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Table 1- Formulation of mayonnaise for blank and low-fat samples containing konjac gum (weight percentage)

Compounds B R-20 R-30 R-40 R-50
oil 30 24 21 18 15
Sugar 5.7 5.7 5.7 5.7 5.7
Egg yolk 5 5 5 5 5
Vinegar %11 4.8 4.8 4.8 4.8 4.8
Salt 2 2 2 2 2
Preglatinated starch 1.8 1.8 1.8 1.8 1.8
Mustard powder 0.5 0.5 0.5 0.5 0.5
Xanthan gum 0.2 0.2 0.2 0.2 0.2
Citric acid 0.1 0.1 0.1 0.1 0.1
Potassium sorbate 0.03 0.03 0.03 0.03 0.03
Sodium benzoate 0.04 0.04 0.04 0.04 0.04
Water 49.83 49.83 49.83 49.83 49.83

B: Control Sample, R-20: Mayonnaise Sample which 20% of it oil replaced with Konjak gum, R-30: Mayonnaise Sample
which 30% of it oil replaced with Konjak gum, R-40: Mayonnaise Sample which 40% of it oil replaced with Konjak gum, R-
50: Mayonnaise Sample which 50% of it oil replaced with Konjak gum.
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! Strain sweep
® Loss modulus

® parallel plate
® Triangle test

* Linear Viscoelastic Region (LVR) ° Storage modulus
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Figure 1- Stability index for low-fat mayonnaise samples

B: Control Sample, R-20: Mayonnaise Sample which 20% of it oil replaced with Konjak gum, R-30: Mayonnaise Sample

which 30% of it oil replaced with Konjak gum, R-40: Mayonnaise Sample which 40% of it oil replaced with Konjak gum, R-

50: Mayonnaise Sample which 50% of it oil replaced with Konjak gum. Different letters indicate significant derefences
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Figure 2- Curves of shear stess vs. shear rate for low-fat mayonnaise samples.
B: Control Sample, R-20: Mayonnaise Sample which 20% of it oil replaced with Konjak gum, R-30: Mayonnaise
Sample which 30% of it oil replaced with Konjak gum, R-40: Mayonnaise Sample which 40% of it oil replaced with Konjak
gum, R-50: Mayonnaise Sample which 50% of it oil replaced with Konjak gum
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Figure 3- Curves of viscosity vs. shear rate for low-fat mayonnaise samples.
B: Control Sample, R-20: Mayonnaise Sample which 20% of it oil replaced with Konjak gum, R-30: Mayonnaise
Sample which 30% of it oil replaced with Konjak gum, R-40: Mayonnaise Sample which 40% of it oil replaced with Konjak
gum, R-50: Mayonnaise Sample which 50% of it oil replaced with Konjak gum

22 05 Plo pw Sladiged (1 s pu il 53 $ R A joSumn g 13903 T UKW
Yo oS Sale diges 1R-30 fanl 0ad 1 550ls SoxiS so > <IYO L ] (€9, 5l 0o )3 Yo &S Sgle aiges :R-20 £ oy duop> Y+ 1B
ol 033 35l SxiS aoyd VO L o ngg, il 2oy Tr oS ale diges tR-40 fanl 0ads (p3Sols SouS aoyd /0 L ol négy il 2o
ol 0 350l SIS o3 V b ol (69, 5l 2o )3 0 S 5gle 4iges :R-50

T'ON /6T "[OA [ 2202 J93UIM [ uoinN 79 ABojouyda ) pood

AR

369 37# 6 ey [ fovm@ ooz M Elead [ oyfe |




T 'ON /6T "[OA / 2202 481UIAN / uonianp % ABojouyos ] pooo

Yo

6 0@ 6 prrie ) Comm@ o a3 [ o Bloa¥ [ evorfe |

Ohed 5 (K> s o

adise dod meled (35 (Jb ol b el olyen
D92 yuder WS diged jl Goo 9l S

Sy (Seide; )W, -
GBS gy 093l -

093] s SISy 4ol e jlaie &
Chpdy plol e gla)les GBS )
20y Jode g S8l Jodo dloxl (S59d55) (sl el )l
WyS o 8 oolatwl dys0 Al pl dged asuie
il gladoys 3 GH)S Glagy ogesl 5 ol b
o Glis ¥ IS5 )0 S e b 2 RS0l
Jode yolie awyp dy0 sladisged olod pd .Cuwl il
JSS 4 a2 b eioren g <l Jgde 1 YL 085
Jote Gl el doo (iSOl o) Rl O

.AA:" D)ﬁ&b

okl b (S350, sboodls il 5l Jols gl
Y . Vol e ol

B IS Jsye g plg 8B (el sla e
cupd Vb plie 4 dogi bl oad 03)0l ¥ Joi>
Jils Sl polis o “4:51;«)4‘.\,5 O o pd g ‘ﬂuw,
oozl (gl Jde 45 €8 o lgiee s Sl
Py el puw (S5, )8, oy obly e
—dip g ol el Jhe eluly Gl glajles
A o IYV= /YR /Y= VY el o i (IS
Jw Hdy sy dowdlﬁ &S cal w‘)sl ub)>
Jgiz 3 &5 johailen (opizmen Adb o g b (SHsd
cel oy 0 b qewo cdale 158l ol e
25 0peS Pl (e Sladised mlud A5 SRl
Gy pded i el Glade cpl Gl G isli8l Js

S gouo Ciliseo sloso s ol Faale uuw slodiges (JJIb Judpd 9 (g5 (98 SJ0 b e po (sl )b -F Jgua

Table 2- Parameters related to the Power-Law and Herschel-Bulkley models for mayonnaise samples containing
different concentrations of konjac gum

Model Parameter B R-20 R-30 R-40 R-50
kp (Pa.sn) 16.91 16.79 18.33 19.97 20.05

np (-) 0.20 0.24 0.27 0.29 0.31

Power low R2 0.99 0.98 0.98 0.99 0.99
Adjusted R? 0.99 0.98 0.98 0.99 0.99

RMSE 0.92 1.79 211 1.66 1.17

10 (Pa) 5.61 6.37 7.50 6.04 6.32

kH (Pa.sn) 10.76 9.56 9.91 10.61 11.13

Herschel-Balkley nH (-) 0.27 0.35 0.39 0.36 0.35
R? 0.99 0.99 0.99 0.99 0.99

Adjusted R? 0.99 0.99 0.99 0.99 0.99

RMSE 0.56 1.06 0.37 1.66 1.17

B: Control Sample, R-20: Mayonnaise Sample which 20% of it oil replaced with Konjak gum, R-30: Mayonnaise Sample
which 30% of it oil replaced with Konjak gum, R-40: Mayonnaise Sample which 40% of it oil replaced with Konjak gum, R-
50: Mayonnaise Sample which 50% of it oil replaced with Konjak gum
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Figure 4- Curves of strain sweep for low-fat mayonnaise samples.

B: Control Sample, R-20: Mayonnaise Sample which 20% of it oil replaced with Konjak gum, R-30: Mayonnaise Sample
which 30% of it oil replaced with Konjak gum, R-40: Mayonnaise Sample which 40% of it oil replaced with Konjak gum, R-
50: Mayonnaise Sample which 50% of it oil replaced with Konjak gum
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Figure 5- Comparison of storage modulus contet for low-fat mayonnaise samples.

B: Control Sample, R-20: Mayonnaise Sample which 20% of it oil replaced with Konjak gum, R-30: Mayonnaise Sample
which 30% of it oil replaced with Konjak gum, R-40: Mayonnaise Sample which 40% of it oil replaced with Konjak gum, R-
50: Mayonnaise Sample which 50% of it oil replaced with Konjak gum

Oy oS Ferle (e (BAIged 0D Jgdo p3lho dulio -0 JSUS
Ao Ye a8 Sgle dges tR-30 el odds (30l SuS doyd /YO b o g, 5l doyd Ve &S Sgle diges R-20 ¢ 0> Jo > Yo B

R-50 ol od 550l SbuS doys IVO L ] (489, 5l dioyd ¥e oS 5gle iged tR-40 tcunl o 550l SbuS dops <10 b o 24,

ol 01 330l xS o3 V b ol ey 5l do 3 00 S Hgsle diges



Pl o B SHY 2 22 RIRE olee 4 SIS oo (0938 U

1000 1000 T
{Blank 2RO ENW).  MRIe g
_|
@
- . S (2]
& 100 5 g é 100 + i o 2 o g
| 8 [ o Sl o oY S o s ® 8 o B R R RS . " %
- e B ™ - g 8 <«
“ ’ s ® “ . = . . <
S 10 Y s a s 8 "® = (2 10 ® g g o8 ® R
i ¥ pd
- - c
=
=4
=3
o
1 1 =
0.01 0.1 1 10 100 0.01 0.1 1 10 100 =
Log Frequency (Hz) Log Frequency (Hz) g
1000 %
+30 (G =30(G™ 1000
0©) #3009 «40(G") w0 (GY :J
TR-30 S
+ fR-40 N
3 1 . . - . ~
g |, g6 e & 8 g0, o ¢ 16 ®T <
s . . . . ¢ - . . . . ™~ . ¢ ¢ @)
!. @ » L = s : ® ™ —_—
~ = < ° =Y
. s 0 °¢ > a a ® s s
: ® g g a n©w ° " :l. 8 o & & B8 s 0 ©
» 10 =10 z
L ¥ o
! 1
0.01 0 1 10 100 0.01 0.1 1 10 100
Log Frequency (Hz) Log Frequency (Hz)
1000
+«30(G) =50
Frol T g W
.'T v . . . . 9. ¥ ’ .
- 13
< Y & m 5
- a " r
® R YA
» B
-
1
0.01 0.1 10 100

1
Log Frequeacy (Hz)

Figure 6- Curves of storage modulus and loss modulus vs. Frequency for low-fat mayonnaise samples
B: Control Sample, R-20: Mayonnaise Sample which 20% of it oil replaced with Konjak gum, R-30: Mayonnaise Sample
which 30% of it oil replaced with Konjak gum, R-40: Mayonnaise Sample which 40% of it oil replaced with Konjak gum, R-
50: Mayonnaise Sample which 50% of it oil replaced with Konjak gum

oS Pl (e sdiged wilS pd l 10 Sl Jode g (S0 D Jgo Hldged =1 UK
Jaop e &S Sgle diges tR-30 sl osd 350l SouS 0o )d < /YO b ol (€9, 5l o3 Yo &S 5gle diges R-20 ¢ oy o> Yo 1B
R-50 sl 01 (30l S aoyd /YO L )] (g, 3l doyd Fe oS Sgile diges IR-40 tl 0ads (3Rl S aoyd /0 L o] oy,
ol od 30l SbuS o3 Vb ol oy, 5l 2oy 00 &S Sgle diges

Sy Gl S 0,8 Dbyl )90 b (gl o
a3 oglasl (Iho S plae @l o ]y Pale Syl gl -
oS Bran oyl il & 1 Cudly (culg Jparme S Ssndsel 4 ol Camdssl Jgems job 4

L oS ad eanlie pols 3uid )3 bl ogllash O oS ol s g mess i ola T8 4 398 e

Ol Fplo w (igm¥ga ) )3 gowo clale 133l e 0955 iyl 1 ealitul b g Hlbgd 5 aa £,

369 37# 6 ey [ fovm@ ooz M Elead [ oyfe |



T 'ON /6T "[OA / 2202 481UIAN / uonianp % ABojouyos ] pooo

YA

3% 0@ 6 prriv ) fomm@ w03 [ bload [ eoyfa |

Ohed 5 (K> s o

L0y
] ]
|
100 l g ‘ $ ¢ T &
= * &+ & s & s s s °©
10
R-50 . R40 ®» R-30 - R-20 - Blank
1
0.01 0.1 1 10 100

Frequency (Hz)

Figure 7- Effect of Frequency on storage modulus for low-fat mayonnaise samples
B: Control Sample, R-20: Mayonnaise Sample which 20% of it oil replaced with Konjak gum, R-30: Mayonnaise Sample
which 30% of it oil replaced with Konjak gum, R-40: Mayonnaise Sample which 40% of it oil replaced with Konjak gum, R-
50: Mayonnaise Sample which 50% of it oil replaced with Konjak gum
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Figure 8- Effect of Frequency on lost factor for low-fat mayonnaise samples.
B: Control Sample, R-20: Mayonnaise Sample which 20% of it oil replaced with Konjak gum, R-30: Mayonnaise Sample
which 30% of it oil replaced with Konjak gum, R-40: Mayonnaise Sample which 40% of it oil replaced with Konjak gum, R-
50: Mayonnaise Sample which 50% of it oil replaced with Konjak gum
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Table 3- Sensory evaluation of mayonnaise samples containing different concentrations of konjac gum

B R-20 R-30 R-40 R-50
Taste 7.45° 7.45° 7.40° 7.40° 7.40°
Appearance 9? 8.8° 8.9° 8.6°¢ 8.4°¢
odor 8.5% 8.5% 8.45% 8.45° 8.4°%
Texture 8.5° 8.7 8.8 8.7 87%
Viscosity 8.1¢ 8.2¢ 85% 8.6° 8.8.2
Overall acceptability 8.40° 8.40° 7.4% 8.3"° 8.3"

B: Control Sample, R-20: Mayonnaise Sample which 20% of it oil replaced with Konjak gum, R-30: Mayonnaise Sample
which 30% of it oil replaced with Konjak gum, R-40: Mayonnaise Sample which 40% of it oil replaced with Konjak gum, R-
50: Mayonnaise Sample which 50% of it oil replaced with Konjak gum. Small letters (a, b, ¢, d, €) in the same line indicate
significant differences (p<0.05) of treatment.
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Abstract

Introduction: Considering the increasing consumption of fat-rich foods over the last decades
and its relationship with prevalence of cardiovascular diseases, development of low-fat food
formulations is of special importance. Hydrocolloids such as gums have great potential for
imitating the role of fat in foodstuff. The aim of the present study was to explore the
capability of konjac gum to replace the fat in mayonnaise.

Materials and Methods: Different concentrations of konjac gum (0.25, 0.5, 0.75 and 1%)
were incorporated into the formulation of mayonnaise with 20, 30, 40 and 50% oil reductions,
respectively. The static (flow behavior) and dynamic (strain sweep and frequency sweep)
rheological properties were measured using a rheometer and sensory chracteristics were
evaluated by a 10-member sensory panel. The rheological and sensory properties of low-fat
mayonnaise containing different concentrations of konjac gum were compared with each
other and low-fat control (30% fat) using a completely randomized design at 95% confidence
interval.

Results: The results of fitting the rheological data to Power-Law and Herschel-Bulkley
models showed that all samples had pseudoplastic behavior. The low-fat samples containing
different concentrations of konjac gum had lower flow index and higher consistency index
than the control sample. Similarly, the yield stress was enhanced with gum concentration up
to 0.5% but decreased after that. The finding of oscillating frequency sweep test showed that
all samples had storage modulus larger than loss modulus and loss tangent lower than 1,
confirming the viscoelastic characteristics of the samples. Furthermore, the loss tangent
steadily decreased with increase in konjac concentration. It was observed that konjac gum had
a significantly improving impact on stability index of reduced-fat mayonnaise in a
concentration-dependent manner. The results of sensory analysis revealed that konjac gum
significantly improved the texture, viscosity and overall acceptability but did not have any
significant effect on odor and flavor of low-fat mayonnaise.

Conclusion: It is concluded that the low-fat mayonnaise sample containing 0.5% konjac gum
was the best formulation in terms of rheological and sensory properties.

Keywords: Fat Substitutes, Konjac Gum, Low-Fat Mayonnaise, Rheology, Sensory Properties.
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