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Abstract—India is the third largest producer of orange in the world
contributing 52.01 lakh tones/annum in which Maharashtra is the
leading state which accounts 1117.5 MT/annum. The peeling of
orange generates wastage about 16% of peels and 84% of finished
product. Orange is the fruit of the citrus species Citrus reticulate in
the family Rutaceae. Peel is the main by-product obtained from
orange fruit juice processing industry. Peel is rich in many bioactive
components including antioxidant, anti-inflammatory, anti-
carcinogenic and anti-atherosclerosis activities and contains
significant amounts of phenolic compounds especially phenolic acids
and flavonoids. In present study orange peel is dried in two drying
techniques i.e hot air drying and freeze drying. Orange peel powder
was examined for physicochemical properties. Among two
combinations, freeze air dried sample showed significantly good
physicochemical properties such as color, moisture content, water
activity andFTIR as compared to hot air dried sample. It can be
considered as a potential material for food preservatives as an edible
fruit and vegetable coating for industrial purpose as well as farm
level.
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1. Introduction

Citrus is an ancient crop, with records of human cultivation
extending back to at least 2100 BC (Moore, 2001). Citrus
cultivation dates back to many centuries. South China and
Assam are the origin of many citrus fruits. The citrus fruits
include lime, lemons, and oranges. Limes, lemons and citrus
reticulate are indigenous to Assam (Bhattacharya and Dutta,
1949). Among the major orange producing countries of the
world, Brazil is the country at the first position with
production area of 729583 in ha and total production on MT of
18012560. America is at the second position in terms of area
and production with 250582 ha and 8166480 Mt in
production. China occupies the third position with total area of
475000 in ha and 6500000 MT in production. India is at the
fourth position with total production and productivity of
orange of 334939 of ha and 3886198 in MT. Annual
production of orange in world reached 29 million tonnes in
2013 and the annual growth rate was around 2.48 percent from
2000 to 2013 (FAOSTAT et al., 2016). The other countries

having good area and production capacity includes Mexico,
Spain and Egypt (NHB, 2015).

The processing industry creates a large amount of waste by-
product in the form of peel, seeds, rag (the membranes
between the citrus segments) and pulp (juice sacs),
representing 50-60 percent of the whole fruit being discarded
after juicing (Zaker et al., 2017). Orange peel is a waste
produced in orange juice companies in high amounts each
year. Even though there are several uses for this waste, juice
companies would certainly benefit from the production of high
value products from this waste. Waste conversion into value
added materials is a growing subject due to environmental
concerns. The maintenance of the quality of fresh produce is
still a major challenge for the food industry. Utilization of
orange (Citrus sinesis) peel powder as a source of dietary fibre
and its effect on the cake quality attributes.

Orange peel contains significant amounts of phenolic
compounds especially phenolic acids and flavonoids, thus it
can be considered as a potential material for the food
preservatives (Rafiq et al., 2018). Orange peel extract contains
numerous flavonoids, including polymethoxylated flavones,
glycosylated flavones and many other different phenolic acids,
along with related derivatives. According to Milind et al.
(2012), orange fruit peel contains flavone glycosides
(neohesperidin, naringin, hesperidin, narirutin), triterpene
(limonene, citrol), pigments (anthocyanin, B-cryptoxanthin,
crytpoxanthin, zeaxanthin and rutin), flavones (tangeretin and
nobiletin),  flavonoids  (citacridone, citbrasine  and
noradrenaline). Citrus flavonoids contain various bioactivities,
including antioxidant, anti-inflammatory, anti-carcinogenic
and anti-atherosclerosis activities.

Orange peel is the primary waste fraction amounting to almost
50% of the fruit mass. In food industries there is limited
utilization of orange waste peel. So, this research will help in
finding a solution to decrease the wastage of oranges by
product by increasing the utilizationof the peel powder. The
objectives of this research wereto prepare orange peel powder
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by hot air and freeze dryer and compared between them on the
basis of physiochemical properties.

2. Materials and methods

2.1 Materials

Oranges (Citrus raticulata) were purchased from Kanpur Big
Bazaar market.

2.2 Preparation of orange peel powder

Orange peel was dried in hot air oven (Yorco hot air oven,
New Delhi) and freezes dryer (FreeZone 2.5, Labconco, USA)
at 58°C for 24 hours and -51°C for 30 hours at approx 0.045
mBar pressure, respectively. A grinder mixer and sieve (40
mash size) was used in this study for homogeneous
distribution of peel powder (Zaker, 2016).

2.3 Measurement of color

Color of the samples were evaluated using a handheld
colorimeter (Chroma meter, CR-400, Konica Minolta Optics,
Japan). CIE L* represents lightness, a* represents redness and
b* represents yellowness were evaluated (Garau et al., 2007).

2.4 Moisture content
Moisture content was determined by AOAC (2000) method.

2.5 Water activity
Water activity was measured using water activity meter
(Model Series 3 TE, Aqua Lab, USA). Prior to the

measurement the samples were tempered to 25°C (Raju and
Pal, 2011).

2.6 Fourier transform infrared (FTIR) spectroscopy
analysis

The absorption spectra of samples using FTIR
spectrophotometer (ALPHA Bruker), were acquired at 4 cm™
resolution, and 24 scans of each sample in the wave number
range of 6000-400 cm™. The spectrum of pure ethanol was
used as the background. Spectra were collected in duplicate
and used for multivariate analysis (Paradkar and Irudayaraj,
2002).

2.7 Statistical analysis

All experiments were performed in duplicate and values are
mentioned in mean and standard deviation by using the
statistical program SPSS (version 24) (Kumar et al., 2019).

3. Results and Discussion

3.1 Orange peel powder preparation

Oranges were brought from Big Bazaar market which was of
the same quality that is used for coating. Best practices were
used to choose oranges i.e., same shape, size, and maturity
index. Peel were extracted from oranges and cleaned from
fresh water. Freeze dried orange peel powder and hot air dried
orange peel powder has illustrated in Figure 1 and Figure 2
respectively.

Fig. 1 Freeze dried peel powder

Fig. 2 Hot air dried peel powder

3.2 Moisture content analysis

Moisture content of freeze dried and hot air dried peel powder
was 9.12% and 10.34% respectively (Table 1). Moisture
content of orange peel powder available in market is around
10%. Therefore, in this experiment, orange peel powder by
using hot air drying and freeze drying satisfied the moisture
percent present in commercial peel powder. Drying time was
significantly more in freeze drying than hot air drying. This
result could be due to the vaporization of moisture in freeze
drying, which was slower than hot air drying. Mass transfer
within the peel powder should be rapid during hot air drying
because a large vapor pressure produced by air on the surface
of powder. In freeze drying production of peel powder was of
better quality because it protects the primary structure of food
and does minimal reduction to quality of food (Ratti, 2001;
Park et al., 2016).

Table 1 Moisture content of orange peel powder

S. No. Sample Moisture Content (%)
1 FDOPP 9.12+1.25
2 HDOPP 10.34+0.79

Values are in mean + SD, where n=2

3.3 Water activity analysis

The water activity of freeze dried and hot air dried orange peel
powder were 0.17 and 0.42 respectively as shown in Table 2.
Water activity of HDOPP was higher as compared to FDOPP,
it may be due to low moisture content was available in
FDOPP.
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Table 2 Water activity of orange peel powder

S. No. Sample Water activity (a,)
1 FDOPP 0.17 £ 0.003
2 HDOPP 0.42 +0.003

Values are in mean + SD, where n=2

3.4 Color analysis

Color of freeze dried and hot air dried powder was determined
using digital colorimeter. FDOPP represented a higher value
of lightness (L*) and yellowness (b*) and redness (a*) than
HDOPP (Figure 3). Bright yellow color was observed in
freeze dried sample because less heat treatment was provided
as compared to HDOPP. The lower value of L* represented
the low lightness in the hot air dried sample as compared to
freeze dried sample. This is probably due to hot air directly
exposed on peel surface during the drying process. The a*
value (redness) was higher in freeze-dried samples than those
in hot air-dried samples, similar to the L* wvalue. The
browning, which was higher in hot air dried sample, may be
responsible for this (Caparino et al., 2012). The b* values
(yellowness) were lower in hot dried sample than freeze dried
sample. Yellowness showed a slight decrease in its value as
temperature increased as a result of generation of brown
products due to non-enzymatic reaction. Similar result was
shown byLenaerts et al. (2018). AE represented the overall
change in the color of sample. AE was significantly higher in
hot air dried sample as compared to freeze dried sample.
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Fig. 3: Color analysis of hot air dried and freeze dried orange
peel powder

3.5 FTIR analysis

The FTIR spectra of freeze dried andhot air dried samples are
shown in Figure 4 and 5 respectively. In the spectrum, the
peak at 3285.3 cm corresponds to the O-H stretching of
alcohol in both samples and also denoted the hydroxyl
functional group.This change in -OH interaction is exhibited
by miscible blends that show extensive phase mixing. The
peak at 1680 represents the alkenyl C=C stretch this is
indicative of the double bonds. A peak at 1055 represents the
Cyclohexane ring vibrations Methyne (>C -). A peak at 3600
represent nonbonded hydroxy group, OH stretch in Figure 4.
A peak at 1580 represents aromatic ring stretch (C=C-C)

which is high in freeze dried sample (Coates, 2000). A peak at
1000 represents the aliphatic fluoro compounds, C-F stretch
which represents its polar nature. A slight increase in the
intensity of the band at 1750 (C=0, amide) can be observed in
the freeze dried sample, which can be a representative of a
strong interaction between the compounds of orange peel
powder. Similar results were explained by (Coates, 2000).
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Fig. 4 FTIR spectrum of freeze dried orange peel powder
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Fig. 5: FTIR spectrum of hot air dried orange peel powder

Conclusions

In this study freeze dried orange peel powder was compared
with hot air dried orange peel powder. Results were
significantly better for freeze dried orange peel powder as
compared to hot air dried orange peel powder. Hence, freeze
dried powder can be a potential material as it gives good
results. In freeze drying, orangepeelsdoes not face any heat
treatment, so the retention of bioactive compounds may retain
more in freeze dried peel powder as compare to hot air drying.
Hence, it can be concluded that the effect of freeze drying on
orange peel powder can be a potential technique for making
orange peel powder.
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