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Table 1 Used treatment in the study

Treatment Liposome structure
Control Orange juice without vitamin D3
T1 Orange juice enriched with free vitamin D3
T2 Vitamin D3-enriched orange juice contains zein hydrolysate without ultrasonic treatment
T3 Vitamin D3-enriched orange juice contains ultrasonic-treated zein hydrolysate
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Fig 1 Ultrasonic effect on the encapsulation (left) and loading efficiency (right) of nanocomplexes containing
vitamin D3 (different letters represent significant differences at p < 0.05 probability) T2: Vitamin D3-enriched
orange juice contains zein hydrolysate without ultrasonic treatment T3: Vitamin D3-enriched orange juice contains
ultrasonic-treated zein hydrolysate
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Fig 2 Effect of ultrasonic pretreated zein hydrolysates on size (left) and zeta potential (right) of the VitD; loaded
nanoparticles (different letters represent significant differences at p<0.05 probability). T1: Orange juice enriched
with free vitamin D3, T2: Vitamin D3-enriched orange juice contains zein hydrolysate without ultrasonic treatment
T3: Vitamin D3-enriched orange juice contains ultrasonic-treated zein hydrolysate
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Fig 3 pH changes of orange juice contained VitD3 loaded nanoparticles during storage. Control: Orange juice
without vitamin D3, T1: Orange juice enriched with free vitamin D3, T2: Vitamin D3-enriched orange juice
contains zein hydrolysate without ultrasonic treatment T3: Vitamin D3-enriched orange juice contains ultrasonic-
treated zein hydrolysate
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Fig 4 Color indexes changes (L* a* b*) of orange juice contained VitD; loaded nanoparticles during storage.
Control: Orange juice without vitamin D3, T1: Orange juice enriched with free vitamin D3, T2: Vitamin D3-
enriched orange juice contains zein hydrolysate without ultrasonic treatment T3: Vitamin D3-enriched orange juice
contains ultrasonic-treated zein hydrolysate
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Table 2 Sensory evaluations of orange juice contained VitD; loaded nanoparticles.

Treatment Day Taste Color Overall acceptability

1 4.8+0.44a 4.8+0.44a 5+0a
Control 15 5+0a 4.8+0.44a 5+0a
30 4.8+0.44a 4.8+0.44a 5+0a
1 4.8+0.44a 5+0a 5+0a

T1 15 4+1b 4.8+0.44a 4.2+0.83b

30 4+1b 4.2+0.44b 4+0.7b

1 4.8+0.44a 5+0a 4.8+0.44a

T2 15 4.8+0.44a 4.8+0.44a 4.8+0.44a
30 5+0a 4.8+0.44a 5+0a

1 4.8+0.44a 5+0a 4.8+0.44a
T3 15 5+0a 5+0a 5+0a

30 5+0a 5+0a 4.8+0.44a

Different letters represent significant differences at p<0.05 probability. Control: Orange juice without vitamin D3,
T1: Orange juice enriched with free vitamin D3, T2: Vitamin D3-enriched orange juice contains zein hydrolysate
without ultrasonic treatment T3: Vitamin D3-enriched orange juice contains ultrasonic-treated zein hydrolysate
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Vitamin D; is a fat-soluble vitamin and one of the most important vitamins for
body. Enriching foods, especially juices, with this vitamin requires
encapsulation due to dispersion problems and sensitivity to oxidation and light.
Therefore, in the present study, the effect of using zein hydrolysate and the
effect of ultrasonic frequency (40 kHz) on the structure of nanocomplex
carrying vitamin D; and its stability in orange juice were investigated. The
encapsulation and loading efficiency as well as the size of the prepared
nanoparticles were measured and physicochemical, microbial and sensory
evaluations were performed on the juice during days 1, 15 and 30.
Encapsulation and loading efficiency for nanoparticles containing vitamin D; by
ultrasonic pretreatment increased by about 12.2 (70 vs. 62.4) and 14.73% (10.69
vs. 9.32), respectively. Particle size and zeta potential for different treatments
were respectively obtained in the range of 49.59—58.49 nm and -24.5 — -36.62
and the use of nanocomplexes reduced the particle size and zeta potential
compared to free vitamin D; in orange juice. Regarding the physicochemical,
microbial and sensory results obtained for fortified orange juice, zein
hydrolysate nanocomplex has the potential to be used as a suitable and valuable
carrier for enriching fruit juices with bioactive substances, especially vitamin
D;, without any harmful effects.
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