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29Citrus peel has been reported to contain bioactive compounds, such as phenolic compounds, ascorbic acid
30and carotenoids. A comparison of the quality and quantity of materials produced by extraction and spray
31drying of different citrus peels (orange, lemon, lime, and mandarin) has been conducted. The average
32total phenolic contents (TPC) of all citrus peel extracts were between 4.9 and 6.9 mg gallic acid equivalent
33(GAE)/g fresh weight (FW) citrus peels. Lime peel extract showed the highest antioxidant content (TPC of
346.9 mg GAE/g FW peel and SC50 of 740 lg/mL) and the lowest TPC recovery after spray drying (84%) com-
35pared with other types of peel extract. Regarding the yield (or solids recovery) from spray drying, lemon
36and mandarin peel extracts were found to be the most difficult to spray dry (yields/recoveries of 78% and
3773%, respectively). The differences in composition, such as citric acid and sugars contents, may explain
38some of the differences between the spray drying yields of the extracts.
39� 2015 Published by Elsevier B.V. on behalf of The Society of Powder Technology Japan. All rights
40reserved.
41
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44 1. Introduction

45 Citrus residues, with a world production estimation of
46 15 � 106 tons/year, have been described as an underutilized mate-
47 rial [1]. Citrus residues are often disposed as waste, which may
48 cause major environmental problems due to their high associated
49 chemical and biological oxygen demand (COD and BOD) [2]. There-
50 fore, the processing of citrus residues is expected to minimize the
51 environmental impact and to add value to this residue. Citrus peel,
52 which accounts for almost one-fourth of the whole fruit mass, may
53 be beneficial for pharmaceutical and food industries due to the
54 high content of bioactive materials [1,3].
55 Orange, mandarin, lemon, and lime are the main types of citrus
56 fruit grown in the world. These citrus fruits represent 94% of the
57 total production of citrus fruits in Australia, with orange as the
58 citrus fruit that makes up the largest percentage of production
59 (78%) [4]. The presence of bioactive compounds, such as phenolic
60 compounds, ascorbic acid and carotenoids, in citrus peels has been
61 reported before [5]. These compounds are naturally occurring
62 antioxidants which have the ability to scavenge reactive oxygen
63 and nitrogen species and prevent oxidative damage to important
64 biological macromolecules [6].

65In the manufacture of these nutraceutical materials, the initial
66process required is the extraction of citrus peel using a suitable
67solvent. One of the common traditional extraction techniques is
68Soxhlet extraction. The Soxhlet extraction method is relatively
69simple, inexpensive, and also provides repeated contact of samples
70with fresh solvents, which helps the transfer equilibrium [7].
71However, the process is time-consuming, which motivates the
72development of other techniques. Several modern extraction
73techniques, such as ultrasound and microwave techniques, for pro-
74ducing phenolic compounds from citrus peels have been reported
75previously [3,8].
76After solvent extraction, the liquid extracts can be dried in order
77to lower storage and transportation costs, and also produce mate-
78rials with better storage stability [9]. Spray drying is a commonly
79used method to convert feed from a liquid state into a powder form
80[10]. In the spray-drying process, the water of the feed solution is
81removed very quickly. Previous studies reported that spray drying
82might be suitable for the drying of heat-sensitive materials, such as
83phenolic compounds in citrus peel extracts [10,11].
84In a previous study, the TPC recovery during spray drying of one
85type of citrus peel extract (orange peel extract) has been reported
86[11]. Several authors have also previously reported the antioxidant
87contents of different types of citrus peel extracts [3,5,12–14]. How-
88ever, the comparison of yield (solid recovery) and TPC recovery in
89the spray drying of different citrus peels has not been evaluated so
90far. To complement those previous studies, a comparison between

http://dx.doi.org/10.1016/j.apt.2015.09.007
0921-8831/� 2015 Published by Elsevier B.V. on behalf of The Society of Powder Technology Japan. All rights reserved.

⇑ Corresponding author. Tel.: +61 2 9351 5660; fax: +61 2 9351 2854.
E-mail address: dsho6535@uni.sydney.edu.au (D. Shofinita).

Advanced Powder Technology xxx (2015) xxx–xxx

Contents lists available at ScienceDirect

Advanced Powder Technology

journal homepage: www.elsevier .com/locate /apt

APT 1075 No. of Pages 6, Model 5G

29 September 2015

Please cite this article in press as: D. Shofinita et al., Comparing yields from the extraction of different citrus peels and spray drying of the extracts,
Advanced Powder Technology (2015), http://dx.doi.org/10.1016/j.apt.2015.09.007

http://dx.doi.org/10.1016/j.apt.2015.09.007
mailto:dsho6535@uni.sydney.edu.au
http://dx.doi.org/10.1016/j.apt.2015.09.007
http://www.sciencedirect.com/science/journal/09218831
http://www.elsevier.com/locate/apt
http://dx.doi.org/10.1016/j.apt.2015.09.007


91 the performance of combined extraction and spray drying for dif-
92 ferent citrus peels has been made. The amounts of TPC and antiox-
93 idant activity using the DPPH (2,2-diphenyl-1-picrylhydrazyl) test
94 method in the materials were measured. The spray drying yields
95 (solid recovery) and TPC recovery of different citrus peel extracts
96 have also been compared.

97 2. Materials and methods

98 2.1. Chemicals

99 Gallic acid (G7384), sodium carbonate (S2127), Folin Ciocalteu’s
100 reagent (FCR) (F9252), DPPH (2,2-diphenyl-1-picrylhydrazyl), and
101 ethanol used in this study were analytical grade and were obtained
102 from Sigma Aldrich. Whey Protein Isolate, or WPI, (Balance Ulti-
103 mate Body Performance, Vitaco Health NZ Limited) was purchased
104 from a local store.

105 2.2. Solvent extraction

106 Four types of citrus peel were used in this study: Navel orange,
107 mandarin, lemon, and lime. Citrus fruits were obtained daily from
108 the local supermarket (Coles Broadway, Sydney). The fresh citrus
109 fruits were first washed, surface dried, and then peeled. The citrus
110 peels were then cut into fine pieces with a Homemaker mini food
111 processor (Model No. CH-1106). Prepared citrus peels were stored
112 in a refrigerator at 4 �C until extraction that the same day.
113 The extraction was carried out in a Soxhlet extraction unit using
114 deionized (DI) water as the solvent. The results of a preliminary
115 extraction experiment suggested that there was no significant
116 effect of solvent to solid ratio on the yield of phenolic compounds
117 from Soxhlet extraction, so a low solvent to solid ratio was prefer-
118 able to minimize the use of solvent. However, Soxhlet extraction
119 has limitations, as a relatively large amount of solvent is required
120 during the process [7]. For these reasons, the amounts of citrus
121 peel and deionized water used in each extraction in this study
122 were 20 g and 280 mL, respectively, resulting in a solvent to solid
123 ratio of 14.
124 A preliminary experiment was also conducted in order to deter-
125 mine the extraction time required to achieve the equilibrium con-
126 centration. After the extraction was completed, the liquid extract
127 was cooled down and then stored in the refrigerator prior to the
128 determination of the TPCm and antioxidant activity.

129 2.3. Spray drying

130 The aqueous citrus peel extracts, with an addition of WPI (5% of
131 the total solids concentration in the extracts), were dried using a
132 Buchi B-290 mini spray dryer. The atomization air flow rate was
133 controlled by using a rotameter (Q flow by Vogtlin, Switzerland).
134 The operating conditions were shown in Table 1, which were
135 determined to provide a peak yield, as reported in a previous study
136 [11]. The yield (or recovery) from spray drying has been calculated

137using Eq. (1). The total solid content of the feed was determined by
138drying in a fan circulated oven (Thermoline Scientific, Australia) at
13985 �C for 24 h.

140

Yield ð%Þ ¼ mass of solid in the collecting vessel
mass of solid in the feed

� 100% ð1Þ 142142

1432.4. Determination of total phenolic content (TPC)

144The determination of TPCs of the extract and powder was con-
145ducted using the procedure described by Singleton et al. [15]. Sam-
146ple solution (0.1 mL) was first transferred to a container, followed
147by the addition of 7.9 mL of DI water and 0.5 mL of Folin Ciocalteu’s
148reagent. Na2CO3 (1.5 mL; 20% w/w) was then added into the same
149container to make a total volume of 10 mL. The container s kept in
150the dark for two hours and the reaction allowed to proceed at a
151basic pH. The absorbance was read using a UV–Vis spectropho-
152tometer (Cary 50 by Agilent Technologies, U.S.A.) at a wavelength
153of 765 nm. Gallic acid solution was used as positive control, and
154the TPC was expressed as mg GAE/g of material.

1552.5. Antioxidant activity

156The antioxidant activity of the material was determined using
157the DPPH method, as proposed by Brand-Williams et al. [16]. Equal
158volumes (total volumes of 4 mL) of the DPPH/ethanol solution and
159of the peel extract solutions (at different concentrations, which are
160shown in Table 2) were used. The mixtures were then incubated at
161room temperature. After 30 min, the absorbances of the mixtures
162were recorded using a UV–Vis spectrophotometer (Cary 50, Agilent
163Technologies, U.S.A.) at a wavelength of 517 nm. The free radical
164scavenging activity of the extracts was calculated using Eq. (2):

165

Radical scavenging activity ð%Þ¼Abs control�Abs sample
Abs control

�100

ð2Þ 167167

168where Abs control and Abs sample are the absorbance of the DPPH/
169ethanol solution and the actual sample at 517 nm, respectively. The
170percentage scavenging activity was plotted as a function of sample
171concentration, and the concentration of sample required for 50%
172scavenging activity (SC50) was determined by interpolation.

1732.6. Statistics

174Data in this study were obtained from a minimum of four inde-
175pendent experiments, and are presented as mean values with stan-
176dard deviations. For statistical analysis, differences were tested for
177significance by using analysis of variance (ANOVA) with a signifi-
178cance level of P 6 0.05. To further assess the difference between
179group mean values, the Fisher’s Least Significant Difference (LSD)
180test was performed. This protected LSD test was only performed
181if the ANOVA test showed a significant difference between groups.

Table 1
Spray drying conditions used in this study.

Variable Conditions

Drying air inlet temperature 125 �C
Atomization air flow rate 601 L/h (50 mm on rotameter)
Liquid feed pump rate 4 mL/min (10% of maximum value)
Main drying air flow rate 38 m3/h (100%, maximum)
Volume of extracts Approximately 250 mL
Spray drying duration Approximately 60 min
Outlet temperature 60 ± 1.6 �C
Moisture content of the powder 0.07 ± 0.01 g/g dry material

Table 2
Range of concentration used in DPPH test method.

Type of peel extract Range of concentration tested (lg/mL)

Lime peel extract 600–1500
Navel orange peel extract 1000–1500
Lemon peel extract 675–1250
Mandarin peel extract 580–1750
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