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! Dynamic light scattering (DLS)
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Introduction: Orange peel oil is one of the important flavors, which is used extensively in the food
industries. D-limonene is a considerable part of this substance (more than 90%). It is volatile in the presence of
light, air, moisture and high temperatures and chemically, it is an unstable compound. So nowadays, the
researchers are interested to apply some techniques for protection of this volatile compound from decomposition
and degradation during processing and shelf life. Encapsulation is one of the most important technologies, which
is applied in the food industry in order to improve chemical stability of food bioactive ingredients.

Biopolymeric nanoparticles can be produced by clustering and chaining of single biopolymers (protein or
polysaccharide), or by controlling the complexing of protein and polysaccharide molecules. Polysaccharide-
protein nanoparticles are taken more into consideration than pure single biopolymer nanoparticles, due to the
synergistic combination between the functional groups of various biopolymers and their higher chemical and
colloidal stability. When the proteins and polysaccharides are mixed together in a liquid medium, two types of
complexes can be formed: 1) overcoming the absorbent interactions and, as a result, the formation of soluble and
insoluble complexes (2) overcoming repulsive interactions and, as a result, separating the two biopolymers from
each other and arranging separately depending on the electrical charges on both of the biopolymers, as well as
factors affecting them, such as pH and ionic strength.

The aim of this study was to produce orange peel oil nanocapsules based on whey protein- low methoxyl
pectin nanoparticles and investigation of various factors including the effects of pectin concentrations (0.5, 0.75
and 1%), whey protein concentrations (4, 6 and 8%) and pH (3, 6 and 9) on the formation of complexes, in order
to find optimal conditions for its production at nanoscale.

Materials and methods: LMP powder (0.5, 0.75, 1 g) was dissolved in deionized water (70°C) to prepare
100 ml solutions. At the same time, different aqueous solutions of WPC (4, 6 and 8%) were prepared. 50g
maltodextrin (at constant ratio) was dissolved in deionized water to prepare 100 ml solutions.

The prepared WPC, LMP, and maltodextrin solutions were mixed together with the same volume. Then,
Tween 80 at a ratio of 10% of the total solids was added into the solution and mixed to solve completely. Finally
during homogenization of the prepared aqueous solution by an ultrasonic homogenizer (Iranian Ultrasonic
Technology Company, 400 W, 20 kHz, 12 mm probe diameter) at 25°C and the power of 350 W for 10 min, d-
limonene was added into this solution gradually. pH of the solutions was adjusted to predetermined pH values (3,
6, 9) using HCL and NaOH (0.1 and 1N).

The viscosity was determined using a Brookfield viscometer (LVDV Pro Il, Brook-field Engineering
Laboratories, spindle S00, USA) at the temperature of 25°C and a shear rate of 18.3 1/s.

Color values (L*a*b*) were measured by image analysis using Image J software. Only L* index was
reported because it was correlated well with the appearance of nanocomplex solutions.

An accelerated method was applied by centrifugation (3k30, Sigma, USA) at the temperature of 25°C and
20,000g for 60 min. The stability of solutions were calculated with Eq. 1.

The volume of nanocomplex remained stable

Stability (%) =

x 100 (@)

The volume of primary nanocomplex

The particle size and zeta potential of prepared nanocomplex solutions were evaluated using a dynamic light
scattering method (Zeta Sizer, Malvern Instrument, Malvern, UK).
Treatments were designed and analyzed by Central Composite Design pattern of Response Surface
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Methodology through Design Expert Software (State-Ease Co., version 10). The effect of three independent
variables of WPC content (4, 6, 8% w/w), pectin content (0.5, 0.75, 1% w/w) and pH values (3, 6, 9) on
viscosity, color and stability of nanocomplex solutions was investigated to determine the optimum sample.

Results and discussion: The pH factor and zeta potential play a key role in the formation and stability of the
whey protein-pectin complex because it influences the degree of ionization of the major groups on the
polysaccharide and protein. The ratio of two biopolymers (whey protein and pectin) also plays an important role
in the formation of sedimentary or stable complexes. Measuring the stability of samples showed that pectin could
play an important role in their stability by increasing the negative potential around whey protein particles, and
pH also had a great effect on stability, therefore samples at pH= 9 had the highest stability. In the determined
concentrations of biopolymers, viscosity was strongly affected by pectin concentration, so by increasing pectin,
viscosity was increased. The brightness index (L *) of the samples was also more affected by pH and with the
reduction of pH to acidic values, L* index of samples was increased due to the formation of the sedimentary
complex. Thus, the concentration of WPC = 4%, pectin = 1% at pH = 9, had the highest stability and the lowest
L *, and also pH=3, had the lowest stability, the highest L * and the highest viscosity. In this study, the optimum
ratio between whey protein and pectin was obtained 4: 1 for the formation of a complex with a particle size of
about 160 nm and a zeta potential of -53 mV.
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