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Abstract - The aim of this work was to study the effect of artichokes powder (AP) on microbiological,
physicochemical and sensorial properties of ewe’s meat dry sausages. Results showed that addition of
AP (6%) significantly reduced (p<0.05) pH values and lipid oxidation (TABARS).The redness (a*),
yellowness (b*) and lightness (L*) valuestended to be higher for Control than AP sausages. Addition of
AP decreased (p<0.05) the growth of total viable counts during drying, without any significant effect on
lactic bacteria.Yeast and mold count increased (p<0.05) due the AP use. The addition of AP has
decreased (p<0.05) the scores of juiciness and increased those of hardness. No significant effect was
recorded on the other sensory attributes.
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1. Introduction

In recent years, consumers are becoming more health-conscious and tend to search nutritious foods in
general and in particular healthier meat products.Hence, consumption of meatproducts is being linked
to the increase of obesity, cancer, coronary heart disease(Lemos 2015) and diabet(McCune 2002).They
are seeking for safe, nutritious, and healthy food.Moreover,various meat and meat product spoilage
epidemics occur in different parts of the production chain, such as in the preparation, storage and
distribution of products. For instance, dry sausages are susceptible to lipid oxidation that can deteriorate
their sensorial properties, by generation of compounds such as dienals and aldehydes, which are
associated with a rancid taste and odor (Krki¢ et al. 2013).The oxidation, can also affect the nutritional
value of sausages by decomposition of vitamins and polyunsaturated fatty acid (Ansorena and
Astiasaran2004). In addition to lipid oxidation and autolytic enzymatic spoilage, microbial deterioration
also plays a major role in quality deterioration(Dave and Ghaly 2011).Therefore, the main challenge of
meat industry is to find a natural equivalent of synthetic preservatives and antioxidants(Stefanello et al.
2015).Recently, special attention has been focused on the use of natural antioxidants, from inexpensive
or residual sources from agriculture industries, in food such as grape seed extract (Brannan 2007), green
tea extract(Bozkurt 2006), apple peel (Wolfe 2003), tomato powder (Kim 2011) and rosemary extract
(O’Sullivan 2004). The use of globe artichokes residues (mostly external bracts and leaves) as sources
of bioactive compounds has emerged due to its high content of flavones luteolin and caffeoylquinic acid
(Romani et al. 2006,Pandino et al. 2013, Dabbou et al. 2015). The two main phenolic compounds are 5-
O-caffeoylquinic acid and 1, 5-di-O-caffeoylquinic acid (Schiitz et al. 2004, Yoo et al. 2012), which
have a strong antioxidant capacity. Globe artichoke has been successfully used as an effective medicine
due to its pharmacological properties such as its anti-oxidative, antimicrobial and anti-inflammatory
activities (Rondanelli et al. 2011). Besides, artichokes powder has a useful function in dairy products
(Penksza et al. 2013) and adding artichokes powder to meat product would supply the requisite quantities
of natural antioxidants able to prevent tissue damage (Chen et al. 2013). Therefore, the objective of this
study was to determine the effectiveness of artichokes leaves powder in dried sausages from culled ewes
as measured by pH, microbiological analysis, TBARS values, color and sensory evaluation during 6
days of drying.
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2. Materials and methods
All procedures involving animals meet ethical guidelines and adhere to Tunisian legal requirements
(The Livestock Law No. 2005-95 of 18 October 2005).

2.1. Sausage Preparation

Artichokes leaves and rods were collected from the region of Jdaida (Tunisia), cleaned and dried for two
weeks in open air then ground with a laboratory grinderto give a fine Artichoke powder (AP). Fresh fat-
tail Barbarineewe’smeat was usedto prepare dried sausages. Animals were slaughtered with an average
body weight of 45 Kg and aged 5 to 6 years. They were fed aoat-hay and concentrate.The carcasses’
joints were dissected, and then the lean meatfrom the leg and fat from the tail were stored at -18°C. They
were taking out of the refrigerator, 24 hours before the experiment. Lean meat and fat were mixed and
minced using aMoulinex mincer (Moulinex Inc., Paris, France) then salt and paprikawere added to the
mixture. Two batches were prepared; the first one, served as Control and the second one (experimental)
was formulated with lean and 6% of AP (Table 1), this percentage was fixed based an experimental
design that was used in order to obtain scientifically valid results. From each batch, 50 sausages were
made by stuffing the mixture into a natural casing using aSirman sausage stuffer (Sirman Inc.,
Padova, Italy).Sausages were tied manually into 10-15 cm long and brought to dry in open air for 6 days
(T=25°C; HR =65%). Microbiological (lactic bacteria,total viable counts, total and fecal coliforms and
yeast and mold) and physicochemical analyses (TBARS, pH, color parameters) weredone every day
during drying in triplet.

Table 1 Sausages’ ingredients

Ingredients (%) Control Experimental
Ewe’s leg- lean 76.92 72.72
Ewe’s fat 19.23 18.18
Paprika 2.88 2.72
Salt 0.96 0.90
Artichoke powder (AP) 0 5.45
Total 100 100

2.2. Total phenolic content determination (TPC)

The extraction and estimation of TPC was achieved following the procedures of Julkunen-Tiito (1985)
with some modifications. About 0.2 g of fine ground sample was placed in a test tube. Five milliliters
of Reagent 1 (Acetone: Water (1:1) + 5% Formic Acid) were added and the tubes were stirred in vortex
for 10 min. Then, the tubes were put in a sonicator (Selecta Ultrason H-D), at 30°C and 40 KHz, for 20
min followed by centrifugation at 2264xg for 20 min at 4°C and the supernatant was recovered and
filtered and the extract obtained was used to determine TPC according to Folin—Ciocalteu method In a
test tube, 100 pl of extractwere mixed with 500 pl of Folin—Ciocalteu reagent. After 2 min, 400 pL of
sodium carbonate solution (7.5%) wereadded to the test tube and mixed. samples, were incubated for 10
minutes and then absorbance was measured at 760 nmagainst a standard curve of gallic acid using a
spectrophotometer.The results were expressed as mg gallic acid equivalent/g AP

2.3. Chemical composition and Physical characteristics of sausages

The chemicalcomposition (dry matter content, fat content, mineral matter content and protein content)
was determined on fresh sausages and after drying. Nitrogencontent was determined by Kjeldahl
methodandconverted to protein using a factor of 6.25.Fat was analyzed using Randhallmethod with
diethyl ether as the extraction agent. The pH was determined in a homogenized sample by a penetrating
electrode connected to a portable pH-meter (HANNA, Romania)after calibration with two buffers (7.00
and 4.01) introducing a pH meter into the center of the sausage.The color changes during drying were
monitored by evaluating L*, a*, b*, Hue and Chroma values. Colorimetric analysis on surface of
sausages was performed using a spectrocolorimeter CM-2006 d (Konica Minolta Holdings, Inc, Osaka,
Japan) standardized with a white plate (Y=92.6; x=0.3134; y=0.3195). L* (lightness), a* (redness) and
b* (yellowness) values were measured on the outer surface of sausages from three randomly chosen
spots. Hue angle (Tan -b /a) and chroma values (a?+b?)Y? were calculated.

2.4. Lipid oxidation analysis (TBARS)

The sausage’s lipid oxidationwas determined by measuring thiobarbituricacid reacted substance
(TBARS) according to the method of Witte et al. (1970) with modifications. 10 g of sausage were
homogenized with 20 ml of 10% trichloroacetic acid using an Ultra-Turrax for 10seconds at 13,500 rpm.

TIBAOUI et al. (2020) / Journal of new sciences, Agriculture and Biotechnology, 70(1), 4276-4284 4277



Volume 70(1). Published February, 01, 2020 % JOURNAL

Www.jnsciences.org N OF NEW SCIENCES
E-ISSN 2286-5314 WWW.INSCIENCES.ORG

After homogenization, the mixture wascentrifuged at 4000rpm and 4°C for 30 min. The supernatant was
decanted through a paper filter. Then, 2 mlof the homogenate were placed in a test tube and mixed with
2 ml of thiobarbituric acid solution. The mixtures were incubated at 97°C in a water bath for 15 min to
develop a pink absorbance. After cooling, the absorbance of sample was read against the appropriate
blank at 532 nm by a Shimadzuspectrophotometer. A standard curve was prepared using 1, 1, 3, 3-
tetramethoxypropane; the amount of TBARS was calculated from this curve and expressed as mg
malondialdehyde (MDA) equivalents/kg sample. TBARS values were measured every day during the
drying process.

2.5. Microbiological analysis

Microbiological parameters were measured every day duringdrying. Forthese analyses, sausage samples
(10 g) were aseptically taken and homogenized using Clear Line stomacherblender bags (Clear Line.,
Paris,France) with 90 ml of peptone water. Serial 10-fold dilutions were prepared by diluting 1 mlin 9
ml of peptone water. Total Viable Counts (TVC) were counted on Plate CountAgar (PCA) and incubated
at 30°C for 24 to 48h.Theyeasts andmoldswere enumerated on Sabouraud Dextrose Agar after
incubation at25 °C for 2 to 3 days.The quantification of lactic acid bacteria (LAB) was determined by
spread plating and counting on MRSagar at 30°Cfor 48h, whileStaphylococcus aureus were enumerated
on Baird Parker Medium followed by incubation at 37°Cfor 24h.Fecal and total coliforms were counted
after incubation for 48h at 44°C and for 24h at 35°C, respectively on Desoxycholate agar.All analyses
were performed in triplicate and the number of formed colonies was counted and reported as log10 of
colony forming units/g (log CFU) for each sample.

Microbiological analysis of AP was also determined at the beginning of the experiment.

2.6. Sensory analysis

The sensory quality of sausage samples, from each batch, was evaluated by fifteen-member trained
panelists from the laboratory staff. Descriptive analysis was carried out to evaluate the intensities of
sensory characteristics. Sausages (day 0 samples) were cut into pieces (3-5cm), coded and served to
each panelist randomly. Panelists were asked to evaluate them for color, odor, flavor, juiciness, firmness
and overall acceptability using a nine-point hedonic scale (1, dislike extremely to 9, like extremely). For
each session, panelists tested samples from all dietary treatments presented in a random order. Bread
and water were provided for the trained panelists between samples to freshen the mouth.

2.7. Statistical analysis

Statistical analyses were performed with SAS, 9.1 (2004). Linear-Mixed-model analysis was conducted
on the physicochemical and microbiological characteristics of the sausages during drying. The model
includes the treatment (artichoke powder dose), the drying period and the interaction between them as
fixed parameters and the samples as variables. Storage data of sensory analysis were analyzed using a
one-way analysis of variance (ANOVA) with Duncan’s multiple range test and the statistical
significance was defined at p<0.05.

3. Results and discussion

3.1. Characterization of Artichoke powder (AP)

Total phenolic compounds (TPC)have been reported to be responsible for the antioxidant activitiesof
globe artichoke as well as their by-products (Lombardo et al. 2013, Pandino et al. 2013).1In this study,
TPC content of AP sampleswas 23.6 mg/g dry matter.This result was supported by the result of Dabbou
et al. (2015) who found that TPC contents in the bracts and leaves of two Tunisian Artichoke varieties
«Violet d’Hyérs » and « Blanc d’Oran »were20.83 and 19.04 mg /g dry matter,respectively. The
microbial analysis did not revealed the presence of coliforms in the AP used for this experiment but it
contained a totalplate count of 2.27 log UFC/g and a number of 2.21 logUFC/g for yeast and mold

3.2. Sausage chemical composition

Table2shows themean values of drymatter, protein and fat content of fresh and dry sausages.The
incorporation of AP and the drying period had a significant effect on sausages ‘dry matter and protein
content (p<0.05). During the drying process, dry matter content significantly increased, while protein
content decreased for both types of sausages and reached 21% of DM in control samples and 25.3%o0f
DM in AP sausages, at the end of thedrying process.This result is in agreement with the work of
Kovacevic et al. (2010) on traditionally dried sausages.
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Table 2 Sausages’ chemical composition

Statistiques

L) D6 =2 P — Group P - Time
Dry matter (DM)  Exp 453 88.14 21.42
C 37.9 73.18 17.64 0.01 0.001
Fat (Y%oDM) Exp 21.2 20.5 0.35
C 235 22.9 0.3 NS NS
Protein (%oDM) Exp 21.3 21 0.15
C 27 25.3 0.85 0.01 NS

C, control; Exp, sausages added with 6% of AP
NS, non sigificant

3.3. Microbiological characteristics of sausages

The mean values of microbiological counts of sausages are presented in Table 3.The use of AP had a
significant effect on the microbiological characteristics of sausages (p<0.05). However, interaction
between drying time and AP incorporation did not show any significant effect on the total viable count
(p>0.05). Fecal coliforms and the Staphylococcus aureuswere not detected throughout the period of
drying in both control and treated samples. It could be due to the hygienic practices followed during the
preparation of sausages.

Table 3 Effect of artichokes powder (AP) on the microbial status (log CFU/g) of the sausages

Days of drying
test Sample 0 1 2 3 4 5 6
TVC C 2.65 BIGE 4,19 bx 4.56 4.6 bx 5.09 bex 5.14 bex
Exp 2.76 & 292w 314 321% 3.45 by 3.43 3y 4.2
YM C 3.42 & B3l & 3.62 & 3.83 ax 4.26 ™ 4.145% 4,05 %
Exp 2.48 & 2.78 % 3.64 4539 4,07 9 417 €= 4.30 &
LAB C 1.98 & 1.88 & 2.78 ™ 3.17 & 3.40 3.47 3.59 &
Exp 1439 16% 2415 3.36 3.35 3.49 & 4.53
TC C - 2.32 % 2.52 & ; ; 3.36 4.4
Exp - 3.15% 3.46 % ) ) 331% 353

CFU / g, colony units per gram; C, control; Exp, sausages added with 6% of AP; TPC, total plate count; YM, yeast and mold ;
TC, total coliforms; LAB, lactic bacteria.

ab.c: For the same parameter, different letters within lines (different drying days) are significantly different (P<0.05); XY :
different letters within columns are significantly different (P<0.05) between groups

3.3.1.Total viablecounts (TVC)

Total initial plate counts was 2.7log cfu/g for both batches without significant difference between
groups, then it increased significantly to reach on the 6™ day of drying 5.14 against4.2 log CFU/g for
control and experimental group, respectively. These values were lower than 5.69 log CFU/g, the
threshold established by the European legislation (Regulation EC 2073/2005). During all dryingperiod,
the total plate countwas significantly higher for Control than AP sausages. These findings were
consistent with another investigation conducted on AP inhibition potential on the growth of
microorganisms in meat products (Gedorovica and Karklina 2013). In fact, the inhibition potential of
AP could be due to its phenolic content which may block adherence and invasion pathogens in the
products (Newlove et al. 2015). The result observed in this study was supported by the workof Newlove
et al. (2015)on pork meat sausages added with AP.Yuan et al. (2012) had also reported the effect of
polyphenols on microbial growth inhibition.

3.3.2. Yeats and mold count

Initial yeast and mold count was higher (p<0.05) for Control than AP sausages. This count augments
during drying for both groups of sausages (Table 4). It had significantly (p<0.05) increasing trends when
it reached 4.26 log cfu/g on the 4th day in control sausages, and 4.53 log cfu/g on the 3rd day in
experimental groups containing AP.During the 2¢and 3" day of the drying, the overall mean values of
yeast and mold count was significantly higher (p<0.05) for AP than Control sausages. This increase may
be attributed to the use of AP which contained a number of 2.21 log cfu/g for yeast end mold.
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3.3.3. Lactic bacteria count

Lactic bacteria count has significantly (p<0.05) increased throughout the drying processfrom 1.98 log
cfu/g (day0) to 3.59 log cfu/g (day 6) and from 1.43 log cfu/ (day 0) to 4.53 log cfu/g (day 6) for control
and experimental samples, respectively. During the first two days, lactic bacteria count was significantly
(p<0.05) higher for control samples but from the 3 day until the end of drying, it increased in the
experimentalsamples and reached a final value higher than that of control group. This result proved that
the use of AP did not have a negative effect on the development of lactic bacteria which contributed in
the acidification of sausages by producing lactic acid.

3.3.4. Coliforms count

The total coliform counts significantly increased (p<0.05) during drying and reached, on the 6™ day,
3.53log cfu/g for the experimental sausagesand 4.4 log cfu/g for the control group. For this group, the
highest valueexceeds the standard log 3.69 cfu/ g.These high values might be due to the slaughter
methods used, a bad pre-slaughter, carcass and meat handling, or to the equipment and facilities used
(Jutzi 2004).In fact, in meat processing, contamination of the product can originate from the animal,
from the environment or from the personnel involved in the operation. However, the experimental did
not reach this threshold thanks to AP power.

3.4. pH and color parameters

Table 4illustrated the effect of AP on color properties, and pH valuesof sausages during drying. The pH
values were significantly (p<0.05) higher for the control sausages compared to the sausages containing
AP. No changes in overall pH were observed with the advancement of drying daysfor the control group.
A gradual increase in pH values was recorded during the first two days for both samplesas a result of an
increase in the number of spoilage organisms which cause a higher protein degradation and
accumulation of metabolites of bacterial action on protein and amino acids might beresponsible for
increasing the pH of the product (Jayl996, Feiner 2006).However, a significant decrease in pH
wasrecorded after 3 days for the AP sausages. This decreased might be due to significant (p<0.05)
increase in lactobacillus count during the drying process producing lactic acid by break down of
carbohydrates (Biswas 2003). The result observed in this investigation was supported by the result of
Papadima and Bloukas (1999) who also reported a decrease in pH of traditional Greek sausages during
storage condition.

The color of sausages was animportant quality parameter, and thus color is of utmost reputation for
sausages consumers. The color properties were affected (p<0.05) by the AP incorporation. The overall
mean values of L* (lightness) was significantly (p<0.05) higher for control than AP samples. The use
of salt and AP resulted in the dark color (lower L value). For both groups of sausages, there was a
significant decrease of lightness throughout the whole drying period (p<0.05) which means that sausages
were becoming darker. The redness (a*) and yellowness (b*) scores werehigher (p<0.05) for control
than experimental samples.Both scores decreased (p<0.05) for both sausage’s groups during the drying
process. The color of AP due to the presence of polyphenolics compounds may be carried over to the
final product. It was reported (Choi et al. 2009)that this situation can affect the L*, a* and b* values in
sausages. In another study, Swatland and Barbut (1999) reported a reduction in L* value due to addition
of salt in chicken patties.Besides, it has been further proved that salt greatly accelerate the meat
discoloration process due to pro-oxidative activity which can be attributed to its ability to release iron
from heme pigments (Rhee 2001). The high value of redness a* indicates the change in color from red
to brown which could be due to the formation of metmyoglobin (Suresh 2011).The chroma value (color
intensity) was higher (p<0.05) for control than experimental samples. Chroma values showed a
decreasing trend across the drying process for both groups. In fact, chroma C* is related to the quality
of pigments and high values indicate a more vivid color and lack of grayness (Smeti 2013),
consequently, due to the incorporation of AP sausages became darker.
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Table 4 Effect of artichokes powder (AP) on the pH and color properties of sausages
Days of drying

Index Sample 0 1 2 3 4 5 6
pH Exp 5.47% 5.50% 5.49 & 5.38 bx 5.34 bx 5.38 bx 5.41Px
C 5.60 & 5.62 % 5.58% 557 % 5.59 & 5.52 by 5.58 &
L* Exp 34.96 ™ 37.64% 30.12% 27.11% 17.38% 27.73% 29.15%
C 49.71% 48.38% 38.43 by 26.08% 35.79 b 31.37 by 28.85 bex
ax Exp 2.88 805 & 1.95 & 0.39 bx . bx 1.24 X 0.22 b
C 16.28 & 17.159% 17.64% 12.21% 1746 & 15.55 @by 13.43 %y
b* Exp 8.84 & 7.77 5.52 bx 3.54bx 7.071 abx 6.56 bx 4.43 bx
C 20.53 % 21.29% 15.70 8.39 % 13.32 <oy 12.97 % 10.42 by
C Exp 6.14 & 8.46 & 5.86 & 3.57 & 8.07 & 6.53 & 441 *
C 26.21% 27.35% 16.74 by 14.80 b 21.96 @y 20.30 2 17
h Exp 67.83 & 68.51 & 70.28 83.41 ™ 96.52 77.56 > 84.74 ™
C 51.59% 51.05% 41,42 25.86% 37.32% 39.86 % 37.79%

C, control; Exp, sausages added with 6% of AP; L*, Lightness; a*, Redness; b*, Yellowness; C, chroma; h, hue,
a.b.c: For the same parameter, different letters within lines are significantly different (P<0.05) in the time ; *-¥ : different letters
within columns are significantly different (P<0.05) between groups

3.5. Lipid oxidativestability

The control samples had significantly (p<0.05) higher TBARS valuesthan experimental ones
(Figurel).The overall TBARS values significantly increased during the whole drying period and, up to
4 days of drying.They were still below the threshold of rancidity perception (0.6-2 mg/Kg)for both
groups of sausage (Greene 1982). On day 5, these values reached 2.12 and 2.16 mg/kg for the
experimental and control groups, respectively. This significant (p<0.05) increase in TBARS value
during the drying period might be due to increased lipid oxidation and production of volatile metabolites
in the presence of oxygen during aerobicdrying(Suresh 2011). Thus, it could be established that the
addition of AP was able to enhance the oxidative stability of the sausages by reducing the autoxidation.
In fact, phenoliccontained in the AP have the ability to prevent free radical-mediated oxidation.Besides,
theyhave ideal structural chemistry for free radical scavenging-ability (Newlove et al. 2015).Gadekar et
al. (2014), found a significant increase in TABRS values during refrigerated storageof cured,restructured
goat meat product added with natural antioxidants (sodium ascorbate and alpha tocopherols
acetate).Also, Bozkurt(2006) reported an increasing trend in TBARS values in Turkish dry-fermented
sausages added with natural antioxidant (tea  extract) andsynthetic  antioxidants
(buthylatedhydroxytoluene, BHT), and pointed out that themost effective antioxidant was found to be
green tea extract. Antioxidant properties of AP incooked pork meat sausages have been reported by
Newlove et al.(2015).Similarly, the totalphenolic content and radical scavenging activities of artichokes
leaves were investigated byYuan et al.(2012) who concluded that the leaves of Jerusalem artichoke
might be a potential source of natural antioxidants. Therefore, these natural antioxidants could be
utilized to enhance quality and provide safer products.
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3.6. Sensory attributes

The results of sensory acceptance test are shown in Table 5.The addition of AP significantly (p<0.05)
decreased scores of juiciness. In fact, the juiciness score of control group was higher than that of
experimental group as a result of slightly higher moisture content. However, the hardness score was
significantly (p<0.05) higher for the samples added with AP than control samples due to the presence
of AP. The other sensory characteristics (color, flavor and odor) were similar for both groups of
sausages, which werejudged moderately dark (6.5-5.83). Eating quality is a combination of flavor,
juiciness and tenderness and it is one of the key aspects that influence consumer’s products buying
decisions (Grunert et al. 2004).The addition of AP has negatively affected two of the main components
of eating quality (juiciness and tenderness) which may explain the low acceptability scores of the
experimental samples (3.92)

Table 5 Effect of artichoke powder (AP) on the sensorial properties of dry sausages

Characteristics C Exp p-value
Color 6.5 5.83 0.503
Odor 5.75 6.5 0.297
Flavor 6.17 7.08 0.175
Firmness 3 5.83 0.001
juiciness 7.75 5.17 0.001
Overall acceptance 4.58 3.92 0.442

C, Control; Exp, sausages added with 6% of AP

4. Conclusion

Artichokes leaves powder was prepared and applied in dry sausages and its effect on the
microbiological, physicochemical and sensory quality was investigated during the drying period.The
results of our study indicated that the addition of AP significantly (p<0.05) reduced the pH and TBARS
values. Sausages elaborated with AP presented the lowest total phenolic content, without any significant
effect on lactic bacteria growth.The addition of AP has significantly (p<0.05) decreased the redness
(a*), yellowness (b*) and lightness (L*) values, and the scores of juiciness but it increased those of
hardness. No significant effect was recorded on the other sensory attributes. Therefore, control sausages
showed better color and sensory quality. The results of this study pointed out that AP could be
successfully added to dry sausage to function as antioxidant. As promising as these results are,
additional research will be required to determine how this powder could be used as health promoting
functional ingredients in meat and meat products.
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