0 0.5 0 Boiling
&) 0 0 0.5 500 Frying
54 1 150 0.25 250 Frying
55 2 0 0.5 0 Frying
56 1 100 0.375 250 Boiling
57 1 100 0.25 250 Frying
58 0 200 0.5 0 Boiling
59 2 200 0.5 0 Frying
60 0 0 0.5 0 Boiling
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