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Rheological Characteristics of Mayonnaises with Different Oil Contents
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Abstract

The steady shear flow and the small-amplitude dynamic viscoelastic properties of mayonnaises with different oil con-
tents (75-85%) have been studied over a wide range of shear rates and angular frequencies by using a cone-plate rhe-
ometer. Yield stress was determined by Casson model. The fluid consistency coefficient (K) and flow behavior index
(n) were determined by Herschel-Bulkley model. The volume-weighted average diameters of oil droplets for mayon-
naises with 75, 80 and 85% oil contents were 3.89, 3.04 and 3.15 um, respectively. All of the mayonnaises had yield
stress, shear-thinning behavior and thixotropy. These properties were fortified as the oil content in the mayonnaise
increased. The magnitude of storage modulus and complex viscosity increased with the increase of oil contents. Over
a wide range of angular frequencies, the value of storage modulus (G') for mayonnaise was much higher than that
of loss modulus (G"). Both G' and G" increased with increasing angular frequency but they had slight dependency
on angular frequency. Parameters, n' and n" were 0.10 and 0.20, respectively, meaning that frequency dependency of
G' was smaller than that of G". The mayonnaise with higher oil content had more pronounced gel-like characteristics

than that with lower oil content.
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Table 1. Recipe of mayonnaise made in the laboratory.

) Amount (%)
Ingredient

75 80 85

Soybean oil 75 80 85

Water 14 9 4

Egg yolk (salt 10%) 8 8 8

Sugar 1 1 1

Vinegar (12-14%) 2 2 2
Total 100 100 100
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y : shear rate (s)

7 : shear stress (Pa)

7, : yield stress (Pa)

K: consistency coefficient (Pa's")

n: flow behavior index (n)
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Table 2. Proximate analysis, pH and water activity of mayonnaises with various oil contents.

0il Composition (%)

content (%) Crude fat Moisture Crude protein Ash Carbohydrates" PH B
75 77.4+0.26% 19.240.19 1.14£0.01 0.7620.06 1.4£0.52 4.3740.05 0.92
80 82.8+0.54 14.410.73 1.18+0.01 0.79+0.04 1.31£0.56 4.3610.02 0.89
85 86.610.52 9.210.07 1.16+0.02 0.8120.01 2.240.48 4.3340.01 0.86

! Calculated by subtracting sum of crude fat, moisture, crude protein and ash percentages from 100

? Meanzstandard deviation

SAEA

2 AFA 3 3] gHEele] Ao AR5E I WA}
2 Yehjen 5A4#4A4S Excel(Microsoft office Excel
2007, Microsoft Corp., Redmond, USA) 57 Z2 13 -&
o] g3le] AR Zt Tableol= Hazt ¥FHAE
ERf ST

OteU=e| UitdE &

[LE

1z

A ZE vfoy=e] gu
*‘E Table 29]‘ 71:1'9,;]\":]’ -1—7(] Ho ;:!]_ ot
85% MU =7} 7Hzt 774, 828, 86.6%E UEFSTE o=
A zoll AHEE 2 8F2] sHF 75, 80, 85%°F g o=
z dAEaL AN %%Mﬂ A FEskE AL

rf
o_>L
~ f.{m
o
LT
o
M
o
oL
H
Lo
Ay
o2
ih)
o

El3
AL 192, 144, 92%i A ol S7FEE 3has)
gom FRIANE A 092, 0.89, 0.862 2 7+AATH

d

A=

Az rtev =] JEwE 4 A%
At vl =] A te] A7)+ 0.6 umolA] 24.6 um7HA]
3 %}ﬂl HIEPOH o] F 1% oIS A she AW
To BEE ATHEH, 80% vhaul=e] H9- 1.2-62 umS
2 7P 2 E e, 75% nhad|=e} 85% wka|
=25 747} 0.8-9.4 pm, 1.0-7.1 pm=Z B} W2 ¥ 9ol A
ExEo] AT
 RIEF7E B Ao 2718 B 75% nRevl=
9] 7% 4.1pum°| 11.0%%E, 80% vauv|=9] 4% 2.7 um
o] 13.6%, 85% mFeu|=2] 7% 2.7 umo] 11.9%= 2}A| &}
Atk AxE vteul= Fo] AW R 27 (D,
75% wFWI =7} 3.89 um, 80% wERUI=7F 3.04 um, 85%
ulQu| =7} 3.15 umel e, HAAJAZEE FHE 2y
90%°l 433 Ha2 7, d0.9)= 2+ 6.47 um, 4.54 um,
492 ume| Atk &, vkau| 28] A2 A= 75% vk
W=7t 78 2o 80% whaul=9l 85% rhau|= Jlole
 ztel7t e ASE UEAL o= Dy d(0.9)°14 A
2 A3k

Hel

Figure 13} 7

_\.LH:H‘

Distribution(%)
[e¢]

0.1 100

Diameter(pum)

Fig. 1. Distribution of the oil droplet size for mayonnaises with
various oil contents.
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Fig. 2. Thixotropy flow curves for mayonnaises with various oil
contents.
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Table 3. Model-fitting flow equation parameters of mayonnaises with various oil contents.

Thixotropy

Mayonnaise (Pas”) 7, (Pa) R? K (Pa's™ n R? 10 (Pa's)
75% 9850+52 58.5£1.81 0.967£0.01 4.52+0.21 0.78+0.01 0.895+0.01 11.4£0.19
80% 19600218 133.5+£0.48 0.967£0.01 9.160.23 0.7620.01 0.903%0.01 24.5+0.07
85% 2915016729 139.8+£14.3 0.969+0.01 12.6+1.04 0.76x0.04 0.925%0.03 27.412.66

" Apparent viscosity measured at y =10 s
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Fig. 3. Strain sweep of mayonnaises with various oil contents.
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Fig. 4. Dynamic oscillatory response (G' and G') of mayonnaises
with various oil contents. Experiments were done at 2% strain
amplitude.

G" : loss modulus

o : angular frequency

Ross-Murphyoll W= true gel®] 7% n'3} n"2 0°] F
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Table 4. Effect of oil content on n', n", K' and K" parameters
at 20°C as determined from equations (3) and (4).

Parameter 75% 80% 85%
n' 0.10£0.00 0.10£0.00 0.10£0.00
G K 385.3+10.33 714.7+16.45 749.9+37.10
R? 0.996+0.003 0.982+0.011 0.980+0.003
n" 0.20+0.00 0.20£0.00 0.20£0.00
G" K" 51.1%1.11 81.9+3.03 78.2+5.47

R? 0.963+0.003 0.955+0.004 0.976+0.003

G": storage modulus; G": loss modulus
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Fig. 5. Comparison of steady flow viscosity (77,, solid lines) with
complex viscosity (7)) for mayonnaises with various oil
contents.
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