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The effect of Gnetum gnemon mature leaf ethanolic extract at various concentrations (0, 200, and 400 ppm) in combination with modified
atmosphere packaging (MAP) (30% CO2/ 70% N2) on quality of pre-cooked beef patties during refrigerated storage of 8 days was investigated,
in comparison with 200 ppm butylated hydroxytoluene (BHT). The extract possessed DPPH radical scavenging activity (23.394 ± 0.2854 mmol
TE/g dry extract), ferric reducin assa ower ( .7 7 ± .2273 mmol TE/ dr extract), and metal chelatin acti it (34 . 22 ± . 66 μmol
EDTA equivalent/g dry extract). During the storage, the control had the highest increases in peroxide value (PV), thiobarbituric acid-reactive
substances (TBARS) value, total viable count (TVC), and psychrophilic bacterial count (PBC). Gnetum gnemon leaf extract (200 ppm) showed
the comparable efficacy in retardation of lipid oxidation to BHT at same level used as indicated by similar PV and TBARS value (p>0.05). At the
same level of extract used, patties packaged under MAP (30% CO2/70% N2) showed lower lipid oxidation and microbial growth than those
packaged in air. The increments of PV, TBARS value, TVC, and PBC of patties added with Gnetum gnemon leaf extract (400 ppm) and stored
under MAP were retarded and the value of all quality indices remained the lowest, compared to other treatments up to 8 days of refrigerated
storage (p<0.05). Thus, Gnetum gnemon mature leaves can be utilized as alternative source of natural antioxidant and antimicrobial agent,
especially in conjunction with MAP to lower the deterioration of beef patties during refrigerated storage.
.

Introduction
Over last couple of decades, there has been a general
global changing lifestyle and growing interest among
consumers towards ready meals due to its convenience
and less time spent in preparing foods (Bevis, 2012). The
continuing demands in convenient foods which led to an
expansion and variation of ready-to-eat or ready-to-cook
products.
Burger or patty is one of the most common convenient
food products and commonly sold as pre-cooked
products which made from grounded meat such as beef,
chicken, fish, and pork (Kang, et al., 2013). The favorable
sensory characteristics, practicality, and a good source of
protein in patty are promoting itself to be a habitually
consumed food in many countries (Ramadhan, et al.,
2011). Moreover, Frost and Sullivan (2014) reported that
Indonesian beef industry, by sales value, was worth 56.2
trillion rupiah in 2013. The beef consumption itself
increases each year from 1 kg/capita at 2010 into 2.5
kg/capita at 2014. Lately, there has been increasing
consumptions in beef burger so much that a single
worldwide retailer could sell more than 100 billion
hamburgers annually (Spencer, et al., 2005).

Concerning to such high consumption, consumers also
demand acceptable quality of beef patties. However, lipid
oxidation remains as a major problem resulting in quality
deterioration in beef patty during storage due to its high
fat contents. Typically, fat content of a single beef patty is
around 10-30% from its total weight, and half of them are
composed of unsaturated fats which are very prone to
lipid oxidation (Bender, 1992; Johson, et.al., 1994).
Lipid oxidation affects negatively on sensory properties as
well as the degradation of nutritional quality (Susan,
2008). The development of secondary lipid oxidation
products product produces warmed-over flavors (WOF)
which has een descri ed as the “rancid”, “ aint ” or
“card- oard like” characteristic off-flavors in pre-cooked
meat product. Warmed-over flavors (WOF) are easily
detected negatively by consumers at very low threshold
values (Vega and Brewer, 1995; Campo, et al., 2006).
Thus, mechanisms in controlling lipid oxidations are
increasingly important with the rise in popularity of precooked and convenience foods (Das, et. al., 2008).
Modified atmosphere packaging (MAP) has been used as
packaging technology to preserve the quality of meat
products by inserting different amount and type of gases.
Gases such as carbon dioxide (CO2) to inhibit bacterial
growth and nitrogen (N2) to inhibit lipid oxidation are
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commonly used in MAP to preserve pre-cooked products.
Although the application of MAP has increased widely in
recent years the optimization of gas composition between
CO2 and N2 is essential to preserve the quality of the
foods (Zhou, et. al., 2010). Such gas composition is
varying in different type of foods.
Besides MAP, antioxidant is successfully known and used
to inhibit lipid oxidations and shelf-life extension of meat
products without affecting the sensory or nutritional
properties (Rojas and Brewer, 2007). Many synthetic
antioxidants such as butylated hydroxyanisole (BHA),
butylated
hydroxytoluene
(BHT),
and
tertiarybutylhydroxyquinone (TBHQ) have been used to retard
the oxidation process and avoid the quality deterioration
of beef patty (Fasseas, et. al., 2007). However, the uses
of synthetic antioxidants is under strict regulation due to
their potential health hazard in the promotion of
carcinogenesis as well as generals rejection of synthetic
food additives by consumers have raised concerns about
possible toxicity and food safety (Maqsood et. al., 2013).
Therefore, the practice of using natural antioxidants is
being increasingly applied as an effective way for the
control of lipid oxidation and providing ensured safety to
consumers. Many phenolic compounds as the part of
plant phenolic extracts have successfully demonstrated
the retarding effect on lipid oxidation in different meat
products and demonstrated to be the safe additives thus
increasing shelf-life and sensory properties of meat
products (Fasseas, et. al., 2007; Vaityhiyanathan, et. al.,
2011; Yogesh and Ali, 2014).
Gnetum nemon or often called as “Melinjo”, is an
indigenous plant in Southeast Asia especially in Thailand,
Malaysia, Vietnam and Indonesia. There are several
studies in different parts of the plant that shows possible
potential antioxidant activity such as bark and leaf and
antimicrobial activity such as seed and peel (Dayana, et.
al., 2011; Parhusip and Sitanggang, 2011). The young
leaves and seeds are widely used as vegetables and
snacks, but the mature leaves remain unused (Lim,
2012). There are no recent studies on its mature leaf to
be utilized as a value-added product. Therefore, the
utilization of phenolic compounds in Gnetum gnemon
mature leaf by conversion into natural antioxidant to
inhibit lipid oxidation and antimicrobial agent as safe
additives to prolong the shelf-life of beef patties may be
an innovative solution.
In this research, different concentrations of ethanol are
used as solvent to extract the phenolic compounds of
Gnetum gnemon mature leaf. In addition, ultra-sonic
assisted extraction is subjected during the extraction
using different amplitude and time. The best solvent
concentrations and parameters during extraction will be
determined based on the highest antioxidant activities
among the other treatments. After that, the best solvent
concentrations and parameters during extraction are used
in Gnetum gnemon mature leaves extraction.
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Lastly, different concentrations of Gnetum gnemon
mature leaf ethanolic extracts in combination with MAP
are tested to determine which treatment gives the highest
inhibition of lipid oxidation and microbial growth on precooked beef patty stored in refrigerated storage
compared to butylated hydroxytoluene (BHT) synthetic
antioxidant as a common antioxidant used in beef patty.

Materials and Methods
Chemicals
All of the chemicals used in research were analytical
grade. Sodium Carbonate, Sodium Chloride, Chloroform,
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
(Trolox),
2,2-diphenyl-1-picryl
hydrazyl
(DPPH),
ammonium
thiocyanate,
and
1,1,3,3tetramethoxypropane (MDA), Ethylenediaminetetraacetic
acid (EDTA) were purchased from Sigma-Aldrich (St.
Louis, MO, USA). Gallic acid was purchased from Fluka
(St. Louis, MO, USA). Sodium hydroxide (NaOH) and
hydrochloric acid (HCl) were obtained from Merck
(Darmstadt, Germany).
Preparation of gnetum gnemon mature leaf extract
The preparation of Gnetum gnemon mature leaf extract
was using method of (Chotphruethipong, et al., 2017) with
slight modification in samples used. The fresh Gnetum
gnemon mature leaves (1 kg) were harvested from local
farm in Hat Yai province in the Southern Thailand during
dry season. The leaves were washed with tap water, and
dried in an oven (Memmert, Schwabach, Germany) at
50ºC until it reached 10% of moisture content (wet weight
basis). The dried leaves were blended and sieved with a
sieve size of 80 mesh-sized. After that, the leaves powder
were subjected with chloroform using a solid:solvent ratio
of 1:20 (w/v) to remove the chlorophyll, and then stirred
for 30 minutes. The mixture was filtered using a Whatman
filter paper No.1 in a vacuum condition in the fume hood.
The treatments with chloroform and filtration were
subjected two times. The residues were dried using oven
at 105ºC at 1 hour.
The dried leaves powder was dissolved in 60%, ethanol
concentrations with a solid:solvent ratio of 1:10 (w/v) at
room temperature 25°C using a magnetic stirrer (IKAWerke, Staufen, Germany) for 5 minutes and subjected
for ultrasonic-assisted extraction using sonotrode
(Hielscher UIP 1000 hd, France) with different time (10,
20, and 30) minutes and amplitude (50% and 70%). The
mixtures were centrifuged (Beckman Coulter, Avanti J-E
Centrifuge, Beckman Coulter, Inc., Palo Alto, CA, USA)
for 10 min with 5000xg rotation speed at 25ºc then filtered
using Whatman filter paper No.1. The filtrate was
evaporated at 40ºC using EYELA rotary evaporator
(Tokyo Rikakikai, Tokyo, Japan).
The extract was freeze dried using a Scanvac Model
Coolsafe 55 freeze dryer (Coolsafe, Lynge, Denmark).
The dried extracts were powdered using a mortar and
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pestle then were prepared using 60%, ethanol. The
powder was kept in an amber bottle and stored in
dessicator until prior to analyze. Total phenolic content
(TPC) and antioxidant activity (DPPH, FRAP, and metal
ions chelating activity) were determined.
Total phenolic content
Total phenolic content were determined by colorimetric
method of Folin-Ciocalteu reagent (Slinkard and
Singleton, 1997). Phenolic compounds in plant extracts
react with Folin-Ciocalteu reagent to form blue complex
from yellow under alkaline condition that can be
quantified by visible-light spectrophotometry. The melinjo
extract from different ethanol concentration were diluted
10-folded. An aliquot of
μL was mixed with .7 mL
of Folin-Ciocalteau reagent, which was pre-diluted 10fold with distilled water. After 3 minute, the mixture was
added with 0.75 mL of 6% (v/v) sodium carbonate then
mixed vigorously using a vortex mixer and allowed to
stand for 1 h at room temperature. The absorbance at
760 nm was read using UV-1800 spectrophotometer
(Shimadzu, Kyoto, Japan). Standard solutions of gallic
acid (0-600 ppm) were used for standard curve
preparation. The phenolic content was expressed as mg
gallic acid equivalents per gram dry weight of melinjo
leaves extract (Rodrigues and Pinto, 2007).
DPPH radical scavenging activity
DPPH radical scavenging activity was determined as
method described by (Binsan, et al., 2008) with a slight
modification. DPPH (1,1-diphenyl-2-picrylhydrazyl) was a
stable free radical compound with violet color due to the
unpaired nitrogen electron. After reaction with oxygen
atom of a radical scavenger, the reduced DPPH formed
yellow in color. An aliquot of 0.5 mL of DPPH in 95%
ethanol was added with 0.5 mL of pre-diluted melinjo
leave extract in 100-fold times with distilled water. The
solution was then mixed vigorously using a vortex mixer
and allowed to stand at room temperature in the dark for
30 minutes.
The color change can be monitored from absorbance of
the
resulting
solution
at
517
nm
using
a
spectrophotometer. Sample blank was prepared in the
same manner except that ethanol was used instead of
DPPH solution. The standard curve of Trolox (60–600
μM) was re ared in the same manner. The acti it was
expressed as micromole Trolox equivalent (TE) per gram
of dry melinjo leaves extract.
Ferric reducing assay power (FRAP)
Ferric reducing antioxidant power (FRAP) was
determined as described by (Benzie and Strain, 1996)
with a slight modification. It is a method to measure the
reducing ability of the Fe3+ to Fe2+ transformation. The
reducing capacity of a compound may serve as a
significant indicator of its potential antioxidant activity in
secondary mechanism of antioxidant. The color changing
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from reduction of a ferric tripyridyltriazine (TPTZ) complex
to ferrous-(2,4,6-trpyridyl-s-triazine)2 from brown to violet
can be observed by measuring absorbance at 593 nm.
An aliquot of 2.85 ml of freshly prepared FRAP solution
2.85 ml (2.5 ml of a 10 mM TPTZ solution in 40 mM HCl,
2.5 mL of 20 mM FeCl3.6H2O solution, and 25 mL of 300
mM acetate buffer, pH 3.6) was incubated at 37 °C for 30
min efore mixin with
μL of sam le.
The mixture was allowed to react in the dark at room
temperature with melinjo leaves extract prior pre-diluted
100-folded times by distilled water. Absorbance at 593
nm was measured after 30 minutes of reaction. Sample
blank was prepared by substituting FeCl3 with distilled
water from the FRAP solution. The standard curve of
Trolox (60–6
μM) was re ared in the same manner.
FRAP was expressed as micromole TE per gram of dry
extract.
Metal ions chelating activity
The chelating activity on Fe2+ of sample was determined
using the method of Decker and Welch (1990). Ferrous
iron (Fe2+) can initiate lipid peroxidation by the fenton
reaction as well as accelerating peroxidation by
decomposing lipid hydroperoxides into peroxyl and
alkoxyl radicals.
Ferrozine can form complexes with ferrous ions. In the
presence of chelating agents, the complex formation in
magenta is interrupted and as a result, the red color of
the complex is decreased. Thus, the chelating effect of
the coexisting chelator can be determined by measuring
the rate of color reduction (Nagulendran, et.al., 2007).
One millilitre of sample solution was mixed with 3.7 ml of
distilled water. The mixture was then reacted with 0.1 ml
of 2 mM FeCl2 and 0.2 ml of 5 mM ferrozine for 20
minutes at room temperature.
Preparation of beef patties using Gnetum gnemon
mature leaf extract and MAP
Beef briskets were purchased fresh from a local market
(Hat Yai, Thailand). The beef meats were cut in small
cubes and ground separately using a meat grinder
(National Model MK-5080M, Selangor, Malaysia) for 2
minutes. Bastos, et al., (2014) formulation of beef patties
was followed with slight modification. The beef patties
were prepared by mixing 88% of lean meat of beef,
10.5% cold mineral water, 1.5% iodized salt, and 0.1%
antioxidant. After mixing, the meat was formed using a
beef patties former (Italmans, Italy) and placed on oven
trays prior to be cooked.
The 50 g of beef patties were divided into control beef
patty (without additive mixture using only ethanol 60% as
extract solvent), beef patty with added 200 ppm and 400
ppm of melinjo mature leaf extract, and 200 ppm of
butylated hydroxytoluene (BHT). The beef patties were
pre-cooked at 130ºC by heat in an oven cooker (FM 2011
E3, Forno Misto, Italy).
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The patties were cooled in a room temperature (25ºC) for
10 minutes. A patty was placed on a polystyrene tray (15
x 25 cm) and the trays were sealed with nylon bags with
low gas permeabiality (O2 transmission rate = 3-6 cm3 m2 day-1 at 4.4 ºC, 1 atm pressure and 0% relative
humidity) using modified atmosphere packaging machine
Henkovac type 1000 (Tecnovac, Italy). The trays were
filled with either 30% CO2+70% N2 or air with nylon bag/
gas ratio of 1:2 (v/v). The samples were stored at 4ºC
incubator and removed for chemical and microbiological
analysis every 2 days up to 8 days.
Thiobarbituric acid reactive substances (TBARS)
The control was prepared in the same manner except that
distilled water was used instead of the sample. A
standard curve was prepared using EDTA. The activity
was ex ressed as μmol EDTA equi alent (EDTA)/
extract. All samples were analyzed in three replications.
Determination of TBARS was determined as described by
(Benjakul, et. al., 2009) with modification. The sample
(0.5 g) was homogenized with 2.5 ml of solution
containing 1.875% thiobarbituric acid (w/v), 25%
trichloroacetic acid (w/v) and 0.124 M HCl. The mixture
was heated in a boiling water bath (95-100oC) for 10 min
to develop a pink color then cooled with running water.
Centrifugation at 5000 RCF at 25ºC for 5 min was
conducted to the mixture. The absorbance of supernatant
was measured at 532 nm. A standard curve was made
using 1,1,3,3-tetramethoxypropane at the concentrations
ranging from 0 to 6 ppm. TBARS was expressed as mg
malondialdehyde/kg sample.

(0,85%) for microbiological analysis. Mesophilic or total
viable count (TVC) and psychrophilic bacterial counts
(PBC) were determined by plate count agar (PCA) with
the incubation at 35oC for 2 days (Hasegawa, 1987) and
7o C for 7 days (Cousin et. al., 1992), respectively.
Microbial counts were expressed as log cfu/g.
Statistical analysis
All data were subjected to analysis of variance (ANOVA)
and mean comparison of means was carried out by
Duncan’s multi le ran e test (Steel and Torrie, 1980).
Analysis was performed using the SPSS 20.0 package
(SPSS for windows, SPSS Inc., Chicago, IL, USA). The
p-value of the data < 0.05 were considered having
statistically significant differences.

Results and Discussion
Total phenolic content
The total phenolic content among all samples subjected
with different time and amplitude during ultrasonicassisted extraction were determined by Folin-Ciocalteau
reagent thus the total phenolic compounds in extract
could be estimated. Phenolic compounds such as
flavonoid, tannins, and saponin had hydroxyl functional
group which act as free radical terminators (Maqsood, et
al., 2013). The total phenolic contents which responsible
for antioxidant effect in Gnetum gnemon mature leaf
extracts were presented in Table 7 below.
Table 1. Total phenolic content of 60% ethanol Gnetum gnemon mature leaf
extract in ultrasonic-assisted extraction

Peroxide value (PV)
Peroxide value was determined as per the method of
(Richards and Hultin, 2002) with a slight modification.
Ground sample (1 g) was homogenized at a speed of
13,500 rpm for 2 min in 11 ml of chloroform/methanol (2:1
v/v). Homogenate was filtered using Whatman No.1 filter
paper. Two mililiter of 0.5% NaCl was then added to 7 ml
of the filtrate. The mixture was vortexed at a moderate
speed for 30 s and then centrifuged at 3,000 RCF for 3
min to separate the sample into two phases. Two mililiter
of cold chloroform/methanol (2:1) were added to 3 ml of
the lower phase. Twenty five microliter of ammonium
thiocyanate and 25 microliter of iron (II) chloride were
added to the mixture (Shantha and Decker, 1994).
Reaction mixture was allowed to stand for 20 minutes at
room temperature prior to reading the absorbance at 500
nm. A standard curve was prepared using cumene
hydroperoxide at a concentration range of 0.5 - 2 ppm.

Table 2. DPPH radical scavenging activity of 60% ethanol Gnetum gnemon
mature leaf extract in ultrasonic-assisted extraction

Microbiological analysis
Beef patties (25 g) were collected aseptically in a
stomacher bag and 10 volumes of sterile saline solution
(0.85 g/100 ml) were added. After homogenizing in a
stomacher blender M400 (Seward, UK) for 1 min, a series
of 10-fold dilutions was made using normal saline solution
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Table 3. Ferric reducing assay power of 60% ethanol Gnetum gnemon mature
leaf extract in ultrasonic-assisted extraction

Table 4. Metal ions chelating activity of 60% ethanol Gnetum gnemon mature
leaf extract in ultrasonic-assisted extraction

Fig. 3. Graph of TVC of pre-cooked beef patties

The highest total phenolic content of melinjo leaves
extract was showed by ultra-sound assisted extraction
within 20 minutes and 70% amplitude. Chotphruethipong,
Benjakul, and Kijroongrojan (2017) studied the effect of
ultra-sonic assisted extraction of young cashew leaves
and resulted in same parameter of time (20 minutes) and
amplitude (70%) by response surface methodology.
There were statistical differences between samples with
the same level of time elapsed during extraction but
higher amplitude, yielded in higher total phenolic contents
(p< 0.05).
Table 5. Peroxide value (PV) of pre-cooked beef patties with different
treatments during 8 days refrigerated storage

Fig. 1. Graph of PBC of pre-cooked beef patties

Fig. 2. Graph of TBARS value of pre-cooked beef patties
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a-f Values within each column with different superscripts are significantly
different (p<0.05); A-E Values within each row with different superscripts
are significantly different (p<0.05)
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Table 6. Thiobarbituric acid reactive (TBARS) value of pre-cooked beef patties
with different treatments during 8 days refrigerated storage

same level of amplitude used (p > 0.05). This was mainly
caused by the longer time in extraction yielded in feedback results. Such results were happened due to the
destruction because of heat generated during extraction
for longer exposure of time and vibrations thus disrupted
the labile phenolic compounds inside the extract (Ammar,
et. al., 2016).
DPPH radical scavenging activity
The DPPH radical scavenging activity among all samples
subjected with different time and amplitude during
ultrasonic-assisted extraction were determined. The
results of DPPH radical scavenging activity from all
samples were showed in Table 8 below.
Table 8. Log Value of Psychrophilic Bacterial Count (PBC) of Pre-cooked Beef
Patties with Different Treatments during 8 Days Refrigerated Storage

a-f Values within each column with different superscripts are significantly
different (p<0.05); A-E Values within each row with different superscripts
are significantly different (p<0.05)
Table 7. Log value of total viable counts (TVC) of pre-cooked beef patties with
different treatments during 8 days refrigerated storage

Values within each column with different superscripts are significantly
different (p<0.05); A-E Values within each row with different superscripts
are significantly different (p<0.05)

Values within each column with different superscripts are significantly
different (p<0.05); A-E Values within each row with different superscripts
are significantly different (p<0.05)

The main reason why the ultrasonic-assisted extract was
higher than conventional extraction was because
ultrasound waves created during ultrasonic-assisted
extraction disrupted the plant cell walls, creating
cavitations in the plant cells so the solvent penetration
towards the cells were improved and enhanced the mass
transfer of phenolic compounds across cell membrane
(Hossain, et al., 2012). Additionally, the results also
showed that there were no statistical differences between
samples extracted within 10 minutes and 30 minutes at
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The highest radical scavenging activity of melinjo leaf
extract was showed by sonication within 20 minutes with
70% amplitude and proved to be responsible to the
increments of antioxidant activity of plants compared to
the conventional extraction. The same trend of the results
was showed with total phenolic contents and both of them
had the similar correation. The results were in agreement
with Ammar, et. al. (2016) that the highest total phenolic
contents and DPPH free-radical scavenging rate was
showed at the same level of amplitude which was 70%
amplitude.
Increasing amplitudes and times affected the higher
temperature might be produced during extraction due to
an increase of molecular movements. At this stage, there
would be some chance that accelerated the extraction of
phenolic compounds from plant cells. However, there was
also a possibility that elevated temperature would lead to
the denaturation of thermo-sensitive antioxidants, thus
optimum parameters of ultra-sonic assisted extraction
must be determined. In addition, higher amplitudes also
might cause the collapse of bubbles in the samples, thus
the time was not sufficient enough for cavitation bubbles
extracting all the target compounds (Chang, et al., 2015).
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Ferric reducing assay power (FRAP)
The reducing antioxidant activity of Gnetum gnemon
mature leaf extracts from different parameter used during
ultrasonic-assisted extraction was shown in Table 3
below.
FRAP assay is a method used to determine the
antioxidant activity of sample based on secondary
antioxidant mechanisms which is on electron transfer
reaction (Huang, et. al., 2005). The other previous studies
also reported that the reducing power of antioxidant in
natural source might serve as a significant indicator of
potential antioxidant activity because the antioxidant
activity had been proposed to be related to reducing
power. Halvorsen, et. al. (2006) showed that most of the
secondary metabolites in various food product samples
were redox-active compounds that detected from FRAP
assay.
The reducing properties was based on electron donation
that responsible in the reduction of Fe3+ into Fe2+ called
reductones. They exerted secondary antioxidant
mechanisms by breaking the free-radical chain. Statistical
analysis was conducted and showed that treatment within
20 minute extraction using either 50% or 70% amplitude
were remained the highest ferric reducing assay power
among all the others.
The extraction yields of FRAP by higher extraction time
and amplitude were remained to be the lowest among all
samples. Longer times accounted for more energy
created from the vibration and heat during ultrasonicassisted extraction from the phenolic compounds
extracted and might disrupted the extracted compounds.
The optimum extraction time to achieve the highest FRAP
was at 20 minute, and decreased after.
Metal ions chelating activity
The metal ions chelating activity of Gnetum gnemon
mature leaf extract with ethanol 60% as solvent during
ultrasonic-assisted extractions with different time and
amplitude were showed in Table 4 below. The metal ions
chelating activity was expressed
μmol EDTA
equivalent/g dry extract because EDTA served as
standard chelating agent in this assay.
In the presence of chelating agents or antioxidants from
Gnetum gnemon, the complex formation of ferrozine with
Fe2+ was disrupted and resulting the decreases of purple
color complexes. The highest metal ions chelating activity
of melinjo leaf extract was showed by sonication within 20
minutes with 70% amplitude.
As seen from the Table 4, increasing time and amplitude
yielded in higher metal ions chelating activity and no feedback effect were happened on the highest time (30
minutes) and amplitude used (70% amplitude). These
results were quite different in trends showed compared to
the results of total phenolic contents, DPPH, and FRAP
values. This was mainly caused by the relatively thermostable compounds were being extracted, compared to the
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compounds having role in scavenging and reducing were
more labile.
Peroxide value (PV)
The result of peroxide value (PV) determination of
refrigerated beef patties with different treatments in
addition of extracts and packaging were represented in
Table 5 and Fig. 1 below.
There were 8 different treatments in total applied in
refrigerated pre-cooked beef patties which were: 1)
control/no additives and stored in air; 2) control/no
additives and stored in MAP; 3) BHT 200 ppm and stored
in air; 4) BHT 200 ppm and stored in MAP; 5) Melinjo leaf
extract (MLE) 200 ppm and stored in air; 6) Melinjo leaf
extract (MLE) 200 ppm and stored in MAP; 7) Melinjo leaf
extract (MLE) 400 ppm and stored in air; 8) Melinjo leaf
extract (MLE) 400 ppm and stored in MAP.
The levels of primary oxidation products in the lipid
fraction of the beef patties during the 8-day storage
period represented by the peroxide value. The peroxide
value of same sample during each days are significantly
different (p< 0.05) due to oxidation process were
occurring. This happened due to internal oxygen absence
inside the meat system.
During the same day of the storage, on the starting day
there was no significant difference among the samples (p
> 0.05) due the absence of oxidation stability of beef
patties. However, PV of beef patties were increased
during storage time and reached to the highest values
after 8 days of storage with significant increases (p<
0.05). At the same level of extract used compared to BHT
showed that there was comparable efficacy in retardation
of lipid oxidation as exhibited by the similar PV (p< 0.05).
Moreover, MLE 400 ppm at the same packaging condition
exhibited lower PV compared to all samples. This result
showed that MLE possessed radical scavenging
antioxidant activity in order to inhibit primary oxidation in
beef patties. In different packaging condition at same
level of extract used, there was significant difference
among the samples (p< 0.05). This result was in
agreement with (Kang, et al., 2013) which MAP
successfully retarded the lipid oxidation in beef patties.
Among all of the samples treated, M400M peroxide value
was remained the lowest up to the 8 day of refrigerated
storage.
Thiobarbituric acid reactive substances (TBARS)
value
The result of TBARS value determination from all
samples during 8-days refrigerated storage are
represented in Table 6 and Fig. 2 below. There were 8
different treatments in total applied in refrigerated precooked beef patties which were: 1) control/no additives
and stored in air; 2) control/no additives and stored in
MAP; 3) BHT 200 ppm and stored in air; 4) BHT 200 ppm
and stored in MAP; 5) Melinjo leaf extract (MLE) 200 ppm
and stored in air; 6) Melinjo leaf extract (MLE) 200 ppm
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and stored in MAP; 7) Melinjo leaf extract (MLE) 400 ppm
and stored in air; 8) Melinjo leaf extract (MLE) 400 ppm
and stored in MAP. Each of them were referred as CA,
CM, BA, BM, M200A, M200M, M400A, and M400M
respectively.
During the same day of the storage, on the starting day
there was no significant differences among the samples
(p > 0.05) due the absence secondary oxidation products
formation However, as increasing time of the storage,
there were significant differences among the samples on
the same treatment (p< 0.05). These occurrences
exhibited increasing level of TBARS value each 2 days of
analysis as effects of rapid auto-oxidation in beef patties.
No additives patties in air packaging exhibited the highest
increases of TBARS value and significantly difference
from all samples that treated with additives of extract or
BHT and MAP (p< 0.05). This showed that both additives
and MAP were having their role to inhibit the lipid
oxidation of refrigerated beef patties during storage.
Addition of the same level of extract used compared to
BHT showed that there were similar results in retardation
of lipid oxidation as exhibited by the similar TBARS value
(p< 0.05). In addition, the highest level of extract used
under the same packaging condition exhibited lower
TBARS compared to all samples.
However, beef patties packed inside the MAP packaging
with absence of oxygen were reported to experienced
lipid oxidation during increasing time (p< 0.05). This was
happening due to the oxygen trapped inside the beef
patties when preparation such as grinding, and cooking,
thus providing internal pro-oxidant substances inside the
meat system then accelerating the increases of TBARS
value.
The addition of MLE was successfully retard the
secondary oxidation of beef patties during refrigerated
storage because it has reducing and chelating
mechanism of oxidation. Campo, et al., (2006) reported
that TBARS value within 0.002 mg MDA/ kg could be
considered as the limiting threshold of acceptability of
oxidized beef products. That condition could be achieved
within M400M treatment up to 8 days, however several
methods must be applied in pre-cooked beef patties to
ensure its quality preservation during storage. The lowest
TBARS values in pre-cooked beef patties during
refrigerated storage was showed in M400M up to 8 days.
Total viable count (TVC)
The microbiological growth of refrigerated beef patties
with different treatments were examined by total viable
count (TVC) to determine the aerobic and mesophyll
bacterial that causing spoilage in meat products. TVC are
often used as microbiological analysis of food product to
determine the shelf-life due to microbial spoilage. The
values were represented by log value in Table 7 and Fig.
3 below.
It was observed that the TVC of all samples were
increased with increasing time of storage at 4 oC (p<
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0.05). The TVC of CA and BA beef patties increased
rapidly from an initial value of 104 to more than 108 CFU/
g within 8 days of storage and was generally higher than
that CM (p< 0.05). The similar log value showed by
sample without addition of extract and addition of BHT as
indicated by the p-value was happened due to absence of
anti-microbial properties in the beef patties system, thus
accelerating the microbial growth. This results also
showed that the beef patties during storage without
addition of extracts and/or packaging with MAP had
highest microbial growth among all samples (p< 0.05).
However, the addition of extracts and/or MAP showed
retardation of microbial growth during 8-days storage.
According to FDA, the amount of TVC allowed in
refrigerated pre-cooked beef patties are log values of 6 or
106 CFU/g. Among all samples, the addition of extract
individually in concentration of 400 ppm successfully
retard the microbial growth up to 8 days (p<0.05).
In contrast with the control, maximum viable counts of
samples packaged under MAP conditions were typically
below 106 CFU/ g and remained at this level for 1 week.
The lower TVC indicated that CO 2 at just 30%
concentration was sufficient to retard the growth of
bacteria. According to a microbiological acceptability limit
of 106 CFU/g for aerobic plate count (Food and Drug
Administration, 2013), the shelf-life of samples stored in
air and MAP was estimated to be 6 and 8 days
respectively. This happened due to presence of carbonic
acid inside the meat system produced by the presence of
CO2 in the food packaging system which exhibited
antimicrobial properties (Maqsood et al., 2013).
Meanwhile, addition of extract at same packaging
condition was also successfully retarded the growth of
mesophillic bacteria. Addition of MLE 200 ppm showed
quite satisfactory retardation of microbial growth about 1
log in 2 days. The lowest microbial growth was showed
on M400M treatment. This result showed that Gnetum
gnemon mature leaves extract within 400 ppm possessed
antimicrobial activity in conjunction with MAP condition.
Psychrophilic bacterial count (PBC)
The microbiological growth of refrigerated beef patties
with different treatments were examined by psychrophilic
bacterial count (PBC) to determine the aerobic and
psychrophilic bacterial that causing spoilage in meat
products. The values were represented by log value in
Table 8 and Fig. 4 below.
The psychrophilic bacterial count (PBC) of all samples
were increased with increaing time of storage at 4 oC (p<
0.05), the same trend was produced compared to TVC
(Fig. 11). The PBC of CA beef patties increased rapidly
from an initial value of 104 to more than 108 CFU/ g within
8 days of storage and was generally higher than that CM
(p< 0.05). The lower PBC showed that CO 2 at just 30%
concentration was sufficient to retard the growth of
psychrophylic bacteria. There was no significant
differences between control and addition of BHT at the
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same packaging conditions due BHT was acting only as
antioxidant, not antimicrobial agent. However, MLE
showed both activities at both 200 ppm and 400 ppm
extract used.
In different treatment, MLE at same packaging condition
successfully retarded the growth of mesophilic bacteria.
Addition of MLE 200 ppm showed quite satisfactory
retardation of microbial growth about 1 log in 2 days. The
lowest microbial growth was showed on M400M
treatment. This result showed that Gnetum gnemon
mature leaves extract within 400 ppm possessed
antimicrobial activity in conjunction with MAP condition.
According to a microbiological acceptability limit of 106
CFU/g for aerobic plate count (Food and Drug
Administration, 2013), the shelf-life of samples stored in
air and MAP was estimated to be 4 and 8 days
respectively. Lastly, individual addition of MLE 400 ppm
was sufficient to prolong the shelf-life of refrigerated beef
patties up to 8 days from control which only 4 days.

Conclusions
Gnetum gnemon mature leaves extract possessed high
total phenolic content and antioxidant activity due to
appropriate ethanol concentration used (60% v/v) and
enhancement of them through ultrasonic-assisted
extraction at optimum parameters (20 minute and 70%
amplitude). Gnetum gnemon leaves extract (200 ppm)
showed the comparable efficacy in retardation of lipid
oxidation to BHT at same level as indicated by similar PV
and TBARS value (p>0.05) of beef patties during
refrigerated storage. At the same level of extract used,
patties packaged under modified atmosphere packaging
(MAP) (30% CO2/70% N2) showed the lowest lipid
oxidation and microbial growth than those packaged in
air. The increment of PV, TBARS value, TVC, and PBC of
patties stored under MAP in combination with Gnetum
gnemon leaves extract (400 ppm) were retarded and the
value of all quality indices remained the lowest among
other treatments up to 8 days of refrigerated storage
(p<0.05), and it was the best treatment instead of others.
Thus, Gnetum gnemon mature leaves could be utilized as
natural antioxidant and natural anti-microbial agent in precooked beef patties during refrigerated storage in
conjunction with MAP.
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