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Introduction

Caffeine is one of the most common bioactive compounds in the world that can enhance mental and physical
performance However its bitter taste has created challenges for the use of this compound in food. Nano-encapsulation
technology, such as the use of liposomes, is one of the simplest ways to overcome this issue. In this research, caffeine
was encapsulated in nanoliposomes coated with chitosan and then the drink powder enriched with caffeine nanochitosome
was produced.

Materials and methods

In this research, pure caffeine powder was purchased and stored in dry environment at room temperature. Ethanol
(96%) and acetic acid were obtained from Mojallali Company, Tween 80 from Merck Company (Germany), lecithin
(P3556), cholesterol (C8667), and chitosan (medium molecular weight) purchased from Sigma Aldrich Company
(Germany). Sugar, essential oil and citric acid used in the formulation of the drink were purchased from a local store.
First, nanochitosomes in ratios of 9:1, 8:2 and 7:3 lecithin-cholesterol, were prepared using thin-layer hydration method.
Then, the particle size and zeta potential were measured to determine the characteristics of the produced particles.
Encapsulation efficiency was measured for 9:1, 8:2 and 7:3 lecithin-cholesterol ratios. The stability of the chitosomal
sample with a ratio of 9:1 lecithin-cholesterol was evaluated through visual observation of precipitation formation and
the amount of release of encapsulated caffeine during 60 days of storage at ambient temperature was calculated. FTIR
was performed for each of the components of the wall of chitosomes, caffeine powder, chitosomal solution containing
caffeine and chitosomal solution without caffeine with a ratio of 9:1 lecithin-cholesterol. Nanochitosomes with 9:1
lecithin-cholesterol ratio were used in the formulation of beverages due to having the smallest particle size, favorable zeta
potential, the highest microencapsulation efficiency, and high stability during storage. The drink samples were prepared
in different formulations (samples containing 3 and 5% free caffeine solution, samples containing 3 and 5% chitosomal
caffeine solution and the control sample). Then, the drinks were evaluated in terms of sensory characteristics and other
physico-chemical characteristics (pH, acidity, Brix degree, etc.). The drinks produced were turned into powder with a
freeze-dryer machine, and two important characteristics of powdered products, i.e. water solubility index and their
hygroscopicity, were evaluated.

Results and Discussion
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The average particle size and zeta potential for different ratios of lecithin -cholesterol were obtained in the range of
133.3-443.6 nm and +40.96 to +48.36, respectively. The encapsulation efficiency for 9:1, 8:2 and 7:3 lecithin-cholesterol
ratios were 91.2%, 86.18% and 79.09 %, respectively. The chitosomal sample with 9:1 lecithin-cholesterol ratio showed
good stability during 60 days of storage at ambient temperature. FTIR results showed that caffeine was loaded in
nanochitosomes. The results of the sensory evaluation of the prepared beverages showed the acceptability of the taste of
the samples containing caffeine nanochitosome compared to the samples containing free caffeine, which indicates the
success of chitosomal nanocarriers in covering the bitter taste of caffeine. The results of measuring the color of different
drink samples showed that there is no significant difference between the color of samples. The results of measuring pH
and acidity did not show significant differences between different drink samples. The results of measuring the solubility
of different drink powder samples showed that the samples containing caffeine nanochitosomes have low solubility
compared to other drink powder samples. Also, the hygroscopic amount of the drink powder containing caffeine
nanochitosomes was lower than the other samples, which is considered as an advantage for powdered products.

The results obtained in this research showed that nanochitosomes are an efficient system in covering the bitter taste
of caffeine. Therefore, with the production of caffeine nanochitosomes and its usage in the formulation of powder drinks,
it is possible to produce energizing and desirable drinks without the need to use high amounts of sucrose.
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Table 1- Concentration of sodium acetate and acetic acid to prepare sodium acetate buffer (1L,1M)
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N3: treatment with 3% nanoliposomal caffeine solution, F3: treatment with 3% free caffeine solution, N5: treatment with 5%
nanoliposomal caffeine solution, F5: treatment with 5% free caffeine solution.
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Table 3- Particle size, polydispersity index and zeta potential of chitosomal samples containing caffeine prepared with
different Lecithin-Cholesterol ratios
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Lecithin: cholesterol - . Lo
(w:w) Z-Average (nm) zeta potential (mv) Polydispersity index (PI)
9:1 133.3£7.27° 40.96 + 0.46° 0.419 + 0.042
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7:3 4436 +6.76° 48.36 + 0.55° 0.318 +0.02°
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Fig. 1. Encapsulation efficiency of chitosomal samples containing caffeine prepared with different lecithin-cholesterol ratios
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Different letters in same column represent significant differences (P<0/05)
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Fig. 2. Physical stability of nanoliposome solution containing caffeine (9:1 lecithin/cholesterol ratio) during 60 days of storage
at ambient temperature (25°C)
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Fig. 3. FTIR analysis results. (A=cholesterol, B= lecithin, C=chitosan, D=caffeine, E=lecithin-cholesterol 9:1 ratio
nanochitosome containing caffeine, F=lecithin-cholesterol 9:1 ratio nanochitosome without caffeine)
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Table 4- Evaluation of the sensory characteristics of free or nano-coated caffeine-containing beverage samples

Aiged Sy (030) prb S polus o ook
Samples Color Taste Odor  Mouth feeling General acceptance
Lo 35+0.85 3.8+0.70° 41+0.74* 3.8+0.63 4.1+0.88
Control sample
F3 3.6+0.842 29+067° 3.8+1.032 35%0.712 3.9 +0.88%
N3 3.7£0.822 41+£0.79% 3.9+0.74¢ 4.1+0.822 45+0.71°
F5 3.4+1.07% 26+0.70° 3.6+0.84% 3.4+0.70° 3.3+0.82b
N5 3.8+1.14% 39+099 43+0.82° 3.9+0.98° 4.3+0.67°
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(P<eir0) Wl (o)l (dime glis gty 53 gliste SagS By b (sla Sk . BlS a9t 9
F3: treatment with 3% free caffeine solution, N3: treatment with 3% nanoliposomal caffeine solution, F5: treatment with 5% free

caffeine solution, N5: treatment with 5% nanoliposomal caffeine solution. Different letters in same column represent significant
differences (P<0.05).
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Table 5- Color of different drink formulations

wigo

Color indicators

Samples

Redness

Yellowness

Control sample

3.63+0.368 12.67 +0.582

Jals

F3 3.72+0.30* 13.66 +£0.582
N3 3.90£0.068 13.82+1.732
F5 3.81+£0.268 12.00 +1.002
N5 3.96 £0.108 13.93 +2.082
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F3: treatment with 3% free caffeine solution, N3: treatment with 3% nanoliposomal caffeine solution, F5: treatment with 5% free

caffeine solution, N5: treatment with 5% nanoliposomal caffeine solution. Different letters in same column represent significant
differences (P<0.05).

bt 53 PH

by iz adigei PH Glje (5 S ojlul I Jolo ol
ke jlade & Jgd> lis 4 dog b sl 0dd ()15 7 Jga 5
¥l o bl 6 sy 5l adiges oled (sl PH
3,05kl (o350 )3 S 3 Y/AF—Y/OV dloly jd IS il d>y0
Ol & a2 b el JL8 (6)58 la Sy g sl (V-Y)
Ol (St bl g slogen (uill) PH 2 S50 ol (139
sdises slp PH jlude (imggy ) canl (S aaises )5 pH
YIFY=YIOY oy cogmo rdo 055LuiS b odds dupd (slogee JSduiiss
(Kamel Rahimi et al., 2014) .5 5,158

i g3 (sladh gad S5
i gladiges S5y glagasls wp )l Jolbs @b
D Jodo ol 4 g b el ord (315 0 Jgdo ) Sudy
0a3ls 95 o 33 (N5 5 N3) (3585 pojsssil gy sladiges
b osbdne gl (lol Jlas 5l (63,5 9 (530,8) S5y oy 2)90
B)l5 sals cdges g (F5 g F3) ol ublS (gols (cladiges
Slis pie oS 4538 Gl (i 0 0y cpl o ) (P>+/40)
D9 S 4 by Slgi o Slude iz sladiges X)) 50

Do 485 a5 )5 s Sapdel STy p e dlge



VPV T Lo (g3l (5595 (Souibgi 1098 3 (Sl 093855 il (b35] g wudsi oy 9 JOOLid

(g Al sadigel pH -1 Jgaa

Table 6- pH of different drink samples

diged
Samples

pH

Jals

Control sample

N5

3.57 £ 0.005%

3.56 = 0.012
3.54 £0.012
3.56 £ 0.01°
3.55 +0.022
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F3: treatment with 3% free caffeine solution, N3: treatment with 3% nanoliposomal caffeine solution, F5: treatment with 5% free

caffeine solution, N5: treatment with 5% nanoliposomal caffeine solution. Similar letters in the same column indicate no significant
differences (P>0.05).
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Table 7- Total acidity of different drink samples

diged JS izl
Samples Total acidity (grams of citric acid/100 grams of drink)
aald 3.36+0.15°
Control sample
F3 3.34 £0.15%
N3 3.31+£0.15%
F5 3.26 £0.10?
N5 3.29£0.10°
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F3: treatment with 3% free caffeine solution, N3: treatment with 3% nanoliposomal caffeine solution, F5: treatment with 5% free

caffeine solution, N5: treatment with 5% nanoliposomal caffeine solution. Similar letters in the same column indicate no significant
differences (P>0.05).
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Table 8- Brix degree of different drink samples

Kiges

Samples

oSy

Brix

Jals

Control sample

F3
N3
F5
N5

9.08 £ 0.14°¢

10.33£0.382
9.41 +0.14%
10.41 £0.292
9.58 +0.14°
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F3: treatment with 3% free caffeine solution, N3: treatment with 3% nanoliposomal caffeine solution, F5: treatment with 5% free

caffeine solution, N5: treatment with 5% nanoliposomal caffeine solution. Different letters in same column represent significant
differences (P<0.05).
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Fig. 4. Solubility of different drink powder samples
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F3: treatment with 3% free caffeine solution, N3: treatment with 3% nanoliposomal caffeine solution, F5: treatment with 5% free

caffeine solution, N5: treatment with 5% nanoliposomal caffeine solution. Different letters in same column represent significant
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