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ABSTRACT

This investigation was carried out to extrgetlow pigment from powder of turmericCgrcuma longa)
rhizomes by using acetone and hexane solventsv(2)3 Then, concentrated the oleoresin-containiolyest
(yellow pigment extract) for development of bottulid to obtain water-soluble andsaluble yellow
pigment color. Moreover, evaluate the preservadivédxidant activity of oil-soluble yellow pigmerdt
concentrations 0.5, 0.1 and 0.2% (w/w) in soybeibafter accelerated oxidation at 65°C for 7 dagspared
with soy bean oil free from antioxidant (contraljith 0.02% butylated hydroxytoluene (BHT) (synthetic
antioxidant). In addition, use of sensory evaluatio select the best ratio of water-soluble yelijpgment at
ratios 0, 1, 3 and 5% (w/w) to blend with chickeredst fillet samples for improving the color, flavand
appearance. Then, the results of sensory evalustiowed that the ratio of 3% (w/w) of water-solulédiow
pigment was the best ratio to blend with chickeealt fillet samples. Thus, based on the resultsenfory
evaluation the effects of combined treatment ofewabluble yellow pigment at ratio 3% (w/w) as matu
colorant, antimicrobial and antioxidant and gammadiation at dose levels of 1, 3 and 5 kGy on the
microbiological, chemical and sensory charactesstf chicken breast fillet samples during coldrage
(4£1°C) to extend the shelf-life of chicken brefiftts were investigated. The results revealed tha addition
of 0.2% oil-soluble yellow pigmentaused detectable increments in the oxidative Igtalof soy bean oil
compared with control and other treatments undeestigation. On the other hand, the sensory evalatf
chicken breast fillets samples blended with diffématios from water-soluble yellow pigment (0,3Land 5%
w/w) extracted from turmeric powder as natural famdorant was carried out firstly to select the thesio
improved the color, flavor and appearance. Thelteguesented that ratio of 3% water-soluble yelfmgment
were selected for improving color, flavor and appeae compared with the other ratios (1 and 5%#. fEisults
showed that the ratio of 3% of water-soluble yellpigment reduced the total bacterial count, Psyutitic
bacteria, lactic acid bacteria, enterobacteriacedal, molds and yeastStaphyl ococcus aureus, Bacillus cereus,
Enterococccus faecalis andSalmonella spp, was not detected in all treated samples., Alself-life periods were
increased 39 days for chicken breast fillet sampleated by 3% water-soluble yellow pigment and igam
radiation at dose level of 5 kGy. Thus, these tesiliustrate that yellow pigment extracted fronrnteric
rhizomes exhibit strong antioxidant and antimicebbactivities. Therefore the use of these yellognmnt
extracts in food is recommended to suppress lipidation and may be useful as natural food colosnrd
preservative and an alternative to synthetic dgasdre harmful to health effects.
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INTRODUCTION

Color is one of the most important sensorylitiga as it helps us to accept or reject particfitedod items.
Color is important in consumer perception of food & is often associated with a specific flavond antensity
of flavor. Color is used to add or restore coloraofood in order to enhance its visual appeal anchatch
consumer expectations (Saltmarsh, 2000). Presdhdye is an increased global trend towards ushgetaral
colours in food, pharmaceutical and personal cagdeistries. Much awareness is created amongst cemnsum
regarding natural products and adopting a moreralavay of life. Currently, people prefer naturabtl, herbal
medicines, natural curing practices and even ocgdaiming i.e. without using chemical fertilizersica
pesticides. This is mostly due to the rampant dsgyothetic chemicals, colors, and derived prodtictd has
lead to various human health hazards. Due to thierad effect of synthetic dyes, all countries hanagle strict
regulations about the permitted colors to be usdo@d additives (Kappor, 2006).

Consumers are avoiding foods containing syittte®lourants, which lead food industries to repléhem by
natural pigments. Food colorants may be classifigd synthetic, nature-identical, inorganic and unal
colorants. Natural colorants for food are made fremewable sources. Most often, the colorants siracted
from plant material, but other sources such asissalgae and fungi are used as well (Aberoum2@d]). The
advantages of using natural colorants are manf@sdre eco-friendly, safe for body contact, unsimated
and harmonized with nature, obtained from renewablérces and also their preparation involves amim
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possibility of chemical reactions. Generally natulges do not cause health hazards; on the conttaey
sometimes act as a health cures like turmeric amétto etc. Furthermore, the use of natural dyésroho
disposal problems (Kumar and Sinha, 2004).

Turmeric Curcuma longa) rhizome, an important tropical spice, which isnamber of the ginger family
Zingiberaceae (Aggarwal et al., 2005). The rhizowfesirmeric provide a yellow, flavorful powder wheried
and ground and have long been used in Chinese mesli¢Joshi et al. 2009). Turmeric has also agdhct
considerable attention over the years due to isinghe food industry as a coloring agent (Aggaretaal.
2003). Unlike synthetic dyes such as tartrazine aarmoisine that may impair liver function and @us
oxidative stress, many natural pigments are usédmy as food coloring, but also as a substanaephomotes
health and well being by preventing or even heatiisgases (Amin et al. 2010).

Turmeric Curcuma longa) is a spice commonly used to impart yellow colbhausehold level, mostly for
spicy preparation, however its direct use for svpgetlucts is mostly limited due to its typical ftavand taste.
Turmeric and its extract have various beneficifé@s on human health (Nishiyama et al. 2005). Quin, the
major coloring principal present in turmeric, cam dxtracted and used as a natural food color. Thigseents
can be used as food coloring and flavoring agemtthé food industry as substitutes for synthetiesdiike
tartrazin (Govindarajan, 1980). Turmeric owes haracteristic yellow color to three major pigmersicumin
(50-60%), demethoxy curcumin (20-30%) and bis damet curcumin (7-20%) (Khurana and Ho, 1988). All
these curcuminoids are known to have antioxidativities (Toda et al. 1985). Some pigments canaadboth a
colorant and a preservative for food. Amongst thesecumin is an important natural colorant usedoiod,
which has a wide range of pharmacological actisi{f@ampathu et al. 2000). It has anti-microbisd& against
many microorganisms, especially agaiBatillus subtilis, Escherichia coli and Staphylococcus aureus (Egan et
al., 2004). Moreover, it can inhibit the growth Bdcillus typhi, andBacillus dysenteriae. Free curcumin has a
good preservation effect on cooked mutton, breadb&an curd (Liang et al. 2007).

Thus, The objective of this study was carread to extract of yellow pigment from turmeric zbimes
(powder form) by using acetone and hexane solvéh v/v). Then, concentrated the oleoresin-coimgin
solvent (yellow pigment extract) for developmentbaith liquid to obtain water-soluble and oil-sokitylellow
pigment color. In addition to evaluate the preséwvesantioxidant activity of oil-soluble yellow pigent in
soybean oil after accelerated oxidation at 65°Creduwer, the results of sensory evaluation showatlttte ratio
of 3% (w/w) of water-soluble yellow pigment was thest ratio to blend with chicken breast fillet gdes. So,
based on the results of sensory evaluation thetsffef combined treatment of water-soluble yelldgngent at
ratio 3% (w/w) as natural colorant, antimicrobialdaantioxidant and gamma irradiation at dose lewél§, 3
and 5 kGy on the microbiological, chemical and sensharacteristics of chicken breast fillet sarapdieiring
cold storage (4+1°C) to extend the shelf-life oickkn breast fillets were investigated.

MATERIALS & METHODS
Turmeric rhizome samples

The dried rhizome of turmeric procured from locadrket were cleaned were cleaned and ground to fine
powder.

Chicken breast fillets

Deboned chicken breast fillets of freshly slaugidecarcasses were purchased from EL-Sharkia Poultry
Company at Bilbies City, Sharkia Governorate, Egypt
Preparation of yellow pigment (water-soluble and disoluble yellow pigment) extract from turmeric

powder samples.

The samples of dry turmeric were extracted usirggaae and hexane (2:3 v/v) (AOAC, 2000)e
oleoresin-containing solvent (yellow pigment extfagere concentrated by rotary evaporate under wacat
40°C and placed in a glass bottle and stored atutiCused. Then, the water-soluble turmeric y@llmigment
or the liquid color was developed from oleoresifi (BL concentrate) by adding 10 mL of polysorbatedén
80) followed by mixing in mixer for 2 min. The abluble turmeric yellow pigment in petroleum etlzerd
hence used for crystallisation. To 50 mL of conet oleoresin in alcohol 100 mL of petroleum etvas
slowly added and vertexed manually for 10 min aedit stand for 30 min. The top layer was decanted,
concentrated under vacuum at 40°C and placed lasa gottle and stored at 4°C until used (Joshl.€x009).

Soy bean oil (Refined and free from artificial antoxidants) was purchased from Arma for food industry Co.,
10" of Ramadan and butylated hydroxytoluene (BHT) agrihetic antioxidant, was purchased from Naarden
International Company.
Oven test
The oven test method suggested by Cocks and Rea6)(1
Peroxide value

Peroxide value was determined according to tethoa described in the A.O.C.S. (1993).
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Thiobarbaturic acid value (TBA)

Thiobarbaturic acid values were carried out acewydd the described by Ottolenghi (1959).
Preparation of chicken breast fillets blended withwater-soluble turmeric yellow pigment

Samples of chicken breast fillets blended with best ratio of water-soluble yellow pigment §3%he
samples were packaged in tightly sealed polyetylgsuches (100+2g) and divided into four groups, fitst
used was control, second was treated samplesiatafaB% water- soluble yellow pigment, third irfatéd
samples at dose levels of 0, 1, 3 and 5 kGy, fauedted samples with 3% of water-slouble yellognpént and
irradiated at dose levels of 1, 3 and 5 kGy. Ttahsamples were stored at cold storage (4+1°Ckxérsory
evaluation.

Irradiation Treatments:

For irradiation treatments, all chicken bredksts groups were exposed to gamma irradiatiodceses of 1, 3
and 5 kGy using an experiment&Co Russian gamma chamber, in Cyclotron Project/édundResearch Center,
Atomic Energy Authority, Abou Zaabal, Egypt. Afteradiation, all samples were subjected to analysis
Sensory Evaluation

Irradiated and non-irradiated prepared chickesast fillets samples were periodically examifedery 3
days) for their appearance, texture and odor peatrhents and during cold storage at 4+1°C to ohterthe
shelf-life of the samples. The panel consistedeafhembers from our laboratory and scores werdrnmutaas
described by Wierbicki (1985) by rating the aboweliy characteristics using the following ratingake: 9=
Excellent, 8= Very good, 7= Good, 6= Below Goodabéair, 5= Fair, 4= Below fair-above poor, 3= Po#«
Very poor and 1= Extremely poor.

Microbiological Analysis:

Colony forming units for total bacterial cowvkere counted by plating on plate count agar medanu
incubation at 3% for 3-5 days(APHA, 1992). Lactic acid bacteriareveounted by the pour plate over layer
method on MRS medium Oxoid manual (1982). Entertaeceae were counted on violet red bile glucagse a
medium after incubation for 20-24 h at°G7Roberts et al., (1995).Total molds and yeastsveeunted on
oxytetracycline glucose yeast extract agar medigcoraing to Oxoid manual (1998),then the platesewer
incubated at Z& for 3-5 daysSaphylococcus aureus was counted using Baird—Parker medium after inmba
at 35C for 24-48 h Oxoid manual (1998nterococcus faecalis was counted on kanamycin aesculine azide
agar medium using surface plating technique andbiaiton at 35°C for 16 - 24 h according to the @xoanual
(1998). Colonies were considered Esterococcus faecalis if they were porcelain white and surrounded by a
black zone.Bacillus cereus was counted using Mannitol-egg Yolk-Polymyxin (MYByar and incubated at
37°C for 16-24 hours as described by Roberts g{1#195). The detection @almonella was carried out using
the most probable number technique. After enrichnar87C for 24 h in selenite broth, the cultures were
streaked on Brilliant green agar and incubated73€ 3or 24 h, then colonies were biochemically exasdim
triple sugar iron agar (I0S, 1978).

Chemical Analysis
Total volatile basic nitrogen (TVBN) was detémed as described by Mwansyemela, (1992).
Measurement of lipid peroxidation:

Thiobarbaturic acid value (TBARS)

2-thiobarbituric acidreacting substances (TBARSues of the raw ground and cooked meat. The values
were expressed as mg malonaldehyde/kg of sampéemiEtthods described by Koniecko (1979)

Statistical Analysis

The obtained data were exposed to analysisugénce. Duncan's multiple range test at 5% lead used to
compare between means. The analysis was carriedising the PROC ANOVA procedure of Statistical
Analysis System (SAS, 1996).

RESULTS & DISCUSSIONS

Stability of sunflower oil as affected by additionof oil-soluble yellow pigment extracted from turmeic
rhizomes powder

The oxidative stabilities of soy bean oil fieem antioxidant (control), with 0.02% (2@pm) BHT
(synthetic antioxidant), 0.05%, 0.1% and 0.2% dfsoluble yellow pigment extracted from turmeridzdmes
powder. Oven test was used as a rapid method &ztdexidative rancidity from the reaction with aspberic
oxygen, in which one day storage al@®qual to 7 days to accelerate oxidation. Thioktaric acid (TBA) and
Peroxide values (PV) were used to determine theabixie stability.
Peroxide values

The results in Table (1) showed that the effecsyfthetic antioxidant and different concentratiohsoil-
soluble yellow pigment extracted from turmeric drizes powder on peroxide value (meqg/kg) of soy kmhn
stored at 6% for 7 days. The increases of peroxide valuesttaebest predictors of fat deterioration, which
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could be used to monitor the extent of oil spoilafjge oxidation rate of soy bean oil was reduceadying of
oil-soluble yellow pigment extracted from turmeritizomes powder. Inhibition oxidation of oil-solebyellow
pigment extract increased with increasing its catregion in treated soybean oil. Development ofcidity in
soy bean oil was affected by temperature and stotiage. A gradual increase in peroxide value ofited soy
bean oil was observed during storage for 7 daybaC6The peroxide value of control sample increasenh
1.24 to 22.86 after 4 days of storage at 65°C. ddrexide values of oil-soluble yellow pigment extré0.1 and
0.2%) had significantly (higher inhibition of soydn peroxidation than that of synthetic antioxidafthese
concentrations extended the induction period tehre@aperoxide value of 20 meqg/kg in soybean oilenridsted
conditions (65°C) over 7 days and BHT 5 days. Hawethere was no distinct difference between syitthe
antioxidants (BHT) and oil-soluble yellow pigmenttracts 0.05 and 0.1% in inhibition of soy bean oil
peroxidation. Maillard et al. (1996) mentioned tiphienolic compounds are known to act as antioxglaot
only due to their ability to donate hydrogen orctlen but also attributed to their stable radicaéimediates,
which prevent the oxidation of various food ingexds particularly fatty acids and oil. The antiadad
mechanism of curcumin is attributed to its unigeajagated structure, which shows typical radicapping
ability as a chain-breaking antioxidant (Chattopaghet al., 2004). Moreover, Khanna (1999) recoritied the
antioxidant property of turmeric was effective irepenting peroxide developments in foods. Alssan and
Mohamed (1999) too reported strong antioxidanwagtby turmeric in butter cakes.

Thiobarbituric acid (TBA) values

The effect of synthetic antioxidant and differenhcentrations of oil-soluble yellow pigment extestfrom
turmeric rhizomes powder on peroxide value (meqtkgdoy bean oil stored at & for 7 days are tabulated in
Table (2). TBA values gradually increased with acréase in storage period for all soy bean oil sesasoy
bean oils treated with antioxidants had lower TB#lues than control. However, the addition of oilubte
yellow pigment extract (0.2%) lowered the final TBAlue after 7 days. TBA measure the formation of
secondary oxidation products, which may contriiatéhe off-flavor of oxidized oil. Duh et al. (19P7eported
that lower TBARS (Thiobarbituric acid-reactive stayges) during accelerated oxidation of soy behat@0C
in the presence of mung bean hulls extract (100)gpan with the same concentration of BHA afterdbds of
storage. Jitendra et al. foun that the peroxidae/alTBA and free fatty acid values were loweduimeric 5000
ppm and highest in nitrite 200 ppm in samples of msinced chicken stored at 4 + 1°C.

Sensory evaluationof chicken breast fillets samples blended with diffrent ratios of water-soluble yellow
pigment extracted from turmeric powder as natural ood colorant

The results in Table (3) obvious the sensorgluation of chicken breast fillets samples blenddth
different ratios from water-soluble yellow pigmei®t, 1, 3 and 5% w/w) extracted from turmeric powdsr
natural food colorant. The data revealed that fileetirt significantly in flavor samples of chickéneast fillets
blended with different ratios from water-solublellge pigment (1, 3 and 5% w/w) compared with cohtro
samples. Moreover, the results showed that nordiftesignificantly in color and appearance of coinand
chicken breast fillets samples blended with rafi@% water-soluble yellow pigment. Also, the ddtasirated
that different significantly in color and appeararsamples of chicken breast fillets blended witfosaof 1 and
5 % water-soluble yellow pigment in comparison weimples of control and chicken breast fillets dézhwith
ratio of 3% water-soluble yellow. On based thesnilte of sensory evaluation, the samples of chidkemast
fillets blended with ratio of 3% water-soluble ymil pigment had high scores and improved the céilror and
appearance compared with treated samples withsrafid and 5% water-soluble yellow pigment. Jitanelr al.
(2012) found that turmeric is a food color; ratliers a functional food additive. This functionaspect of
turmeric use in meat foods merits further research.

Thus, the ratio of 3% water-soluble yellow miant were selected to study the combined effeganfima
irradiation at dose levels of 1, 3 and 5 kGy antioraf 3% water-soluble yellow pigment as naturabd
colorant, antimicrobial antioxidant on the chemicahicrobiological and sensory qualities of chickemreast
fillets samples during cold storage at 4&1

Microbial load

The common causes for spoilage of refrigeratedgssed meat foods are microbiological deterioragiod
lipid oxidation; whereas the major limiting factéor frozen products is lipid oxidation, which majfezt
acceptability of food because of rancidity, andhdy decrease the nutritional value by forming piiéémoxic
products during cooking and processing (Maillarclet1996). The data in Table (4) exhibit that éffects of
combination treatments between gamma irradiatiahtha ratio of 3% water-soluble yellow pigment exted
from turmeric powder on the microbial load in cléokbreast fillets samples during cold storage 4f@+The
samples of chicken breast fillets had initial ceunf 7.1x16, 3.5x1d and 2.3x10 cfu/g for total bacterial
counts, psychrophilic bacteria and lactic acid eaat respectively. The high level for initial bagal counts
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may be due the possible contamination during hagdtirocedures, dividing and packing of chicken srea
fillets samples. Tawfik et al. (2007) reported thahtrol (non irradiated) ready-to-eat cooked limefjer steaks
had initial counts of 8.7 xf@and 4.2 x1Bcfu/g for total bacterial and psychrophilic bacteriespectively.
Mattar and Abdeldaiem (2008) found that chickengkurhad initial counts of 2.6 xi@nd 4.1 x18cfu/g for
total bacterial and lactic acid bacteria, respetyivin addition, Table (4) shows that treatmentloitken breast
fillets with 3% water-soluble yellow pigment exttad from turmeric rhizomes powder reduced sligtttly total
bacterial, psychrophilic bacteria and lactic acidtteria, whereas irradiation exposure of chickexasirfillets to
dose levels of 1, 3 and 5 kGy markedly decreasedtdtal bacterial, psychrophilic bacteria and @etcid
bacteria. Moulds and yeast are widely distributedhie environment and participate as the normatl fibara.
The initial count of total moulds and yeast andeestacteriaceae were 6.5 £a0d 8.5 x18cfu/g, respectively,
in control samples of chicken breast fillets. liedibn of these samples at dose levels of 3 anéG$ ¢taused
decrease in the initial counts of the total mouid geast reached 1.1 XI&nd 4.8 x18cfu/g, respectively, and
there was no colony growth of enterobacteriace@barepost-irradiation nor during cold storage 4t day (end
of the experiment time). In control samples whealtoount was exceed than maximum acceptable lzfvél
x10 cfu/g (Anomymous, 1991), this leads to the rejectid the stored control samples. In the presemystine
control samples were rejected at more than 6 dhgtooage and accept samples treated with 3% vsalable
yellow pigment extracted from turmeric rhizomes pewtill 9 days of storage and 3 and 5 kGy irraztiat
samples till 30 and 39 days of storage, respegtivdlang et al. (2009) found that curcumin had antiial
activity and spoilage microbes such assiergillus niger, Penicillium notatum and Saccharomyces cerevisiae.

The treatment of foods with ionizing radiationthe form of gamma rays can produce benefidfetes such
as inhibiting the growth of fungi pasteurizing fnemeat, poultry and seafood and sterilizing spaed food
additives (Cleland et al. 2004). The use of muitiphtimicrobial treatments for decontamination meaght
provide a greater barrier to microbial survival apibliferation of beef by taking advantage of diffiet
weakness of differing microbial strains (Pohimamle2002).

Food borne pathogens

Presentation of outbreak of food borne dis¢lageare caused by pathogenic microorganisms esueption
of microbial spoilage of meat that leads to losghi@ human health and economic society are veryiitapt
(Motamedee et al. 2003).

Table (5) illustrates the effects of combioatireatments between gamma irradiation and the odt3%
water-soluble yellow pigment extracted from turroggowder on the on food borne pathogens in chitkeast
fillets during cold storage at 4. It is clear that the 3% water-soluble yellowm@nt extract inhibited the
growth of Salmonella and active againss. aureus, Bacillus cereus and Enterococccus faecalis. Egan et al.
(2004) reported that curcumin is an important rataolorant used in food, and it has anti-microlaéfects
against many microorganisms, especially agd®ast!lus subtilis, Escherichia coli and Saphylococcus aureus.
Furthermore, Liang et al. (2007) found that thecamin can be inhibited the growth Bécillus typhi, and
Bacillus dysenteriae and curcumin has a good preservation effect okabonutton, bread and bean curd. In the
present study the growth 8almonella, S aureus, Bacillus cereus and Enterococccus faecalis was completely
inhibited at irradiation dose levels of 3 and 5 k@spectively. From these results it is clear thatcombined
effect of treatment of chicken breast fillets w6t water-soluble yellow pigment extracted from terim
powder and gamma irradiation at dose levels of 8 &nkGy accepted till 30 and 39 days of storage,
respectively. Food spoilage is caused by the aatfomicroorganisms among other factors. The food loa
preserved when the basic causes of its spoilag®nsrolled. The sensitivity of pathogenic microangans
against gamma irradiation has been extensivehiedugHammad et al. 2000; Tawfik et al. 200Wang et al.
(2009) reported thaturcumin microcapsules had a broad-spectrum irdnipiteffect against foodborne
pathogens and spoilage microbes suclE.asoli, Yersinia enterocolitica, S. aureus, B. subtilis and Bacillus
cereus.

Chemical evaluation

Total volatile basic nitrogen (TVBN) is consigd stability test and index to microbial deconifas of
muscle protein of meat products (Hammad et al. p0T@ble (6) shows that the TVBN in control samples
(12.90 mg N/100g) was increased markedly to 28.§4Nf100g after 6 days. Also, TVBN in chicken breast
fillets treated with 3% water-soluble yellow pigni@xtracted from turmeric powder was increasedA®2 mg
N/100g after 9 days of storage. From this tablés ilear that TVBN in irradiated chicken breafiefs at dose
levels of 1, 3 and 5 kGy was increased signifigabl increasing the storage period. The combineattnent of
chicken breast fillets with 3% water-soluble yellgrvigment extracted from turmeric powder and gamma
irradiation at dose level of 5 kGy increased theBNto 33.42 mg N/100g after 39 days of storagenttable
(6) thiobarbituric acid-reactive substances (TBAR®) malonaldehyde/kg) of control, treated with @fter-
soluble yellow pigment extract and gamma irradiatbicken breast fillets were increased by incrapshe
storage period. Motterlini et al. (2000) reportédttit has the ability to inhibit lipid peroxidaticand scavenge

60



Food Science and Quality Management www.iiste.org
ISSN 2224-6088 (Paper) ISSN 2225-0557 (Online) LN

voL22, 2013 1isTe

the superoxide anion and hydroxyl radicals. In tgidito its inherent ability to attenuate the r@att of oxygen
free radical species, curcumin has shown to enhdreeletoxifying enzyme activities such as glutater S-
transferase in vivo. Also, Chattopadhyay et al.0@0found that In vitro, curcumin significantly iibited the
generation of reactive oxygen species (ROS) likeesaxide anions, ¥D, and nitrite radical generation by
activated macrophages. It also has decreasedggiuiidation in rat liver microsomes, erythrocytemiranes
and brain homogenates.Tawfik et al. (2007) mentidhat at the end of storage period, TBARS and v&8Hes
of beef burger steaks were further increased. Tightsncrease in values of TBARS in treated with 3vater-
soluble yellow pigment extracted from turmeric p@wa@nd irradiated samples compared with controlpsesn
The slight increases in the TBARS may be mainlyitatted to the strong antioxidant effect of wateluble
yellow pigment extract which acts as a radical soger. Meanwhile, the results illustrated that thee
increases in values of TBARS were lower in treatéth 3% WWT samples and samples of irradiated ¢éebat
with 3% WWT at dose levels of 1, 3 and 5 kGy thaadiated samples at dose levels of 1, 3 and 5 KBig
may be due to effect of add of water-soluble yelfmgment to samples under investigation beforéritgliated
probably may be delayed the lipid oxidation in thesmmples. Cousins et al. (2007) curcuminoids, ssch
curcumin, demethoxycurcumin and bisdemethoxycurnun@re yellowish turmeric pigments, and have
antioxidative, anticarcinogenic, anti-inflammatommtihepatotoxic and hypocholesterolemic activiti€hese
curcuminoids are major antioxidative compoundsuofiieric. Jitendra et al. foun that the peroxideigal TBA
and free fatty acid values were lowest in turm&Q@00 ppm and highest in nitrite 200 ppm in samplesaw
minced chicken stored at 4 + 1°C. The acceptaHifitit of TBARS value in this study was 1.0. Earligorkers
reported that meat sample containing TBARS valgs than 1 possesses no off odor (Tarladgis et9&i0)1
Meanwhile, Jayasingh et al. (2002) reported thatstecondary oxidation products, such as, TBA, rgalle
threshold exists, but a limit of 1 mg malonaldehitdemeat has been suggested for sensory percanediity.
Sensory evaluation

Sensory attributes for appearance, odor anturexof chicken breast fillets as affected by camebi
treatments between water-soluble yellow pigmentaekéd from turmeric powder (3% WWT) and gamma
irradiation during cold storage (4+1°C) are shownTiable (7). Sensory evaluation showed that gamma
irradiation and treatment with 3% WWT was betterappearance, odor and texture than control samplhes.
results indicated that the samples radiated at s of 5 kGy and treated with 3% WWT were effeetto
ensure safety of chicken breast fillets samplescdr8D days of storage at 4+1°C. Upon cold storageples of
control and treated with 3% water-soluble yellognpent extracted from turmeric powder similar seotih the
detection off odor and their total bacterial coomire than 1x10cfu/g and their rejection on day 6 and 12 of
storage, respectively. While, samples of combinedtments treated with 3% WWT and gamma irraafiait
doses of 0, 1, 3 and 5 kGy were scored as goodlsartipeir rejection due to increasing their totatterial
count to more than 1x1@fu/g on day 24, 33 and 42 of storage, respesgtit¢dmmad et al. (2003) and Tawfik
et al. (2007) reported that the panelists couladtedifferentiate between irradiated minced medbvwatdose of
radiation (3 kGy) and the quality was acceptedrduperiod storage of 30 days. Maurya et al. (2@l®erved
that turmeric showed a significant effect in collitng oxidative rancidity of fat of carabeef pasta.
CONCLUSION

Generally, it can be concluded that the yelfgment extracted from turmeric powder can be wsedood
natural preservative (antioxidant and antimicrgbéadd source to develop yellow color with desirgimeperties
for samples under investigation as soy bean oil@drncken breast fillets stored under refrigerat{dnt 1°C).
Thus, this study recommended that yellow pigmeditaeted from turmeric powder useful as naturaldfoo
colorant and preservative in many products andtemative to synthetic dyes that are harmful taltieeffects.
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Table (1): Effect of synthetic antioxidant and diferent concentrations of oil-soluble yellow pigment
extracted from turmeric rhizomes powder on peroxidevalue (meg/kg) of soy bean oil stored at 66 for 7
days.

Storage period Control BHT Concentrations of oil-soluble yellow pigment extraied from turmeric powder
(days) (0.02%) 0.05% 0.1% 0.2%
0 1.24% | 1.249 1.24% 1.24% 1.24%
1 7.32° | 2.48° 1.752 1.672 1.4%2
2 11.41° | 2.7 1.8%2 1.952 1.6572
3 17539 | 5.03° 2.44° 2.09° 1.8
4 22.86° | 11.52¢ 2.8F° 2.34° 1.95
5 3167 | 18.96° 9.3¢° 2.88" 2.71°
6 40.089 | 27.3% 20.18¢ 7.08¢ 3.56°
7 49.3%" | 39.12¢ 37.54¢ 18.76 11.48¢

Capital and small letters were used for comparistween means in the rows and columns.
Means with the same letters are not significadifferent (p>0.05).

Table (2): Changes occurred in thiobarbituric acid (TBA) value of stored soy bean oil as affected by
addition of BHT and different concentrations of oilsoluble yellow pigment extracted from turmeric
rhizomes powder at 65C for 7 days .

Storage period Control BHT Oil-soluble yellow pigment extracted from turmeric powder
(days) (0.02%) 0.05% 0.1% 0.2%
0 0.0482 0.0482 0.048% 0.048% 0.048%
1 0.066" 0.05% 0.05F° 0.056" 0.0452
2 0.083° 0.058" 0.057"° 0.05%" 0.05F°
3 0.097¢ 0.065%¢ 0.063° 0.055" 0.053"
4 0.13¢ 0.068¢ 0.065° 0.058" 0.055"
5 0.21" 0.07F¢ 0.069° 0.064° 0.058"
6 0.329 0.07%¢ 0.082™ 0.069° 0.062¢
7 0.44" 0.07%" 0.085™ 0.073¢ 0.06%®

Capital and small letters were used for comparisstveen means in the rows and columns.
Means with the same letters are not significadifferent (p>0.05).

Table (3): Sensory evaluation of chicken breast fédts samples blended with different ratios of water

soluble yellow pigment extracted from turmeric powakr as natural food colorant.
Blending ratios (w/w) Color Flavor Appearance
Control 9.8°+0.27 9.4+0.35 9.7+0.15
1% 8.4°+0.35 9.7+0.41 8.6+0.36
3% 9.7°+0.19 9.7+0.25 9.4+0.49
50 7.8°+0.48 9.6+0.16 8.6+0.25

Capital letters were used for comparison betweesnsién the columns.
Means with the same letters are not significadifferent (p>0.05).
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Table (4): Effects of combination treatments betweae gamma irradiation and the ratio of 3% water-
soluble yellow pigment extracted from turmeric rhizomes powder on the microbial load in chicken breast
fillets samples during cold storage at 4+C.

Microbial determinations Stor‘age Irradiated chicken breast fillets (kGy) Combined treament
(cfulg) period Control WWT (3%) 1 3 5 A B c
(days)
0 7.1x10 5.2x16 4.7x16 1.7x1d 3.9x1G 7.2x1d 7.7x1G 6.1x1G
3 4.5x10 8.4x10 9.4x16 8.5x10 6.4x1G 9.8x10d 9.5x1G 8.8x1G
6 9.7x18 2.6x10 7.1x10 4.3x105 8.3x1d 3.4x16 3.6x10 2.4x1G
9 6.5x10R 7.3x10 8.5x10 9.1x1G 4.7x10 5.9x16 6.8x10 5.9x1G
12 5.8x10R 2.6x10R 4.2x16 9.6x10 8.6x10 8.9x1d 7.6x1G
15 1.5x10R 5.5x10 1.4x10 4.1x16 2.7x10
18 8.8x10 4.9x16 6.3x10 6.4x10
Total bacterial count 21 4.9x10R 7.3x106 9.9x10 1.6x10
24 3.7x1R 3.1x16 3.8x10
27 5.5x10 6.3x10
30 9.1x10 9.1x16
33 4.2x1R 2.6x10
36 4.8x10
39 7.3x10
42 2.6x1R
0 3.5x10 3.7x1d 6.4x10 8.7x1G 4.8x10 6.5x10 8.8x1G 4.6x10
3 6.1x10 6.5x10 8.7x1G 1.9x1G 6.9x10 8.1x1G 9.6x1G 6.9x10
6 8.4x10 8.2x10 9.9x1G 4.4x1G 8.8x10 9.3x10 3.4x1G 8.5x10
9 9.2x10R 3.9x10 2.7x10 8.2x10 3.5x1G 2.3x1d 5.2x1G 1.9x1G
12 8.9x16R 5.5x10R 3.7x1d 6.8x1G 4.5x1d 7.7x1G 4.8x1G
15 9.1x16 7.2x1d 8.9x1G 6.6x1G
18 5.9x10 8.9x10 2.5x10 7.8x1G
Psychrophilic bacteria 21 2.8x1(R 2.7x10 4.7x10 9.3x1G
24 6.8x1tR 7.5x10 2.8x1G
27 9.7x1b 5.6x10
30 4.8x10 8.4x1G
33 8.5x1tR 4.3x10
36 7.7x10
39 1.5x10
42 4.6x1TR
0 2.3x10 1.7x10 9.4x10 1.9x1d 4.4x10 4.6x10 2.2x10 6.9x10
3 4.5x10 3.7x1G 3.2x16 5.2x104 8.6x10 <10 <10 <10
6 8.1x1G 5.2x1G 6.9x10 7.9x1d 3.7x1d <10 <10 <10
9 5.4x10R 7.6x10 9.7x10 4.3x16 7.2x10 <10 <10 <10
12 2.4x10R 3.8x16R 8.7x10 9.9x1d <10 <10 <10
15 2.4x16R 3.2x10 <10 <10 <10
18 6.6x10 2.6x1G <10 <10
Lactic acid bacteria 21 9.6x18R 4.2x10 <10 <10
24 9.4x1fR 1.6x1G <10
27 5.5x10 <10
30 8.6x10 8.0x10
33 6.3x1fR 2.5x16
36 5.7x10
39 9.8x10
42 4.5x1TR
0 8.5x16 6.2x10 6x10" Nil Nil Nil Nil Nil
3 3.5x10 8.5x1G 1.4x10 Nil Nil Nil Nil Nil
6 7.7x18 3.1x1G 2.5x1G Nil Nil Nil Nil Nil
9 2.6x10R 6.9x1G 4.6x1G Nil Nil Nil Nil Nil
12 8.7x16R 6.7x16R Nil Nil Nil Nil Nil
15 Nil R Nil Nil Nil Nil
18 Nil Nil Nil Nil
Enterobacteriaceae 21 Nil R Nil Nil Nil
24 Nil R Nil Nil
27 Nil Nil
30 Nil Nil
33 Nil R Nil
36 Nil
39 Nil
42 Nil R
0 6.5x10 2.1x10 9.1x1G 1.1x10 4.8x1G 4.4x10 5.7x1G 1.1x1G
3 8.9x10 4.9x1d 2.3x10 3.6x103 8.5x10 5.3x10 6.2x1G 2.9x1G
6 1.7x10 7.8x1d 5.9x1d 6.6x1G 2.7x1G 6.9x1G 7.8x1G 5.2x1G
9 4.1x10R 8.9x10 9.7x1d 9.1x16 6.6x1G 7.5x10 8.9x1G 7.8x1G
12 5.3x16R 3.4x10R 4.1x1d 8.6x10 8.7x1G 9.6x1G 2.1x1G
15 6.8x1(R 1.6x10 9.9x1G 1.7x1d 4.7x1G
18 4.9x16 2.8x1d 3.1x1d 8.2x1G
Total molds and yeasts 21 7.3x1(R 4.5 x10 5.2x10 1.9x1d
24 6.9x1(R 6.5x10 3.9x10
27 8.4 x1H 6.3x10
30 9.8 x16 7.9 x1d
33 3.6x1tR 9.1 x10
36 1.8 x10
39 3.4 x10
42 7.5x1R

WWT= Water-soluble yellow pigment extracted freummeric powder
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A= Irradiated chicken breast fillets with 3% WVdT dose level of 1 kGy
B= Irradiated chicken breast fillets with 3% WVdTdose level of 3 kGy
C= Irradiated chicken breast fillets with 3% W\ETdose level of 5 kGy
R= Rejected

Table (5): Effects of combination treatments betwea®e gamma irradiation and the ratio of 3% water-
soluble yellow pigment extracted from turmeric power on the on food borne pathogens in chicken breast
fillets during cold storage at 4+£C.

Microbial Stor_age Irradiated chicken breast fillets (kGy) Combined treatment
determinations (cfu/g) period Control WWT (3%) 1 3 5 A B C
(days)
0 8.8x16 4.3x1G 1.7x10 Nil Nil 1.3x10 Nil Nil
3 2.5x16 6.9x1G 3.3x10 Nil Nil 3.3x10 Nil Nil
6 5.2x10 9.1x1G 5.6x10 Nil Nil 5.1x10" Nil Nil
9 7.3x16R 2.7x16 7.1x10 Nil Nil 6.9x10" Nil Nil
12 4.4x16R 9.3x16R Nil Nil 8.6x10" Nil Nil
15 Nil R Nil 2.4x16 Nil Nil
18 Nil 3.8x16 Nil Nil
Staphylococcus aureus 21 Nil R 5.3x18 Nil Nil
24 8.6x1R Nil Nil
27 Nil Nil
30 Nil Nil
33 Nil R Nil
36 Nil
39 Nil
42 Nil R
0 7.3x16 5.1x1G 7.9x10 N.D N.D
3 9.6x1G 7.5x1G 819x16 N.D N.D
6 2.9x16 8.4x1G 2.7x16 N.D N.D
9 6.5x10R 2.8x10 4.9x18 N.D N.D
12 4.9x16R 5.5x16 N.D N.D
15 6.8x10 N.D N.D
18 7.9x10 N.D N.D
Bacillus cereus 21 9.3x10 N.D N.D
24 2.7x1fR N.D N.D
27 N.D N.D
30 N.D N.D
33 N.DR N.D
36 N.D
39 N.D
42 N.D R
0 3.9 x16 1.5 x16 7.9x10 N.D N.D 4.5 x16 N.D N.D
3 5.2 x16 3.2 x16 9.3x10 N.D N.D 5.6 x16 N.D N.D
6 7.8 x18 5.4 x10 2.1x1G N.D N.D 6.9 x18 N.D N.D
9 1.8x10R 7.3x18 3.9x1G N.D N.D 8.1x18 N.D N.D
12 2.6x16R 5.7x16R N.D N.D 9.7 x16 N.D N.D
15 N.DR N.D 2.1x18 N.D N.D
18 N.D 3.5 x1® N.D N.D
Enterococccus faecalis 21 N.D R 4.9 x1G N.D N.D
24 7.3x16R N.D N.D
27 N.D N.D
30 N.D N.D
33 N.DR N.D
36 N.D
39 N.D
42 N.D R
0 +ve -ve -ve N.D N.D N.D N.D N.D
3 +ve -ve -ve N.D N.D N.D N.D N.D
6 +ve -ve -ve N.D N.D N.D N.D N.D
9 +ve R -ve -ve N.D N.D N.D N.D N.D
12 -ve R -ve R N.D N.D N.D N.D N.D
15 N.DR N.D N.D N.D N.D
18 N.D N.D N.D N.D
Salmonella 21 N.DR N.D N.D N.D
24 N.DR N.D N.D
27 N.D N.D
30 N.D N.D
33 N.DR N.D
36 N.D
39 N.D
42 N.DR

WWT= Water-soluble yellow pigment extracted fromnberic powder
A= Irradiated chicken breast fillets with 3% WWTtdose level of 1 kGy
B= Irradiated chicken breast fillets with 3% WWildmse level of 3 kGy
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C= Irradiated chicken breast fillets with 3% WWiTdase level of 5 kGy
R= Rejected +ve = Positive

-ve = Negative

N.D= Netected

Table(6): Effects of combination treatments betweeigamma irradiation and the ratio of 3% water-soluble
yellow pigment extracted from turmeric powder on the on some
chicken breast fillets during cold storage at 4+°C.

chemical characteristics of

Chem_ical quality persié(c)lrz(ic?:ys) Control Chi_cken_breast fillets Irradlaﬁldetcshéﬁl((;eyn breast Combined treatment
index blending with WWT (3%) T 3 5 ry B C
0 12.90 12.97 1364 140] 1498 1382 14p1 1475
3 21.01 16.60 2047 1954 171k 1643 16p7 14.99
6 28.64 20.54 27.88] 2341 196p 2134 18f1 1488
9 3552 R 2753 3258 2874 2408 2417 2005 1].62
12 34.38R 3575 3064 27.1p 2648 2202 1403
_ 15 34.96R| 29.26] 2899 2338 2042
nggﬁt?}'it‘r’ggae“r']e 18 3241| 3060| 25168 2.3
21 35.18R| 32.83] 2714 2344
(TVV?E':'t ”nlgn'\grl)oog 24 36.07R| _29.84] 25.6p
27 30.99| 26.7
30 3356| 278
33 35.16R| 28.64
36 30.87
39 33.42
42 35.0R
0 0.21 0.21 0.33] 049 065 0.28 025 0P8
3 0.34 0.24 0.47] 068 0.69 0.24 03¢ 03
6 0. 59R 0.29 0.63 0.75 0.74 0.2 041 09
9 0.41 0.73 0.81 0.78 0.35 048 042
12 0.67R 0.92r| 089 0.81 0.5 068 049
. o 15 0.95R| 0.84 0.71 0.69] 0.5p
Thiobarbituric 18 092 | 089] 072 059
e, 2 szl sl onl o
malonaldehyde/kg) >7 085 073
30 096 | 0.77
33 117R| 084
36 0.89
39 0.95
42 1.64R)

WWT= Water-soluble yellow pigment extracted frormteric powder
A= Irradiated chicken breast fillets with 3% WWTdaise of 1 kGy
B= Irradiated chicken breast fillets with 3% WWTdaise of 3 kGy
C= Irradiated chicken breast fillets with 3% WWTdaise of 5 kGy

R= Rejected
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Table(7):Sensory attributes of chicken breast filless as affected by combined treatments between
water-soluble yellow pigment extracted from turmerc powder (3% WWT) and gamma
irradiation during cold storage (4+1°C).

Storage Chicken
period breast Irradiated chicken breast fillets Combined treatment
Senso days fillets
attribut(-?; s Control blending
with WWT 1 kGy 3 kGy 5 kGy A B C
(3%)

0 9.7%+0.11 9.6°+0.32 9.6°+0.09 9.6°+0.24 9.%%+0.21 9.%%+0.38 9.%%+0.43 9.%%+0.09

3 9.6%+0.41 9.39+0.44 9.3%+0.21 9.3%+0.39 9.%9+0.25 9.3%+0.47 9.%°+0.39 9.3%+0.7

6 4.£°+0.22R| 9.3%+0.51 9.4%+0.17 9.%%+0.28 9.%%+0.24 9.%%+0.43 9.%%+0.27 9.%%+0.06

9 9.4%+0.12 9.4%+0.08 9.4%+0.24 9.%9+0.26 9.4%+0.39 9.%9+0.38 9.%°+0.17
12 3.8°+0.16R | 4.57°t0.35R | 8.6°:0.27 9.%%+0.31 9.4°+0.28 9.%%+0.37 9.%%+0.18
15 4.6°4051R | 8.79+0.38 9.4%+0.38 9.%%+0.29 9.%9+0.12
18 8.5+0.29 9.3%+0.35 9.%9+0.21 9.%9+0.19
Appearance 21 43°40.06R | 8.7940.29 | 9.4%+0.24 | 9.4°+0.28
24 5.8°40.28R | 9.4°+0.36 9.4%+0.22
27 8.99+0.41 9.4%+0.26
30 8.89+0.44 9.4+0.31
33 5.5°4+0.22R | 8.89+0.42
36 8.89+0.14
39 7.6'+0.19
42 4.840.35R

0 9.8%+0.25 9.7%+0.19 9.7%+0.08 9.7%+0.36 9.6°+0.26 9.6°+0.09 9.6%+0.16 9.6%+0.29

3 9.7°%+0.28 9.7%+0.12 9.7%+0.09 9.7°+0.38 9.6°+0.22 9.6°+0.09 9.6°+0.15 9.6°+0.34

6 3.2°40.31R| 9.7%+0.11 9.7%+0.07 9.7%+0.29 9.6°+0.25 9.6°+0.07 9.6°+0.12 9.6%+0.37

9 9.3%4+0.13 9.4%+0.06 9.6°+0.28 9.6°+0.23 9.%%+0.07 9.6°+0.12 9.6+0.36
12 3.3°:0.42R | 3.7°+0.25R | 9.3°+0.21 9.3%+0.29 9.%%+0.06 9.%%+0.17 9.6%+0.27
15 3.8°+0.08R | 9.2°+0.29 9.3+0.05 9.4%+0.24 9.%%+0.19
18 9.29+0.31 9.3%+0.12 9.4%+0.27 9.%%+0.16
Odor 21 3.5°+0.37R| 9.2°+0.15 9.4%+0.25 9.4%+0.11
24 3.8°+0.46R | 9.3°:0.23 9.4%+0.11
27 9.2%+0.32 9.4°+0.14
30 9.2%+0.41 9.4°+0.18
33 3.5°+0.44R | 9.3°+0.25
36 9.3%+0.24
39 9.%8°+0.28
42 3.58°+0.39R

0 9.7°%+0.09 9.8%+0.21 9.7°+0.13 9.%%+0.31 9.4%+0.06 9.6°+0.24 9.6%+0.42 9.6%+0.07

3 9.7°°+0.07 9.8%+0.22 9.7%+0.15 9.3%+0.31 9.4%+0.06 9.6°+0.28 9.6°+0.39 9.6°+0.13

6 3.7°+0.24R| 9.7%+0.21 9.7°+0.13 9.%°+0.38 | 9.4%+0.0.12| 9.%3°+0.24 9.6%+0.39 9.6°+0.13

9 9.7'a+0.28 9.7°+0.19 9.4%+0.29 9.4%+0.18 9.%%+0.23 9.%%+0.42 9.6%+0.14

12 4.6°+0.37R | 3.4°+0.27R| 9.4°+0.34 9.29+0.05 9.4%+0.23 9.%°+0.42 9.6°+0.15
15 4.2°+0.28R | 9.2%+0.07 9.4%+0.29 9.4%+0.44 9.%%+0.14
18 9.1+0.13 9.1%+0.34 | 9.4%+0.45 9.%°+0.16
Texture 21 3.8°:041R| 8.6°+0.33 9.4%+0.37 9.%%+0.19
24 7.%°40.26R | 9.3°+0.33 9.4°+0.08
27 8.8°+0.28 9.4%+0.08
30 8.8°+0.26 | 9.1°+0.31
33 7.840.35R | 9.1%+0.37
36 8.710.42
39 8.5°+0.45
42 6.2+0.53R

Capital and small letters were used for compalietgveen means in the columns and rows, respectively
Means with the same letters are not significadifferent (p>0.05).
WWT= Water-soluble yellow pigment extracted framreric powder
A= Irradiated chicken breast fillets with 3% WWidose of 1 kGy
B= Irradiated chicken breast fillets with 3% WWfTdmse of 3 kGy
C= Irradiated chicken breast fillets with 3% WWTdase of 5 kGy
R= Rejected
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