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ABSTRACT

The present research was undertaken to make a atsopdetween the effects of different concentratiof yellow
mustard powder and its paste on pH and microbigdytation. This research was an attempt to replactagsium
sorbate and sodium benzoate with higher concewninatof yellow mustard to make free-preservativegomaaise.
First, 0.00%, 0.10%, 0.20%, 0.30%, 0.40%, and 0.5@%centrations of yellow mustard powder were agplio
the mayonnaise formula. According to the resuhg, thigher the concentration of yellow mustard, kbes the
microbial population and the longer the shelf lifdowever, undesirable changes in taste and coloa assult of
using mustard powder was observed. Applying hestitnent eliminates the enzyme in higher conceotratbf
mustard past (0.00 to 1.50) %, responsible for sirdéle sensory changes(p<0/05).These results coled that
the mayonnaise sample formulated with 1.00% muspaste, free from chemical preservatives, was tlstm
suitable sample to reduce microbial population amgrolong shelf life.

Keywords: Yellow mustard paste and powder; Antimicrobial euaeristics; Sinalbin; 4-hydroxybenzyl
isothiocyanatePreservative-free Mayonnaise

INTRODUCTION

Mustard oil seed contains high levels of proteiariwus genera of this plant, including more thafl 2@ld and 40
cultivated species, are in the U.S. and Canadan feno economical and practical point of view, thnesin species
are known worldwide, namely yellow mustard, brownstard and oriental mustard [1]. Beginning in ti8ds,
production of low-acid/low-calorie salad dressirggl condiments were widely promoted. Using natadalitives,
such as mustard, in condiments and salad dreskasggbeen highly valued. This increasing adhereraawesult
of their ability in decreasing the acetic acid, @iintent, concentrations of organic acid and sadt iacreasing pH
and water phase of the product. Thus, in the nemdtae of various food products, such as condimants meat
products, mustard has been used as a flavoringnipaibves the physicochemical properties and pgdahe shelf
life. Nowadays, appreciating the functional projsrtof mustard and its variable applications indfandustry
seems crucial. In the yellow mustard seed, a kihdromatic glucosinolate compound is found, whicts lthe
chemical formula of 4- hydroxybenzyl isothiocyan&teown as Sinalbin [2, 3]. This compound lies ireédonic
layer and vacuoles, which are surrounded by a mamebicalled Tonoplast. There exist about 200 pmol/g
combinations of glucosinolate in mustard. As a ltesthe enzyme activity, these combinations ayérblyzed and
changed into a 4-hydroxybenzyl isothiocyanate camgd4].

Previous research shows that the resulting compokmawn as IsoGard™, at relatively low-level usaigean
effective antimicrobial agent. When 25 mg/L of tliesmpound is used in acidified fruit drinks, it lWgresent
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preservative characteristics against gram-negadieiel-tolerant bacteria, such as Glocunobactarpedervative-
resistant yeast such as Zygosaccharomyces bailiddlition, it improves the stability of the protiup to 28 days
against microbial growth at ambient temperature gp, Previous studies in neutral pH peptone brotiden
refrigerated conditions (6.5°C), demonstrated tbaGard™ acts against various pathogenic and golbacteria,
including Escherichia coli, staphylococcus aureBampylobacter jejuni, pseudomonas aeruginosa, Switao
enteritidis and Shigella boydii. Using 360 mg/L4MBITC has lead into 6-log decrease in the micrgbigulation.
When injected into beef steaks as part of brineindral 4HBITC concentration of 46 mg L-1 yieldedone log
reduction in aerobic plate count (28 days, 5-10°C).

Antimicrobial effects of mustard flour and aceticich were proved against three bacteria speciedudimg
Escherichia coli, Salmonella typhimurium and Ligtemonocytogenes. In this study, 10-20% concewinatiof
mustard powder with 1% acetic acid exhibited syistigantimicrobial effect. At 22°C, this antimidral effect is
more than 5°C [7].

In active and modified atmosphere packaging of dyr¢he fungicidal effects of the isothiocyanateisgmg in

mustard, were tested against a range of fungi, siscpenicillium roqueforti, penicillium commune, ggillus

flavus and Endomyces fibuligra. Nielson and Rid30@) have investigated the application of mustagkastial oil
in active packaging. In comparison with other spjgaustard essential oil in a concentration of,Jppdved to have
the strongest effect to completely inhibit the griowf all the microorganism at 25°C within 7 dajoreover,

active packaging was particularly useful to incestiee shelf life of bread [8].

Studying mutagenicity effect of isothiocyanate comnnpds on Salmonella typhimurium exhibited the ocenee of
an epoxide intermediate in allyl isothiocyanate abetism. Another metabolic pathway, namely hydrislys allyl
alcohol and oxidation to acrolein, a known mutagehibitor of aldehyde dehydrogenase, can slighttyease the
mutagenic potential [9].

Han et al. (2005) have studied the antimicrobitdatfof mustard flour on Escherichia coli O157:H7ground beef
under nitrogen-flushed packaging. In this reseaatdmng with an increase in the concentration of tandspowder,
an increase in the antimicrobial effect of isotlyimeate on E-coli O157:H7 was observed. The reshitsved that
using mustard flour at levels of >5-10% limits trewth of E. coli O157:H7 in fresh ground beef [1Q]their MS
thesis, Adeli Milani et al. (2005) have investigatiie functional properties and application of gellmustard in
food industries to demonstrate its emulsifyingbsizing, antioxidant, flavoring, and antimicrobiptoperties[11].

The purpose of this study is to investigate theaff of different concentrations of yellow mustpoidvder and paste
on pH, microbial population, shelf life, and orgbeqiic properties of mayonnaise.

MATERIALS AND METHODS

Materials

Yellow mustard powder was obtained from G.S.DUNGanadian company. Other materials such as sakgsaim
eggs, sugar, water, acetic acid, potassium soradesodium benzoate were prepared, following th&oNal
Standards of Iran.

Samples Preparation

In this experiment, yellow mustard as a naturaldoment was selected to investigate its antimicroliad
flavouring properties. Attempt was made to develpuseful formula of mayonnaise free from chemical
preservatives and finally producing a product vd#sirable sensory properties. First, different dampf mustard
powder concentrations were prepared to reduce hialrpopulation of mayonnaise, and thus prolongtagshelf
life. Then, sodium benzoate and potassium sorbate wliminated from the formula of mayonnaise, w/tilgher
concentrations of mustard paste were used to peoduemical-preservative-free mayonnaise (Tabled12n

Table 1: The treated mayonnaise samples with mustdmpowder and without sodium benzoate and Potassiusorbate

0.00% 0.10% 0.20% 0.30% 0.40% 0.50% Mustard (%)
B D11 D12 D13 D14 D15 Sample name

Table 2: The treated mayonnaise samples with mustdrpaste and without sodium benzoate and Potassiurorbate

0.00% 0.75% 1.00% 1.25% 1.50% Mustard (%)
B W1 w2 W3 W4 Sample name

The method for combining the materials of mayormaigere taken from James Peterson and Mary et al. in
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1998[12]. The whole production process was condlgteler full hygienic condition, i.e. cleansing alisinfecting

the equipment. At first, using a laboratory mixéie beaten eggs were mixed with 15 grams of soyb#afhen,

the total amount of powder materials and half efwnole water were added. Next, soybean oil wadugidy added
within 6 minutes. After 4 minutes passed, the oéghe water was added; and after one minute, thegar was
added. Finally, it took a total of eight minutescreate a homogeneous mixture. For different tygenayonnaise,
weight of each batch was determined to be 3Kgo¥ahg the functional formula and in a way to méwet National
Standards of Iran. The percentage recipes of fresepvatives mayonnaise are listed in Table 3[4B, 1

Table 3: Percentage recipes of the mayonnaise withiopotassium sorbate and sodium benzoate (wt, %)

Ingredients Weight (%)
Egg 9.00
Sugar 3.85
Soybean oil 63.26
Vinegar 5.20
Xanthan gum 0.40
Salt 1.30
Water 17.37
Guar gum 0.10
Citric acid 0.14
Potassium sorbate 0.00
Sodium benzoate 0.00
Mustard 0.00-1.50

Experiments

In the present study, a number of experiments darghéning antimicrobial properties, blanching amgpgaring
mustard paste were carried out. To this end, miigtawder in samples of (0.0%, 0.10%, 0.20%, 0.30%0% and
0.50%), and paste in samples of (0.0%, 0.75%, 1,0025% and 1.50%) were used. Subsequently, a rnuaibe
tests were conducted, including microbial cultivattest, pH test, color test, and analysis of sgngmperties of
mayonnaise, i.e. flavor, smell and color.

Yellow Mustard Composition Analysis

The analysis of mustard was in accordance withntiteonal standard of the Institute of Standards ladldistrial
Research of Iran; Mustard- Specifications and testhods. ISIRI no 246. 3rd revision, Karaj: ISIRB99. [In
Persian]

Yellow Mustard Paste Preparation

To inactivate the myrosinase enzyme of yellow nmastd20g of mustard powder was mixed with 720gioggar

according to the National Standards of Iran (NC5,3808). This mixture was respectively in propmrtdf 1-6 in

order to make a mustard-vinegar emulsion and fatdliheat-transfer. The resulting emulsion wasedukiat (800 cc)
bottles by a thermostatic water bath (Grant Ins&émois, Cambridge, UK) for 10 min at 75°C. With reface to the
aforementioned studies, the researchers had claima¢dheating to the temperature of 75°C for 10 winuld cause
a noticeable decrease in the activities of Myrastnanzyme [15]. It should be noted that, after llanching

process, the compound was cooled in a refrigef®bIC) to prevent the side effects of heating. ¢aeéld by the
thermal process, the resulting mustard solution® iidkered by Buchner funnel. The residue of fhiscess on the
upper Decanter chamber of the filter paper was andgiaste.

Microbial analysis

Counting tests for the total number of microorgariswere based on the national standards of Irah thie
following numbers using the method of mixed cultiva and two time repetitions. The plates and gneese
stocking were put in an Incubator with the tempa®abf 30° C for a period of 723 hours.

-Institute of Standards and Industrial ResearcHraif, Microbiology of mayonnaise sauce and saladcesa-
Specifications and test methods. ISIRI no 2965.2rision, Karaj: ISIRI; 2002. [In Persian]

-Institute of Standards and Industrial Researchasf, Mustard Powder- specifications. ISIRI no 348& revision,
Karaj: ISIRI; 1999. [In Persian]

-Institute of Standards and Industrial Researchasf, Mayonnaise and salad souses -Specificati&hRl no 2454.
3rd revision, Karaj: ISIRI; 2003. [In Persian]

Microbial tests of produced treatments were cardatin intervals of 0 hours (immediately after guetion), 24
hours, one month, two months, three months aftedyartion, and in three concentrations of 0.1, 0@MQQ1 and
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two times of microbial cultivations for each contration.

pH Measurement

The pH values of mayonnaise samples were measti@deanperature of 20 + 0.5°C, using a Metrohm pétem
(Model 622, Switzerland), which was calibrated @emperature of 20°C before use according to 1S484. 3rd
revision, 2003.

Sensory Evaluation

A sensory evaluation of mayonnaise samples wasumed after preparation and during storage at 6f@ fmonth.
Sensory characteristics: taste, flavor, smell, cdkxture and overall acceptability were evaluaigda 30-member
panel on 5-point hedonic scale, with 1 being theelst and 5 the highest according to Barath et24l0%). The
panelists were mostly the experts from the Ingtitnt Standard and Industrial Research of Iran. Mikan of the
results was used for the statistical analysis [16].

Statistical Analysis

The results were collected through duplicate meamants of tree samples by using the StatisticalysigaSystem
program (version 8.1; SAS). Microbiological datarevanalyzed by the General Linear Models (GLM) prhae
and Duncan s multiple range test with significaiftedence (p< 0.5) at storage interval for indivédureatment.
Sensory data were analyzed by ANOVA and t-tesséparation of mean differences.

RESULTS AND DISCUSSION

Specification of Consumed Yellow Mustard (CYM)

Moisture Content

The moisture content of Consumed Yellow Mustard i ¥vas 3/9 %. This amount of moisture is in linglwihe
National Standard of Iran (No. 3404, 1998) whem iiaximum acceptable ash percent in mustard isIBWRI(
3404, 1998).

Total Ash
According to the results, the total amount of asiCi¥M was 4%. This amount of ash is in line witle tRational
Standard of Iran (No. 3404, 1998) where the maxinagoeptable ash percent in mustard is 6% (ISIR#34098).

Sensory Evaluation
The results of evaluating smell and taste in corsimustard was indicative of a mild desirable biste in CYM
and its homogeneity with the national Standardarf (ISIRI 3404, 1998).

Antimicrobial Effect of Yellow Mustard Powder and Y ellow Mustard Paste in Treated Samples

Table 4 shows the antimicrobial effects of différeoncentrations of yellow mustard powder on samfi¥L1-D15)
in concentrations of 0.10%, 0.20%, 0.30%, 0.40%0% and the effect of different concentrations ofstard paste
on samples (W1-W4) in amounts of 0.75%, 1.00%, %.25.05% and also 0.00% in the resulting mayonnaise

As shown in table 4, the microbial population, fa¢ beginning of the test, decreased in all mustardaining
samples (I-D;g), in comparison with the control sample (B). Reliyag the existence of Isothiocyanate in yellow
mustard, the increase in amount of mustard powetedd into decrease in microbial population. In iotherds, the
antimicrobial properties had a direct relation wath increase in the concentration of consumed mdig@wder in
mayonnaise samples. The decreased concentratiomcobbial population was concomitant with an in@®an
Isothiocyanate. As shown in table 4, counting thitaltnumber of microorganism three months aftedpation, in
samples (B-D1s) showed a 37.3% decrease in microbial populaticsaimple B, 47.9% in sample R and 58.5%

in Dy5. Counting the total number of microorganism agiiwéls of 24 hours indicated the continuation afrdasing
process in microbial population in samples, W/,, W5, and W, respectively containing 0.75%, 1.00%, 1.25% and
1.50% mustard paste other than the control sanB)évicrobial population increased to 670 CFU/g iontrol
sample (B) and decreased to 290 CFU/g in sample aild 190 CFU/g in sample ZWThis shows a direct
relationship between the decrease in microbial [atjm and the increase in the consumed mustastepin
mayonnaise.

The results obtained from counting the total numiemicroorganism at the intervals of 2 and 3 mendlfter
production was indicative of an increase in micablpiopulation in all treated products. The microlpiapulation,
however, decreased by an increase in consumed nthystste in mayonnaise.
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Table 4: Results of the antimicrobial effects of dferent concentrations of yellow mustard powder ortreated sample$

Time(h)
2160 1440 720 24 0 Sample Name
B 590£10/00 b 480£10/00 b  430:20/00 b _ 410%10/00 B _ 535:20/00 D11
C  520+20/00 b 450+10/00 bc 400+10/00 b  390+10/00 B  510+20/00 D12
cd  490+20/00 ¢ 405+20/00 ¢ 370+10/00 ¢  330+10/00 C  460+10/00 D13
ecd 470+00/00 ¢ 390+10/00 cd 350+20/00 cd 310+10/00 D  405+10/00 D14
of  390+20/00 cd 380+10/00 d 310+10/00 cde 300+10/00 Ed 380+10/00 D15
gf  390+10/00 cd 360+10/00 d 310+10/00 cde 290+10/00 Ed  370+20/00 w1
gf  370+20/00 ed 330+10/00 d 290+20/00 def 260+10/00 Efg 340+20/00 w2
gh  340+10/00 ef 310+10/00 ed 270+10/00 fgh 230+10/00 Fg 320+20/00 w3
H  310+20/00 f 290+10/00 e 230+20/00 h  190+10/00 G  300+20/00 W4
A 940+10/00 a 880+10/00 a 740+10/00 a 670+10/00 A  580+20/00 B

& Mean value of tree measurements.

Table 5: Changes rate of microbial population in teated samples (WW,) to the control sample (B)

Time(h)
2160 1440 720 24 o Sample Name
59/79% 59.55% 58.66% 57.35% 37.28% W1
61.85% 62.92% 61.33% 61.76% 42.37% w2
64.94% 65.16% 64.00% 66.17% A45.76% w3
68.04% 67.41% 69.33% 72.05% 49.15% w4

Microbial population changes in samples (W1-W4)mpared with the control sample, were analyzed @ th
interval of 3 months after production (table 5)sltowed a 59.8% decrease in microbial populatiosaimple W1
(containing 0.75% mustard powder), 61.8% in sanWi& (containing 1.00% mustard powder), 64.9% in damp
W3 (containing 1.25% mustard powder) and 68% inmari/4 (containing 1.50 mustard powder). Accordinghe
heating treatment in the production process of ardspaste and the decrease in IsoGard™, stemmed tfre
decline in Myrosinase enzyme activity, necessitate increase in the concentrations of mustard padtes
proliferation compensates the reduction of reledsethiocyanate and the increase in antimicrobiapprties of
mustard [17].

pH of Mayonnaise Samples

In table 6, the pH of treated samples is showrecsdid by the different concentrations of yellow taud powder
(0.00%, 0.10%, 0.20%, 0.30%, 0.40%, and 0.50%ampes (D11-D15) and yellow mustard paste (0.0075%,
0.10%, 1.25% and 1.50%) in samples (W1-W4).

Table 6: Means of pH in treated samplées

pH* Sample Name

Kj  3.86+0.005 D11
Hj 3.87+0.003 D12
Gf  3.88+0.003 D13
Fe 3.86+0.005 D14
Fed 3.89+0.010 D15
Ed 3.90+0.003 W1
Cd 3.91+0.003 w2

B  3.92+0.006 W3
A 3.96+0.008 W4
Gf  3.88+0.003 B

*Mean value of tree measurements.

Statistical analyses of GLM variance by SAS sofewsinowed the existence of a statistically signifiadifference
in the means of pH test in the produced treatm@gri3.05). Duncan test showed a statistically signifiadifference
between the control sample and the treated samfséeshown in table 6, an increase in consumed nmiis@uses
an increase in pH, but gradually, this proliferatéecreased considerably. This reduction is atre$aln increase in
H+ which emanates from the effect of Myrosinaseyer on Sinalbin of yellow mustard. As a consequesfca
decrease in the activity of Myrosinase enzyme aause heating treatment and the decrease of H+pHheof
samples containing 1.25% and 1.50% concentratibmsustard paste respectively increased to 3.92%3296%6.
Accordingly, the mean of pH in mayonnaise sample {&@ntaining 1.50% mustard paste) increased t0%,02
compared with control sample. Regarding the resilffH measurement, all the treated samples weegrdmed to
be 3.6 — 4.1, which is consistent with the NatidB@ndard of Iran (ISIRI 2454, 2003). Regardingphklimitation
determined in National Standard of Iran (ISIRI 243803), the increase of pH in sample W4 (contgirirb0%
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mustard paste) shows a proximity to the criticahpddence, an increase in the concentrations tbdwemustard in
the treated samples requires some changes inrtineilto of mayonnaise or a modern production process.

hese results of this study were in line with thadiings of Xing et al. (1999) about the effects adiywnnaise
components, such as mustard, on pH of the mayanngliss research also confirmed the findings ofkuset al.
(2000) about the effect of enzyme myrosinase oalBim of yellow mustard [4, 18].

Sensory Evaluation of Treated Samples

In table 7, the color hue, taste, odor, stabilitgd averall acceptability of mayonnaise samplessamvn as effected
by the different concentrations of yellow mustaaper (0.00%, 0.10%, 0.20%, 0.30%, 0.40%, and 0)50%
samples (D11-D15) and mustard paste (0.00%, 0.1506%, 1.25% and 1.50%) in samples (W1-W4) androbnt
sample (CS). ANOVA GLM at the 95% level of signditce showed a meaningful difference in the datéyaing
texture, color, flavor, and general acceptancediftdrent samples. At the same time, in treated@asy there is a
lack of statistically significant difference in thdata considering texture. Furthermore, analyzimg results of
Duncan test showed a statistically significantetiéice in the data, obtained from the aforementidests and
those from control group, excluding the data fréma &nalysis of texture properties. Therefore, atingrto table
10, the aforementioned sensory evaluation groumdidiifferentiate the texture properties of mayaise samples.
Regarding the flavor, the lowest score (3.93) whscated to the control sample (B). Along with timerease in
mustard content from 0% to 0.3%, flavor score imprbconsiderably to 4.80.

Table 7: Score Means of the sensory evaluation irgated sampled

Sample nameConsistency* Color*  Odour* Flavor* Overall acceptability* Texture

D11 4.63+1.02 4.80+1.064.73+0.984.33+1.224.70+1.20 4.93+1.01
D12 4.70+1.03 4.50+1.134.10+0.924.63+1.124.93+0.98 5.10+1.02
D13 4.73+1.01 4.46+1.164.13+0.894.80+1.064.40+0.93 5.00+1.08
D14 4.83+0.98  4.33+0.884.30+0.984.20+1.064.33+0.88 4.93+1.04
D15 5.00+0.90 4.20+0.964.53+1.104.13+1.004.13+1.07 5.23+1.04
w1l 5.20+0.96  4.93+1.045.13+0.894.60+1.195.03+0.46 5.20+1.03
w2 5.23+0.81 4.80+0.964.83+1.014.93+0.985.33+0.80 5.10+1.06
W3 5.40+0.77  4.63%£1.034.70£1.024.60+1.274.80+1.06 5.13+1.17
w4 540+1.06  4.40+0.965.10+0.954.43+0.884.40+0.96 5.10+1.06
B 4.50+1.10  5.40+0.964.30+0.933.93+1.154.10+0.88 5.03+0.99

# Means value of 30 measurements. Statisticallyifgignt (p<0.05)*.

This proves the advantage of yellow mustard asrihin flavouring component of mayonnaise. Accordinghe

results, the flavour score of mayonnaise decreasedresult of the increase in the concentratianusgtard powder
to 0.40% and 0.50%. It was a consequence of agaserin the content of Isothiocyanate, following dlativity of

Myrosinase enzyme in mustard powder. In higher entrations of the yellow mustard powder, this feoétion

causes a pungent flavour in mayonnaise. With theease of mustard paste by 1.00%, the mean oftasoore
increased to 4.76. The application of heating tneat in mustard paste led into Myrosinase enzynaetdetion,

Isothiocyanate reduction and thus reduction of pahd@avour in mustard paste.

Therefore, thanks to the use of heating treatmeahttlae production of mustard paste, the use of bagttentrations
of mustard paste (0.75%-1.50%) effectuated [15,T8F results were in line with the findings of Birat al.
(2000) and Balint et al. (2006). The sensory eualgagroup gave higher scores to the smell samples
mayonnaise, containing mustard paste (0.75%-1.5B%6pmparison with the samples, containing musgemalder
(0.10%-0.50%), and control sample [16, 20].

CONCLUSION

Applying heating treatment at the second stagehefexperiment deactivated the myrosinase enzymahwh

responsible for creating the pungent flavour inloy@l mustard. Hence, along with an increase in tmeunt of
Isothiocyanate, the bitterness decreased. Thenigeattatment also destroyed the pigments of Anthoicy in

yellow mustard, which brought about a lighter colobimustard paste, and improved its colour scbhe. results of
the experiments on mayonnaise samples (W1-W4) usugtard paste and in high concentrations (0.7530%)

was obtained without 2 chemical preservatives, mampetassium sorbate and sodium benzoate. Thisitondin

comparison with mustard powder in concentrationsq@-0.50%), intensively decreased the microbigutation

and prolonged the shelf life of mayonnaise. In &ddj undesirable changes in colour and taste westaced. This
study specifies that 1.00% yellow mustard pastethadest concentration to decrease the microbjalijation and
to prolong the shelf life of mayonnaise.
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