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Objective 1: Extraction of anthocyanin from culinary banana bract and its 

characterization 

Collection and preparation of sample 

Culinary banana (Musa ABB) flowers were obtained from Tezpur University Campus, Assam, 

India. The flower was washed with distilled water, the bract was separated from the male bud, 

and used for further experiments. A total of 50 g culinary banana bract was used for the 

experiment. 

Optimization of the extraction process of anthocyanin from culinary banana bract 

The bracts of culinary banana were ground using mortar and pestle with solvent: solute (5:0.5 to 

15:0.5) and ethanol concentration (40–60 ml/100ml) with 0.15% of HCl. The ranges of variables 

were selected based on preliminary trials and the literature [1]. The ground materials were placed 

in an ultrasonic bath (Bandelin sonorex, Germany) with a frequency of 20 kHz and a temperature 

range of 40–60°C for 20 min. The extracted samples were cooled and filtered through Whatman 

No. 1 filter paper and kept at 4°C in the dark until further analysis. 

Experimental design 

Mathematical design using response surface methodology based on the parameters solvent: 

solute, solvent concentration, and sonication temperature was carried out. A central composite 

design (CCD) with three factors and one response was used for optimization of treatment 

condition. The best combination of solvent to solute ratio, solvent concentration, and sonication 

temperature was chosen. 

The response (Y) was partitioned into linear, quadratic, and interactive components and 

the experimental data were fitted to the second-order regression equation as follows: 



where, b0 is the intercept; b1, b2, and b3 are linear coefficients; b11, b22, and b33 are squared 

coefficients; and b12, b23, and b13 are interaction coefficients. The experimental design and 

statistical analysis were conducted using Design-Expert Software (Version 9, Stat-Ease, Inc. 

Minneapolis, MN USA). The model adequacies were checked in terms of the values of R2 and 

adjusted R2. Analysis of variance (ANOVA) was used to determine the significance of the 

models. Verification of the optimized and predicted values was performed in triplicate to confirm 

the validity of the model. 

Anthocyanin content 

The total anthocyanin (TA) content was determined according to the spectrophotometric pH 

differential method [2]. Samples were diluted separately with 0.025 M potassium chloride buffer 

(pH 1) and 0.4M sodium acetate buffer (pH 4.5). Absorbance of the mixture was measured at 

520 nm and 700 nm using a UV-Vis spectrophotometer. Absorbance was calculated as given in 

the following equation: 

Table 1: Independent variables and their levels employed in a central composite design for the 

optimization of culinary banana bract extract for anthocyanin content 

Variables Low Centre High 

Solvent: solute ratio 5 10 15 

Ethanol concentration (ml/100ml) 40 50 60 

Sonication temperature (°C) 40 50 60 

 
The TA content was calculated as cyanidin-3-glucoside equivalents as shown in the following 

equation: 

where, A is the absorbance, MW is the molecular weight (MW=449.2 gmol−1), DF is the dilution 

factor, Ɛ is the molar absorptivity (Ɛ = 26900 Lcm−1mol−1), V is the volume of solvent in ml, and 

l is the path length. 

Purification of anthocyanin 

Column chromatography was used for further purification of anthocyanin. The concentrated 

anthocyanin extracts were diluted with distilled water and loaded onto Amberlite XAD 7N 



macro pore absorptive resins. The Amberlite XAD 7N resins were washed with distilled water 

and the absorbed anthocyanin was recovered with 80% ethanol. To remove the ethanol and part 

of the water, the ethanol eluate was concentrated using a rotary vacuum evaporator and the 

anthocyanin extract was stored at 4°C until use. 

Identification of anthocyanins by HPLC 

Identification of anthocyanin by HPLC was performed following the method given by Gracia- 

Tejeda et al. [3] The purified anthocyanin of banana bract was identified by HPLC (Waters 

Corporation, USA, UV/Visible Detector-2489). The solvent system used was water, methanol, 

formic acid (14:5:1), and the flow rate was 1.5 ml/min. The elutes were monitored by visible 

spectrometry at maximum wavelength 530 nm. 

Properties of purified anthocyanin extract 

Hygroscopicity 

The hygroscopicity of purified anthocyanin extract was determined according to Cai and Corke 

[4] and Tonon et al. [5] with modifications. Samples from each powder were stored at room 

temperature in a desiccator containing saturated sodium chloride (NaCl) solutions (75% RH; Aw 

= 0.75). The samples were weighed after one week, and the hygroscopicity was expressed in 

grams of absorbed moisture per 100 g of dry solids. 

Solubility 

Solubility of purified anthocyanin extract was determined according to the method of Singh and 

Singh [6]. Powder suspension of 1 g/100 ml was agitated for 30 min in a shaker and then it was 

centrifuged at 3000 rpm for 10 min. The supernatant obtained was deposited in petriplate and 

subjected to a temperature of 110°C for 4 h in a drying oven. The solubility was calculated 

according to the following equation: 

Results and discussion 

Optimization of the UAE process 

A CCD was developed for extraction of TA from the bract of culinary banana using sonication. 

Multiple regression analysis was performed based on the experimental values, and second-order 

polynomial model represents the recoveries of anthocyanin. A final predictive equation was 

developed after neglecting the non-significant terms (p>0.05). The quality of the fit of the model 

was expressed by the  R2 correlation coefficient (0.934), and its statistical significance was 



confirmed with an F-test. Results were found significant (p<0.001), attesting to the goodness of 

fit of the models and lack of fit was insignificant (p>0.05) and it further confirmed model 

validity. Regression coefficients of the models for anthocyanin obtained by the multiple linear 

regressions are presented. Three-dimensional response surface plots were constructed to predict 

the effects of the independent variables and their mutual interaction on the response variables. 

The values of the coefficients for anthocyanin were used for a final predictive equation as 

follows: 

Based on the above equation, three-dimensional plots represented the effects of extraction 

process variables on the anthocyanin from culinary banana bract. As shown by Dranca et al., [7] 

ultrasound assistance improved anthocyanin extraction, which is attributed to its cavitation 

phenomena and maximum extraction efficiency at ultrasonic frequency 37.5 kHz. Ultrasonics 

has a linear positive effect on the extraction of polyphenols and anthocyanins from A. 

melanocarpa by-products [8]. However, a known deleterious effect on the active constituents of 

medicinal plants through the formation of free radicals and consequently undesirable changes in 

the drug molecules were found at ultrasound energy (> 20 kHz) [9]. In the present study, the 

sonication frequency was kept constant at 20 kHz and the effect of other parameters on 

anthocyanin yield at this ultrasonic frequency was observed. Solvent concentration and solvent 

solute ratio had a stronger effect in the extraction of anthocyanin. There was a linear increase in 

the TA content with increase in solvent solute ratio at constant ethanol concentration. A larger 

solvent volume can dissolve the constituents more effectively and thus result in improvement of 

the extraction yield [10]. A similar effect of ethanol concentration on anthocyanin was observed. 

The combination of temperature with ultrasonic frequency plays an important role in determining 

the anthocyanin yield. Increase in sonication temperature at constant solvent solute concentration 

resulted in an increase in the anthocyanin content up to a certain limit of the tested range. 

However, further increase of extraction temperature resulted in a decrease of the TA content. 

There was a linear increase in TA with the increase of sonication temperature at a fixed 

extraction concentration up to a certain limited range, while a rise in ethanol concentration at a 

fixed extraction temperature also led to a marked increase in TA. Similar linear and quadratic 



effects of extraction variables in UAE of anthocyanin from mulberry were also observed by Zou 

et al. [1]. 

Optimum extraction conditions 

Based on our findings, the predicted UAE conditions were 15:0.5 solvent to solute ratio, 53.97 

ml/100ml ethanol concentration, and 49.39°C temperature for the TA (57.29 mg/100g). The R2 

value of the model was 0.934, R2-adjusted value was 0.876, F value was 15.91, and the p-value 

was < 0.0001, which represent that the model had adequately represented the actual relationship 

among the parameters chosen. Under the above-mentioned conditions, the experimental TA 

content (56.98 mg/100g) agreed well with the predicted value. 

Identification of anthocyanins by HPLC 

Anthocyanins pigments extracted from culinary banana bract were separated and identified by 

HPLC. The results revealed the detected types of anthocyanin pigments from culinary banana 

bract viz., cyanidin-3-O-glucoside (peak 2) and peonidin-3-O-glucoside (peak 5) and represented 

4.86% and 7.17% of the total area, respectively. However, the intense peak 4 may be ascribed to 

cyanidin-3-rutinoside based on the literature [11]. 

Hygroscopicity 

The hygroscopicity of the encapsulated pigment powder was found to 28.89 ± 0.09%. Similar 

results were also observed in spray-dried blackberry juice using maltodextrin 20DE with inlet 

temperatures of 160°C and 180°C and ranged from 28.73% to 29.51% [12], whereas slight 

variation was observed in barberry anthocyanins with maltodextrin as the wall material [13]. The 

hygroscopicity values inversely increased with moisture content such that a lower powder 

moisture contentindicated higher hygroscopicity [14]. 

Solubility 

The solubility of the encapsulated powder was found to be 84.10±0.20 %. Maltodextrin of 

different dextrose equivalent (DE) is commonly used because of its higher water solubility and it 

contains more hydrophilic group because of the lower molecular weight [15]. Solubility of the 

encapsulated anthocyanin with maltodextrin (10 DE) varied (82.79–87.42%) with inlet air 

temperature from 140°C to 180°C and the highest powder solubility (87.42%) and dispersibility 

(86.45%) were observed at 180°C inlet air temperature, which are in line with the present study 

[16]. 



Objective 2: Extraction of dietary fibre from culinary banana flower 

Extraction of dietary fibre from dried culinary banana bract 

The dried culinary banana bract (CBB) was deoiled using n-hexane. The CBB was mixed with n- 

hexane (1:4, w/v) and stirred at 150 rpm for 15 min. Then, it was centrifuged at 4000 rpm for 20 

min. The residue was dried at 50°C to obtain deoiled culinary banana bract (CBB). 

DF extraction using alkaline extraction method was done according to the method described 

by Ma and Mu [17] with slight modification. To extract DF using alkaline extraction method, 

deoiled CBB was suspended in 0.5M NaOH solution (1:25, solute/solvent) and stirred at an 

agitation speed of 500 rpm using laboratory stirrer (RQT-127D, Remi, Maharashtra, India) for 30 

min at 50°C. Then the mixture was neutralized using O.5M HCl. The mixture was dried for 12 

hrs at 40°C to obtain DF using alkaline extraction method (alkaline extracted DF, AEDF). 

To extract DF using combined alkaline and ultrasound-assisted extraction method, firstly, 

deoiled CBB was suspended in 0.5M NaOH solution (1:25, solute/solvent) and stirred at an 

agitation speed of 500 rpm using laboratory stirrer (RQT-127D, Remi, Maharashtra, India) for 30 

min at 50°C. Further it was sonicated at 20 kHz for time 20 min at temperature 80°C using at 50 

% amplitude using probe type ultrasonicator (Q700-220 DSgitalSonicator, Qsonica LLC, USA). 

Then the mixture was neutralized using O.5M HCl. The extracted DF under optimum extraction 

condition was then dried at 40°C overnight to obtain combined ultrasound-assisted and alkaline 

extracted DF (ultrasound-assisted extracted DF, UEDF). 

Analysis of chemical composition 

Moisture, protein, ash and crude fat content of deoiled CBB and extracted DF were determined 

following AOAC [18]. Enzymatic-gravimetric method was used to estimate insoluble, soluble 

and total DF [19]. The mineral contents of deoiled CBB and extracted DF were quantified using 

Atomic absorption spectrophotometer (Thermo Scientific, ICE 3000 Series, Newington, USA) 

Phenolic analysis of extracted DF by GC-MS 

The extraction phenolics of deoiled CBB, AEDF and UEDF were described. The extracts was 

derivatized by treating BSTFA (with 1% TMCS) and anhydrous pyridine (1.5 mL, 1:1). The 

mixture was heated for 1 h at 90°C and the trimethylsilated derivatives were analyzed in GC-MS 

(Agilent 240 Ion Trap GC/MS, USA) using capillary column (HP-5). Initially, column 

temperature was held at 80°C for 1 min, then programmed to 220°C at a rate of 10°C /min, and 



then 220 to 310°C at a rate of 20°C/min with a   final hold time of 6 min. Injector temperature 

was maintained at 280 °C. Mass spectra were scanned from m/z 50 to 650 at a rate of 1.5 scans/s. 

FT-IR analysis of extracted DF 

The functional groups present in deoiled CBB and extracted DF (UEDF and AEDF) were 

determined using spectrometer (Nicolet Instruments 410 FTIR, Thermo Scientific, USA). 

Spectra were attained over the range of 400-4000 cm-1 with 4 cm-1 resolution and 16 scans were 

collected. 

XRD analysis of extracted DF 

The crystallinity of the deoiled CBB, UEDF and AEDF were determined using X-ray 

Diffractometer (Bruker AXS, Bruker D8 FOCUS, Germany) operated at 60 kV. The analysis 

was performed at 2θ range of 5-80° and a scan rate of 2.0°/min. The degree of crystallinity [20] 

was calculated as below: 

𝐷𝑐(%) = 
𝐴𝑐 × 100 

 
 

𝐴𝑐 + 𝐴𝑎 

Where, Dc is the degree of crystallinity; Ac is crystallized area and Aa is amorphous area on 

X-ray diffractogram 

SEM analysis of extracted DF 

The microstructure and surface morphology of deoiled CBB, UEDF and AEDF were examined 

by SEM (JSM-6390LV, JEOL, Japan), operated at 20kV and 1500X magnification. 

TGA analysis of extracted DF 

The thermal analysis of deoiled CBB, UEDF and AEDF was conducted using thermogravimetric 

analysis (NETZCH TG 209F1 Libra, Germany) according to the method described in Zhang et 

al. [21] with slight modifications. The TGA was performed under nitrogen atmosphere and 

temperature ranged from 25° C to 400°C at a rate of 10°C/min. 

Particle size distribution of extracted DF 

The particle size distribution of UEDF and AEDF along with deoiled CBB was done using 

particle size distribution analyzer equipped with dynamic light scattering (DLS) system 

(Microtrac Nanotrac Wave, MN401, USA). Deionized water was used for dispersion of the 

samples. 



GC-MS analysis of UEDF for monosaccharide composition 

UEDF was dissolved in 2M trifluoroacetic acid (TFA) (30 mL) and hydrolyzed for 3h at 120°C. 

The content was centrifuged at 4000 rpm for 15 min and the TFA in the supernatant was 

evaporated off. The released monosaccharide was derivatized according to the method described 

by Guentas et al. [22]. The hydrolysate (200 μg) was dissolved in 200 μL pyridine and 

derivatized using trimethylsilylated reagent (200 μL BSTFA with 1% TMCS). The 

trimethylsilated derivatives were analyzed in GC-MS (Agilent 240 Ion Trap GC/MS, USA) 

using capillary column (HP-5). The programme used for analysis was as mentioned in the 

method by Lv et al. [23]. 

The program used for analysis was: injection temperature and detector temperature were 

both set at 230°C; column temperature was programmed from 130 to 180°C at 2°C /min, holding 

at 180°C for 3 min, then increased to 220°C at 10°C /min. Final holding temperature was at 

220°C for 3 min. Carrier gas was helium. The split ratio was set to 10:1. Injection volume of 

sample was 10 μL. 

Functional properties of extracted DF 

To determine the water holding capacity (WHC) and oil holding capacity (OHC), method 

followed was according to Rodríguez et al. [24]. Water swelling capacity (WSC) was calculated 

as stated by Robertson et al. [25]. 

Glucose absorption capacity (GAC) was determined following the method of Peerajit et al. 

[26]. GAC was calculated using following equation 

 

𝑚𝑚𝑜𝑙 𝑉i 
𝐺𝐴𝐶 ( 

𝑔 
) = (𝐶i − 𝐶𝑠) × 

W
 

 

Where, Ci is initial glucose concentration in mmol/L; Cs is glucose concentration of supernatant 

when absorption of glucose reached maximum in mmol/L; Vi is the volume of supernatant in 

mL; WS is weight of DF in g. 

α-amylase inhibition ratio (α-AAIR) was determined following the method described by 

Ahmad et al. [27] and calculated using following equation 

𝘢 − AAIR (%) = 
(𝐴𝑐 − 𝐴𝑠) × 100

 
𝐴𝑐 

 

Where, Ac is absorbance of control; As is absorbance of DF 

𝑆 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Lv%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=28274447


Statistical analysis 

The data were statistically analyzed using SPSS 16. Means of data obtained were evaluated by 

analysis of variance (ANOVA) with Duncan’s multiple range tests to identify significant 

differences (p< 0.05). 

Results and discussion 

Changes in chemical composition of extracted DF 

The chemical composition and mineral content of deoiled CBB, UEDF and AEDF were 

determined. TDF content of UEDF (83.38g/100g) was significantly higher compared to deoiled 

CBB and AEDF. Moreover it is higher than that of mango (74g/100g), lemon (70.76 g/100g) and 

yellow passion fruit (71.79g/100g) [28]. Deoiled culinary banana bract (CBB) contains slightly 

higher fat value than other treatment. For AEDF and UEDF, the deoiled CBB was further 

processed using alkaline and ultrasound treatment which results in the reduction of fat value. 

However, the high intensity ultrasound in UEDF results in protein denaturation [29]. Protein and 

starch content of UEDF is lesser when compared to deoiled CBB and AEDF. The ash content of 

AEDF and UEDF decreased from the deoiled CBB which could be evident from the decrease in 

mineral contents. 

Table 2: Chemical composition of deoiled CBB, UEDF and AEDF 

 
Composition Deoiled CBB UEDF AEDF 

Moisture (g/100g) 10.36±0.04c 9.82±0.28a 10.21±0.06b 

Fat (g/100g) 1.32±0.08c 0.98±0.01a 1.08±0.14b 

Protein (g/100g) 1.85±0.05c 1.06±0.06a 1.55±0.10b 

Ash (g/100g) 11.36±0.03c 6.23±0.06a 7.16±0.06b 

Starch (mg/100g) 9.06±0.12c 4.32±0.11a 5.68±0.19b 

IDF (g/100g) 69.35±0.69a 78.73±0.14c 75.43±0.46b 

SDF (g/100g) 

TDF (g/100g) 

4.51±.04a 

73.86±0.70a 

4.65±0.02b 

83.38±0.20c 

4.68±0.28c 

80.11±0.70b 

K (mg/100g) 1882.60±0.06c 724.11±0.02a 1020.62±0.24b 

Ca (mg/100g) 763.33±0.20c 630.74±0.35a 658.06±0.05b 

Mg (mg/100g) 300.07±0.06c 182.62±0.04a 243.01±0.11b 

Fe (mg/100g) 25.11±0.11c 15.00±0.02a 19.10±0.10b 

*(Mean with different superscript letters in the same row represent a significant difference at p<0.05, 

values represent mean± SD; n=3) *IDF-insoluble DF; SDF-soluble DF; TDF-total DF 



Phenolics of extracted DF 

 
Five different phenolic derivatives were identified in deoiled CBB viz., (1)Benzoic acid 

trimethylsilyl ester, (2) 3,4-Dimethyl benzoic acid, (3) Phenol, 2,5-bis (1,1-dimethylethyl), 

(4) 4-Methoxycinnamic acid, and (5) Anthraquinone. Benzoic acid is the precursor of 

naturally occurring phenolic acid i.e., hydroxyphenolic acid [30]. Phenolic compounds are 

classified as simple phenols or polyphenols based on the number of phenol units in the 

molecule. Phenol, 2, 5-bis (1,1-dimethylethyl) is also known as 2,5-Di-tert- 

butylhydroxybenzene. 4-methoxycinnamic acid is a methoxycinnamic acid having a single 

methoxy substituent at the 4-position on the phenyl ring. It derives from a cinnamic acid 

[31]. Anthraquinone is the most important quinone derivative of anthracene. Moreover, it is 

the parent substance of a large class of dyes and pigments. Three phenolic derivatives were 

identified in AEDF extract namely, (1) Benzoic acid trimethylsilyl ester, (2) Phenol, 2, 5-bis 

(1,1-dimethylethyl), (3) Cinnamic acid. Cinnamic acid is a precursor in the formation of 

other more complex phenolic compounds. Four phenolics were identified in AEDF (1) 2- 

Methoxy-4-vinylphenol, (2) Phenol, 2,4-di-tert butyl, (3) 2-tert-Butyl-4-methoxyphenol, and 

(4) Cinnamic acid. 2-Methoxy-4-vinylphenol is an aromatic substance used as a flavoring 

agent. It is a derivate of ferulic acid [32]. 

https://pubchem.ncbi.nlm.nih.gov/compound/cinnamic%20acid
https://www.britannica.com/science/quinone
https://www.britannica.com/science/anthracene


 

 
 

Fig. 3.1. (a) GC Chromatogram of phenolics of deoiled CBB (1)Benzoic acid trimethylsilyl 

ester, (2) 3,4-Dimethyl benzoic acid, (3) Phenol, 2,5-bis (1,1-dimethylethyl), (4) 4- 

Methoxycinnamic acid, (5) Anthraquinone; (b) UEDF (1)Benzoic acid trimethylsilyl ester, 

(2) Phenol, 2,5-bis (1,1-dimethylethyl), (3) Cinnamic acid and (c) AEDF (1) 2-Methoxy-4- 

vinylphenol,(2)Phenol, 2,4-di-tert butyl, (3)2-tert-Butyl-methoxyphenol, and (4) Cinnamic 

acid 

FT-IR analysis of extracted DF 

 
The FT-IR spectra of deoiled CBB, UEDF and AEDF shows a broad peak at 3410 and a minor 

peak at 2925 cm-1 resembled to O-H stretching of hydrogen attached to hydroxyl group and C-H 

stretching of methylene group in polysaccharide, respectively [33]. Thus, these peaks indicate 

structure of cellulose and hemicelluloses. Peaks at 1639 and 1434 cm-1 are responsible for 

aromatic hydrocarbons of lignin and CH2 stretching of cellulose, respectively. Moreover, the 

peak at 1049 cm-1 corresponded to C-O stretch bond and it indicated breakdown of 



oligosaccharides from insoluble DF (IDF) [33]. Presence of all these groups confirmed the 

typical polysaccharide structure of UEDF and AEDF along with the deoiled CBB. 

 
Fig.3.2. FT-IR spectrum of (a) Deoiled CBB, (b) UEDF and (c) AEDF 

 
Microstructure changes in extracted DF 

Surface morphology of deoiled CBB, UEDF and AEDF were observed. For deoiled CBB, the 

network structure was started to form whereas a well separated fibrous network can be seen in 

case of AEDF. A typical honeycomb structure can be seen for UEDF and it was attributed to 

ultrasound treatment which make large pore in the cell wall and loosening of the bond between 

fibrils. Shear emulsifying treatment in combination with enzymatic hydrolysis also results in 

more regular honeycomb pore for DF extracted from deoiled cumin [17]. 



 
 

 

 

Fig.3.3. SEM micrograph of (a) Deoiled CBB, (b) UEDF and (c) AEDF 

 
XRD analysis of extracted DF 

The crystallinity of deoiled CBB, UEDF, and AEDF was determined from X-ray diffraction 

chromatogram. The prominent peak detected at 2θ (22°) and minor peaks at 2θ (15° and 33°), 

confirmed the presence of crystalline region. The crystallinity of UEDF (25.86%) was 

significantly higher compared to deoiled CBB (13.97%) and AEDF (25.02%). High intensity 

ultrasound treatment led to hydrolysis of hemicelluloses and removal of amorphous portion of 

cellulose which resulted in increased crystallinity. 



 
 

Fig.3.4. XRD analysis of (a) Deoiled CBB, (b) UEDF and (c) AEDF 

 
TGA analysis of extracted DF 

Thermal stability of a polymer is an important property when the polymer is thermally processed 

or used for baking. The TGA graphs for deoiled CBB, UEDF and AEDF depicts that weight loss 

occurred in three different temperature ranges (25-190°C, 190-310°C, and 310-400°C). 

Devoltilization occurred at around 120°C which was due to evaporation of absorbed water [17]. 

The second and third temperature ranges indicated depolymerization of hemicelluloses and 

cellulose degradation [34]. The weight loss (%) of UEDF was least (56.08%) and hence it was 

more thermally stable compared to deoiled CBB and AEDF. Ultrasonicated lignin and cellulose 

also showed higher thermal stability than sample without ultrasonic treatment [35]. 



 
 

Fig. 3.5. TGA analysis of (a) Deoiled CBB, (b) UEDF and (c) AEDF 

 
Particle size distribution of extracted DF 

The particle size distribution of deoiled CBB, UEDF and AEDF based on dynamic light 

scattering (DLS) illustrated that the mean particle size of deoiled CBB was less than 1µm and 

AEDF was approximately 0.5 µm. More uniform and lesser particle size distribution with mean 

particle size less than 0.5 µm compared to the deoiled CBB and AEDF. The high intensity 

ultrasound treatment disintegrates fibres into thinner, shorter and uniform size particles [34]. 

Thus, the surface area increased as it depends on the size of particles. The increased surface area 

is responsible for improving functional properties [36]. 

 

Fig. 3.6. Particle size distribution of (a) Deoiled CBB, (b) UEDF and (c) AEDF 



Monosaccharide composition of UEDF 

The monosaccharides were identified by comparison of mass spectrum data for the compounds 

(NIST, version 2.0). The MS analysis of ion showed similar mass spectrum for compound 1 (5- 

hydroxymethylfurfural) which was formed by dehydration of 6-carbon sugar (hexoses) [37]. 

Hydroxymethylfurfural (HMF) is formed mainly by the dehydration of monosaccharides which 

required the loss of three water molecules. Antal et al. [38] reported the decomposition of 

fructose in water at high temperatures with the formation of possible side products and HMF. 

Fructose forms equilibrium mixtures of difructose and dianhydrides, and thus resulted in 

formation of HMF. However, β-D-glucopyranose was identified as compound 2. 

 

Fig.3.7(a). Chromatogram of monosaccharide composition of UEDF (1) 5- 

Hydroxymethylfurfural; (2) β-D-Glucopyranose 



 

 

 

Fig. 3.7 (b). MS spectra of compound 1 (5-Hydroxymethylfurfural) and compound 2 (β-D- 

Glucopyranose) 

Functional properties of extracted DF 

The WHC, OHC and WSC of UEDF were 12.73g water/g sample, 7.83g oil/g sample, and 15.84 

mL/g, respectively. It was significantly higher when compared to deoiled CBB and AEDF. The 

WHC was higher than that of citrus fruits (1.65g/g), apple (1.87g/g), mango peel (11.40g/g) and 

coconut kernels (10.71g/g) [39]. The increase in WHC depends on decrease in particle size, 

porosity, surface and microstructure [40]. The OHC was also found higher than that of citrus 

fruits, grapes and apple DF. The WSC of UEDF was higher as compared to peas (5.76 mL/g), 

edible seaweed (5.7-10.5mL/g) [41]. Interaction of DF with water occurs via two mechanisms 



i.e., (i) holding of water in capillary structure due to surface tension strength, (ii) holding of 

water through hydrogen bond and dipole form. The higher WSC was attributed to particle size 

distribution, surface characteristics, chemical composition (TDF and SDF content) [42]. The 

high intensity ultrasound treatment resulted in reduction of particle size and increased surface 

area. Moreover, it also resulted in formation of network structure of DF and exposed the free 

polar groups which in turn contributed to high WSC. 

The α-AAIR was increased significantly for UEDF (31.20 %) and higher than DF extracted 

from cumin (13.64-21.84%). The increase in α-AAIR was due to reduction in particle size and 

increase in crystalline structure of cellulose. Hence, α-amylase was absorbed by DF and starch 

molecules get entrapped in the fibrous network. Thus, the contact between α-amylase and starch 

got inhibited and decreased the amount of glucose in serum. For GAC, no significant changes 

was observed at glucose concentration 50 mmol/L among deoiled CBB, UEDF, and AEDF. 

However, the glucose concentration at 200 mmol/L, the GAC of UEDF was found to be 16.33 

mmol/g. The GAC of UEDF was significantly higher as compared to deoiled CBB and AEDF. 

The GAC of DF extracted from cumin was 2.02-60.86 mmol/g [17]. Higher GAC was attributed 

to smaller particle size and physical structure of fibre where glucose molecule get entrapped and 

thereby reducing its release [26]. 

Table 3: Functional properties of deoiled CBB, UEDF and AEDF 
 
 

Functional properties Deoiled CBB UEDF AEDF 

WHC (g water/g dry 

sample) 

9.79±0.19a 12.73±0.13c 10.67±0.12b 

OHC (g oil/g dry 

sample) 

6.94±0.05a 7.83±0.28b 6.96±0.05a 

WSC (mL/g) 10.23±0.28a 15.84±0.46c 14.81±0.31b 

αAAIR (%) 18.32±0.14a 31.20±0.26c 23.14±0.34b 



Objective 3: Encapsulation of anthocyanin in dietary fibre matrix 

Preparation of DF-anthocyanin formulation 

Purified anthocyanin extract was mixed with DF with different ratio (2:1 to 4:1) and were 

homogenised. The TSS of the mixture was adjusted to 20° Brix. The preparation was then freeze 

dried (Lyolab_3S, Lyophilization System India Pvt Ltd Hyderabaad, India). The anthocyanin- 

fibre preparation with different anthocyanin and DF as matrix ratio were named as DF-A2 (2:1), 

DF-A3 (3:1) and DF-A4 (4:1). A control without anthocyanin was prepared and named as DF- 

C. Cellulose was used as a replacement for DF and was coded as CEL-A. 

 
Physicochemical analysis 

 
Moisture content of DF-anthocyanin formulation was determined according to the method 

described in AOAC [43]. 

The total anthocyanin (TA) content of formulation was determined according to the 

spectrophotometric pH differential method [2]. The TA content was calculated as cyanidin-3- 

glucoside equivalents. Absorbance was calculated as given in the following equation 

𝐴 = [(𝐴520 − 𝐴700)pH 1.0 − (A520 − A700)pH 4.5 

The total anthocyanin content was calculated as cyanidin-3-glucoside equivalents as 

shown in the following equation 

mg 
Anthocyanin content ( 

100g 

𝐴 × 𝑀W × 𝐷𝐹 × 𝑉 × 100 
) = 

s × 𝑙 × 𝑚𝑠𝑎𝑚𝑝𝑙𝑒 

where, A is the absorbance; MW is the molecular weight (MW=449.2 gmol-1); DF is the 

dilution factor; Ɛ is the molar absorptivity (Ɛ = 26900 Lcm-1mol-1); V=volume of solvent in ml; l 

is the path length. 

DPPH free radical scavenging activity of formulation was determined following the 

method of Brand-Williams et al. [44] 

The hygroscopicity of the formulation were determined according to Cai and Corke [4] 

and Tonon et al. [5]. 



Color characterstics of DF-anthocyanin formulation 

 
L*, a*, and b* colour values of the formulated powder were measured using a Hunter Color 

Measurement Spectrophotometer (UltraScan VIS, Hunter Lab) after equipment standardization. 

Chroma (C*) and hue angle (H°) was determined using the following equations: 

 

𝐶* = √𝑎*2 + 𝑏*2 
 

𝐻0 = 𝑡𝑎𝑛−1 
𝑏*

 
𝑎* 

 

FT-IR analysis of extracted DF-anthocyanin formulation 

The characterization and functional groups of DF-anthocyanin formulation were determined 

using spectrometer (Nicolet Instruments 410 FTIR, Thermo Scientific, USA). Spectra were 

attained over the range of 400-4000 cm-1 with 4 cm-1 resolution and 16 scans were collected. 

XRD analysis of extracted DF-anthocyanin formulation 

The crystallinity of DF-anthocyanin formulation were determined using X-ray Diffractometer 

(Bruker AXS, Bruker D8 FOCUS, Germany) operated at 60 kV. The analysis was performed at 

2θ range of 5-80° and a scan rate of 2.0°/min. The degree of crystallinity [20] was calculated as 

below: 

𝐷𝑐(%) = 
𝐴𝑐 × 100 

 
 

𝐴𝑐 + 𝐴𝑎 

Where, Dc is the degree of crystallinity; Ac is crystallized area and Aa is amorphous area on 

X-ray diffractogram 

SEM analysis of DF-anthocyanin formulation 

The structural and morphological features of DF-anthocyanin formulations were analysed by 

JSM-6390LV (JEOL, Japan) scanning electron microscope. SEM was operated with 20kV at 

magnification of 750X and 3000X. 

Analysis of fluorescence property of DF-anthocyanin formulation 

The samples were prepared by dissolving in Milli-Q water (2×10–5 mol dm–3) at pH 5.5. The pH 

is chosen according to the procedure of Drabent et al. [45]. The fluorescence emission spectra 

were recorded (25.0±0.2°C) using a fluorescence spectrophotometer (Perkin Elmer, LS 55, 

Singapore). The excitation wavelength used was 220 and 270 nm. 



Storage study 

The formulated powder was stored under accelerated storage condition at 35°C and 75% RH. 

Samples were analysed at every 7-day interval for anthocyanin content. The reaction rate 

constant (k) and half-lives (t1/2) were calculated for all three reaction kinetic model using the 

following equations 

Zero-order reaction kinetic model 

𝐶𝑡 = 𝐶0 − 𝑘𝑡 
𝐶0 

𝑡1 = 
2 

 

2𝑘 

First-order reaction kinetic model 

𝐶𝑡 = 𝐶0exp (−𝑘𝑡) 
𝑙𝑜g2 

𝑡1 = 
2 𝑘 

Second-order reaction kinetic model 

1 
− 

1 = 𝑘𝑡 
𝐶𝑡 

𝑡1 = 
2 

𝐶0 

1 
×

 
𝑘 

 

1 
 

 

𝐶0 

C0 is the initial anthocyanin content, Ct is the anthocyanin content at reaction time t and k 

is the reaction rate 

t1/2 is the time when the anthocyanin content was reduced by 50 % with respect to zero 

time [46]. Three reaction kinetic models were applied to data and based on the best fits (higher 

R2), the kinetic model was selected for the storage study. 

Statistical analysis 

Experiments were carried out in triplicate. Means of data obtained were evaluated using 

Duncan’s multiple range test to identify significant differences at the 0.05 probability (p< 0.05) 

using the SPSS 16. 

Results and discussion 

Anthocyanin content of DF-anthocyanin formulations increased significantly with the increase of 

pigment-matrix ratio and it was highest in DF-A3. The anthocyanin content decreased in DF-A4 

due to inadequate amount matrix as compared to the pigment [14]. The total anthocyanin content 

in CEL-A was lesser relative to DF-anthocyanin formulation. The antioxidant content was found 

to be highest in DF-A3 which was related to high anthocyanin content. For CEL-A, the 



antioxidant content was 0.36 µmol TE/g fresh mass which was lesser relative to other DF- 

anthocyanin formulations. Hygroscopicity did not follow any special trend and varied from 7.01- 

12.11 %. Hygroscopicity was significantly higher in CEL-A compared to the DF-anthocyanin 

formulations. 

Table 4: Physicochemical properties of DF-anthocyanin formulation 

 
 DF-C DF-A2 DF-A3 DF-A4 CEL-A 

Moisture content 

(g/100g) 

8.57±0.05a 8.9±0.61b 9.21±0.12c 9.56±0.30d 10.4±0.23e 

Total anthocyanin 

(mg/100g) 

3.39±0.23a 15.24±0.25b 41.64±0.13e 28.41±0.08d 18.38±0.15c 

DPPH (µmol TE/g 

fresh mass) 

0.07±0.08a 0.57±0.02c 1.33±0.15e 1.11±0.07d 0.36±0.02b 

Hygroscopicity 

(%) 

7.78±0.12b 7.01±.22a 8.71±0.16c 9.29±0.15d 12.11±0.8e 

*(Mean with different superscript letters in the same row represent a significant difference at 

p<0.05, values represent mean± SD; n=3) 

Color charactertics of formulated powder 

The color characteristics of DF-anthocyanin formulation was shown to have L* value increased 

with the pigment content up to DF-A3 and then again decreased. Chroma (C*) was 

comparatively higher in DF-A4 among the DF-anthocyanin formulations. Chroma (C*) was 

found to be highest in CEL-A as the higher b* value of DF influenced the bright purple colored 

pigment. 



 

Table 5: Color characterstics of DF-anthocyanin formulation 

 
Sample 

code 

 Colour values   

 L* a* b* C* H˚ 

DF-C 44.43±0.07a 6.8±0.12a 10.02±0.31e 12.10b 55.83d 

DF-A2 46.32±0.22b 7.76±0.21b 9.18±0.05d 12.02a 49.79c 

DF-A3 50.42±1.19d 9.12±0.12c 8.14±0.24b 12.22c 41.75b 

DF-A4 48.72±0.52c 9.27±0.16d 8.27±0.20c 12.42d 41.73b 

CEL-A 64.31±1.16e 15.15±0.17e 1.23±0.32a 15.19e 4.64a 

 

 

*(Mean with different superscript letters in the same column represent a significant difference at 

p<0.05, values represent mean± SD; n=3) 

FT-IR analysis of DF-anthocyanin formulation 

The functional group of DF-anthocyanin formulation along with the anthocyanin extract were 

analysed by FT-IR. The absorption band at 3434, 2925, 1634, 1447 and 1049 cm-1 in all the 

formulations, confirmed the typical polysaccharide structure [47]. However peak at 1516, 1261 

and 1072 cm-1 corresponds to vibrational stretching of aromatic rings (=C-O-C group) in 

flavonoids were observed in the anthocyanin extracts [48]. The individual bands were seen in all 

the formulations. As reported by Khor et al. [49], an unchanged structure of quercetin was 

observed in quercetin-fibre formulations before and after nanoformulation. 



 
 

Fig. 5.3.1. FT-IR analysis of anthocyanin extract (AE) and DF-anthocyanin formulation 

 
*(a) DF-C, (b) DF-A2, (c) DF-A3, (d) DF-A4, and (e) CEL-A 

 
X-ray Diffraction analysis of DF-anthocyanin formulation 

The degree of crystallinity (DC) was determined from the X-ray diffraction analysis. DF-C does 

not exhibit any distinct peak, indicating its amorphous nature. The crystallinity of the DF- 

anthocyanin formulation increased after addition of anthocyanin extract and varied from 25.86- 

41.70%. The DC for CEL-A was maximum (56.90%). Increased crystallinity of quercetin-fibre 

nanoformulation compared to the pure fibre and weaker as compared to pure quercetin was also 

observed by Khor et al. [49]. 



 
 

Fig.5.3.2. X-ray diffraction analysis of DF-anthocyanin formulation 

Table 6: Degree of crystallinity (Dc) of DF-anthocyanin formulation 

Sample Code Degree of Crystallinity (%) 

DF-C 25.86±0.07a 

DF-A2 28.11±0.10b 

DF-A3 38.32±0.21c 

DF-A4 41.70±0.11d 

CEL-A 56.90±0.20e 

*(Mean with different superscript letters in the same column represent a significant difference at 

p<0.05, values represent mean± SD; n=3) 

Morphology study of DF-anthocyanin formulation 

The morphology of the formulated DF-anthocyanin formulations were studied using SEM. 

Spherical particle of size ranges from 1.97-3.86 µm. These particles were appeared to be 

entrapped in network structure of DF. Surface attachment of some particles in the cellulose rod 

structure was observed. Similar kind of morphology was found in quercetin-fibre 



nanoformulation with quercetin particles (1-5µm), wrapped inside the fibre outer shell. 

Moreover, small rod like particles (100 nm) and their agglomerates were observed on the 

surfaces of cellulose fibre [49]. 

 

(a1)      (a2)  

(b1)        (b2)  

Fig. 5.3.3. SEM micrograph of DF-anthocyanin formulation (a1) DF-A3 at 750X, (a2) at 3000X; 

(b1) CEL-A at 750X, (b2) at 3000X 

Fluorescence properties of DF-anthocyanin formulation 

The fluorescence emission spectra (at pH-5.5) of anthocyanin extract, DF-C and DF-A3 were 

observed. Akin emission spectra (λexc= 270 nm) was observed for anthocyanin extract and DF- 

A3 with the maxima at 322 nm and in the visible range at 546 nm. However, the fluorescence 

emission intensity of the extract was significantly higher as compared to DF-A3. Besides, DF-C 

does not exhibit any prominent fluorescence emission band and can be regarded as non- 

fluorescent. Hence, the complex formation between anthocyanin extract and DF in DF- 

anthocyanin formulation was confirmed by fluorescence characterization 



 

 

 

 

 

 

 

 

 

 

 

 

(a1) (a2) 
 

Fig.5.3.4. Fluorescence emission spectra at excitation wavelength (a1) λexc= 220 nm ; (a2) λexc= 

270 nm 

*(a) Anthocyanin extract; (b) DF-A3; (c) DF-C 

 
Anthocyanin stability of DF-anthocyanin formulation 

The rate of degradation (k), half-life period (t1/2), actual t1/2 with R2 values for all three kinetic 

reaction model was studied. Degradation of pigments and vitamin during processing or storage, 

generally follow first order reaction kinetics [50]. Moura et al. [51] also explained that thermal 

degradation of the anthocyanins can be described in terms of first order reaction kinetics. But, in 

our study, the best fits model (higher R2) was found for the second order reaction kinetics. A fast 

degradation was observed for the first fourth week followed by gradual degradation. The fast 

degradation (up to fourth week) might be due the oxidation of surface anthocyanin. The lower 

degradation rate could be explained by limitation in oxygen transfer rate to the entrapped 

anthocyanin in DF matrix [14]. Moreover, the degradation was lower in DF-A3 compared to the 

other formulations (k=0.0002 day-1) with half-life period of 87 days. Thus, the formulation of 

DF-anthocyanin (1:3) showed better storage stability with longest half-life period. 



Table 7: Degradation kinetics of the DF-anthocyanin formulation 

 

Sample code k (days-1) t1/2 (days) R2 
Actual t1/2 (days) 

Zero order     

DF-A2 0.1224 61.25 0.6428 59.50 

DF-A3 0.2768 75.32 0.9129 77.49 

DF-A4 0.2570 55.16 0.7092 40.67 

CEL-A 0.1442 63.56 0.7728 65.94 

First order     

DF-A2 0.0121 56.98 0.8559 59.50 

DF-A3 0.0087 79.03 0.9681 77.49 

DF-A4 0.0145 47.51 0.8974 40.67 

CEL-A 0.0113 61.11 0.9225 65.94 

Second order     

DF-A2 0.0041 56.56 0.9506 59.50 

DF-A3 0.0002 87.57 0.9786 77.49 

DF-A4 0.0007 46.48 0.9616 40.67 

CEL-A 0.0008 62.44 0.9818 65.94 

 

 

Objective 4: Stability study of the encapsulated anthocyanin powder 

Encapsulation efficiency 

In order to evaluate the effectiveness of microencapsulation, TA and surface anthocyanin (SA) 

contents of the microparticles were determined after spray drying. For TA determination, 100 mg 

of samples were weighed in an amber vial with a screw top and about 1 ml of distilled water was 

added and was ground to destroy the microparticles. Ethanol (9 ml) was added and the samples 

were extracted for 5 min and then filtered. For determination of SA, 100 mg of samples was 

directly extracted with 10 ml ethanol and vortexed for 30 s, followed by centrifugation (SIGMA 

Laborzentrifugen, 3–18 KS, Osterode, Germany) at 3,000 rpm for 10 min. After phase 

separation, the clear supernatant was collected and filtered. Anthocyanin content for TA and SA 



values was determined using the pH-differential method [2]. Encapsulation efficiencies were 

calculated according to an equation modified from Barbosa et al.[42] and shown as follows: 

% Efficiency = [(TA ‒ SA) ÷TA] × 100 

SEM analysis 

Particle structures of the spray-dried powder microparticles were evaluated by SEM (JEOL JSM- 

6390 LV, Japan, PN junction type, semiconducting detector). Powders of microparticles were 

attached to a double sided adhesive tape on SEM stubs, coated with 3–5 mA palladium under 

vacuum, and were examined at 20 kV and magnification of 2000X and 5000X. 

Storage stability 

Pigment powders were stored in ziplock bags inside an airtight container and storage study was 

conducted at 30°C and 75% RH using saturated salt (NaCl) solution for a period of 21 days and 

the effects of storage on anthocyanin contents, antioxidant activity, moisture content, and colour 

characteristics of the powder were analysed at every 7-day interval. 

Anthocyanin content and DPPH radical scavenging activity 

TA content was determined as referred in the preceding subhead “Encapsulation efficiency”. 

DPPH scavenging activity of the extract of powder was estimated by the method of Luo et al. 

[52]. α-Tocopherol was used as the standard antioxidant compound. Briefly, 50 mg of the 

extracted powder was dissolved in 5 ml of methanol solution and shaken in an incubator shaker 

at 150 rpm at 25°C for 30 min. The filtered mixture of methanolic extract (2 ml) was mixed with 

2 ml of methanolic solution containing 0.1 mM DPPH. The reaction mixture was mixed 

vigorously and kept in dark for 30 min and the absorbance was recorded at 517 nm. 

Moisture content 

The moisture content of the anthocyanin encapsulated powder material was determined 

according to Association of Official Analytical Chemists (AOAC) [18]. The sample (2 g) was 

placed in a previously dried (at 105°C for 1 h) empty moisture estimation box. The aluminium 

box was dried in an oven at 105°C until constant weight was attained. After drying, the 

aluminium box was removed from the oven and cooled in a desiccator and the weight was taken 

after reaching room temperature. The loss in weight was taken as the moisture loss of the 

samples and was calculated using the following relationship: 

%Moisture = (Loss of weight ‒ weight of sample) × 100 



Colour characteristics 

The effect of storage on the colour characteristics of the encapsulated anthocyanin powder was 

analysed after every 7 days of interval. L*, a*, and b* colour values of the encapsulated 

anthocyanin powder were measured using a Hunter Color Measurement Spectrophotometer 

(UltraScan VIS, Hunter Lab). Equipment standardization was carried out by placing a black card 

inside the transmission compartment, and then placing distilled water (as clear liquid) in a cell 

over the transmission port and a white standard tile at the reflectance port. After standardization 

the L*, a*, and b* values were measured. Powders (0.5 g) were dissolved completely in 25 ml of 

distilled water and subjected to a colorimeter in a 1.0 cm path length optical glass cell and the 

CIE L*, a*, and b* values were measured in total transmission mode, using illuminant C and 10° 

observer angle. 

Statistical analysis 

Experiments were carried out in triplicate and the means of data obtained were evaluated using 

Duncan’s multiple range test to identify significant differences at the 0.05 probability (p < 0.05) 

using SPSS 16. 

Results and discussion 

Encapsulation efficiency 

The efficiency of encapsulated anthocyanin was analysed. Robert et al. [53] reported that the 

encapsulation efficiencies of maltodextrin-encapsulated pomegranate juice and maltodextrin- 

encapsulated pomegranate ethanol extract ranged between 89.4–100 and 96.7–100%, 

respectively. The encapsulation efficiency of encapsulated powder in this study was found in this 

range and therefore encapsulated powder with good encapsulation efficiency was obtained. 

Encapsulation efficiencies are also related to the shelf life of the anthocyanin content in the 

powder [54]. 

Particle size and microstructure 

The particles of powder that were spray dried at 170°C air inlet temperature with 20°Brix feed 

solid levels evinced the particle size ranged from 2 to 10 μm approximately. The spray-dried 

capsules containing maltodextrins looked like smooth spheres but were not uniform, showing 

minimum agglomeration and dents on the surface, more porous structure, and were well 

distributed. Similar surface morphology was also observed in the SEM analysis of 

microencapsulated barberry’s anthocyanin [13]. SEM analysis of the spray-dried powders of 



black carrot anthocyanin pigments containing various wall materials showed the particle size 

ranging from 3 to 20 μm approximately with a smooth spherical shape [55]. SEM structures also 

elucidated that the particle size of the microencapsulated anthocyanin pigment present in 

Garcinia indica ranged from 5 to 50 μm with smooth spheres and are in line with the present 

study [56]. 

 

Fig.3. SEM micrographs of anthocyanin-encapsulated spray-dried powder: a) 2000X and b) 5000X. 

 
 

Storage stability 

Stability of anthocyanin, antioxidant activity, moisture content, and colour changes in spray- 

dried microencapsulated powders stored at 30°C and 75% RH for a period of 21 days were 

evaluated after every 7 days of interval. 

Anthocyanin content 

The anthocyanin content of encapsulated pigment powder decreased gradually and decreased by 

44% at the end of 21 days at 30°C and 75% RH. The increase of temperature led to a faster 

anthocyanin degradation, since these pigments are highly thermo-sensitive. This negative 

influence of temperature on anthocyanin stability has been observed by many researchers. 

Pacheco-Palencia et al. [57] evaluated the anthocyanin stability in the whole, semi-clarified, and 

clarified açai pulp, and verified a degradation rate 3.5 times higher when the samples were stored 

at 20°C compared to a storage temperature at 4°C. Ersus and Yurdagel [55] studied the stability 

of microcapsules of black carrot anthocyanin and verified a loss of 33% after 64 days of storage 

at 25°C, whereas at 4°C the loss was 11%. The faster anthocyanin degradation at higher 

temperature can also be related to the presence of sugars and proteins, which can result in the 



Maillard reaction, and generally occurs during food processing at high temperatures or during 

food storage for a long time. 

DPPH radical scavenging activity 

The antioxidant activity of spray-dried pigment powder decreased with prolongation in storage 

period and decreased by 8.4% at the end of 21 days of storage. A slow initial decline of 

antioxidant activity was also mentioned by Bhattacherjee et al. [58] in spray-dried anola powder 

up to 5 months (995.1–921.2 mmol g−1). Decrease of the antioxidant capacity during storage 

might be ascribed to the decrease of anthocyanin content and was also observed in spray-dried 

bayberry powders [59]. 

Moisture content 

Moisture content of the encapsulated pigment powder increased gradually and reached up to 

71.8% at 21 days of storage period. The rate of moisture uptake by encapsulated pigment powder 

depends on the water activity inside the package headspace as well as package permeability [60]. 

Moreover, maltodextrin has a high number of ramifications with hydrophilic groups containing 

shorter chains, and thus can easily bind to water molecules from the ambient air during powder 

handling [13]. 

Colour characteristics 

The initial colour parameters L*, a*, b*, C*, and H° values for encapsulated anthocyanin powder 

were determined. There was a gradual decrease of the lightness and red colour, visually observed 

in spray-dried powder during storage and verified by the similar decrease of a* and L* values. 

However, the increase in yellowness was observed at 7, 14, and 21 days, respectively. The 

changes of redness (a*) might be attributed to the degradation of anthocyanins during storage 

[61]. The reduction of spray-dried betacyanin pigment content during storage was also observed 

by a reduction in the values of a*, which indicated a decrease in red colour intensity in the stored 

samples [62]. 

Conclusion 

In the present study, RSM based on CCD was successfully employed to optimize the ultrasonic- 

assisted extraction and 56.98 mg/100g anthocyanin was obtained. Anthocyanin extracted from 

banana bract under the optimum condition was further purified and two major constituents, viz. 

cyanidin-3-O-glucoside and peonidin-3-O-glucoside, were characterized by HPLC. The pigment 

powder was encapsulated by spray drying and showed acceptable hygroscopicity, suitable 



solubility, and good encapsulation efficiency. Extraction of DF using UAE in combination with 

alkaline method improved the DF content, purity, crystallinity, reduced particle size and 

improved functional properties than the alkaline method alone. UEDF had higher total DF 

content compared to AEDF which was illustrated in its chemical composition. From GC MS 

analysis, different phenolics were identified the extracted fibre and in deoiled CBB. FT-IR result 

indicated the typical structure of polysaccharide with all functional group present in UEDF and 

AEDF along with deoiled CBB. More regular honeycomb structure with uniform and lesser 

particle size was observed in UEDF than AEDF. Crystallinity of UEDF was significantly higher 

as compared to AEDF. TGA analysis showed better thermal stability of UEDF compared to 

AEDF. The improvement in functional properties (WHC, OHC, WSC, α-AAIR, GAC) 

evidenced that UEDF is superior to AEDF. Thus, the present study suggests that UAE in 

combination with alkaline method is an efficient method for extracting DF with better yield, 

purity and functional properties. Moreover, the study needs to include physiological functions of 

the extracted DF to support its application as functional ingredients in diabetic food. The present 

study revealed that addition of anthocyanin in DF matrix greatly improves the anthocyanin and 

antioxidant content of DF-anthocyanin formulation and was highest in DF-A3. Moreover, the 

color values were also improved by addition anthocyanin which was summarized in the color 

characteristics study. No structural changes were noticed by FT-IR spectra after addition of 

anthocyanin in DF matrix, although the DC increased with increase of pigment-matrix ratio as 

showed in X-ray diffraction analysis. The morphology study (DF-A3 and CEL-A) by SEM 

confirmed entrapment and surface attachment of particles (1.97-3.86 µm) in the network 

structure of DF. The fluorescence emission spectra of DF-anthocyanin complex confirmed the 

interaction between anthocyanin and DF. The storage stability study showed that anthocyanin 

degradation of DF-anthocyanin followed second order kinetics. In addition DF-A3 showed 

lowest degradation with the longest half-life period relative to other formulations. Thus, the 

pigment-matrix ratio (3:1) was optimum for DF-anthocyanin formulation with improved 

antioxidant content and storage stability. Further investigation is required to obtain the 

information about the kind of complex formation between anthocyanin and dietary fibre in the 

complex. The results of the present investigation has the credentials to support that the developed 

DF-anthocyanin formulation (DF-A3) could be an excellent “antioxidant dietary fibre” with an 

interesting color and can be used as supplement or functional ingredients for value-added food 



products. The DF-anthocyanin formulation (DF-A3) was further utilised for bread fortification. 

The present study revealed that culinary banana bract is an excellent source of anthocyanin. 

Particle size of the spray-dried encapsulated powder was found in the range of 2–10 μm with a 

smooth spherical morphology as evidenced from SEM. In addition, anthocyanin content and free 

radical scavenging activity decreased and the moisture content increased significantly during 

storage at 30°C and 75% RH. Colour change as revealed by L*, a*, and b* indicated a decrease 

in anthocyanin stability during storage and studies on moisture sorption isotherm of the 

encapsulated anthocyanin powder for determining the proper storage condition will help improve 

its stability and in the development of value-added foods. 
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