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This study was conducted to evaluate the effect of bioactive compounds (BACs): linalool (LIN) and piperine (PIP)
on chicken meat characteristics. The meat was treated with 500, 1000 ppm of BACs, vacuum packaged and stored
at4 °C for 8 days. Physicochemical characteristics, lipid oxidation (thiobarbituric acid reactive substances, TBARS),
microbiological status, and sensorial (electronic-nose based) properties were investigated. Both BACs significantly
increased the redness (a*) and chroma (C*) values in meat compared to increased lightness (L *) and higher TBARS
in control. Although both BACs showed overlapping aroma profile, the E-nose was able to distinguish between the
different meat groups. LIN with various dilution ratios, particularly 1:10 (v:v), showed in vitro growth inhibition
against Escherichia coli, Staphylococcus aureus, Salmonella Typhimurium, and Bacillus cereus, concomitantly
Listeria monocytogenes required 1:80 (v:v) to be inhibited, and no inhibition was detected for Pseudomonas
lundensis. In contrast, PIP at different dilutions did not exhibit inhibitory activity. Regarding aerobic mesophilic
counts (AMC), less than 7 log CFU g™' were recorded except for control showing higher log. Both BACs have
potential to improve quality characteristics and increase the shelf life of meat and meat products.

Keywords: bioactive compounds, chicken meat, antimicrobial, lipid oxidation, physicochemical
characteristics

The application of bioactive compounds (BACs) and essential oils (Eos) is gaining a wide
interest as alternatives to conventionally used preservatives and synthetic food additives.
Various EOs as natural derivatives (rosemary, thyme, mustard, oregano, and cinnamon) and
natural phenolic, non-phenolic BACs (carvacrol, thymol, p-cymene, allyl isothiocyanate,
cinnamaldehyde, and eugenol) have been applied for the prevention of foodborne illnesses
and retarding the deterioration of food products (JrRIDI et al., 2015; PiNonN et al., 2015;
ROKAITYTE et al., 2016). BACs can intensify healthier manufacture, however, only low
concentrations of BACs can be applied in meat preservation, due to characteristic flavour
properties. Many EOs and their BACs are considered GRAS and legalized to be applied in
different food systems. Furthermore, they are approved by the Food and Drug Administration
(FDA) and European Commission (2002/113/EC, 2002) regulations as flavourings and food
additives (PREEDY, 2015).

Poultry meat is highly vulnerable to quality changes throughout the miscellaneous
stages of preparation, storage, and distribution. Consequently, if meat is not preserved
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properly, it could be common vehicle for food-borne illnesses (microbial contamination),
lipid oxidation, sensorial changes (soft and exudative-texture, off-flavour/odour,
discolouration), and compromise nutritional quality of meat products (JrRiDI et al., 2015;
PINON et al., 2015). These product quality concerns can be avoided using the EOs and their
BACs as natural flavouring agents and food-preservatives. Several studies can be seen on
extending the shelf-life of foods using BACs with the focus on certain assessments including
antimicrobial activity, antifungal properties, anti-inflammatory, and anticancer activities
(ParTNAIK etal., 1997; DORMAN & DEANS, 2000; PEANA etal., 2002; Jrip1 et al., 2015). Linalool
(LIN) is an acyclic monoterpene alcohol, which constitutes approximately 69% of basil
(Ocimum basilicum) composition (KE£rta et al., 2000). Piperine (PIP), the major alkaloid
BAC that accounts for up to 9% of black pepper, is responsible for the aroma of pepper and
exhibits sedating, detoxification, hypotensive, and anticarcinogenic properties (GORGANI et
al., 2017). Additionally, it has been reported that these BACs exhibit antifungal (PATTNAIK et
al., 1997), anti-inflammatory, anticancer (PEANA et al., 2002), and hydroxyl radical scavenger
activities in in vitro and animal models (MITTAL & GUPTA, 2000). However, to our knowledge,
no studies have been devoted to the putative physicochemical, antioxidant, antimicrobial,
and sensory (E-nose) based effects of LIN and PIP on chicken meat, although both BACs are
commonly used as antimicrobials in vitro in many studies.

1. Materials and methods

1.1. Preparation of meat samples

Fresh chicken breast meat, 24 hours post-mortem, were obtained from a local abattoir and
transported to the laboratories. Meat was minced, then homogenized and divided into
treatment groups: groups mixed with 500 and 1000 ppm linalool and piperine (dissolved in
5% sunflower oil) and control (only sunflower oil). Both LIN (>97%) and PIP (>97%) were
obtained from SIGMA (Germany). The samples were then placed in polyethylene bags,
vacuum packaged, stored at 4+0.5 °C, and analysed on days 1, 3, 6, and 8 of storage.

1.2. Methods and measurements

1.2.1. Physicochemical properties and determination of TBARS. The pH of meat was
determined in triplicate by immersing a pH electrode (Testo 206- Testo-AG Germany). The
CIELAB values: L* (lightness), a* (redness), and b* (yellowness) were measured at 5
different locations along the pouches using a Konica Minolta CR-400 colourimeter (Konica
Minolta Sensing Inc., Japan). Results from L*, a* and b* were recorded as the mean of
measurements, and from the measured values relative colourfulness or chroma magnitude
(C*) and hue angle (4 *) were calculated as the following:

Chroma: C*={a**+b*?}'2 hue angle: h*=tan™' {b*/a*}

Lipid oxidation was measured by analysing TBARS using the method described by
TARLADGIS and co-workers (1960). TBARS were expressed as mg malonaldehyde (MDA
equivalent) /1000 g sample.
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1.2.2. In vitro anti-microbial activity of BACs (Agar well diffusion assay). BACs were
prepared as mixture of BACs and sunflower oil in various ratios (v/v) (Table 1) prior to their
application according to the modified method by DorMAN and Deans (2000). Three Gram-
positive (L. monocytogenes CCM 4699, St. aureus ATCC 6538, and B. cereus T1) and three
Gram-negative (E. coli O157:H7 BO1909, S. Typhimurium (B1310), and P. lundensis
(CCP5)) strains were used as target bacteria. Each strain was grown on Tryptic-Soy agar
(TSA, Biokar Diagnostics BKO46HA) at 37 °C for 24 h except P. lundensis, that was grown
at 25 °C. The culture suspension was adjusted to 0.5 optical density (OD) by using a
densitometer (DEN-1B, McFarland), and the density of the working culture was set to
approximately 10° CFU ml'. The wells of 8 mm in diameter were filled with 100 pul of the
appropriate dilution of the BACs. Sterile water was pipetted into the holes in case of control.
After 24, 48, and 72 h of storage, zones of growth inhibition (mm) were measured using a
digital Vernier calliper (Workzone-calliper).

Table 1. Serial dilutions of BACs used for the in vitro antimicrobial measurement

Dilution ratio (v:v) BACs mg/5 g oil
1:640 7.81
1:320 15.62
1:158 31.25
1:80 62.5
1:40 125
1:20 250
1:16 312.5
1:10 500
1:8 625
1:4 1250
1:2 2500

1.2.3. Microbiological analysis of meat. Microbiological analysis of chicken meat was
carried out with the method applied by Jrip1 and co-workers (2015). The results of AMC were
given as logarithms of colony-forming units per gram of sample (log CFU g™).

1.2.4. Electronic nose analysis. Electronic nose measurements were performed with an
NST 3320 instrument (Applied Sensor, Linkdping, Sweden) as described by FRIEDRICH and
co-workers (2008). Difference of sensor signals between the baseline and the signal value at
the end of the sampling time was used for multivariate statistical analysis (canonical
discriminant analysis, CDA) as sensor response.

1.3. Statistical analysis

Data were analysed using SPSS (Version 23.0, SPSS Inc.). The data were subjected to
analysis of variance (ANOVA) and General Linear Model, then level of significance was
established using Tukey’s test at (P<0.05).
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2. Results and discussion

2.1. Physicochemical properties and TBARS

The results of physicochemical properties are presented in Table 2. LIN showed activity
towards maintaining the pH, while PIP had more activity in reducing pH values of the meat,
and both had higher pH than control group at the end of storage. Decrease of pH with PIP
may be attributed to the inhibitory effect of BACs on the growth and proliferation of spoilage
microorganisms that metabolize basic nitrogen compounds.

Table 2. Effect of different concentrations of LIN and PIP on physicochemical properties and TBARS of fresh
chicken meat stored for 8 days at 4 °C

Parameters  Storage Active compounds
time (d)  No.BAC LIN-500 ppm  LIN-1000 ppm  PIP-500 ppm  PIP-1000 ppm
pH 1 5.80+0.02%4  593+0.01°B  591£0.01°AB  591£0.01°*  5.89+0.01°
3 5.93£0.01°4  598+0.01°®  598+0.01®  595:0.019  5.96+0.019
6 5.78+0.01%  5.81+0.01%B 5.83+0.01°C 5.70+0.02%4  5.71+0.02 %8
8 576£0.01%4  579+0.01**  5.80+£0.0274  578+0.01°  5.77£0.02°*
L* 1 49.23+£0.29%"  4841+0.38%®  48.30+0.42°®  48.47+0.80*  49.15+0.81 %
3 51.40£0.29 %% 51.07+1.09%*  50.48+0.11%*  50.79£0.24%A  50.76+0.56 >
6 53.47+0.38°%  51.95£0.42°%  51.72£0.45°F  52.58+0.28°A  53.01+0.89°A
8 52.70£0.42°%  50.89+0.55°®  50.50+0.62°B  51.40+0.78%*  51.9+0.32°4B

3.84+0.77 % 431£0.58%4  4.07£0.22%% 43240347  4.16x0.30%
4.66£0.62°4 464028 4.50+0.38A  4.65£0.15%4  5,00+£0.36"
45740.18%4  5.18+0.50°®  527+024B  4.95:0.60%*  5.20+0.30%*
425£0.18*"  5.09+0.55%®  4.95:0.51%A 50320208 5.19+0.41%8
b* 1 2.60£0.52*  236£0.58%"  2.51£0.22%%  2.78+0.09%"  2.93+0.27%

a*

o O W

3 234+035%  226£040%"  257+037*  2.70£0.40%B  3.16+0.36°B
6 2.58+0.42 % 2.53£0.38%4  2.56+029%  2.66£0.18%4  3.23+0.33%B
8 246028 2.60£031%4  2.66+0.55*  3.07£036*B  3.95+0.96°F
C* 1 4.66£0.75%%  4.94+0.63%4  4.79+0.22%  5.14+030*  5.09+0.34%
3 524404394 5174042 5.19+049PA  539+031%AB 5934034 0B
6 526£031%4  578+0.50*  5.87+028%%  5.63+0.54%AB  613+024 "8
8 4.92+0.13  572+0.58%B  5.64+0.53%*B  590+0.12"®  6.55+0.85"F

h* 1 0.89£0.36 A 0.62£0.19%*  0.71£0.10%*  0.75£0.09%"  0.86+0.11**
0.58+£0.18%4  0.53+0.0874  0.64+0.07%  0.65+0.11%  0.74+0.14%A
0.64+0.13°%  0.53£0.11%  0.52+0.07*  0.60£0.10%  0.72+0.12°*
0.66+0.13%%  0.56£0.08*  0.6120.19°*  0.71£0.14*  0.97+0.29°*
TBARS (mg 1 1.43+0.12 %A 1.86+0.10%4 1.78+0.22%4 1.57+0.05 %A 2.65+0.54 %A
MDA/kg) 8 2026031 1.5550.01%  1.83£0.10°  1.9140.04%  1.51£0.09%

o N W

b Means in same row with different superscript are significantly different regarding the days of storage.
AB.C. Means in same column with different superscript are significantly different regarding the concentrations of
BACs (P<0.05)
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The colour of chicken meat shows significant differences with intensifying drifts in
lightness during the storage period (except day 3), however, less increasing trends were
recorded in samples treated with BACs compared to control. Addition of LIN was effective
in keeping the L* values close to the initial L* values. Increase in the L* value, particularly
in control meat, refers to the paleness of meat, and may be due to an increase in oxidation,
developing rancidity and influencing consumers’ acceptability for the meat (KARABAGIAS et
al., 2011). The a* values in meat containing LIN-500 ppm was significantly higher, however,
this increase in the a * values were lower compared to the meat treated with 1000 ppm of PIP.
The b* value of the control decreased at day 8 of storage. Reverse trend with no significant
difference was observed in meat treated with LIN. However, the meat containing PIP showed
significantly higher b* compared to other groups (Table 2). Our results are in agreement with
the findings of MARTINEZ and co-workers (2006), who observed that an increase in the
concentrations of red-sweet, cayenne, and black pepper in pork sausages resulted in lower L*
and significant increase in a* and b* values. Moreover, increasing trends of C* colour
intensity were detected in all samples. On the other hand, decreasing rate of hue values (2*)
was detected in all groups except PIP-1000 ppm with no significant differences. The current
results of redness of meat appeared with inconsistent relationship with increase of L* and
decrease in b*. This resulted a decrease of C*, particularly in control group, that could be due
to gradual oxidation of myoglobin, building up metmyoglobin and developing discoloration
of meat. Simultaneously, an increased a * value was perceived in meat treated with LIN and
PIP, which has a great contribution towards the final colour intensity of the meat.

In the current study, at the end of storage, control group showed higher TBARS values
compared to the rest of the samples, whereas the meat containing PIP-1000 ppm showed
nonsignificant reduction in TBARS values (P<0.05) (Table 2). Our result was in accordance
with the findings of MARTINEZ and co-workers (2006), who treated sausage with 0.5% of
different types of pepper and noticed TBARS level of 1.5 mg MDA/kg at day 10 of storage
compared to 6.5 mg MDA/kg for control at the same day. BACs had a clear protective effect
against lipid oxidation by keeping TBARS scores lower than 2 mg MDA/kg. This could be
attributed to strong potential antioxidant activity of selected BACs, inhibiting the formation
of secondary products of lipid oxidation that may contribute to the off-flavour in stored meat
products.

2.2. Evaluation of in-vitro antimicrobial activity of BACs

LIN with the ratio of 1:10 (v:v) during 24-72 h of storage exhibited inhibition zone for
E. coli, St. aureus, S. Typhimurium, and B. cereus. While L. monocytogenes required 1:80
(v:v) LIN to show inhibition, concomitantly no inhibition was detected for P. lundensis
(Table 3). Our results are in accordance with the work of DorMAN and DEANs (2000) that
showed in vitro activity of LIN and recorded inhibitory zone of 13.8+0.3, NI, 7.5+0.5, and
9.0+£0.4 mm for E. coli, Pseudomonas spp., S. Pullorum, and St. aureus, respectively. In the
current study LIN inhibited both food borne pathogenic and food spoilage bacteria. Thus,
these data can obviously serve as well as confirmatory and complementary data for the
previously published work. PIP at different concentrations did not exhibit inhibitory activity
against the studied bacteria. This could be due to its poor solubility in aqueous and oily
environments, which limits its biological applications (GORGANI et al., 2017). SHIVARANI and
co-workers (2013) used 100 pl of PIP in vitro, and observed high susceptibility of Gram-
positive bacteria (St. aureus and B. subtilis) and less susceptibility of Gram-negative bacteria
(Pseudomonas spp. and E. coli) to PIP.
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2.3. Microbiological characteristics of meat

The AMC showed nonsignificant differences between treated and untreated chicken meat
throughout the storage period (P<0.05) (Fig. 1). It has been reported that TVC of
7 log CFU g'is considered as the upper microbiological limit for acceptable meat quality
(KarABAGIAS et al., 2011). Surprisingly, in contrast to current in vitro results, the effectiveness
of PIP was higher than LIN, indicating a small prolongation of the lag phase of microbial
growth. Comparable findings were highlighted by MARTINEZ and co-workers (2006), who
observed lower values of psychrotrophic counts as they recorded 6.10 and 5.06 log CFU g!
for control and 1% black pepper at day 8 of storage, respectively. Poor solubility in aqueous
media and reaction with constituents of meat may reduce the antimicrobial activity of BACs.
No data on antimicrobial effect of LIN and PIP on chicken meat have been found in the
literature thus far.

10 ~

# 4 /g/

N

0 T T T 1
1 3 6 8

Storage time, d

Fig. 1. Effect of different concentrations of LIN and PIP on aerobic mesophilic counts of chicken meat stored for
8 days at 4 °C
=—@—: No-BAC; : LIN-500; ==fie==: LIN-1000; ==é=: PIP-500; : PIP-1000

2.4. Electronic nose analysis

The E-nose was able to reduce data dimensionality and properly distinguish group treated
with BACs and control (Fig. 2: A, B, and C). Overlapping between LIN and PIP groups were
noticed, while control yielded considerable mean differences. Reduced TBARS amounts
were noticed with both BACs indicating that the instrument can classify the chicken meat as
either fresh or spoiled with rancid flavour. It was noted that both BACs, especially LIN,
produced spicy odour, this odour was perceived abundantly just after opening the packages,
which might provide pleasing flavour attributes to some foods such as meat and increase the
acceptance by consumers. ROKAITYTE and co-workers (2016) found that after one day of
storage, the minced meat treated with LIN exhibited higher score of flavour and overall
acceptability than control. MARTINEZ and co-workers (2006) noticed that off-odour formation
was significantly delayed in all fresh pork sausages with added black pepper (P<0.05).
Additionally, several factors can support the changes in aroma profile of meat during storage,
such as: progress of lipid oxidation, fat content, liberation of fatty acids, and increased

microbial load during storage.
Acta Alimentaria 48, 2019
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Fig. 2. Effect of different concentrations of LIN and PIP on smell detection by electronic nose in chicken
meat stored for 8 days at 4°C; (A): The separation based on storage days and concentration of BACs, (B): The
separation based on BACs type, and (C): The separation based on concentration of BACs.

B: @: No-BACs; [7: LIN; A: PIP
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3. Conclusions

The addition of LIN and PIP to chicken breast provided a protective effect for colour
parameters and nonsignificant reduction in lipid oxidation compared to untreated meat. LIN
showed in vitro inhibitory effect against Gram-positive and Gram-negative bacteria except
for Pseudomonas lundensis. No inhibition activity was noticed for PIP, but prolongation of
the lag phase of the growth of AMC was noticed in PIP treated meat. E-nose was able to
classify treated and non-treated samples and detected odour accumulation of BACs in meat.
The findings of the present study highlight the potential of LIN and PIP to increase shelf life
and to enhance the quality of meat and meat products.
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