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Abstract Aim of the present study was to evaluate the

effect of different drying techniques on chemical compo-

sition, color and antioxidant activity of kinnow peel. Fresh

peel was dehydrated by three different techniques (tray,

vacuum and freeze) and regardless of the method results

showed significant decreases in moisture, total phenols,

flavonoids, antioxidant activity and color when compared

to the fresh sample. Freeze drying was found superior in

retention of polyphenolic characteristics and color attri-

butes when compared with other drying techniques. The

fresh and freeze-dried citrus peel extract was analyzed for

individual phenolics and flavonoids with the help of HPLC

indicating highest concentrations of ferulic acid and

hesperidin.

Keywords Kinnow peel � Drying techniques � Freeze-
drying � Phytochemicals analysis

Introduction

Kinnow mandarin (Citrus reticulata), a hybrid of King and

Willow leaf is grown in northern states of India, mainly

Punjab. In the process of juice extraction from kinnow

fruit, 30–34% of peel is generated from a number of fruit

processing industries and fruit vendors which has been

recognized as the richest source of bioactive compounds

with comparatively higher polyphenol content compared to

other fractions of fruit (Lim et al. 2007). Health promoting

properties of citrus peel have prompted researchers to

explore this waste as a value added ingredient in many food

processing operations as a potential source of antioxidants

(Babbar et al. 2011; Rafiq et al. 2018).

Several drying techniques are available as commercial

options for dehydration, including freeze drying, convec-

tive drying and vacuum drying. Research has been con-

ducted on effect of different drying techniques on various

quality aspects of fruits and vegetables (Huang and Zhang

2015; Hamid and Abdel Nour 2018; Izli and Polat 2018;

Morais et al. 2015; Eren and Kaymak-Ertekin 2007;

Mudgal and Pandey 2009; Shalini et al. 2009).

Literature regarding effect of different drying techniques

on particularly kinnow peel in comparison to other fruits

and vegetables is very scarce. Therefore, the purpose of

this research was to explore the effect of drying techniques

(tray, vacuum and freeze drying) on the proximate com-

position, physicochemical and phytochemical properties of

kinnow peel. The outcome of this research may open new

prospects for the valorization of kinnow peel as a func-

tional ingredient. Moreover, statistical analysis was done to

(1) identify correlation between the color coordinates

(simple linear correlation) and (2) explain the effect of

different drying techniques on phytochemical properties of

the kinnow peel (cluster analysis and principal component

analysis).

& Yogesh Gat

yogeshcft10@gmail.com

1 Department of Food Technology and Nutrition, Lovely

Professional University, Jalandhar, Punjab 144 411, India

2 Department of Food Technology, IK Gujral Punjab Technical

University, Jalandhar, Punjab 144 603, India

123

J Food Sci Technol (May 2019) 56(5):2458–2466

https://doi.org/10.1007/s13197-019-03722-9

http://orcid.org/0000-0002-6038-6123
http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-019-03722-9&amp;domain=pdf
https://doi.org/10.1007/s13197-019-03722-9


Materials and methods

Sample preparation

Kinnow (Citrus reticulata Blanco) were obtained from

pomology fields of Sher-e-Kashmir University of Agri-

cultural Sciences and Technology, Jammu, (India). The

defective and injured fruits were sorted-out and the best

suited were retained for further processing. Fruits were

peeled manually and cutted into strips of uniform width

(2–3 mm).

Drying of kinnow peel

Kinnow peel strips were spread on trays in single layer for

drying in different (freeze, oven and vacuum) dryers.

Drying conditions were adopted from Izli and Polat (2018).

Three different drying (freeze i.e. - 50 �C, oven i.e. 60 �C
and vacuum at 500 mm Hg) techniques were used to dry

kinnow peel strips until their weight became constant.

Fresh peel stored in deep freezer at - 20 �C was used as a

control sample to determine the outcome of drying tech-

niques on sample quality. The dried peel samples from all

three methods were ground, packed in laminated pouches

and stored at ambient temperature until analyzed.

Proximate analysis

Proximate analysis of fresh kinnow peel was carried out

according to AOAC (2000). Moisture content was per-

formed by drying sample to a constant weight at 105 �C.
Ash content was performed at 550 �C using muffle furnace

(AOAC method 923.03). Micro Kjeldahl procedure

(AOAC method 960.52) was used for the determination of

crude protein content. Crude fat content was determined

using petroleum ether as solvent in a Soxhlet apparatus.

Crude fibre was estimated by subjecting sample to diges-

tion (acid) and then distillation (alkaline) (AOAC method

962.09).

Total mineral content was quantified in dry ash samples

at 550 �C according to AOAC (2002). Mineral contents

individually were determined using an atomic absorption

spectrophotometer (Model AA670 Shimadzu, Kyoto,

Japan).

Colour analysis

The color parameter (L*, a*, b*) of the fresh and dried

sample were determined by following Grabowski et al.

(2006) using a Hunter Lab colourimeter (Labscan XE)

coupled with EasyMatch QC software. Numerical

whiteness index (WI) and browning index (BI) were cal-

culated using the equations adopted from Gat et al.

(2015a).

Extraction of phytochemicals

Extraction of polyphenols was done according to Franke

et al. (2004) and Chun et al. (2003). Extraction yield of

polyphenols was defined as the amount of product (g) ob-

tained from 100 gm of kinnow peel dry weight was esti-

mated using equation adopted by Dhanani et al. (2015).

Phytochemical analysis

Total phenolic and flavonoid content of the extracts was

estimated using colorimetric assay adapted from Gat et al.

(2015b). Gallic acid standard curve was used as calibration

curve and the values were reported as mg/gallic acid

equivalent/gram dry weight (g dw). For determination of

total flavonoid content, standard used was quercetin and

experimental values were presented as mg of quercetin

equivalent (QE) per gram of dry powder. Ascorbic acid

was quantified using 2,6,dichlorophenol indophenol dye by

following procedure of Sogi et al. (2013).

The antiradical activity was determined by different

methods described as follows. Scavenging activity (SA)

was measured as suggested by Wang et al. (2016). The

antiradical activity was also determined as IC50 lg/mL

(concentration for 50% DPPH inhibition) for the peel

extract. Reducing power was estimated as described by

Jayanthi and Lalitha (2011). Trolox equivalent antioxidant

capacity (TEAC) was determined using method adapted

from Wang et al. (2016) using trolox as standard standard.

b-Carotene bleaching test was adopted from Koleva et al.

(2002) to evaluate the capacity of methanolic peel extract

to inhibit the b-carotene bleaching and standard used was

BHT.

Individual polyphenolic compounds analysis

by HPLC

Individual polyphenolic compounds analysis were con-

ducted for fresh and freeze dried kinnow peel by reversed-

phase HPLC system (1200 Series, Agilent Technologies,

Germany), with a quaternary pump, a degasser, manual

injector with a fixed volume of 20 lL, UV–Vis diode array
detector (DAD) and C18 column (100 mm 9 4.6 mm)

thermostatically controlled at 35 �C. The flow rate was

kept constant at 1 mL/min. The mobile phase solvents

consisted of water, acetonitrile, orthophosphoric acid and

methanol. Wavelength used for detection and quantifica-

tion was 280 nm. Quantification of phenolic compounds

was done by comparison of their retention time with
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standards (Gallic acid, Vanillic acid, p-Coumaric acid,

Ferulic acid, p-Hydroxybenzoic acid, Caffeic acid, Neo-

hesperidin, Naringin, Hesperidin, Catechin Narenginin and

Rutin) previously injected.

Statistical analysis

One-way ANOVA followed by Duncan’s LSD test

(p B 0.05) was performed for analysis of experimental

values using SPSS 16.0. Principal component analysis

(PCA) and cluster analysis were conducted to get a dis-

tinctive comprehensive overview of phytochemical prop-

erties of dried kinnow peel and the output obtained was

plotted as a dendrogram. All experiments were performed

in triplicate, and values were reported as the mean ± s-

tandard deviation (SD). Pearson correlation coefficient

among means of color parameters was determined with the

help of statistical tool (SPSS 16.0).

Results and discussion

Effect of drying techniques on proximate

composition of kinnow peel

The effect of different drying techniques on the proximate

composition of fresh kinnow peel is shown in Table 1.

Moisture, crude fat, protein, fiber and ash of fresh kinnow

peel was found to be 77.6, 1.59, 0.67, 0.64 and 0.55%

respectively. Effect of drying techniques (tray, vacuum and

freeze) on proximate composition showed significant dif-

ferences (p B 0.05) for moisture. These findings were

found parallel with Garau et al. (2007), Malla et al. (2015)

and Barros et al. (2012) for fresh orange (citrus aurantium),

different cultivars of citrus and kinnow mandarin waste

respectively. Among all techniques, freeze dried peel had

highest moisture content of 7.38%. Drying also resulted in

slight non-significant (p B 0.05) decrease in fat and protein

content and the most affected sample was tray dried fol-

lowed by vacuum dried which might be due to exudation of

fat with moisture evaporation. The findings in the present

investigation were comparable to those reported by Sogi

et al. (2013) and Chukwu and Shaba (2009). Decrease in

protein content might be because of Maillard reaction as it

causes changes in food composition due to the reaction

between carbohydrates and proteins. Lee-Hoon Ho et al.

(2016) also reported decrease in protein content and

attributed this change to the formation of complexes

between anti-nutritional components and proteins in the

presence of heat which subsequently reduces protein

availability (Enomfon-Akpan and Umoh 2004).

The mineral contents of fresh, tray, vacuum and freeze

dried kinnow peel are given in Table 1. As compare to

fresh sample, the mineral profile of dried kinnow peels was

higher because of increasing dry matter content. Potassium,

calcium and iron content of fresh peel were found 152.2,

85.3 and 324.67 lg/100 g respectively. Parallel findings

were reported by Khalid et al. (2012) and Ghanem et al.

(2012). The differences between Mg, Zn and Cu contents

of fresh, tray and vacuum dried peels were not statistically

significant (p B 0.05). The remaining minerals were higher

in tray dried samples than the fresh samples. The tray

drying method led to the highest increase in mineral values

due to convective heat transfer mechanism in tray drying

which could cause more increase in the solubility of the

minerals (Arslan and Ozcan 2008).

Table 1 Effect of drying (tray,

vacuum, and freeze) on

proximate composition of

kinnow peel

Fresh peel Tray dried peel Vacuum dried peel Freeze dried peel

Moisture (%) 77.47 ± 0.11a 4.93 ± 0.09c 3.03 ± 0.06d 7.38 ± 0.07b

Ash (%) 0.49 ± 0.03b 0.57 ± 0.04ab 0.57 ± 0.06ab 0.59 ± 0.04a

Crude protein (%) 0.67 ± 0.02a 0.63 ± 0.06a 0.65 ± 0.04a 0.58 ± 0.08a

Crude fat (%) 1.55 ± 0.04a 1.22 ± 0.02b 1.54 ± 0.03a 1.58 ± 0.03a

Crude fiber (%) 0.64 ± 0.02a 0.59 ± 0.07a 0.55 ± 0.05a 0.63 ± 0.06a

Potassium (lg/100 g) 152.23 ± 2.05b 157.32 ± 3.16a 154.21 ± 1.10ab 154.05 ± 2.07ab

Magnesium (lg/100 g) 108.45 ± 1.00b 114.13 ± 1.40a 109.31 ± 0.25b 109.15 ± 0.60b

Calcium (lg/100 g) 85.30 ± 0.60c 89.75 ± 0.75a 87.89 ± 1.05b 84.94 ± 0.54c

Sodium (lg/100 g) 176.30 ± 0.53d 189.00 ± 0.60a 187.23 ± 0.65b 182.06 ± 0.46c

Iron (lg/100 g) 8.52 ± 0.46d 10.01 ± 0.55a 9.88 ± 0.81b 9.58 ± 0.11c

Zinc (lg/100 g) 4.44 ± 0.42a 4.93 ± 0.05a 4.58 ± 0.51a 4.46 ± 0.05a

Copper (lg/100 g) 0.34 ± 0.11a 0.31 ± 0.02a 0.37 ± 0.02a 0.37 ± 0.02a

All values are mean ± standard deviation of triplicate analysis and values in the same row bearing different

superscript lowercase letters are significant difference (p B 0.05) by Duncan’s test
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Effect of drying techniques on color properties

of kinnow peel

Drying techniques exert a significant (p B 0.05) effect on

the colour values of kinnow peel. L*, a* and b* values of

the fresh samples were found to be 57.75, 16.31 and 65.18

respectively (Table 2), similar to those reported by

Aggarwal and Michael (2014) while studying the effect of

osmo-dehydration on kinnow peel. After drying the L*

value of kinnow peel decreased significantly (p B 0.05)

while a* value increased significantly (p B 0.05) in dried

samples (tray, vacuum and freeze), indicating darker sheds

of dried peel which might be due to caramelization of the

sugar or a Maillard reaction causing browning during

drying. On the other hand b* value of fresh peel was higher

than dried peel powder, indicating degradation of the car-

otene pigment during drying. The hue and chroma of dried

powder was found significantly (p B 0.05) lower, indicat-

ing decrease in color intensity and saturation. It can also be

observed that drying (tray and vacuum) led to increase in

browning index and decrease in whitening index which

might be due to formation of brown products. Freeze

drying dehydrates product by sublimation which is carried

out at very low temperature, so prevents browning reac-

tions and results in more stable colour coordinates. The

overall high b* value in freeze dried samples may be

indicative of high b-carotene retention. Abonyi et al.

(2002) and Caparino et al. (2012) observed more retention

of carotenoid pigments in freeze dried samples than drum

dried ones. Maskan (2001), Goncalves et al. (2007), Guine

and Barroca (2012), Vega-Galvez et al. (2012) also sup-

ports similar findings. Statistical analysis revealed that L*

value was negatively correlated with b* value, hue, chroma

and browning index. Whitening index was negatively

correlated with browning index. a* value was found posi-

tively correlated with b* value and negatively correlated

with whitening index (R2 = 0.997, p\ 0.05 and

R2 = -0.965, p\ 0.05, respectively) (Table 3).

Effect of drying techniques on extraction yield

of polyphenols

Dying techniques (tray, vacuum and freeze) affected the

extraction yield (p B 0.05) significantly and in all cases

yield per cent obtained was higher than fresh kinnow peel

sample (Table 2) indicating that drying may impart a

positive effect on the extraction of polyphenolic com-

pounds. Extraction yield was highest in freeze dried sam-

ples (22.04 gm/100 gm) followed by vacuum (15.56 gm/

100 gm) and tray dried (14.95 gm/100 gm) and lowest in

fresh sample (5.19 gm/100 gm). Our results were compa-

rable to the yield percentage of lime (15.80 gm/100 gm)

but lower than the orange variety (37.27 gm/100 gm),

grape fruit (50.13 gm/100 gm) and lemon (44.68 gm/100

gm) evaluated by Guimaraes et al. (2010). Variation in

yield might be due to the diversity in natural matrix as well

as many parameters related to the extraction method

adopted (temperature, time contact, solvent to solid ratio,

solvent type etc.).

Table 2 Effect of drying (tray, vacuum and freeze) on color and phytochemical analysis of kinnow peel

Fresh peel Tray dried peel Vacuum dried peel Freeze dried peel

L* 57.75 ± 0.21a 37.14 ± 0.90b 57.64 ± 0.30a 59.75 ± 0.05a

a* 16.31 ± 0.04b 19.63 ± 0.20a 15.63 ± 0.10c 15.31 ± 0.06d

b* 65.18 ± 0.10a 54.05 ± 0.56d 56.21 ± 0.21c 59.18 ± 0.11b

Hue 75.95 ± 1.0a 69.86 ± 0.20b 74.41 ± 0.06a 75.65 ± 0.16a

Chroma 67.15 ± 0.15a 58.13 ± 0.26b 58.14 ± 0.10b 64.393 ± 1.89a

Browning index 290.59 ± 2.21a 265.47 ± 2.57b 222.00 ± 1.59c 216.76 ± 2.07d

Whitening index 14.63 ± 0.28b 20.18 ± 0.04ab 26.81 ± 0.12a 27.9 ± 0.40a

Total phenolic content (mg GAE/g) 24.51 ± 0.08a 16.84 ± 0.05d 17.94 ± 0.03c 21.96 ± 0.12b

Total flavonoid content (mg QE/g) 19.12 ± 0.09a 11.11 ± 0.09d 13.36 ± 0.08c 15.32 ± 0.05b

DPPH assay (IC50 value) lg/mL 66.5 ± 0.50d 73.15 ± 0.06a 72.18 ± 0.10b 68.15 ± 0.09c

Scavenging activity (%) 86.55 ± 0.53b 83.28 ± 0.04d 89.07 ± 0.06a 84.77 ± 0.60c

TEAC lmolTE/g 51.77 ± 0.05b 44.17 ± 0.10d 47.2 ± 0.12c 51.21 ± 0.05a

B-carotene bleaching assay (%) 33.88 ± 0.07a 23.19 ± 0.09d 24.12 ± 0.10c 29.05 ± 0.03b

Ascorbic acid (mg/100 g) 46.87 ± 0.10a 29.92 ± 0.07d 31.08 ± 0.08c 41.24 ± 0.20b

Extraction yield (%) 5.19 ± 0.20a 14.95 ± 0.01d 15.56 ± 0.07c 22.04 ± 0.16b

All values are mean ± standard deviation of triplicate analysis and values in the same row bearing different superscript lowercase letters are

significant difference (p B 0.05) by Duncan’s test
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Effect of drying techniques on phytochemical

properties of kinnow peel

The total phenolic and flavonoid content of kinnow fresh

peel was found to be 24.51 mgGAE/g and 19.12 mgQE/gm

respectively (Table 2). Our results revealed higher con-

centration of TPC than reported by Babbar et al. (2011).

The difference in concentrations might be due to differ-

ences in cultivar, geographical origin, harvesting time and

methods adopted for extraction and drying of extract.

Drying techniques seemed to have (p B 0.05) significant

effect on total phenolic and flavonoid content. The reduced

level of polyphenolic compounds in dried peels might be

due to chemical, enzymatic or thermal decomposition of

phenolic acids and favonoids.

The content of ascorbic acid ranged from 46.87 to 29.92

mg/100 gm. Piga et al. (2003) and Piga et al. (2009) also

reported reduction of ascorbic acid during drying at tem-

peratures between 55 and 85 �C in plum and peach, which

may be attributed to oxidative and thermal degradation.

The high content of ascorbic acid was found in peel powder

of freeze dried followed by vacuum dried and lower values

were observed in tray dried peel powders but when com-

pared with the fresh peel, overall decline in ascorbic acid

content was recorded which could be due to thermo- sen-

sitive nature of ascorbic acid in the tray and vacuum dried

peel powder and oxidation in the freeze dried peel powder.

Fresh kinnow peel extract showed higher IC50 value

(66.5 lg/mL) than that of the standard antioxidant i.e.,

BHT (IC50 = 25 lg/mL). Muthiah et al. (2012) reported a

communsurate antiradical activity when evaluating the

extract from Indian Citrus aurantium peel (IC50 = 86.83

lg/mL). Kinnow peel methanolic extract exhibit higher

reducing power ability than BHT. These results coincide

with the Babbar et al. (2011) who carried out a study on

different fruit residues and reported kinnow peel exhibits

higher reducing power ability than BHT. Results of present

study recommended a positive linear relationship between

reducing power. Trolox equivalent antioxidant capacity

(TEAC) activity determined was 51.77 lmolTE/g db. This

result implied comparatively higher ABTS scavenging

activity in comparison to the study conducted by Ramful

et al. (2010). Our results revealed kinnow peel extract

exhibits 33.88% inhibition. After drying by different

techniques the values observed for antioxidant capacity as

radical scavenging activity (%), IC50, Trolox equivalent

and beta-carotene bleaching assay were within the range of

89.07–83.28%, 68.15–73.15, 44.17–53.21 and 23.19–29.05

respectively (Table 2). Significant (p B 0.05) decrease in

Trolox equivalent and beta-carotene bleaching assay was

more predominant in tray and vacuum dried samples, might

be due to the detrimental effect of heat on antioxidant

components. Scavenging activity of the dried kinnow peel

increased significantly (p B 0.05) might be due to the

breakage of complex polyphenols into low-molecular-

weight antioxidant activity containing compounds and

formation of melanoidin like pigments during mallard’s

reaction which are well known for their antioxidant activ-

ity. Our experimental results are in parallel with the find-

ings of Gat and Ananthanarayan (2016) and Dewanto et al.

(2002). Changes in the structure of flavonoids during dry-

ing would result in the formation of low molecular weight

phenolic compounds which might affect the antioxidative

activities. Similar findings were presented by Jeong et al.

(2004) and Chen et al. (2011).

Identification and quantification of polyphenolic

compounds by HPLC

The fresh citrus peel extract and freeze dried peel was

analyzed for individual phenolics and flavonoids with the

help of HPLC. HPLC chromatogram of fresh peel shown in

Fig. 1a, b detected Gallic acid (111.6 lg/g dry matter),

Vanillic acid (191.4 lg/g dry matter), p-Coumaric acid

(301.4 lg/g dry matter), Ferulic acid (441.7 lg/g dry

matter), p-Hydroxybenzoic acid (29.0 lg/g dry matter),

Caffeic acid (19.3 lg/g dry matter) and six flavonoids as;

Neo-hesperidin (1.8 lg/g dry matter), Naringin (39.9 lg/g
dry matter), Hesperidin (2795.8 lg/g dry matter), Catechin

(33.1 lg/g dry matter), Narenginin (512.3 lg/g dry matter)

Table 3 Correlation

coefficients among color

parameters of kinnow peel

L a b Hue Chroma WI BI

L 1 - 0.485 - 0.551 - 0.558 - 0.674 0.698 - 0.507

a 1 0.997* 0.996 0.973 - 0.965 1.000*

b 1 0.998** 0.988 - 0.982 0.999*

Hue 1 0.989 - 0.984 0.998*

Chroma 1 - 0.999 0.979

WI 1 - 0.971

B I 1

*Correlation is significant at 0.05 level

**Correlation is significant at 0.01 level
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and Rutin (163.4 lg/g dry matter) and chromatograms of

freeze dried citrus peel (Fig. 1c, d) revealed the presence of

Gallic acid, p-hydroxybenzoic acid, Vanillic acid p-

Coumaric acid, Ferulic acid, caffeic acid in the quantity of

119.4, 26.4, 187.4, 294.2, 421.6 and 19.1 lg/g dry matter

and flavonoids profile revealed the presence of Catechin,

Fig. 1 HPLC chromatogram of a phenolic acids in fresh kinnow peel; b flavonoids present in fresh kinnow peel c phenolic acids in freeze dried

kinnow peel and d flavonoids present in freeze dried kinnow peel
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Naringin, Narenginin, Neo-hesperidin, Hesperidin and

Rutin in the quantity of 31.1, 38.7, 492.2, 2715.8, 153.1

and 1.5 identified by using UV–Vis spectra and chro-

matographic comparisons with their standards. Our results

were well supported with study reported by Ramful et al.

(2010) who examined flavedo extracts of twenty-one

varieties of citrus fruits and reported that Hesperidin was

present at the highest concentrations in all flavedo extracts.

Khan et al. (2010), Safdar et al. (2016) also reported

highest phenolic compound concentrations (gallic, chloro-

genic acid, Hesperidin, Naringin) in peel of C. sinensis and

C. reticulate through HPLC.

Principle component and cluster analysis

Multivariate analysis was conducted to ensure the effect of

different drying techniques on the phytochemical compo-

nents of the kinnow peel. In cluster analysis (CA) output of

data plotted as a dendrogram (Fig. 2) two distinct clusters

can be visualized. The first cluster comprises the fresh and

freeze dried peel whereas, the second cluster includes

vacuum and tray dried sample, indicating all the drying

techniques had a significant (p B 0.05) effect on the dif-

ferent phytochemical characteristics of kinnow peel. As

CA provides mere information on the similarity of the

different samples, Principal Component Analysis (PCA)

explains variables which accounts for most of the vari-

ability in the data. It is an appropriate statistical technique

used for reduction of the original variables (total phenolics,

total flavonoids, DPPH scavenging activity, IC50 value,

TEAC, ascorbic acid and bleaching assay) to a smaller

number of elemental variables (Principal Component)

which affirms the interrelationships between the different

variables and to extract the optimum number of Principal

Components. Maximum variation is explained by the first

PC followed successively by second one which shows

minor parts of original variance. This means that variables

(correlated) are explained by the same PC and less corre-

lated variables by different PC. The results of our plot

obtained from PCA indicated that samples (fresh, tray,

vacuum and freeze dried) were grouped together in the

same quadrant, which represent fairly high levels of six

attributes (total phenolic content, total flavonoid content,

TEAC, b-Carotene bleaching assay, scavenging activity

and ascorbic acid) (Fig. 3).

Conclusion

This research presents an overview of the richness of

polyphenols in kinnow peel and loss of phytochemicals

during drying by different methods. Results suggest that

both fresh and dehydrated kinnow peel obtained in fruit
Fig. 2 Cluster analysis of the different drying methods of kinnow

peel

Fig. 3 Component plot of the

antioxidant activity of different

drying techniques. Where,

antioxidant activity was

expressed as: IC 50 half

maximal inhibitory

concentration, SA scavenging

activity, AA ascorbic acid,

TEAC trolox equivalent

antioxidant capacity, TPC total

phenolic content, TFC total

flavonoid content, BC b-
carotene content
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processing industries could be the best suitable sources of

bioactive compounds. Twelve phenolic compounds

including six phenolic acids and six flavonoids, were

identified and quantified by HPLC. Peel obtained as bio-

waste in fruit processing industries can be safe-guarded by

dehydration process. Freeze drying followed by vacuum

drying was shown to be very effective in preserving the

thermo-sensitive polyphenolic components and color of

kinnow peel. We conclude that freeze and vacuum dried

peels can be capitalized in food sector due to their richness

in bioactive components that wield antioxidant properties.

In future, point of convergence should be about incorpo-

ration of such powders and suitability of host product.
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