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ABSTRACT: 

In this work, the effect of packaging materials [polypropylene (PP), polypropylene/ethylene vinyl  
alcohol/polypropylene] on pH, color parameters, the intensity of the ongoing oxidative processes (TBA 
value) and instrumental texture indicators (hardness, shear force, elasticity) were investigated in bacon 
derived from two groups differ in the way of feeding (C – control group and E – group fed supplemen-
tation with rapeseed and linseed oils), both in the fresh condition and after storage at 4°C for up to 
14 days. Smoked bacon stored in oxygen barrier packages (PP/EVOH/PP) showed lower TBA values 
and characterized by darker and more red color than that stored in packages more permeable to O2 
(PP). Therefore multilayer barrier sheet materials such as PP/EVOH/PP could be utilized successfully to 
extend commercial quality of smoked bacon during its fourteen day of refrigerated storage compared 
to polypropylene materials. Additionally supplementation of animal diet with 2% rapeseed oil and  
2% linseed oil can allow to obtain pork bacon enriched in unsaturated fatty acids with no negative influ-
ence on its quality because there were no appreciable differences between samples taking into account 
most of the examined parameters. Although some differences for color parameters were reported in 
experimental group compared to control group, they are of little practical implication and would still 
provide satisfactory quality for consumer. 
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Wpływ sposobu żywienia świń oraz rodzaju materiału opakowaniowego  
na wybrane parametry jakościowe wędzonego boczku  

w czasie jego przechowywania

Słowa kluczowe: żywienie, materiały opakowaniowe, jakość, boczek wieprzowy

STRESZCZENIE: 
W pracy określono wpływ rodzaju materiału opakowaniowego [polipropylen (PP), polipropylen/kopo-
limer etylenu i alkoholu winylowego/polipropylen (PP/EVOH/PP)] na pH, składowe barwy, intensyw-
ność zachodzących procesów oksydacyjnych (wskaźnik TBA) oraz wybrane wyróżniki tekstury (twar-
dość, siła cięcia, elastyczność) przechowywanego przez 14 dni (4°C) wędzonego boczku wieprzowego, 
pozyskanego z dwóch grup doświadczalnych różniących się sposobem żywienia (C – grupa kontrolna, 
E – grupa doświadczalna, w której zastosowano suplementację paszy zwierząt olejem rzepakowym (2%) 
oraz lnianym (2%)). Na podstawie przeprowadzonych badań zaobserwowano, że boczek przechowywa-
ny w opakowaniach barierowych względem tlenu (PP/EVOH/PP) charakteryzował się niższymi warto-
ściami TBA oraz bardziej intensywną czerwoną barwą w porównaniu do wędzonek przechowywanych  
w opakowaniach o wysokiej przepuszczalności O2 (PP). W związku z powyższym w porównaniu do poli- 
propylenu tworzywa wielowarstwowe, takie jak PP/EVOH/PP, mogą być z powodzeniem wykorzysty- 
wane do przedłużenia jakości handlowej wędzonego boczku w trakcie jego czternastodniowego prze-
chowywania. Ponadto dodatek 2% oleju rzepakowego oraz 2% oleju lnianego do mieszanek paszowych 
nie wpłynął na większość badanych wyróżników jakości uzyskanych wędzonek, co może świadczyć  
o uzyskaniu produktów porównywalnej jakości jak w grupie kontrolnej i gwarantować wciąż zadowala-
jącą jakość konsumenta. 

1. INTRODUCTION

Quality of fat is an important aspect of processed 
pork products such as smoked bacon. Its quality 
rely on firm, saturated fat for desirable sensory, 
texture and storage characteristics. The proper 
choice of meat is of great importance, since sub-
sequent technological processes rarely compen-
sate for its low quality. Meat products with en-
hanced high nutritive value may differ in terms of 
quality from products made from pigs maintained 
in traditional grazing conditions. The supplemen-
tation of animal diet with oils rich in omega-3  
acids into the mixture may change the physical 
and chemical properties of the obtained meat 
and, as a result, of the products made from it. Ex-
ternal factors conditioned by the natural environ-
ment in which livestock is maintained throughout 
the whole process also play an important role in 
establishing the quality of the product. They in-
clude e.g. characteristics of the parameters with-
in the technological process, control of tempera-
ture during storage and distribution, exposure of 

the product to daylight, and the type of packag-
ing used [1, 2].
In modified atmosphere packaging (MAP), pack-
age barrier properties have a major effect on the 
overall quality of food by influencing the rate at 
which oxygen enters the package [3]. The present 
state of knowledge about the influence of pack-
aging conditions on physical properties of meat 
products, and thereby on their final value, seems 
to be large [4], however, due to the ongoing im-
plementation of new innovative technologies, it 
is still considered to be insufficient. 
The heating process is supposed to destroy veg-
etative bacteria in the case of processed meat 
products, inactivate undesirable enzymes and 
stabilize the color of the final product. Due to the 
fact that the color of the meat is prone to oxi-
dation, it is vital to ensure only trace amounts of 
oxygen in the package. In order to maximize the 
durability period, and reduce the development of 
microbes, it is suggested to use gas mixtures with 
CO2 content ranging between 25% and 50% and 
N2 content of 50% to 75% [4, 5]. Improper storage 
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conditions may lead to post cooking contamina-
tion by other bacteria on the surface of the prod-
uct [6].
Meat products are generally low in omega-3 (n-3) 
fatty acids, which are beneficial to human health, 
and contain a large amounts of n-6 fatty acids [7]. 
Skiba et al. [8] showed that changes of feeding 
patterns may to some extent modify fatty acids 
profile of intramuscular fat even when  diet is not 
supplemented with fat sources. In pigs grown 
according to the “normal” pattern an increased 
concentration of C18:3n-3 was found. However the 
content of C18:2n-6, and the ratio between these 
fatty acids decreased. The susceptibility of  mus-
cle tissue to lipid oxidation depends on the level 
of polyunsaturated fatty acids in the phospholip-
ids present in cellular and subcellular membranes 
[9]. In pigs, the fatty acid composition of lipids de-
posited with rapeseed oil diet may alter the tech-
nological qualities of adipose tissues and that of 
meat as well as nutritional interest for humans 
[10]. The use of a diet rich in fish oil may lead to 
an increase in omega-3 advantageously affecting 
the lipid system, but at the same time deteriorate 
the quality of meat. Polyunsaturated fatty acids 
are in fact susceptible to oxidation leading to the 
formation and development of rancid [11].
Bacon is a cut of meat taken from the sides, belly, 
or back of a pig, and then cured, smoked, or both. 
It is often used for barding and larding roast fowl 
and game birds, served to eat as crackling or used 
as a base for cooking. However, despite this wide 
usage, there has been no detailed work done on 
its physical quality [12]. Moreover, bacon and its 
products are more susceptible to adverse chang-
es during storage because of  high concentrations 
of unsaturated fat. This can be due to belly having 
a higher overall fat content than the other primal 
cuts [13]. Diets high in unsaturated fatty acids can 
result in softer carcass fat of a pig and in faster lip-
id oxidation than in pork obtained from pigs fed 
with a control diet [14]. Thus, great care should 
be exercised in the development of product reci-
pes as well as the packaging and storage methods 
for meat products like bacon. Parameters should 
be selected on an individual basis, taking their 
potential impact on  products into account .
Most studies have focused on chemical and sen-
sory characteristics of pork products with altered 
fat quality. Thus, the objectives of this study were 
to evaluate the effects of pig diet composition as 
well as type of packaging on pH, color stability 

and other selected texture indicators of smoked 
pork products like bacon kept in cold storage.

2. MATERIALS AND METHODS

Two groups of smoked bacon made in accor-
dance with the general production process rules 
for products within the area of Mazowieckie 
Voivodeship were used as the research material. 
The research was carried out on 60 animals of 
the Polish Landrace breed assigned to two groups 
(30 animals in each one) with similar initial body 
mass. The raw material was obtained from 5 pork 
half-carcasses selected at random among sows 
from each research groups: the control group (C) 
was fed a non-supplemented diet and the sup-
plemented group (E) was fed a mixture with 2% 
rapeseed oil and 2% linseed oil. The control and 
plantseed mixtures were isoenergetic (13.5 MJ),  
isoproteic (175 g/kg of the fodder), isolipidic  
(~ 40 g/kg of the fodder) and were also balanced 
in terms of exogenous amino acids Liz: Met + Cys :  
Tre : Tryp (0.9 : 0.65 : 0.6 : 0.2).
The smoked meat production process was car-
ried out in industrial conditions. The weighed 
elements were subject to sodium chloride wa-
ter injections: 82 kg water/ice pickling salt, 11 kg 
injection-specific substance, antioxidant E301, 
spice extracts. Sodium chloride water consti-
tuted 20% of all injected elements. The inject-
ed muscles were 5 hours in the meat tumbler 
in following intervals: 20 work (5 revolutions of 
the tumbler, with 90% vacuum) / 10 minutes 
rest (in atmospheric pressure conditions). The 
smoked meat was then placed to rest (6-24 h in 
storage rooms with temperatures below 7°C), 
and subsequently dried in the temperature of 
60°C for ca. 3 hours, smoked in temp. of 60°C 
until proper color was attained, and steamed in  
76-78°C until the temperature of 74°C within the 
inner part of the product was reached. After the 
products had been warmed in the temperature 
of 74°C for 10 min. it subsequently underwent 
cooling in temperatures below 8°C within the 
geometric center of the processed product.
The research material was packaged in modified 
atmosphere (MAP) under atmospheres of 70 N2%  
and 30% CO2 in two kinds of trays with an appro-
priately selected top films: polypropylene trays 
with oxygen permeability (23ºC; 0% RH) at 15.40 
cc/package/24 hours (HP, Marcato Ltd, Poland) 
or polypropylene trays with ethylene vinyl alco-
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hol (EVOH)  layer in the 30 µm output film with 
oxygen permeability at 0.01 cc/package/24 hours 
(HB, Marcato Ltd, Poland). Sealpack packing ma-
chine, model M3 was used in this study. Samples 
were stored in temperatures 4°C throughout the 
period of 14 days with 36 W/76 light with the val-
ue lx = 1500 at the distance of 40 cm from the 
bottom of the package. Also, pH, texture constit-
uents, and examination material color were mea-
sured on the packaging day 0 and on the 7th and 
14th day of storage. 
The pH measurement was performed in accor-
dance with the norm PN-ISO 2917;2001 (Meat 
and meat products – Measurement of pH – Refer-
ence method). The instrumental measurement of 
the color parameters was specified in the L*a*b* 
system using a Minolta chromameter  (CR-400, 
Konica Minolta Inc., Tokyo, Japan). The measur-
ing head with a diameter of 8 mm, a D65 illumi-
nant (color temperature – 6500 K) and a standard 
2o observer was used. Based on the obtained the 
L*, a* and b* values also determined a  total col-
or difference (ΔE) according to the following for-
mula ΔE=[(ΔL*)2+(Δa*)2+(Δb*)2]1/2. TBA analysis 
was carried out on bacon fat by using the method 
described byf Schmedes and Holmer (1989) [15]. 
The analysis of selected texture constituents was 
carried out using the Warner-Bratzler method us-
ing the Instron universal testing machine (Mod-
el 5965, Instron, Massachusetts, USA) with the 
width and knife edge angle 1.016 mm and 60° re-
spectively. The test was conducted 6 times with  
a constant head speed of 200 mm x min-1 (cell ca-
pacity of 500 N) at 4 ± 1°C.
The analysis of results was carried out using  
STATISTICA 12.5 statistical package by StatSoft. 
The pH, color and texture distinguishers analysis 
results, was analyzed in three ways, as a whole, 
and each group specifically, in terms of distri-
bution of pig diet composition, storage time for 
finished product and the applied type of packag-
ing. Univariate variance analysis, as well as three- 
-variate analysis were applied for the main ef-
fects, and moreover three-variate analysis includ-
ing interactions. The interdependencies between 
pH and color parameters were analyzed with the 
estimation of Pearson linear correlation coeffi-
cient. 

3. RESULTS AND DISCUSSION

Results in Table 1 are presented as mean values 
and standard deviations (SD) of pH, color proper-
ties parameters, TBA values and selected texture 
indicators (hardness, shear force, elasticity) de-
pending on the group based on pig diet compo-
sition, storage time for the final product and the 
type of packaging used.
pH of the meat product is an important factor de-
termining its shelf life and storage stability. The 
results (Tab. 2) revealed that treatments had no 
significant (p≥0.05) effect on the pH of smoked 
bacon, while storage time and type of packaging 
affected the pH significantly (p<0.001) at the ap-
plied storage conditions. The pH value of smoked 
bacon ranged between 6.19 and 6.02 during the 
14 days of storage (Tab. 1) and decreased in rela-
tion to the day of product packaging for control 
(C) as well as experimental group (E). The results 
of the present study are in close agreement with 
Jeun-Hornga et al. [16] who stated that the pH 
value of omega enriched frankfurters decreased 
during storage. Literature shows the decrease of 
pH value of meat products during the cold stor-
age period to the degree determined by the type 
of the packaged product and the applied pack-
aging method [17]. Larger pH decrease may be 
caused by the development of microorganisms 
such as lactic acid bacteria producing lactic acid 
which constitutes a major factor in lowering the 
pH of the product and affects its quality dete-
rioration [18]. Carbon dioxide used during the 
packaging process in modified atmosphere may 
invade the solution if any water remains on the 
surface of the stored product. The dissolution of 
gas can cause the decrease of the pH level of the 
product. These correlations correspond to the re-
sults presented in Table 1. The storage of smoked 
bacon products for the period of 14 days in the 
form of final products in modified atmosphere 
packaging caused the decrease of the pH char-
acteristic for cured processed meat subjected to 
heat treatment [19]. Moreover, it appears that 
in the case of pH a highly significant interaction 
(p<0.001) between the diet composition (DC), 
storage time (ST) and type of packaging  exists 
(Tab. 2). On the 14th storage day the pH results 
for the control group (C) were similar than in the 
supplemented group (E) regardless of the type of 
packaging used.
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Table 1 Comparison of the means for the pH, objective color parameters, TBA values  and selected texture indicators 
(hardness, shear force, elasticity) depending on the group in terms of pig diet composition,  

storage time for the final product and the type of packaging used – multi-factor analysis

Item Diet composition (DC)

C E

Storage time (ST)

              0              7             14        0          7           14

Type of package (TP)

 HP HB HP HB HP HB HP HB

pH 6.12d±0.02 6.06bc±0.01 6.07c±0.02 6.03ab±0.01 6.05bc±0.02 6.19d±0.06 6.08cd±0.01 6.08cd±0.01 6.02ab±0.03 6.03ab±0.01

L* 54.72a±0.38 58.67c±1.17 58.45c±0.86 59.52c±1.61 58.29bc±0.95 55.27ab±0.30 58.37bc±0.30 59.52c±0.56 60.04c±1.38 59.76c±1.28

a* 17.31±1.10 14.97±1.13 14.85±0.91 10.75±5.28 14.42±0.90 17.91±1.12 14.86±1.63 14.90±1.88 11.36±4.77 15.34±1.66

b* 7.30abcd±0.29 7.41bcd±0.17 6.95ab±0.34 7.45b±0.13 6.82a±0.19 8.47e±0.15 7.80d±0.22 7.19abc±0.17 7.70cd±0.23 7.36b±0.13

ΔE - 4.77a ±0.47 4.52a±1.17 8.35b±1.08 4.63a±1.24 - 4.53a±1.04 5.48a±1.50 8.34b ±1.51 5.35a±1.90

TBA 
(mg MDA / kg fat) 1.25a±0.02 1.40d±0.01 1.36c±0.01 1.76h±0.01 1.68f±0.01 1.32b±0.01 1.44e±0.01 1.40d±0.01 1.82i±0.01 1.71g±0.01

Hardness (N) 60.64±5.36 52.18±5.63 64.80±14.12 52.13±5.63 64.04±13.99 58.76±7.02 55.62±7.85 58.96±11.60 57.20±9.63 60.43±11.89

Shear energy (J) 0.94±0.07 0.75±0.17 1.02±0.14 0.73±0.19 1.04±0.24 0.71±0.02 0.71±0.19 0.74±0.24 0.67±0.19 0.72±0.019

Elastisity (mm) 23.65±0.71 27.01±1.62 30.52±2.79 26.48±2.12 30.69±3.83 23.67±0.66 26.53±7.17 25.95±3.74 24.53±5.96 25.70±4.03

*a, b, c, d, e, f, g – the mean values marked with various letters in rows show significant statistical differences (P<0.05); D – diet compo-
sition; C – control group; E – experimental group; ST – storage time; TP – type of package; HP – packages with high oxygen permeability; 
HB – packages with high oxygen barrier; L* – lightness; a* – redness; b* – yellowness; C* – chroma; ΔE – total color difference     

Table 2 Test probabilities for pH, objective color parameters, TBA values and selected texture indicators,  
generally and depending on the group based on pig diet composition, time of final product storage  

and the applied type of packaging – multi-aspect variance analysis including interactions

D ST TP D x ST D x TP ST x TP D x ST X TP

pH ns *** *** *** *** *** ***

L* ns *** *** *** *** *** ***

a* ns ns ns ns ns ns ns

b* ** * *** *** *** *** ***

ΔE ns *** *** ** ** *** **

TBA (mg MDA /kg fat) ns *** ** *** ns *** ***

Hardness (N) ns ns ns ns ns ns ns

Shear energy (J) ** ns ns ns ** ns ns

Elastisity (mm) ns ns ns ns ns ns ns

DC – diet composition; C – control group; E – experimental group; ST – storage time; TP – type of package; HP – packages 
with high oxygen permeability; HB – packages with high oxygen barrier; * – P<0.05, ** – P<0.01, *** – P<0.001, ns – not 
significant; L* – lightness; a* – redness; b* – yellowness; C* – chroma; ΔE – total color difference  

Effect Interactions
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Smoked products already have extended shelf 
life because of prepackaging treatments, but the 
presence of oxygen in this kind of products can 
be deleterious for oxidation. In these cases, MAP 
may improve other quality aspects such as color 
stability [20]. In our study color parameters (L*, 
b* and ΔE) except a* values were influenced by 
interaction of three studied variables (p<0.001; 
Table 2). On the last day lightness (L*) values in-
creased in all samples in relation to day of pack-
aging (day 0) in both group (diet have no signifi-
cant effect on this parameter – Table 2). Existing 
interactions contributed to the maintenance of L* 
parameter at similar levels on the last day of stor-
age. It can be attributed to the fact that fodder 
might exert no influence on pH of meat [21, 22]. 
The results are in agreement with Sheard et al. 
[2000], who stated that there was no significant 
effect of diet composition on lightness changes of 
pork chops, sausages and bacon under simulated 
retail display conditions [23]. Results achieved in 
our study demonstrated also no effect of three 
analyzed variables on bacon redness (a* value). 
Regardless of which group was bacon obtained 
(C vs. E) it is visible downward trend in a* value 
along with extension of storage time. Although 
this trend is statistically insignificant, probably 
due to the addition of sodium chloride water in-
jections, which perpetuates the red-pink color of 
processed meat products. However, in the case 
of yellowness (b*), a significant difference within 
the groups of individuals with various diet com-
position (p<0.01)  and type of used packaging 
(p<0.05)  was observed. On the last day samples 
from control group characterized by the lowest 
b* values in relation to experimental group (7.45 
vs 7.70 for packaging of high permeability and 
6.82 vs 7.36 for high barrier packaging). This may 
be due to limited oxidation process, although Irie 
and Sakimoto [1992] reported that fish oil did 
not create a yellow fat syndrome in bacon [24]. 
In relation to packaging lower values of b* on the 
last day of storage for HB group (6.82 vs 7.45 for 
control group and 7.36 vs 7.70 for experimental 
group) could be also explained by the slower rate 
of autoxidation of unsaturated fatty acids in sam-
ples  packaging in oxygen barrier trays during 14 
days of storage. Oxygen negatively affects  meat 
products during prolonged storage periods. On 
the obtained results it can be assumed that good 
barrier properties against oxygen of PP/EVOH/PP 
packages are very important feature in order to 

ensure good quality of products such as bacon. 
The more that on the last day of storage, bacon 
packaged in a polypropylene packages (HP) was 
characterized by significantly higher values of ΔE 
than other samples, which give the impression of 
being different colors. 
Additionally an attempt was made to study the 
correlations between pH and color parameters of 
smoked bacon. The resulting values of correlation 
indicators point out significant dependencies.  
A negative correlation (p<0.05) on a high level  
(r = -0.75) between pH and L* parameter was 
observed i.e. lower pH is related to the brighten-
ing of the product. Also correlation between pH 
and a* parameter is high (p<0.05), but positive  
(r = 0.61), i.e. lower pH is related to the decrease 
in the red color of product. In the case of rela-
tions between pH and b* color parameter, the 
estimated correlation (p<0.05) is rather low  
(r = 0.35). The data found in the literature indi-
cates the existence of linear relation between the 
pH of meat and its color qualities.  Decrease of 
pH causes meat to brighten and reduces the par-
ticipation of yellow color in its entire spectrum 
[25, 26]. Similar qualities of meat products were 
observed in this study – relations between pH 
values of the stored smoked meat products and 
their color parameters exist. However to confirm 
the abovementioned relations, it is necessary to 
carry out further research in this field.
According to some studies extra amount of un-
saturated acids added to animal fed results in 
products which are more susceptible to lipid ox-
idation, especially in the case of bacon [14, 27, 
28]. In this study TBA value was not influenced by 
type of used diet composition (p≥0.05). On the 
other hand type of packaging material and stor-
age time had a significant effect (p<0.001) on its 
values. The interaction between three variables 
also affected the analysed parameter (Tab. 2).  
In each group (C vs. E) a fourteen-day storage time 
affects the increase of TBA values. If the storage 
period had been lengthened, a noticeable decline 
could have been detected for all samples, since, 
malonaldehyde is not stable for a longer period, 
and is oxidised to secondary oxidation products. 
Additionally the TBA numbers for samples pack-
aged in high oxygen permeable packages (HP) 
reached higher values than samples packaged in 
barrier trays (HB) after as well as 7 and 14 days 
of storage (Tab. 1). This result could be explained 
by autoxidation which occur much faster in insuf-
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ficiently protected from oxygen samples, and so, 
a higher amount of malonaldehyde accumulated 
and the TBA numbers reached higher values. 
Also texture is an important tool to check the 
acceptability of meat product during its storage. 
Increased belly bacon firmness can be partly ex-
plained, by the increase in saturated to unsatu-
rated fatty acid ratio as a result of  pig diet [29, 
30]. However, in this study the pigs were fed with 
a diet including various fat sources and it did 
not cause any significant statistical differences 
(p≥0.05) in the texture indicators such as hard-
ness, shear energy and elastisity. The results are 
in contrary to other researchers who stated that 
the texture value varies significantly with storage 
time [31]. In our study examination of the texture 
parameters values pointed out its slight fluctua-
tions with no clear downward or upward trend. 
It may be caused by prevailing influence of the 
technological process applied on the texture of 
the final product, since heating process deter-
mines the texture of meat products [32]. In Sha-
hidi’s et al. [1991] opinion, this could be also due 
to the nitrite in the bacon formulation acting as 
an antioxidant and causing significant reduction 
in lipid oxidation [33]. Moreover these  samples 
were packaged without oxygen, which resulted in 
limited lipid oxidation. 

4. CONCLUSIONS

In view of the effect of diet composition, pack-
aging and time of storage reported in this work, 
it is likely that the applied type of packaging and 
the storage conditions significantly influence the 
stability of pH, color parameters and TBA values 
of smoked bacon throughout its storage in cold 
conditions. If the pork bacon has to be stored for 
fourteen days period, it should be packed in high 
oxygen barrier packages, because it will deterio-
rate in high oxygen permeable packages, regard-
less of the origin of raw material. What is more, 
supplementation of animal diet with 2% rape-
seed oil and 2% linseed oil can allow to obtain 
high nutritive value smoked bacon with no neg-
ative influence on its quality during a two-week 
cold storage. Although further research, related 
to the quality of pork-bacon should be conducted 
in order to compare the results reported above.
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