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Abstract

The effects of walnut leaf powder (WLP), walnut leaf extract (WLE) and cherry stem extract (CSE) on the oxidative and
color stability of cooked pork patties were determined and compared with 0.01% butylated hydroxytoluene (BHT) and
control (without antioxidant). Instrumental color, pH, total phenolic content, antioxidant activity, thiobarbituric acid
reactive substances (TBARS) and sensory attributes were determined on manufactured patties initially (time 0) and after 5, 10
and 15 days of refrigerated storage. Addition of walnut leaf extract to pork patties was more effective than cherry stem extract
in controlling lipid oxidation and color changes during cold storage, in agreement with results from the 7 vitro antioxidant
activity. The natural additives significantly (p<0.05) increased phenolic content and antioxidant activity in cooked pork
patties as compared to control and BHT treated samples, throughout the storage period. After 15 days, the TBARS values
were significantly (p<0.05) reduced from 3.01 in control patties to 2.43, 1.58, 1.83 and 1.19 mg malondialdehyde per kg
samples in patties with BHT, WLE, CSE and WLP, respectively. Addition of extracts showed positive effects on sensory

attributes, the highest scores being achieved by WLP treated samples.
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Introduction

The oxidation of lipids and proteins is the main, non-
microbial cause of meat quality deterioration during
processing and storage (Falowo et al, 2014).
Oxygen free radicals formed from  molecular  oxygen,
particularly the reactive oxygen species (ROS) and reactive
nitrogen species (RNS), interact with proteins, fatey acids
and nucleic acids, acting as intermediate agents in essential
oxidation-reduction reactions (Moylan ez al, 2014).
Oxidation of meat reduces its sensory quality due to
discoloration through the oxidation of myoglobin and to
the formation of volatile aromatic compounds which
impart rancid odour and offflavors (Palmieri and
Sblendorio, 2007). In addition, oxidative processes
determine formation of toxic compounds, reduction of shelf
life and nutrient and drip losses (Contini ez 4/., 2014). The
high susceptibility to oxidative deterioration of meat is due
to the high concentrations of unsaturated lipids, heme
pigments and oxidizing agents in the muscle tissue and to
the rapid depletion of endogenous antioxidants after
slaughter (Xiao ¢f al., 2013). The relatively high proportion
of unsaturated fatty acids of pork makes it even more
susceptible to lipid peroxidation (Mc Carthy ez al., 2001).

In addition, meat grinding promotes lipid oxidation due to
the increased exposure to air of meat lipids (Rojas and
Brewer, 2008).

Vacuum or modified atmosphere packaging can be used
to prevent or reduce lipid oxidation. Also, in order to delay
lipid oxidation in meat products, synthetic antioxidants,
such as butylated hydroxyl anisole (BHA), butylated
hydroxyl toluene (BHT), propyl gallate and tertiary butyl
hydroxyl quenone (TBHQ), have been applied extensively.
However, the concerns about the toxic and carcinogenic
effects of synthetic antioxidants together with the consumer
preferences for natural ingredients have stimulated interest
for exploring effective antioxidants from natural sources,
especially of plant origin (Naveena ez al., 2008; Karre et al.,
2013).

Several authors have reported the efficacy of culinary
herbs and spices (Biswas ez al., 2011; Sampaio ¢t al., 2012),
vegetables (Smet e al., 2008; Banerjee ez al., 2012), fruits
(Carpenter et al., 2007; Jia ez al., 2012) as well as residual
vegetal sources (Ahn et 4l, 2007; Kanate et al., 2010;
Rodriguez-Carpena et al., 2011) for reducing lipid and
protein oxidation in some types of meat.

In recent years, special attention has been paid to a
number of medicinal plants that could be used as potential
sources of antioxidants. Leaf extracts of green tea (Rababah
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et al., 2006), Ginkgo biloba (Kobus-Cisowska ez al., 2014),
Hypericum perforatum L. (Sanchez-Muniz et al., 2012),
butterbur (Kim ez al., 2013), olive (Hayes ez al., 2011),
Moringa oleiferia (Das et al., 2012) have been shown to
display remarkable antioxidant potential and inhibitory
effects on the oxidative degradation processes in meat
systems. Phenolic compounds are the major constituents of
these plant materials that contribute to their antioxidant
capacity due to their ability to scavenge free radicals, donate
hydrogen atoms and chelate metal cations (Balasundram ez
al,, 2006).

Walnue (Juglans regia 1.) leaves are abundant in
phenolic ~ compounds  including  phenolic  acids,
naphtoquinones and flavonoids as secondary metabolites.
They are frequently used to prepare infusions as they have
been widely used in traditional medicine for treatment of
skin inflammations, hyperhidrosis and ulcers and for their
antidiarrheic, antihelmintic, antiseptic and astringent
properties (Amaral e al., 2004; Pereira et al., 2007). There
are many studies regarding the pharmaceutical effects of
walnut leaves (Kaumar er al, 2003) proving their
antimicrobial, antimutagenic and antiproliferative activities
(Pereira et al., 2007; Salimi ez al., 2012).

The infusions and decoctions prepared from sweet
cherry (Prunus avium 1.) stems are traditionally used as
sedatives, diuretics and draining (Hooman ez al., 2009),
especially helping to promote proper kidney function. The
anti-inflammatory and diuretic properties are related with
their high content of natural antioxidants, ie. phenolic
compounds (Ademovié ez al., 2017), the stems being a good
candidate for nutraceutical or pharmaceutical products
(Bastos ez al., 2015).

Walnut leaves and sweet cherry stems have been well
investaifated for their antioxidant activity but their usc as a
natural antioxidant in meat products to control lipid
peroxidation has not been studied. The objective of the
present work was to evaluate the effectiveness of walnut leaf
powder and of extracts from walnut leaves and cherry stems
as inhibitors of lipid oxidation and color deterioration in
cooked pork patties subjected to refrigerated storage.

Materials and Methods

Vegetable material: preparation of powders and extracts

Fresh walnut (Juglans regia 1..) leaves and sweet cherry
(Prunus avium 1..) stems were collected randomly in the
middle of June 2016 from trees growing in the experimental
orchard of the University of Craiova located at Rimnicu
Vilcea (Romania) research station (45° 07' N/24° 22' E).
The samples were propetly cleaned and dried in shade. The
dried walnut leaves and cherry stems were reduced to a fine
powder (20 mesh), mixed to obtain homogenous samples
and stored in the dark at room temperature in high density
polyethylene bags for further use. For preparation of the
extracts, 20 g of dried leaf or stem powder were mixed with
100 ml boiling distilled water and left for 1 h. The extracts
obtained by filtration were used in further experiments.

Preparation of pork patties
Fresh pork meat and back fat were purchased from a

local meat processing plant. All separable fat and visible
connective tissues were removed from meat. Lean pork
meat and pork back fat were ground through a 3 mm plate
and mixed to have 20% fat level. The mixture was divided to
provide five experimental variants: I) CO - Control (meat +
1.5% salt + 5.5% water); II) C1 - Control with BHT (meat
+ 1.5% w/w salt + 5.5% water + 0.1% BHT); III) WLE
(meat + 1.5% w/w salt + 5.5% walnut leaf extract); IV) CSE
(meat + 1.5% w/w salt + 5.5% cherry stem extract) V) WLP
(meat + 1.5% w/w salt + 5.5% water + 0.5% walnut leaf
powder). Solid additives were dissolved in water or extract
prior to mixingwith the meat batter. Immediately after
adding all ingredients, meat samples were thoroughly mixed
and made into patties manually (50 g each). The samples
were placed in an electric oven preheated for 15 minutes at
180 °C and allowed to cook for 10 minutes until 75 + 1 °C
in the meat center. After cooling to room temperature, the
patties were acerobically packed in polyethylene bags. They
were analysed for sensory attributes, instrumental color,
total phenolic content, pH, ABTS antioxidant activity, and
thiobarbituric acid reactive substances (TBARS) value as
described below at 0, 5, 10 and 15 days of storage at 4 °C in
darkness.

Proximate composition and cooking yield

Moisture content was determined by weight loss after 12
hat 105 °C in a drying oven according SR ISO 1442/2010,
fat content by Soxhlet method (SR ISO 1444/2008) and
protein content by Kjeldahl method (SR I1SO 937/2007)
with an automatic Kjeldahl nitrogen analyzer (UDK 149
Velp Scientific, Italy). Cooking yield was calculated by
dividing cooked product weight by the raw uncooked

weight and expressed as per cent.

pH

pH values of the cooked patties were measured using a
multiparameter instrument Hanna HI255 after blending
10 g of sample with 50 ml of distilled water for 60 s in a
homogenizer (Braun MQ5137BK, 750W).

Total phenolic content

Total phenolics were estimated colorimetrically by
Folin-Ciocalteu assay as proposed by Singleton ez 4l. (1999).
Aliquots of extracts (0.1 mL) were mixed with 5 mL of
distilled water and 0.5 mL of Folin-Ciocalteu reagent. After
30 sec to 8 min of reaction, 1.5 mL of Na,COs (20%) and
2.9 mL of distilled water were added. The absorbance was
measured at 765 nm in a Varan Cary 50 UV
spectrophotometer (Varian Co., USA) after 30 minutes of
incubation at 40 °C. Results were expressed as milligrams of
gallic acid equivalents per 100 g,

Total flavonoid content

Total flavonoids were measured by the aluminum
chloride colorimetric method developed by Zhishen ez al.
(1999). An aliquot (1 mL) of appropriately diluted sample
or standard solutions of quercetin (20-100 mg/L) was
added to a 10 mL volumetric flask containing 4 mL H,O.
At zero time, 0.3 mL 5% NaNO; was added to the flask.
After 5 min, 0.3 mL 10% AICl; was added. Finally, at 6 min,
2 mL 1 M NaOH was added to the mixture and the volume
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was made up to 10 mL with H.O. Absorbance of the
mixture was determined at 510 nm against reagent blank
prepared with water. Total flavonoid content of eaf extract
was expressed as mg quercetin (QE) per 100 g.

ABTS free radical scavenging activity

Antioxidant activity of the samples was measured using
an ABTS (2,29-azinobis-3-ethylbenzothiazoline-6-sulfonic
acid) procedure (Re ez al., 1999). The ABTS cation radical
solution (ABTS+) was prepared through the reaction of 7.0
mM ABTS solution (5 ml) and 145 mM potassium
persulfate solution (88 uL), after incubation at room
temperature, in the dark for 16 h. The ABTS+ solution was
then diluted with 80% ethanol to obtain an absorbance of
0.700 + 0.005 at 734 nm. Twelve milliliters of ABTS+
solution (0.700 £ 0.005 absorbance) were added to 120 pl
of sample extract and vigorously mixed in a vortex
homogenizer. After 6 minutes, the absorbance at 734 nm
was recorded using ethyl alcohol as blank. Ethanolic
solutions of known Trolox concentrations (100-2000 uM
Trolox/l) were used for calibration and the results were
expressed as mM Trolox/100 g.

Color measurement

Color was measured on the surface of the cooked pork
patties from four randomly chosen spots with a reflectance
colorimeter (PCE-CSM 1, PCE Instruments, UK)
standardized with a white reference ceramic tile. Color was
expressed as L* (lightness), a* (redness), and b* (yellowness)
reflectance values. Hue angle was calculated as tan™ (b*/a*)
and chroma as (a** + b**) "/~

Thiobarbituric acid reactive substances

TBARS values (mg malondialdchyde/kg) were
determined  spectrophotometrically according to  the
procedure described by Witte ez al. (1970) with slight
modifications. For extraction, five grams of meat sample
were homogenised in a vortex mixer with 12.5 mL of 20%
trichloroacetic acid then transferred to a 25-mL volumetric
flask and dilluted up to the volume with cold distilled water.
After filtration with qualitative filter paper (12.5 mm), 5 ml
of filtrate were mixed with 5 ml of an aqueous solution of
0.02 M 2-thiobarbituric acid (TBA) in capped test tubes.
The samples were incubated in a water bath at 100 °C for
35 min and then cooled in cold water. The absorbance was
measured at 532 nm with a Varian Cary 50 UV
spectrophotometer (Varian Co., USA) against a blank
containing 5 mL of the same trichloroacetic acid solution
and S mL of TBA solution. The results were calculated
from the standard curve of 1,1,3,3-tetracthoxypropane
(Sigma-Aldrich) and expressed as mg of malondialdehyde
(MDA) per kg of meat.
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Sensory evaluation
Sensory evaluation of stored patties was performed on
day 0, 5, 10 and 15 of storage by ten panelists who were
graduate students and staff members in the Department of
Food Science, University of Craiova. They rated each
sample for appearance, color, flavor and general
acceptability on a 10-point hedonic scale (l1=extremely
undesirable, 10=extremely desirable). Patties were warmed
in a microwave oven for 20 s just before sensory evaluation
and coded samples were served at room temperature. Water
was served for cleansing the mouth between samples.

Statistical analysis

All experiments were done in triplicate and results are
reported as mean * standard deviation. The analysis of
variance (ANOVA) was used to assess the effects of
treatments and storage time. Means were compared by the
Duncan’s multiple range test and statistical significance was
identified at p < 0.05. Statgraphics Centurion XVI software
(StatPoint Technologies, VA, USA) was employed in this
study.

Results and Discussion

Total phenolics, total flavonoids and antioxidant activity

Walnut leaf powder and extracts obtained from walnut
leaves and cherry stems were tested for total phenolic
content, total flavonoid content and ABTS antioxidant
activity (Table 1). In the walnut leaf extract, both total
flavonoid content and antioxidant activity were higher than
in the cherry stem extract. Walnut leaf was previously
reported to be a rich source of flavonoids (Martinez ez al.,
2009; Carvalho et al., 2010). Total phenolic content,
however, was higher in cherry stem extracts than in walnut
leaf extracts.

Proximate composition and cooking yield

The proximate composition of the cooked pork patties
from various treatments is presented in Table 2. Moisture
contents increased significantly (p<0.05) only on addition
of WLP indicating that the powder resulted in retention of
moisture. These results are in good agreement with those on
cooking yield that was significantly higher in samples with
addition of WLP. The fat and protein contents of the
control samples (CO and C1) were the highest among all
treatments (p<0.05), probably as a result of the higher
moisture loss during cooking of these samples.

Instrumental color
The evolution of lightness (L*), redness (a*), yellowness

(b*), hue (h) and chroma (C) values during 15 days of

storage is presented in Table 3.

Table 1. Total phenolic content, total flavonoid content and antioxidant activity in walnut leaf and cherry stem extracts and in walnut leaf powder®

Sample Total phenolic content Total flavonoids ABTS antioxidant activity

(mg GAE/100 g DW) (mg QE/100 g DW) (mmol Trolox/100 g DW)
Walnut leaf powder 2898.28 +128.56 1956.76 + 87.55 16.28 +0.87
Walnut leaf extract 497.67 +23.34 353.66 + 16.45 3.67+021
Cherry stem extract 685.66 + 31.15 14535+ 11.19 2.84+0.14

*Values are expressed as meantstandard deviation.
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Table 2. Cooking yield, moisture, protein and fat content of pork patties

Treatment” Moisture (%) Protein (%) Fat (%) Cooking yield (%)
Co 55.39 +0.63" 21.68 +0.38° 18.62 + 0.26" 70.8 + 1.10°
Cl 55.61 + 0.40° 21.43 +0.46™ 18.39 +0.23¢ 712+ 178
WLE 55.96 +0.52® 20.86 + 029 17.48 + 0.34® 728+ 1.10°
CSE 55.82 +0.29" 21124033 17.88 4 0.38" 712+ 1.10%
WLP 5671 +0.44° 20.46 + 0.36" 17.14 4 0.28° 728+ 1.10

"Legend: CO - Control (meat + 1.5% salt + 5.5% water); C1 - Control with BHT (meat + 1.5% w/w salt + 5.5% water + 0.1% BHT); WLE (meat + 1.5% w/w salc +
5.5% walnut leaf extract); CSE (meat + 1.5% w/w salt + 5.5% cherry stem extract); WLP (meat + 1.5% w/w salt + 5.5% water + 0.5% walnut leaf powder)

**Means with different superscript within a column are significantly different (p<0.05)

Table 3. Color parameters of the pork patties samples during refrigerated storage for 15 daysx

Storage period (days)™*

Color parameters Treatment”
0 5 10 15
Co 71.23 + 1.49%* 79.53+2.82 80.56+ 3.11% 7824+ 1.32%
Cl 80.28 +0.16® 78.10 + 1.274 81.09 + 1.77 77.58 + 1.63%
1L WLE 69.77 + 1.49°® 7453 + 1.30°° 72.45 £ 0.61" 70.06 + 1.84%
CSE 71.61 £0.71% 7370 + 1.05°® 7478 +2.09°% 73.18 42228
WLP 6231 +2.52% 65.00 + 2.248 66.57 +0.86° 62.87 + 120"
Co 4.47 +0.14"® 4.82 4 0.34 33140274 3.15+0.06
C1 7.92 +0.424¢ 6.24+0.46® 4844055 457 +0.26"
a* WLE 5.82 4 0.47 6.05+0.33® 5.36+0.26 5.08+0.314
CSE 5.93 +0.06® 5.87 +0.30® 5.84+0.26% 5.10 +0.20%
WLP 409 +0.38" 3.68 +0.84" 351 +0.15%F 2.86+0.434
Co 13.99 + 0324 14.06 +0.83*C 13.83+0.32° 14.71 4 0.37°%¢
Cl 15.58 + 0.43% 15.11 +0.53%% 14.52 +0.80% 14.67 +0.70°48
b* WLE 15.35 + 1.02** 1645 + 0.42°° 14.62 + 0.44® 1539 + 0.54°¢
CSE 13.00 + 0.51°® 13.92 +0.504 13.09 + 0.094 13.13 +0.634
WLP 14.53 +0.97°F 1443 +1.55® 13.69 + 0.2548 12.92 +0.56*
Co 14.69 + 0.29* 15.81 + 0.89* 1422+ 038 15.05 + 0.36"48
Cl 17.48 +0.26" 1635+ 0.62% 1531+ 0.90% 15.37 £0.75%4
C WLE 1645+ 1.11%4 1753+ 0.50°¢ 15.57 +0.49"8 16.21 +0.49®
CSE 14.29 + 0.49 15.11 +0.58% 14.47 +0.45% 14.08 + 0.65%
WLP 15.11 + 1.02% 14.90 + 1.70°8 14.13+0.26"® 13.23 +0.61*
Co 7227 +£0.81 7229 +0.524 7655+ 0.81® 77.92 +0.42<¢
Cl 63.04+1.76" 6757+ 1.11" 71.61 + 1.35¢¢ 72.73+0.19%¢
h WLE 68.94+0.30%4 69.81 +0.57%48 69.88 +0.42% 71.70 + 1.37°¢
CSE 68.48 + 0.65"° 67.15+0.32°° 66.20 +0.36 68.17 +0.46*°
WLP 74.27 + 0914 75.83 + 1.85%5 75.63 + 0.548 77,52+ 1.56®

"Legend: CO - Control (meat + 1.5% salt + 5.5% water); C1 - Control with BHT (meat + 1.5% w/w salt + 5.5% water + 0.1% BHT); WLE (meat + 1.5% w/w salt +
5.5% walnut leaf extract); CSE (meat + 1.5% w/w salt + 5.5% cherry stem extract); WLP (meat + 1.5% w/w salt + 5.5% water + 0.5% walnut leaf powder)
“Different lowercase letters indicate significant difference at p<0.05 level between different treatments, while different uppercase letters are indicative of the same within

cach treatment during the storage period.

The additives had a significant effect on the color
displayed by freshly made cooked pork patties (day 0). BHT
addition led to patties with significantly higher L* values,
CSE did not significantly affect lightness while WLP and
WLE resulted in a darker color (lower L* value).

Lightness decreases have been also reported in previous
studies as a result of the addition of antioxidant plant
powders and extracts to ground pork meat (Qin ef al.,
2013) and chicken meat patties (Naveena ez al., 2008;
Devatkal ez al., 2011). In contrast, others studies reported
that the lightness of the raw and cooked pork patties was
not affected by the addition of avocado (Rodriguez-
Carpena ez al., 2011) or grape seed extracts (Carpenter ¢t 4.,
2007). BHT and plant extracts led to patties with
significantly higher a* values while the samples with WLP

had the lowest a* values due to the deep green color of the
walnut leaf. Higher b* values (p<0.05) were found at pork
patties with BHT, WLE or WLP as compared with the
control. Similar findings were reported by Jo e# al. (2003)
for raw and cooked pork patties with added green tea leaf
extract and powder.

Redness significantly (p<0.05) decreased during storage
period in all treatments suggesting that pigment oxidation
can still occur even if antioxidants are added. This trend of
decreasing a* values may be due to interference between
lipid oxidation and colour deterioration in meats (Lynch
and Faustman, 2000).

In salt containing treatments, the change in colour from
red to brown could be attributed to the formation of
metmyoglobin by the oxidation of myoglobin (Nerin ¢z 4L,



Boruzi AI and Nour V etal / Not Bot Horti Agrobo, 2019, 47(3):763-771

2006). Similar reductions in redness with increasing storage
time have been reported in many studies (Mc Carthy ez 4.,
2001; Qin ez 4l., 2013).

Among treatments, samples with BHT had a more
evident reduction in the a* value over 15 days of refrigerated
storage. Similar results were reported by Selani e 4/. (2011),
who observed that BHT was less effective than phenolic-
rich extracts in preventing colour alterations in raw and
cooked chicken meat during frozen storage. They explained
this finding by arguing that BHT is a lipid soluble free
radical scavenger that is enable to inactivate water-soluble
free radicals as compared with polyphenols which are mostly
water soluble compounds and thus could directly interact
with myoglobin, a water-soluble protein, to exert their free
radical scavenging action. Polyphenols from walnut leaf and
cherry stem extracts have been proved to act as efficient
radical scavengers iz vitro (Amaral ez al., 2004; Pereira et al.,
2007; Ademovié ez al., 2017).

The progress of yellowness was different amongst
treatments. Yellowness of samples treated with BHT and
WLP showed a decreasing trend during the storage period
while it increased after 5 days of storage and decreased
afterwards at the samples with added extracts. A similar
variation was reported by Devatkal ez 4l (2011) in raw
chicken patties treated with pomegranate juice and rind
extract. The yellowness of the control patties significantly
increased during the storage period. A similar variation was
observed in previous stucigies and it was attributed to the
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accumulation of Schiff pigments (lipofuschin) from lipid to
protein complexes as a result of oxidative stress (Chelh e 4/,
2007). Hue values showed an increasing trend with storage
period in all the treatments.

pH

Table 4 shows the pH values (mean + standard
deviation) of the cooked pork patties packed under aerobic
conditions. pH values varied from 5.79 to 6.29 during 15
storage days. At the beginning of the experiment (day 0), the
pH values of samples treated with WLE and WLP were
significantly (p<0.05) lower than the control samples. This
eggct could be attributed to the high phenolic acid level of
the walnut leaf extract and powder. Ahn ez 4l. (2007)
reported similar data for beef patties treated with grape seed
extract. In all treatments pH values significantly increased
(p<0.05) over 15 days of storage. Similar increases of pH
values during storage in cooked ground meat have been
reported in previous scudies (Mc Carthy ¢ al., 2001). They
have been attributed to degradation and denaturation of
proteins and amino acids leading to the exposure of basic
groups (Choe ez 4l., 2011). The samples with walnut leaf
powder reached higher pH values (p<0.05) than the control
samples after 15 days of storage while no significant
differences were found among the other samples. This could
be due to the higher microbial load of the walnut leaf

powder relative to the thermal treated extracts.

Table 4. TBARS values, pH, total phenolic content and ABT'S antioxidant activity of the pork patties during refrigerated storage for 15 days

Storage period (days)™

Treatment”

0 S

10 15

TBARS values (mg MDA /kg)

Co 2.56+0.18% 274+ 0.13%8 2.84+0.15%8 3.0140.268
Cl 1.80+0.11* 208+ 0.14® 2.36+0.09% 243 +0.18¢
WLE 0.98 4 0.08* 1.49 + 0,09 1.50 +0.10°® 1.58 +0.12%
CSE 1.33+0.12% 1.52 4 0.06™ 1.78 4 0.14% 1.83+0.15%
WLP 0.88 +0.06* 093 +0.05 1.07 +0.08*® 1.19+0.08"®
Co 6.03+0.02% 6.02 +0.02* 6.07 +0.03" 6.16+0.02¢
Cl1 595 +0.03% 6.05 + 0.02* 6.13 + 0.08¢ 6.20 +0.09"¢
WLE 5.82 +0.084 6.02 +0.05" 6.18 +0.05*C 6.22 +0.07%¢
CSE 5.97 +0.08™ 6.02+0.03* 621 +0.05™ 624+ 0.06%°
WLP 579 +0.09* 6.04+0.04 620 +0.08"¢ 6.29+0.07°¢
Total phenolic content (mg GAE/100 g)
Co 7.17 +0.32°¢ 7.02 + 0.40°%¢ 6.47 +0.33% 41840184
Cl 690 +021°¢ 670 +0.35 5204029 3.95+0.25%
WLE 972 +0.38"¢ 9.42 +0.26¢ 8.85+0.36% 7.48 + 044
CSE 9.98 +0.56°C 8.08 + 0.66™® 6.22 +0.69% 5.62+0.57°
WLP 15.62 + 0.49¢ 14.87 + 0.82%5¢ 14.15 + 0.56 10.53 +0.61%
ABTS antioxidant activity (mmol Trolox/100 g)
Co 0.55+0.03*3 0.52 + 0.02® 0.47 +0.02*4 0.45 +0.02%4
Cl 0.61 +0.03*C 0.56 + 0.03 0.49 4 0.02* 0.47 +0.02*
WLE 0.66 + 0.02°° 0.63 + 0.03"* 0.63 +0.02%48 0.60 + 0.02%*
CSE 0.77 +0.03 0.76 + 00248 0.73+0.03® 0.71+0.03%
WLP 0.85+0.03 0.84+0.03® 0.74+0.03 0.73+0.03%

"Legend: CO - Control (meat + 1.5% salt + 5.5% water); C1 - Control with BHT (meat + 1.5% w/w salt + 5.5% water + 0.1% BHT); WLE (meat + 1.5% w/w salt +
5.5% walnut leaf extract); CSE (meat + 1.5% w/w salt + 5.5% cherry stem extract); WLP (meat + 1.5% w/w salt + 5.5% water + 0.5% walnut leaf powder)
“Different lowercase letters indicate significant difference at p<0.05 level between different treatments, while different uppercase letters are indicative of the same within

each treatment during the storage period.
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Total phenolic content

The average phenolic content was significantly (p<0.05)
higher in WLE, CSE and WLP treatments than CO (7.17
mg/100 g) and C1 (6.90 mg/100 g). Among treatments,
WLP significantly (p<0.05) increased the phenolics content
(15.62 mg GAE/100 g) of pork patties followed by CSE
(9.98 mg GAE/100 g) and WLE (9.72 mg GAE/100 g).
The evo%ution of phenolic content indicated a continuous
and significant (p<0.05) decrease in phenolics up to 15th
day of storage. Percentage decrease of total phenolics durin
storage was significantly (p<0.05) higher in C1 (42.7%§
followed by CO (41.7%), CSE (40.6%), WLP (32.6%), and
WLE (23.0%) (Table 4). These results indicated that
treatments with walnut leaf powder and extracts showed
significantly (p<0.05) higher phenolics during storage

period.

ABTS free radical scavenging activity

According to the ABTS assay, the treatments with
walnut leaf and cherry stem powder and extracts
significantly (p<0.05) increased antioxidant activity in
cooked pork patties as compared to control and even BHT
treated samples (Table 4), in good agreement with previous
studies reporting on the a§dition of antioxidant plant
extracts or powders to meat and meat products (Huang ez
al., 2011). Radical scavenging activity decreased during
storage in all meat samples. After 15 days of storage,
antioxidant activity was significantly higher in samples with
phenolic-rich extracts and powder than in controls while no
significant difference was found between control without

antioxidant and BHT treated samples.

Lipid oxidation

Table 4 illustrates the effect of the treatment and storage
on the TBARS values in cooked pork patties stored for 15
days. The results show that lipid oxidation was retarded in
the antioxidant treated samples. The initial lipid oxidation
level (at day 0) ranged from 0.88 to 2.56 mg MDA/kg in
meat samples. The TBARS values of the cooked pork
patties made with WLP and WLE were significantly lower
than those of the other samples on the initial storage day. A
stronger antioxidative effect was also observed with the
walnut leaf than with the cherry stem since a lower TBARS
value was reached in the pork patties (0.98 vs 1.33, for WLE
and CSE, respectively, p<0.05). The same trend was
observed at day 10 of storage with significant differences
between treatments (p<0.05).

The storage also affected the MDA concentration, and
TBARS values gradually increased with increasing storage
time in all samp%es, ranging from 1.09 to 3.21 mg MDA /kg
after 15 days at 4 °C. However, during all storage intervals
TBARS values were higher (p<0.05) in the control without
antioxidant than in those containing walnut leaf and cherry
Stem extracts.

Over the 15-day storage period, TBARS values were
reduced by 47.5% and 39.2% in cooked pork patties with
WLE and CSE, respectively, as compared with the control;
therefore, the addition of these extracts had significant lipid
oxidation reduction effects in the cooked ground pork
samples.

Table 5. Sensory evaluation of pork patties during refrigerated storage for 15 days

Treatment”

Storage period (days)™

0 5 10 15
C0 7.25 +0.62° 7.08+0.51° 675+ 045" 625+ 0.45°
Cl1 7.424051° 7.33+0.49° 7.08 £0.51 6.75+0.62"
Appearance WLE 7.67 £0.49°" 7.58+051° 7.50 £ 0.52° 7.08 +0.29"
CSE 7.50 4+ 0.52° 742 +051% 7.33 +0.49" 692+029°
WLP 8.33 +0.49° 8.33 4 0.49° 8.17 +0.39 7.8340.39¢
C0 6.67+0.75" 6.58 +0.51° 6.42+0.51° 6.25+0.45°
Cl1 7.08 +0.79 7.08+0.79% 692+0.67° 675+0.45
Color WLE 7.33+0.98% 7.25+0.87% 717 +0.83° 7.00 +0.74°
CSE 7.25+0.45" 7.08+051% 6.83+0.39" 692+029°
WLP 7.8340.39° 7.75 +0.45° 7.67 +0.49¢ 7.75 +0.45¢
C0 7.67 £ 0.65" 7.33 4 0.49° 7.17 £ 0.58° 6424051°
Cl 7.75+0.62 7424051 7.33 +0.49° 6.67 +0.49"
Flavor WLE 7.67 +0.65 7.58 + 0.67° 7.42+051% 7.08 +0.79°
CSE 7.58+0.51° 7.42+051° 7.25+0.62° 7.00 +0.60°
WLP 8334 0.49 8.17+0.39 7.75 + 045" 758 £0.51°
Co 7.42+051° 7.08 +0.29° 692+ 0.67° 6.00 + 0.60°
Cl 750 +0.52° 7.17 +0.58° 7.08 +0.51% 6254075
General acceprability WLE 7.424051° 7.33 4+ 0.49° 7.17 £0.58" 667065
CSE 7.3340.49" 7.17 4 0.39° 7.00 4 0.43° 658+051
WLP 8.08 +0.29° 7924051 750 +0.52" 7.25 +0.45¢

"Legend: CO - Control (meat + 1.5% salt + 5.5% water); C1 - Control with BHT (meat + 1.5% w/w salt + 5.5% water + 0.1% BHT); WLE (meat + 1.5% w/w salt +
5.5% walnut leaf extract); CSE (meat + 1.5% w/w salt + 5.5% cherry stem extract); WLP (meat + 1.5% w/w salt + 5.5% water + 0.5% walnut leaf powder)

**Means with different superscript within a column are significantly different (p<0.05)
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WLE was more effective against lipid oxidation than
CSE, which is in agreement with results from the iz vitro
assays. The walnut leaf extract showed a higher flavonoids
content than the cherry stem extract, which is directly
related with the higher antioxidant capacity (3.67 vs 2.84
mmol/100 g Trolox for walnut leaf and cherry stem extract,
respectively§ Table 1) and, consequently, with the more
intense ant10x1dat1ve effect of the first excract.

Lipid oxidation was minimal in WLP-treated samples as
the increase in TBARS number was very slow and remained
lowest (1.19 mg MDA/kg) by the end of the storage (day
15). Walnut leaf and cherry stem extracts were found to be
more effective in preventing lipid oxidation in cooked pork
patties than BHT, demonstrating their efficiency as
antioxidants in cooked pork meat. These oxidation
retarding effects of walnut leaves and cherry stems may be
due to their high content of phenolic compounds which act
as antioxidants (Lapornik ez 4/., 2005).

Similar results were found with other antioxidant plant
extracts and powder such as green tea extracts in raw and
cooked ground pork (Jo ez al, 2003) and beef patties
(Baién et al., 2007), Moringa oleiferia leaves extract in
cooked goat meat patties (Das ez 4/, 2012), pomegranate
juice and pomegranate rind powder in cooked chicken
patties (Naveena et al., 2008), lotus leaf and barley leaf
powder in cooked ground pork (Choe ez 4l., 2011), lotus
thizome knot and leaf extracts in ground cooked bovine and
porcine meat (Huangez /., 2011).

Sensory evaluation

The sensory evaluation data for cooked pork patties are
presented in Table 5. After cooking (day 0), there were no
significant differences in the overal% appearance, flavor and
general acceptability of control and treated samples, except
patties treated with WLP whose scores were significantly
higher. Similarly, supplementation of natural antioxidant
such as lotus leaf and barley leaf powder had no significant
effect on the overall acceptability of cooked ground pork
(Choe ez al., 2011) while addition of Moringa oleiferia leaves
extract had no effect on the sensory attributes of cooked
goat meat pattics (Das ef 4l., 2012).

Increasing storage time resulted in reduced sensory
attributes in all treatments. After 15 days of refrigerated
storage, pork patties containing walnut leaf and cherry stem
extracts were sensorially acceptable, and addition of extracts
had positive effects on sensory attributes. Therefore, these
extracts have the potential to reduce oxidative rancidity and
improve acceptability and shelf life of cooked pork patties.
At the end offéhe storage period, the scores for WLP-treated
samples were significantly higher than those of the controls
and of the other treatments. No significant differences were
found between scores of samples treated with phenolic-rich
extracts and BHT treated samples while the scores for
control samples without antioxidant were significantly
lower, particularly in regards to color.

Conclusions

From the results, it could be concluded that walnut leaf
powder and extracts from walnut leaves and cherry stems
exhibited high phenolic content and potent antioxidant
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activity. Addition of these phenolic-rich products to cooked
pork pattics were found to be more effective than 0.1%
BHT in retarding lipid oxidation and color deterioration
during refrigerated storage. The lowest 11p1d oxidation
values were tound in por%( patties containing walnut leaf
powder that showed a potent antioxidant effect. Walnut
leaf extract was more effective against lipid oxidation than
cherry stem extract which is in agreement with results from
the in vitro assays. Consistently, walnut leaf extract had a
more intense antioxidant activity, probably as a result of the
higher content of flavonoids as against the cherry stem
extract. The addition of walnut leaf and cherry stem extracts
did not affect the appearance, flavor and general
acceptability of cooked pork patties at 5.5% level of addition
tested in the current research while addition of walnut leaf
powder at 0.5% had significant positive effects on the
sensory attributes. The results suggest that walnut leaves and
cherry stems have potential to be used as natural
antioxidants in meat products.
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