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QuALITY EVALUATION OF MAYONNAISE ENRICHED WITH ETHANOLIC CHARD
LEAVES EXTRACT

Azza S. Abdel-Ghany* Ghada M. El-Araby™
Abstract:

Plant extracts can have a significant role in theelfdife
prolongation of full-fat foods. So, the main objeet of the present study
were to assess the effect of ethanolic chard leaxgact addition on the
physicochemical, sensorial and microbiological nmanaise properties. The
ethanolic chard leaves extract was added to mayammath levels 0.5. 1.0
and 1.5% of mayonnaise weight. Then, these samyes compared with
mayonnaise samples fortified with tert-butyl hydsogpne (TBHQ) as the
artificial antioxidant and with a sample withouttiaxidants as the control.
The results displayed that the chard leaves haghadontent of protein, ash
and total phenolic content. The radical scavenguegvity of ethanolic
chard leaves extract was 90.11+1.21% compared.2296.87% for TBHQ
at 120 min. An addition of chard leaves extract wad affect the chemical
composition of mayonnaise. But it led to a shinigbecolor and lost part of
the polish appearance of sampl&éhe mayonnaise containing 1.5% chard
leaves extract had a non-significant decrease istnod the sensory
evaluation scores, except the color, compared with mayonnaise
containing TBHQ and control. No significant diffeces in TBA values
were observed between mayonnaise samples contaliBitf) and 1.5%
chard leaves extract at different storing periddsreover, the TBA values,
titratable acidity, the total bacterial, yeast andlds count increased in all
mayonnaise treatments by progressing storage geribdersely, the
viscosity and pH values decreased in all treatmbwptprogressing storage
periods. It can be recommended that the potentiafiusing the extract of
the chard leaves as a natural antioxidant duringomaaise manufacture to
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delay oxidation and prolong the shelf-life of magaise instead of chemical
antioxidants

Keywords: Mayonnaise, antioxidant, chard leaves extractysiuo-
chemical properties

I ntroduction

Mayonnaise is a type of the most popular dresspegiss in the
world. It is a semi-solid, oil-in-water, emulsionhigh is produced with
good mixing of egg yolk, vinegar, oil, salt andcgs as mustard and black
pepper) Mirzanajafi-Zanjani et al. 2019) Egg yolk is a significant factor
during mayonnaise processing because of its highisglying ability, which
binds to phospholipids, lipoproteins, and unbouratgins, thus maintaining
the mayonnaise stabilif{shazaeiet al. 2015).

Fat is one of the base ingredients in mayonnaiseiasepresented
70%-80%. It has a significant relation with the alogical, sensory and
technical properties especially the texture of timeal product. The
manufacture of low-fat mayonnaise is a negativeatfbn some technical
properties like stability, texture, mouth feelingdaflavor. Mayonnaise is a
high oil-containing food, so it is squeamish todation, thus leading to its
guality decadence and undesirable compounds favmatich as aldehydes
and free radicaléAmin et al., 2014)

Mayonnaise is a fatty food which is susceptibledtterioration
owing to the oxidation of the unsaturated fatty acid in(8ibu-Salem and
Abou-Arab, 2008) Lipid oxidation rate in the mayonnaise is affedby
many different factors as the oil type used thecstire molecular fats, light,
heat, physical features of emulsion droplets, andnufacturing
environments. Also, the low pH of mayonnaise (pHegsons flouting of
the iron bridges among egg yolk proteins and fig@hthe iron which can
contribute in the oxidation of unsaturated fatty acids, mgkipid radicals
or cause degradation of peroxidB®meoet al., 2021)

Synthetic antioxidants have been used to delgy@rent the lipid
oxidation reactions and increase the stability>aflation in foods, but using
them for a long time cause the possible potentigkity and some serious
God)
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diseases appearan¢kachance et al., 2001) In recent years, natural
antioxidants have gained prominence as alternatives synthetic
antioxidants. The natural antioxidants are existaigdifferent levels in
plants for example fruits, vegetable leaves, fl@yeoots, grains and seeds.
Consequently, the natural extracts have been owatpdtused in the food
industries to block of fat oxidation and prolatihg storage period of fatty
foods (Etti et al., 2013).Moreover,Radford and Board (1993)exposed
that the existence of some vegetable substanctée imayonnaise has the
consequence of blocking bacteria development addcimeg mayonnaise
poisoning.

Chard Beta wvulgaris L. var. cicla) is one of the healthiest green
leafy vegetables which are considered a good safragany nutrients and
phytochemicals. Chard contains significant conediins of nutritional
factors such as polysaccharides, vitamins (A, @nB folic acid), minerals
(calcium, iron and phosphorus) and some greasysa(stearic, oleic,
palmitic, linoleic and linolenic acidg¥ein et al., 2015) Its stems are high
in potassium content, but the leaves had the higheBber, magnesium,
sodium, vitamin C and flavonoids conté@ambacet al., 2020)

Chard has multiple healthy benefits as decreasiagisk of obesity,
diabetes, heart disease, reducing blood pressomgroving endothelial
dysfunction and inhibiting platelet aggregation.a@&h leaves have many
activities as antioxidant, anticancer, hepatoptotec nephroprotective,
anti-inflammatory and wound healir{¢ajihosseini et al., 2017) Also, it
contains chlorophyll and betalains, which is efficas to retardant the
heterocyclic amines caused cancer, that is formgcigh heat during
grilling foods(Kugler et al., 2004 and Lidder & Webb, 2013).

The phenolic compounds are potent antioxidants feeel radical
scavengers. The antioxidant activity of phenolissmainly due to their
redox properties, which allow them to act as redycagents, hydrogen
donors and singlet oxygen quenché¢Zein et al., 2015) A significant
content of phenolic compounds and flavanol glycesidith relevant high
antioxidant activity are present in chard. Somalist suggest that chard
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provides a good natural source of antioxidant amdacetylcholinesterase
activities(Sacan and Yanardag, 2010).

Therefore, this study was aimed to assess thexatdiat activity of
ethanolic chard leaves extract and its effect asatral antioxidant on
chemical, physical, sensorial and microbiologicalperties of mayonnaise
during refrigerated storing at 4°C.

Materials and methods
Materials

The chard plant was purchased from the local maakefagazige
city, Sharkia Governorate, Egypt. Chard leaves vgmgarated manually,
washed with distilled water, and dried at room temafure and completely
dried at air oven (40+2°C). The dried leaves weairdgby a café mill and
was sieved through a 60mesh screen and storedightly sealed plastic
container in the freezer at - 18° C for furthersuard analysis.

Preparation of ethanolic chard leaves extract

Dried powder of chard leaves was extracted in dfv@ratory using
agueous ethanol 70% at ratio (1:10 w/v), overnightoom temperature
with shaking, followed by filtration through Whatmaaper (No.1). The
residues were re-extracted under the same conslitioen the combined
filtrate was evaporated in a rotary evaporator (BliM@ater bath-B-480,
Germany) at 45°C. The extract was freeze-dried \riteze dryer model
Thermo- Electron Corporation, Heto power dry LL36@ance. The extract
was weighed to determine the yield and stored @t°€2 until further use,
according taContini et al. (2008).

Determination of total phenolics and flavonoids for extract

The total phenolic was measured by using a Folioedlieu reagent

as described b$ingleton and Rossi (1965)the phenols were measured at

765nm then the results were reported as mg otcgadid equivalents (GAE)
per g of chard leaves extract. Total flavonoid eahtwas determined as

Ordon et al. (2006) the absorbance was measured at 420 nm, and

YT
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flavonoids content was expressed as mg quercetiivagnt (QE) per g of
chard leaves extract.

Antioxidants activity assay

The free radical scavenging of ethanolic extract m&asured by the
2,2- diphenyl-1 hydrazyl (DPPH) assay accordingBarits and Bucar,
2000) with some modification, briefly 3ml of 0.1mM ethdmosolution of
DPPH was added at concentration 100 pg/ml to 1fneftltanolic extract.
The absorbance was measured against a blank and&f 0, 30, 60, 90 and
120 min. Inhibition of free radical DPPH in percems calculated by the
following equation:

DPPH scavenging activity% = (Ac- As/ Ac) x100;
Where Ac is the absorbance of the control reacteamtaining all

reagents except the extract) and as is the absmbarthe presence of the
tested extract.

Preparation of mayonnaise

Mayonnaise samples were prepared accordingKishk and
Elsheshetawy (2013) using the formula contained the following
ingredients: sunflower oil 700g, whole egg 191dt $8g, sugar 6g, lemon
juice 16g, vinegar 56g, mustard 18g, and white pe@g. The preparation
was carried out by mixing egg, vinegar, and thdreoingredients using an
electric mixer (Bimby TM31, Vorwerk, Wuppertal, Geany) for 5 sec.
Then, the oil was slowly added under a vigorousimgixate (from 3200
rpm up to 6000 rpm in 5 min). The resultant mayasmavas divided into
five equal portions and treated as follow; thetfip®rtion was retained
without additives and served as a control (C),sdeond portion was treated
with TBHQ as a synthetic antioxidant at a leveR6Dppm (T1), The third
portion was treated by ethanolic chard leaves ektatha concentration of
0.5% (T2), the fourth portion treated by 1.0% o#&ichleaves extract (T3)
and the fifth portion treated with 1.5% of char@Jes extract (T4). The
prepared mayonnaise samples were filled in coveugd (100 g size) and
kept at 4°C for 21 days. All mayonnaise samplesweamined chemically,
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microbiologically and organoleptically at tFeT*", 14" and 21 days of the
storing.

Chemical analysis

Moisture, ash, crude fat and crude protein of cHaaves powder
and mayonnaise samples were calculated by mulkighgtal nitrogen value
by a factor of (6.25) according t8OAC (2005). Total carbohydrate
contents were estimated by difference = 100- (rome8b + crude 0il% +
crude protein% + ash %). The pH of mayonnaise sesnywhs measured at
4°C by a pocket pH meter (Model 1Q 125, IQ ScientifSA). Titratable
acidity of mayonnaise samples was determidgdAC, 2000).

Determination of thiobarbituric (TBA) value

TBA values of mayonnaise samples were detectedrdiogpto the
methods oKeeny (1971).

Rheological properties

The mayonnaise viscosity was measured accordingiuttoet al.
(2007) by a rotational viscometer (model 5437). The sammolor was
measuredby Hunter lab color analyzer (Hunterlab Colour HEX USA).
Sensory evaluation

The acceptability of mayonnaise product was defibgdsensory
evaluation of all treatments accordingKshk and Elsheshetawy (2013)
by 12 panelists from the memberships of the Foo@nSe Department,
Faculty of Agriculture, Zagazig University.

Microbiological tests
All mayonnaise samples were enumerated for totatebal count
Saphylococcus aureus and Salmonella spp. according toAmerican Public

Health Association (1992) Yeasts and molds were counted Diyfco
(1984)method on acidified potato dextrose agar medium.

Statistical analysis

Statistical analyses of all data were performed Stgtistix 8.1
Package Prograr(Statistix, 2009) Mean + SD was used to describe all
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data. Least significant difference (LSD) test wased: to found the
significant differences between all treatments uedstorage periods.

Results and discussion
Proximate chemical composition of chard |eaves powder

The chard leaves chemical composition is detaite@able (1). The
moisture content to chard leaves powder was 6.822%. Total protein,
fat, ash and carbohydrate content were 25.27+ 2.02;+ 0.02, 17.75+ 1.13
and 49.04+3.86%, respectively. Moreover, the calealues of chard leaves
were 307.31+ 23.66 Kcal/100g. It is observed frdra tesults that chard
leaves had a high content of protein and ash conMmoughi et al. (2019)
found that the moisture, fat, protein and ash austen fresh chard leaves
were 93.35+0.29, 0.099+0.01, 0.663+0.01 and 1.3W(y/100 g fresh
weight.

Table (1): Chemical composition of chard leaves

Component Values
Moisture (%) 6.82+ 0.77
Crude fat (%) 1.12+0.02
Crude protein (%) 25.27+2.01
Ash (%) 17.75£ 1.13
Carbohydrate (%) 49.04+3.86
Caloric values (Kcal/100g) 307.31+ 23.66

Total phenolics and flavonoids content

The chard leaves extract content of total phenditg flavonoids
were 101.95+ 3.44 mg GAE/g extract and 51.71+ Iniyt QE/g extract,
respectively (Table 2). The total phenolics and/dteids content in our
study are higher than that found byamdiken and Kechrid (2017) who
found that chard extract contained 31.23+0.007 mdd=@Gnd 6.85+0.087
mg QE /g extract, respectively. Alsiglzoughi et al. (2019)stated that the
content of phenolic and flavonoid compounds in dHaaves extract were
96.58 +1.81 mg GAE and 30.08 + 1.02 mg CatechingEextract,

{ 865)



—_— Quality Evaluation of Mayonnaise Enriched with Ethanolic Chard Leaves Extract

respectively.Pyo et al. (2004) mentioned that the chard is a good dietary
source of phenolic compounds.

Table (2): Total phenolics and flavonoids contentfachard leaves extract

Component Values
Total phenolics (mg GAE/g extract) 101.95+ 3.44
Flavonoids (mg QE/g extract) 51.71+ 1.64

Antioxidant activity

The DPPH radical scavenging activity of ethanoll@ard leaves
extract compared with TBHQ are denoted in Fig. The results indicated
that the radical scavenging activity was 90.11+%2Tompared to
95.22+0.87% for TBHQ at 120 min. The results sugdlest chard leaves
extract is capable of scavenging free radicals Heyr tphenolic structure
which act as hydrogen or electron donor. Where, ghenoxy radicals
formed in the reaction of antioxidant with fattyichgperoxy radical is
steadied by delocalization of the impaired electraround the aromatic ring
(Ramadan et al., 2003).WherePyo et al. (2004) and Zeinet al. (2015)
indicated that there was a significant linear datren of the total phenolic
compounds level with the DPPH scavenging activiychard extracts.
Significant differences were found between chaalvés and stems in the
antioxidant activity.
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Fig. (1): DPPH scavenging activity of ethanolic khkeaves extract and TBHQ
Chemical composition of mayonnaise

The chemical composition of mayonnaise producethism study is
shown in Table (3). No significant differences wdmnd among all
mayonnaise treatments and control samples to a&inwal composition
parameters and caloric values. The high caloriceslof all mayonnaise
samples were a result of increased fat used inepsiieg. In comparison
with USDA (2014) data which reported that the full-fat mayonnaise i
contained an energy content of approximately 70D-B6al, our results
recorded lower energy content in mayonnaigarinescu et al. (2011) and
Al-Aubadi (2021) indicated it can be overcome that by using souitalsle
fat replacers such &% glucan, chitosan and tamarind gum to produce
healthy low-fat mayonnaise without any change enphoperties of the final
product.




—_— Quality Evaluation of Mayonnaise Enriched with Ethanolic Chard Leaves Extract

Table (3): Chemical composition (%) of mayonnaiseasnples

Treatments C T1 T2 T3 T4 LS|p
Moisture 24.34+1.48 | 2351+1.18 | 23.98+2.78 | 24.01+0.42 | 23.61+1.09 | 2.88
Crude fat 70.68+0.88 | 70.92+0.70 | 70.58+0.52 |70.82+0.63 | 70.99+0.38 | 1.17
Crude protein 1.06+0.32 | 1.21+0.1F | 1.17+0.28 | 1.04+0.3% | 1.18+0.08 | 0.42
Ash 0.87+0.24 0.91+0.21 0.92+0.17 | 0.81+0.16 | 0.86+0.29 | 0.38
Carbohydrate 3.05+1.40 3.45+1.69 3.35+2.38 | 3.32+0.47 | 3.36+1.17 | 2.83
Caloric values (Kcal/100¢))652.59+10.38| 656.92+3.48 |653.30+13.6% 654.79+5.12| 657.06+6.72| 15.81

C: Mayonnaise with no antioxidants. T1: Mayonnaisated by TBHQ with level 200 ppm.

T2, T3, T4: Mayonnaise treated by 0.5, 1.0 and’d &thanolic chard leaves extract, respectively.
The superscript small letters are differed sigaifity (P< 0.05) in the same row.

Sensory evaluation

The sensory evaluation results of the prepared nraise samples
are presented in Table (4). The mayonnaise costiwiple had the highest
scores for all the sensory attributes followed bgyomnaise containing
TBHQ. The appearance of the control sample was hoonghic, bushy and
furbished but the mayonnaise containing chard leaxé¢ract lost part of the
polish appearance.

A significant difference was found in the color szobetween
mayonnaise containing 0.5, 1.0 and 1.5% chard &eadract and the
control. The C and T1 samples had a glossy yellohravhilst the samples
containing chard leaves extract had a shiny beadgr.cThis is due to the
incorporation of chard leaves extract caused tmg@aolor. The changing
color increased with increasing the chard leavéieixratio in mayonnaise,
hence was reflected drt values (Table 5). The flavor was not significantly
influenced by the chard leaves extract additiore €bntrol had the highest
consistence compared to other mayonnaise treatnagctghe T3 sample
had the lowest consistence.

As regards the overall acceptability of mayonnaigecan be
observed from the table that the control and T1pasnhad the highest
acceptability and the Ti3ad the lowest acceptability. Also, it could beeabt

YT
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that T3 recorded the lowest scores in most of #resary attributes. While
T4 had a non-significant decrease in most of tms@g evaluation scores
compared with the control except the color.

Table (4): Sensory evaluation of mayonnaise samples

Treatments C T1 T2 T3 T4 LS
Appearance 8.13+0.93 7.58+0.96" | 7.21+1.08° | 7.00+0.74 | 7.92+0.67° | 0.71
Taste 8.00+0.85| 7.17+0.94° | 7.00+0.95 | 6.75+1.14 | 7.83+0.88° | 0.78
Flavor 7.33+1.07 | 7.00+1.38 | 6.96+1.14 | 7.50+1.38 | 7.92+1.08 | 0.99
Color 8.58+0.47 | 8.50+0.52 | 7.68+0.58 | 7.05+0.98° | 6.79+0.8f | 0.60
Consistency 7.67+0.78 7.04+1.16° | 7.17+1.11" | 6.50+1.09 | 7.50+1.17 | 0.88
Mouthfeel 7.92+1.00| 7.46+0.78" | 6.92+1.3%° | 6.46+1.4% | 7.38+1.37"° | 0.98
Overall acceptability] 8.42+0.67 8.25+0.45 | 7.50+0.88 | 6.42+0.79 | 8.00+0.95" | 0.63

C: Mayonnaise with no antioxidants.
T2, T3, T4: Mayonnaise treated by 0.5, 1.0 and’4 &thanolic chard leaves extract, respectively.

The superscript small letters are differed sigaifitty (P< 0.05) in the same row.

Color characteristics:

T1: Mayasadreated by TBHQ with level 200 ppm.

Color characteristics of mayonnaise samples austiited in Table
(5). The mayonnaise color changed by the additiochard leaves extract.
No significant variances were noted in color valbetween mayonnaise

containing TBHQ and the control sample. Lightnesdues [*) of

mayonnaise containing chard leaves extract wenaifsigntly lower than

the control samples. Moreover, during storage periat 4°C for 21 days,
the lightness values during storage for 7 daysllomayonnaise samples
were significantly higher than the other storagequks.

Conversely, the redness*] values were high significant in all
mayonnaise treatments compared to the control sam@bncerning
yellowness(b*) values, mayonnaise containing 1.0 and 1.5% cheasles
extract were significantly higher than the othesatments and control
samples. There were no significant differencea*irandb* values during
all storage periods of mayonnaise treatments excepalues of T1 on 21
days and T2on I day. These results are in accordance with

{ 869)

N—H
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cashew leaves extract to mayonnaise with 100 afd&§/kg increased*
andb* but decreaseld* values.

Table (5): Color characteristics of mayonnaise sames during storing at 4°C

for 21 days
Storing
Treatments periods C T1 T2 T3 T4 LSD
(days)
1 85.33+0.02° | 85.50+0.38? | 78.38+0.08° | 72.32+0.07" | 69.31+0.08° | 0.32
7 86.21+0.02? | 86.02+0.17? | 78.88+0.082 | 73.68+0.36 | 70.79+0.182 | 0.31
14 84.65+0.08° | 85.62+0.982(78.10+0.15° | 71.91+0.08° | 70.21+0.38° | 0.87
21 85.51+0.05° | 85.39+0.05% | 78.44+0.18° | 72.60+0.07" | 70.33+0.28"| 0.27
LSD 0.10 1.00 0.22 0.30 0.46
-2.07+0.03% | -2.28+0.2%2 | -3.14+0.08? | -3.85+0.15? | -4.02+0.042 | 0.24
7 -2.14+0.08% | -2.11+0.03? | -3.30+0.2%? | -4.07+0.9%°? | -4.12+0.05? | 0.82
14 -2.15+0.132 | -2.27+0.05? | -3.42+0.08? | -4.17+0.04? | -4.20+0.26° | 0.21
21 -2.06+0.042 | -2.12+0.1£? | -3.28+0.28?% | -4.05+0.05? | -4.18+0.02° | 0.23
LSD 0.15 0.26 0.36 0.92 0.19
15.58+0.582 | 15.77+0.18?| 16.61+0.06° | 19.09+1.07% | 19.72+0.99?% | 1.27
15.93+1.08?| 15.85+0.1%?| 17.18+0.08% | 19.10+0.85? | 19.63+0.04? | 1.09
14 15.91+0.96% | 15.31+0.24?| 17.47+0.382 | 19.69+0.05? | 19.99+1.00% | 1.18
21 14.75+1.09% | 14.60+0.65° | 17.40+0.58% | 18.96+0.95% | 19.21+0.06? | 1.36
LSD 1.75 0.68 0.62 1.57 1.32

C: Mayonnaise with no antioxidants.

T1: Mayasadreated by TBHQ with level 200 ppm.

T2, T3, T4: Mayonnaise treated by 0.5, 1.0 andd.&thanolic chard leaves extract, respectively

L*: lightnessa*: rednessh*: yellowness.

The superscript capital letters are differed sigaiftly (P< 0.05) in the same row.

The superscript small letters are differed sigatfitty (P< 0.05) in the same column.

Thiobarbituric acid (TBA) value
TBA value is an index to assess the developmenbtxdation

changes that appeared in fatty foods. It determinedevels of secondary
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oxidation products like aldehydes, malonaldehydd ketones(Farag et
al., 1990) The changes in the TBA of mayonnaise treatmenetpesented
in Table (6). The TBA values of mayonnaise contagjniTBHQ and
ethanolic chard leaves extract were lower thamédontrol sample. There
was no significant difference between mayonnaisep$es containing
TBHQ and 1.5% chard leaves extract at differentag® periods in TBA
values. This is due to phenolic compounds founekinacts, where it acts as
hydrogen or electron donors to proxy radicals ie tkeaction and thus
decreasing the formation of the hydroperoxides sewbndary products or
delaying the autoxidation of unsaturated fatty £Bdsmyet al., 2012).

Moreover, the TBA values increased in all treatradayt progressing
storage periods. This increase was significanbhéndontrol and mayonnaise
samples containing 0.5 and 1.0% chard leaves éxdrat insignificant in
mayonnaise containing TBHQ and 1.5% chard leavés&x These results
match with EI-Rahman et al. (2020), who found that the TBA values
increased for the control and samples treated BiHA and moringa leaves
extract by the ending of the storage time.

Table (6): TBA values (mg malonaldehyde/kg fat) oimayonnaise samples
during storing at 4°C for 21 days

Storing period
C T1 T2 T3 T4 Lso|
(days)
1 0.228+0.02%" | 0.202+0.003% | 0.218+0.018° | 0.212+0.013" 0.210+0.0206% | 0.032
7 0.245+0.007° | 0.208+0.0062 | 0.241+0.0085"° | 0.231+0.005°2°| 0.223+0.01%?* |0.012
14 0.286+0.0252 | 0.212+0.01%% | 0.261+0.004%2 | 0.251+0.0232 | 0.230+0.02%°2 |0.033
21 0.299+0.012% | 0.219+0.019? | 0.285+0.02%* | 0.271+0.034%2 | 0.239+0.028°2 |0.040
LSD 0.036 0.021 0.026 0.038 0.039

C: Mayonnaise with no antioxidants.

T2, T3, T4: Mayonnaise treated by 0.5, 1.0 and’4 &thanolic chard leaves extract, respectively.

The superscript capital letters are differed sigaiftly (P< 0.05) in the same row.

T1: Mayasadreated by TBHQ with level 200 ppm.

The superscript small letters are differed sigaifitty (P< 0.05) in the same column.
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The mayonnaise viscosity

Fig. (2) display the mayonnaise samples viscosithiw storing at
4°C during 21 days. It was obvious that the vidyosialues of the
mayonnaise samples containing 1.0 and 1.5% chakseextract were
greater than other treatments during 1st, 7th @ndays of storage periods.
The lowest value in viscosity was observed for dasmgontaining 1.0 %
chard leaves extract on 21 day of storage peridlds, the viscosity values
significantly decreased in all treatments by pregieg storing periods.
These results are harmony wihbu-Salem and Abou -Arab, 2008).

The mayonnaise viscosity and stability are high nwilee pH is
thereabout to the isoelectric point of the egg ymitteins, thus the charged
proteins are reduced. If the proteins on the dtsptrface were fully
charged, this would block any extra protein frons@bing and led to
indispose the droplets about one to another, wivimiid block flocculation,
thus leading to low viscosity and stabilifipepree & Savage, 2001 and
Mirzanajafi-Zanjani et al., 2019). Therefore, the mayonnaise viscosity
decreased during the storage period as a resuk ofecrease in the
mayonnaise pHTriawati et al., 2016).

mnC T1 T2 xT3 T4
S
i
e N =iﬁ SR
= [N e L el _ R
o [ R o= -’ e . i
o ERe 4+ -] b SN L peRm
~ 130 4 2 reQl% O S - il 3' rofi’
= Bt - el - 15 . Rl 2 a5
'z o5 o:-:% Y Saly 2 3N i b 5\5‘
e : i - [ - 3 &
8 110 -1 [ : i) :} e ::} o 3'.'["
& [£5 el - oo A e e 04 o
- 5 : n‘ ‘F :‘ ....: ::‘ .': : =
- (YA 5 by L
E +.- ¢ +- g e B SN .
29 i 3 G i 440 SO 4 - [
2SBS0 WA 02 s :Z?
70 H{ ¥ S A R T e s
e 4 3 e 3 poliE » > 30
¢ +. - ) RS - - 5 Lo e
[+ - 2 gt 3 e M TSR
50 &= o SR 4 - Lo AANPY 3 o NN
1 7/ 14 2%

Storing periods (days)

Fig. (2): Viscosity values changes of mayonnaisemnsples within storing at 4°C during 21 days
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pH values

The mayonnaise pH values are illustrated in Tabig¢. (No
significant differences were noted in pH values agithe control and the
other mayonnaise treatments during the differeatirsy periods. On the
other side, the pH values of all treatments araiged with progressing
storing periods. The lowest reduction in pH valueas observed for
mayonnaise samples containing 1.0% chard leaveacexbllowed by T1
and T4 on 21 days of storing.

Reducing of the mayonnaise pH during storing duinéogrowth of
microorganism, which produces more organic acidge Tigh content of
organic acids decreases the mayonnaise pH valwgdhcaused some
changes in the physical properties of mayonnéismwati et al., 2016).
These results are in accordance wiftbu-Salem & Abou -Arab, 2008
and Nour, 2021).In contrast,Rasmy et al. (2012) mentioned that pH
values increased during storing periods for the ptesnof mayonnaise
control, containing BHA and sage extract with diiet concentrations.

Table (7): The mayonnaise pH values during storingt 4°C for 21 days

Storing periods

C T1 T2 T3 T4 LSD
(days)
1 4.37+0.19? | 4.39+0.282 | 4.42+0.232 | 4.41+0.04% | 4.31+0.17* | 0.36
7 4.300.282 | 4.26+0.16'%| 4.37+0.06 | 4.35+0.27% | 4.21+0.08% | 0.32
14 4.19+0.182 | 4.20+0.09%°| 4.28+0.2%2 | 4.26+0.22%| 4.16+0.04%" | 0.31
21 3.98+0.25% | 4.02+0.19"° | 4.09+0.16? | 3.94+0.24° | 4.05+0.08° | 0.35
LSD 0.39 0.36 0.36 0.40 0.20

C: Mayonnaise with no antioxidants.

T1: Mayasadreated by TBHQ with level 200 ppm.

T2, T3, T4: Mayonnaise treated by 0.5, 1.0 and’d &thanolic chard leaves extract, respectively.

The superscript capital letters are differed sigaiftly (P< 0.05) in the same row.

The superscript small letters are differed sigatfitty (P< 0.05) in the same column.
Titratable acidity

Table (8) illustrates the changes in titratablai#&gdo of mayonnaise
samples during storing at 4°C to 21 days. The resshhowed that, the
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titratable acidity% of mayonnaise containing TBH@Qdaethanolic chard
leaves extract were lower significant than thathef control samples during

all the storing periods. Moreover, the titratabtéday% of all mayonnaise
treatments significantly increased on 21 days coegavith ' day of

storage periods. During storage, the growth of staeterial groups like
lactic acid bacteria led to an increase the acidignce, pH values were
decrease@Worrasinchai et al., 2006).

Table (8): Titratable acidity of mayonnaise samplegng storing at

4°C for 21 days

Storing
. C T1 T2 T3 T4 LSD
periods (days
1 0.387+0.015" | 0.200+0.036° | 0.320+0.028° | 0.287+0.048°° | 0.250+0.016° 0.05
7 0.430+0.0362° | 0.217+0.02%"° | 0.326+0.013" | 0.313+0.008% | 0.287+0.088°% | 0.08
14 0.460+0.0602 | 0.263+0.045%° | 0.357+0.008? | 0.317+0.018°%" | 0.315+0.018°% | 0.06
21 0.484+0.012% | 0.290+0.026% | 0.379+0.016% | 0.347+0.0482 | 0.341+0.01%2 0.05
LSD 0.07 0.06 0.02 0.06 0.08

C: Mayonnaise with no antioxidants.

T1: Mayasadreated by TBHQ with level 200 ppm.

T2, T3, T4: Mayonnaise treated by 0.5, 1.0 and’d &thanolic chard leaves extract, respectively.
The superscript capital letters are differed sigaiftly (P< 0.05) in the same row.
The superscript small letters are differed sigaifity (P< 0.05) in the same column.
Microbiological analysis

The results in Table (9) illustrate the total baele Salmonella spp,
Saphylococcus aureus and yeasts and molds counts of all mayonnaise
treatments during storing at 4°C to 21 days. Thal tbacterial count of
mayonnaise samples containing TBHQ and chard leamsact was
significantly lower than the control through alletistoring periods, except
T2and T3on 14" day of storage. Also, the total bacterial coughiicantly
increased with progressing storing periods for rtieyonnaise control and
treatments. The reduction of total bacterial coams™ day of storing may
be due to the impadf undissociated and soluble acetic acid into the o
phase. After storing period, the total count in ¢batrol increased probably
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by reason of acid tolerant micro-organisms develemr(Marinescu et al.,
2011).

The yeasts and molds were not detected on raay of the storing
period for the control and all the other treatmerAd¢so, it was not
discovered on the "7 day for T4. The yeast and molds count of the
mayonnaise control and treatments were discovargtie®?" day of storing
and then increased till the end of the storingqukriThe lowest counts of
yeasts and molds were observed on theid 14" days of storage for T1
and the 7 days for T3.

Meanwhile, theSalmonella spp and Saphylococcus aureus bacteria
were not discovered in the control and other mag@mantreatments during
all storing periods. Home-prepared mayonnaise haen brelated to
outbreaks of food poisoning resulting to the presesf Salmonella bacteria
which due to eggs are the main source of infectwtth it. The results of
this study found thaBalmonella spp and Saphylococcus aureus bacteria not
detected in any treatments, this may be due touieeof vinegar (acetic
acid), lemon juice (citric acid) and mustard whistacted a germicidal and
increased in the rate of bacteria death. Along et al. (2000)stated that
the added vinegar within mayonnaise processingd6étic acid) is desired
to produce Salmonelifree mayonnaise in the kitchen. Moreover, the
storing of mayonnaise in cold temperatures prevbatgeria growth. The
presence of natural extracts in mayonnaise is am@nobial factor that has
the effect of preventing bacteria growiadford and Board, 1993).
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Table (9): Changes in some microbial groups (cfu/g)f mayonnaise samples
during storing at 4°C for 21 days

Storing
Treatments | periods C Tl T2 T3 T4 LS[
(days)
Total 1 |11.00+1.06° ND 6.67+2.559 | 4.67+0.58% | 2.33+0.58° |2.66
bacterial 7 |14.67+0.58°¢ ND 11.00+1.08° | 10.67+2.08° | 7.33x1.15° | 2.49]
count 14 | 21.33+1.53°| 4.67+0.58" | 19.33+3.06" | 17.67+3.79° | 9.00+1.06° |4.25
21 | 40.00+2.06%| 17.33+2.082 | 27.33+1.158? | 24.00+1.06°? | 20.67+2.55°2 | 3.35
2.61 3.46 4.00 421 2.82

1 ND ND ND ND ND -

Salmonella 7 ND ND ND ND ND -
$p 14 ND ND ND ND ND -
21 ND ND ND ND ND -

1 ND ND ND ND ND -
Saphylococcus| 7 ND ND ND ND ND -
aureus 14 ND ND ND ND ND -
21 ND ND ND ND ND -

1 ND ND ND ND ND -

Yeasts & 7 |19.33+1.58°| 1.67+0.58° | 7.67+1.58° | 4.67+0.58" ND 2.17
molds 14 | 24.00+1.00°| 4.67+1.15° | 13.00+1.08" | 11.67+1.18% | 7.33x0.58° |1.82
21 |39.67+3.04%| 8.67+1.53° | 18.67+2.082 | 14.33+2.58%2 | 10.33+3.58"? | 4.79]

4.11 2.31 3.20 3.26 5.71

ND: Not detected

C: Mayonnaise with no antioxidants.
T2, T3, T4: Mayonnaise treated by 0.5, 1.0 and’d &thanolic chard leaves extract, respectively.

The superscript capital letters are differed sigaiftly (P< 0.05) in the same row.

T1: Mayasadreated by TBHQ with level 200 ppm.

The superscript small letters are differed sigaifitty (P< 0.05) in the same column.
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Conclusion

From the obtained results, it could be concluded ¢thanolic chard
leaves extract had a high phenolic content and stolgh antioxidant
activity. The addition of chard leaves extract déewel of 1.5% during the
processing of mayonnaise improved its oxidativebistg Thus, chard
leaves extract can be used insteadartficial antioxidants to retard
oxidation and expand the mayonnaise shelf-life.
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