DOI: http://dx.doi.org/ 10.22104/1FT.2022.5678.2110

IFT
u Innovative Food Technologies, 10(1), 49-68, Autumn 2022
\

Research Article
Preparation of low-fat mayonnaise using modified potato starch with carboxy
methyl-phosphorylated method containing nanochitosan

(IROST)

Homa Torabizadeh!", Bahare Ghavidel?, Alireza Basiri®, Alireza Shakeri* , Mehrdad Azin®, Bahram
Tafaghodinia®

1. Associate Professor, Department of Food Science and Technology, Iranian Research Organization for Science
and Technology, Tehran, Iran
2. MSc. alumni, Department of Food Science and Technology, Iranian Research Organization for Science and
Technology, Tehran, Iran
3. Associate Professor, Department of Food Science and Technology, Iranian Research Organization for Science
and Technology, Tehran, Iran
4. Professor, Department of Polymer Chemistry, University of Tehran, Tehran, Iran
5. Professor, Department of Bioenergy and Conversion Processes, Iranian Research Organization for Science
and Technology, Tehran, Iran
6. Assistant Professor, Department of Plant Processing, Iranian Research Organization for Science and
Technology, Tehran, Iran

(Received 13 June 2022, Received in revised form 20 August 2022, Accepted 28 October 2022)

Abstract

In this study, potato starch was etherified by monochloroacetic acid and then was cross-linked by Sodium
triphosphate. Thereafter, chitosan nanoparticles were added to increase the antimicrobial properties and was
used in mayonnaise with reduced fat in three types of formulations, with 30, 40 and 50% reduced fat. In
rheological studies, from 4 different levels, carboxymethylated starch at the level of 7.6, cross-linked at the level
of 0.2, containing nano-chitosan at the level of 20% was selected by creating a high complex viscosity. The
average particle size of nanochitosan was 79 nm and its zeta potential was positive and equal to 36.6 mV. The
results of the flow behavior of mayonnaise samples after 40 days showed that, due to the increase in shear rate,
more changes were made in the apparent viscosity of samples 40 and 50% than 30% sample. In the study of
viscoelastic behavior, the highest value of G was determined for 50% sample during the 46 days storage period.
Evaluation of the thixotropic behavior of the samples revealed that, the substitution of modified starch increased
the thixotropic properties of the mayonnaise emulsions. Study of stress changes in mayonnaise samples implied
that, the highest stress was related to 50% mayonnaise sample compared to control. The flow behavior
estimation of mayonnaise revealed that with increasing the amount of modified starch along with increasing the
coefficient of stability, the amount of stress also increased. Emulsion stability assessment of the samples implied
that the samples 30 and 40% have the highest degree of stability. Microbial evaluation of the sauce samples
shows a decrease in the total microbial count of the control from 228.3x10% to 55.9 x10° in the 30% sample,
after 46 days.

Keywords: Carboxymethylated Starch, Phosphorylated Starch, Nano-chitosan, Low Fat Mayonnaise,
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Table (2). Degree of substitution of carboxymethyl groups in starch structure
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* Numbers are mean of three replicates + standard error; Averages with different letters in each row have statistically significant differences
(p<0.05).

(e ST 009 )*u‘).w )0 9 00y u...;lf)s O w|5
Jgde 0,65 5 e Sloog Oglate o Jgoe ol s
Shear - sga> £4,5 oaias lid j58usg Jode 9 Sl
ALsls 0925 JsSUge Lialyl Koo kil jo a5 ceulthining
9 SVl Jgse 90 &5 ol sl oo AR 4D 595 g
).AJSL: g 009 ol w0 (60,95 jeSng
3,90 uwlf)s 0dgdste ;0 R prevae 6.]9&]9& uwl)]
08D o jomw Awlid j0 Jade 90 Hleo 5,95 0 dnlllas
Hz ‘5....\)[5)5 03gde 4O )Nj Js..\.c 9 My‘ Jj..\.‘o
LosoSamy Joe cdls 1) 5Sans 3 k8, Vo))
GreS et b Sl Jooe g Rl ulS 3 a3l
50 Coad PMlol aulas (B JSo) conl asls iols8l

ogee etd a8 lBl L Sy Jaue lu

L ol jor sl Stuly Ssie VIF G ply zshans (cuoy e 5o
Y e o eSS ansSiny lisS g6 VY-
Jelos 6 T slo o, g 0390 +/Y G 5 i TSTMP
Gl Dslis 252g il 120 liebl haws o il
Vo g5 VIF Glales ;o 503l @l (Sile G o sine
gsbw on 5o - (P<O.0001)  wiloe Setuls IS g
TSTMP /Y g ulp gshw 5 ohgnS b 7Y il
3 At el Siilg fSgie Ve G a0 4598

el 033 VIF Q pelans

oo ol awlis SO 5elesy oy )Y
Lz (AE O sl laged) Slogs ose;] 5l Jols zuls
aigas olod )0 j5Suns 5 ScwVl sla Jsoe S s 0

1. Trisodium trimetaphosphate (TSTMP)



Ol g ooly ol Lea

oy O Ol sl sl oad Dol Jligs alis 4

D JS5) ol azil ol

Complex viscosity (Pa. S) H

20 40 80

Angular frequency (1/S)

4‘“

@

Complex viscosity (Pa. S) I

A0 80 100 120

Angular frequency (1/S)

|

Complex viscosity (Pa. S)

0 50 100 150

Angular frequency (1/S)

dl.:z::\.....;l....; La d.....nl.u Ao C‘)Lol

2

Jode @ Cand (gt s b dalol o el sl aila

(C JS) sl azdly o33l Szl
Jgu\.o ‘wl.f)s e r oéjm ).) ‘D W C)Lo‘ c\.....ul.....u
o 3 bl Gl uilS 5 el L bl Sl 5oy

Complex viscosity (Pa. S)

Angular frequency (1/S)

0

Complex viscosity (Pa. S)

0 50 100

Angular frequency (1/S)

S iolitd 50 (aSheS A 598 g Dl i) SiwWlgSang JL8 5 ) 2 sl loged (V) S
13 0ad ol JLasl VP gelans 4 0 dlio o515 4l e ok 3L

o il ol ulS 3 Sl ) s 0 L

Ve o GlenS 96l Gl e Y haw (o oad il Jlasl ) - gl jo oal alsie oS0 )S iz Ve mhw j0 olisiS $ib slls Vb
Jlast Ve e j0 oo dlite S9)S (g Ve mhaw ;o 5608 6U lylo oo [V mdaw j0 00l il> Jlasl VP maw 10 00l alie (ouSgs,S o
Y 50 39S 65U sl e /W rdaw (o 0nls il
Fig 1. Diagrams of viscoelastic behavior (complex viscosity variations) in potato starch without modification versus modified starches to
frequency changes. A, native starch, B, carboxymethylated starch at level 7.6, cross-linked at level 0.3, containing nano-chitosan at level

20, C, carboxymethylated starch sample at level 10, cross-linked at level 0.2, containing nano-chitosan at level 10, D, carboxymethylated
starch sample at level 7.6, cross-linked at level 0.2, containing nano-chitosan at level 20, E, carboxymethylated starch sample at level 10,

cross-linked at level 0.3, containing nano-chitosan at level 20.
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Fig 2. Diagrams of viscoelastic behavior (changes in elastic modulus and viscose modulus) in potato starch without modification versus
modified starches to frequency changes. A, native starch, B, carboxymethylated starch at level 7.6, cross-linked at level 0.3, containing
nano-chitosan at level 20, C, carboxymethylated starch sample at level 10, cross-linked at level 0.2, containing nano-chitosan at level 10, D,
carboxymethylated starch sample at level 7.6, cross-linked at level 0.2, containing nano-chitosan at level 20, E, carboxymethylated starch
sample at level 10, cross-linked at level 0.3, containing nano-chitosan at level 20.
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Fig 3. Comparison of complex viscosity of modified starch gel solutions of 3% (w/w) in phosphate-citric acid buffer
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Fig 4. Nanochitosan zeta potential and particle size distribution diagram. A, zeta potential, B, particle size distribution.
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Table 3. pH changes in mayonnaise samples compared to the control during 90 days storage

Ao 3w 9y e Sdei 51 e 39y Aigod
90 days after production 1 day after production Sample
3.58+0.034% 3.07+0.020% Control
3.78+0.027° 3.74+0.015° F1
4.30+0.056° 4.26+0.032° F2
4.40+0.035" 4.34+0.028° F3

A I ime (L] BT ghls iy ya 0 LSl 8 By b sl (1 Silie sariee 5 lailiu] glas £ 18T s .Sl sloel®
(p=0.05)

* Numbers are mean of three replicates + standard error; Averages with different letters in each row have statistically significant differences
(p<0.05).
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Fig 5. Diagram of changes in flow behavior of mayonnaise samples compared to control after one day
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Fig 6. Diagram of changes in flow behavior of mayonnaise samples compared to control after 40 days

LES8, 8y, lade o)l skl wlie 8, plple o ol
5 905 e ,8 8l o 1) Pale s AVl
sz AYL lake b gadgel gy 00 el a5 el len
Loy sleloges ol Guios cpl o e YU G 6l
3 Oy e rals g ealFdlel aulis wsje il
AVl el 4l il G g G lade pable ew
F3 wiged 4y bgsype 05, Fr ()l 0,90 b 0 G e

Il oy Jsisy ol

—— G"(Control) [Pa]

—— G (Control) [Pa]

Foilom gl digel Syl g )L3, 0.1
395
(G) 5%my curd S SISy jlid) () 5o
el alie )l oole 0l (G) il ey 5l 55,5
ssle a5 ey 5o absl BB 5,0 sarmsylis G
ool b G 5l iy G ST el dod o JSb i
OLes 5 (g o Slinin ulal o3l mle LS,

S5l

G 5l 2 G yzpS 5 @z Fole e o (V20 Y)

-0-G"(30) [Pa]

-e G (30) [Pa] -O- G (40) [Pa] B G (40) [Pa]
—&— G (50) [Pa] —— G (50) [Pa]
10000 10000
1000 1 & L 1000
E 3
5 &
3 o
\} 100 - L 100 ‘1
Z g
10 L 10
1 : : : : : 1
0 1 2 3 4 5 6

[1/S] st asgls il 3

59, Foolow sals b acglie (o 3gle e sbodiges Saw¥lsSiuy g L8, ol oss (V) JSS&
Fig 7. Changes in the viscoelastic behavior of mayonnaise samples compared to control after 40 days
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Fig 8. Changes in the Thixotropic behavior of mayonnaise samples compared to control
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Fig 9. Yield stress alteration in mayonnaise samples compared to control

sonlcewsdy sl el adl e +/AAA=+/AFY o3gume
N dsolnl e rd) K alezsl Sale o slaaises sl

2 G Ty 5 (ogem Sy pd) P dobz a5l)
[YA—Y?] Sl 00 oé)jj (f) J5\.\>

Pl g b2 LS, ALY
S -Jd e Joaw olsl peads ploxl gl gy qlis
Loawslio )0 ©peS Pale puw )8, slo Shy s9,

=

3O Newed oy @S bl sals pale e

ol diged b duslie 10 Pgle G slodiges b, L8 s (F) Jgoo
Table 4. Results of flow behavior of mayonnaise samples compared to control

T r’ K[Pas’] n Samples
0.63£0.041 0.98820.067 0.88+0.022 0.84+0.031 Control
1.30£0.022 0.973+0.049 68.720.14 0.18£0.024 F1
4.27+0.024 0.979+0.055 296.82+2.54 0.087+0.012 F2
5.41+0.053 0.949+0.028 202.71+2.37 0.095+0.008 F3
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*Numbers are mean of three replicates + standard error
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Table 5. Results of emulsion stability survey for mayonnaise samples compared to control after 48 hours

Ogmdgol (55l () el FA 5l ams gl gol o539 (F1) Agai
Emulsion stability Emulsion weight after 48 h Sample
7240.42 3.600.022 Control
70.60+0.13 3.530.018 30% reduced fat
70+0.25 3.500.031 40% reduced fat
66+0.19 3.3020.016 50% reduced fat

S o il sl 1S5 an (1SSl olael™
*Numbers are mean of three replicates + standard error
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Fig 10. Emulsion stability results for Mayonnaise samples compared to control after 46 days
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Table 6. Microbial results assay of mayonnaise at intervals of 1, 14, 28, 46 days for control compared to F1 sample

s gL Wigadlw 5 Lo sl ot 9 S B ool Agai
Sy ! Salmonella E.coli Yeast and mold Total count Sample
e 2 (CFU/g)
g Liile Y89 0
Heterofermentative
lactic acid bacteria
RV-{)
Control

0 Negative Negative 0 48.3x10° to

0 Negative Negative 0.06x10° 56x10? tu

0 Negative Negative 0.1x10? 143.3x10? tos

0 Negative Negative 5x10° 228.3x10° tsg
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F1: Formula with 30% Fat reduction

0 Negative Negative 0.02x10° 16.46x10° to

0 Negative Negative 0.04x10? 29.5x10° tu

0 Negative Negative 1x10? 48.5x10° tos

0 Negative Negative 3x10? 55.9x10° tsg
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