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Figure 1 - Effect of Lecithin and Carboxymethyl Cellulose on Emulsion Stability of Samples
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Figure 2 - Graph of Elastic Modulus (G’) and Viscous Modulus (G") versus Strain for Treatment Number 5
(containing 1.5% Lecithin and 0.05% Carboxymethyl Cellulose) (at frequency of 1 Hz and temperature of 20°C)
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Table 2 - Parameters Obtained from Variable Strain Test of Macadamia Butter Samples (temperature 20°C and

frequency 1 Hz)

Lo
o
Gr(Pa) tr(Pa) tandrve 1y (Pa) Ye (%) G"we(Pa) Gve (Pa) CMC

Lecithin  Treatment

1186.6 282 0.242334 5.75703  0.000246 6803.2 3979.7 0 0 1
745.8 2775 0.510159  7.2405  0.000198 7301.2 21573 0.1 0 2

812 147.9  0.374871 5.86309 0.000222 7052.2 12247.5 0.05 0 3
761.6 132.8  0.229428  51.426  0.000318 2102.2 9162.8 0.1 1.5 4
1490.5 116 0.201065 3.622  0.000318 1946.3 9113.1 0.05 1.5 5
1105.6 87.4  0.196915  2.1957 0.000216 2246.3 9013.1 0.05 1.5 6
1000.3  114.8 0.202763  2.9552  0.000318 2046.3 9513.1 0.05 1.5 7

1053 101.1  0.202763 2.57545 0.000267 2346.3 8913.1 0.05 1.5 8
1026.6  107.9 0.202763  2.76532  0.000292 2246.3 9113.1 0.05 1.5 9
1451.4 583  0.175831 153.695 0.000217 2390.4 6947.9 0 1.5 10
394.91 455  0.247675 13913  0.000467 716.92 2894.6 0.1 3 11
1580.8 86.5 0.191614  2.1419 0.000217 1860.9 9711.7 0 3 12
1239.8 66.8 0338442  2.069  0.000318 1254.1 6387.6 0.05 3 13
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Abstract

Macadamia is an edible nut with high oil content and a desirable flavor, commonly used as a raw material
for producing plant-based butters. The resulting butter is a semi-solid, oil-rich system whose quality and
stability depend on its emulsion structure and rheological properties. Therefore, this study investigated the
effects of lecithin (0.1-0.2%) and carboxymethyl cellulose (CMC) (0.05-0.1%) on the emulsion stability and
rheological properties of macadamia butter. The results showed that the linear effect of lecithin on emulsion
stability was significant at the 95% confidence level (P<0.05). Increasing lecithin concentration in the
presence of CMC caused a slight initial decrease followed by an increase in emulsion stability. The storage
modulus (G'LVE) and loss modulus (G"LVE) were also significantly affected by lecithin and CMC
concentrations. At low lecithin levels, increasing CMC markedly increased these moduli, indicating
strengthening of the system’s network structure, whereas this effect diminished at higher lecithin
concentrations. Additionally, increasing CMC in the presence of low lecithin increased yield stress (ty) and
critical strain (yc), indicating greater structural resistance to deformation. Furthermore, the loss tangent in the
linear viscoelastic region (tan dLVE) increased with lecithin concentration but decreased with increasing
CMC, reflecting changes in the balance between viscous and elastic behavior. Optimization results indicated
that the best formulation consisted of 0.17% lecithin and 0.1% CMC, under which emulsion stability and
viscoelastic properties were optimized. These findings suggest that the simultaneous use of lecithin and CMC
at appropriate levels can improve the structure and stability of macadamia butter.
Keywords: Macadamia butter, Lecithin, Carboxymethyl cellulose, Storage modulus, Loss modulus, Yield
stress
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  E m u l s i o n   S t a b i l i t y = 68 + 6 . 9 A + 4 . 7 B + 17 . 7 AB + 2 . 7 A 2 − 203 B 2


   G ′ LVE = 3979 + 1978 A + 1 . 6 E 5 + 05 B − 81368 AB


   G ′ LVE = − 188 + 871 A + 68541 B − 30665 AB


  τ y = 28 . 28 + 20 . 06 A + 2393 B − 967 AB                 ( 4 )  


  γ c = 0 . 000246 − 0 . 000012 A − 0 . 000480 B + 0 . 000993 AB


  tan   δ   = 0 . 242 − 0 . 143 A + 2 . 62 B − 1 . 42 AB + 0 . 066 A 2 + 0 . 550 B 2


  𝜏 f = 28 . 28 + 20 . 06 A + 2393 . 2 B − 967 . 34 AB


  G f = 1186 . 62 + 176 . 52 A − 3996 B − 2483 AB

