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Fig 1A) Micrograph of the double emulsionof treatment H obtained by optical microscopy (40x); B) Micrograph of
the coacervated microcapsule (prior to freeze-drying) of treatment H obtained by optical microscopy (40x).
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Table 1Average diameters of the droplets and capsules corresponding to the double emulsions and the
coacervates of black raspberry ethanolic extracts prior to freeze drying*.

Composition of the various

Average diameters

treatments
Treatments GE! GA Con:e Droplets correspond.ing Coacervated
(%VIV) (%VIV) solutlon2 to the double emulsion microcapsules (jum)
(Yow/w) (um)
A 5.0 5.0 75 45.05+3.12% 63.9742.23%
B 7.5 7.5 75 28.46+1.96° 49.83+3.51%
C 50 5.0 100 41.18+3.71° 56.5942.43%
D 7.5 7.5 100 31.53+2.81°¢ 45.25+0.97¢

There were no significant differences among the samples with the same letters in the same column (P < 0.05)

1 Polymer solution concentration (%V/V).

2 Core solution concentration percentage in relation of total polymer concentration (%ow/w) GE= Gelatin; GA= Gum

Arabic.

Cored S8 Susby Olgee odd IS 5 S Gladi sl (S4an
5Ll YU el oS Aol &S Wls J 28 (g4 ses @

ol gl 5 g5 S b

(2553 S 5 (s gl Vel (ygb, —-Y

Table 2 Physicochemical properties mean values for various formulations of microcapsules, gelatin, gum
Arabic and unencapsulated black raspberry anthocyanins as control*.

Stability of ANCs
Treatments Moisture (%) Solubility (%)  Hygroscopicity (%) Loading capacity (%) stored for 60 days at
temperature of 37 °C
A 3.72+0.60% 46.16+1.75° 4225+1.18° 38.15£0.41° 35.92+0.50°
B 4.40+1.02° 30.96+0.65° 41.204+0.67° 39.86+0.37% 29.91+0.25°
C 139+0.12¢ 39.84+1.89" 36.00:£0.88° 40.2440.28% 35.77+0.18°
D 2.754+0.55" 23 .44+0.46° 41.80+0.54° 41.72+0.30° 31.20+0.35°
Gelatin 10.61+0.75 13.52+0.23 17.16+0.08 - -
Gum Arabic 9.95+0.28 72.96+1.96 46.51+1.21 - -
Control 23.39+1.78 74.08+1.07 85.22+1.02 - 0

There were no significant differences among the samples with the same letters in the same column (P < 0.05)
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Fig 2 FT-IR spectra of the gelatin, gum Arabic, unencapsulated black raspberry concentrated extract and the
coacervated microcapsule of treatment C.
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A novel approach for encapsulation of black raspberry anthocyanins
by complex coacervation method using gelatin and gum Arabic as
wall materials
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In this work, we microencapsulated black raspberry extracts by double emulsion technique prior to
complex coacervation using gelatin and gum Arabic to diminish the instability of their anthocyanins
(ANC:s), particularly under harsh conditions. The coacervation process wasinvestigated as a function of
gelatin, gum Arabic and the core material concentrations at ratios of 1:1:0.5and 1:1:1, the concentration of
polymer solutions (5.0 and 7.5%, w/v) as well as pH (3.5, 4.0,4.5 and 5.0). Subsequently, morphology,
particle size, moisture, solubility, hygroscopicity, loading capacity, stability, Fourier transform infrared
spectroscopy (FTIR) were evaluated. The microcapsules presented the lower moisture, hygroscopicity and
solubility values as comparing the free form of ANCs. They showed the average sizes ranging from 45.25
+ 0.97 to 87.92 £ 7.18 um and high loading capacity (33.05 + 0.31 to 41.72 £+ 0.30%). According to the
HPLC results, the selected method significantly increased the stability of ANCs up to 36% after 2 months
of storage at 37 £ 2 °C. FT-IR spectra confirmed the occurrence of coacervation process. Furthermore, the
selected optimal microcapsules revealed intense red color over the time of storage, implying the
effectiveness of the method chosen to preserve anthocyanins.

Keywords: Black raspberry anthocyanins, Gelatin, Gum Arabic,Microencapsulation, Nutraceutical,
Stability
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