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In this study, the effect of coating material composition on the encapsulation of 
physical and chemical properties of fig powder was investigated. As coating material 
maltodextrin and acacia gum at different ratios were chosen (100% and 75%:25%). The 
core to coating ratio was 1:1. The microcapsules were prepared with high-speed 
homogenizer at 10000 rpm for 10 min. The vacuum dried microcapsules were analyzed 
in terms of moisture, total soluble solid, bulk and tapped density, Carr’s index, Hausher 
ratio, total flavonoid content, and antioxidant activity. The antioxidant activity was 
mostly higher when coating ratio was 100% acacia gum in the core and coating ratio of 
1:1 as compared to others. There was positive correlation between total flavonoid 
content and antioxidant activity. Combination of coating agent in ratio 75%: 25% vice 
versa significantly improve the physical properties of fig powder. The ratio of 
maltodextrin and gum arabic had significant effect on all physical and chemical 
properties analyzed. 
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1. Introduction 
 

Fig have been known since ancient times for its phytochemical that relates to its curative 
properties which have been utilized for the treatment of various ailment [17]. In general, polyphenol 
is a powerful antioxidant which classified in three main classes; phenolic acids, flavonoids, and 
stilbenoids. Flavonoid is the most natural biological response modifiers among others [4].  In 
biological systems, oxidative damage results from an imbalance in free radicals and antioxidants. As 
a result, oxidative stress will lead to cell membrane disintegration, protein damage, and DNA 
mutation. Furthermore, it will initiate or propagate aging and several diseases, such as 
neurodegenerative disorders, cancer, liver cirrhosis, cardiovascular diseases, atherosclerosis, 
cataracts, diabetes, and inflammation. Phenolic compounds, such as phenols, phenolic acids, 
flavonoids, tannins, and anthocyanins, have received considerable attention for their high 
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antioxidant activity [16]. Antioxidant activity can act in various ways, such as inhibiting free radical 
oxidation reactions by preventing the formation of free lipid radicals; acting as singlet oxygen 
quenchers; reducing agents which produce stable compounds from hydroperoxide; acting as metal 
chelators and acting as inhibitors of pro-oxidative enzymes [15].  

Encapsulation is a process in which one material is entrapped or coated with another material in 
order to protect the coated material against adverse conditions and the nutritional deterioration. 
The coated one is named as core or active material and the surrounding one is coating material [13]. 
In addition to protection, by encapsulation process, controlling the release of core material and 
masking the undesired properties of core material can be achieved [5]. Coating materials have 
significant role in stability of the encapsulation process. Different kinds of coating materials are used 
for encapsulation process such as polysaccharides, proteins and lipids [13]. Maltodextrin has good 
solubility in water and low viscosity values even at high concentrations. These properties make 
maltodextrin useful for coating material. On the other hand, maltodextrins are deficient in terms of 
emulsification property and surface-active features. For this reason, combining other coating 
materials with maltodextrin is required to form stable capsules [21]. Acacia gum is composed of 
branched arrangement of simple sugars like galactose, glucuronic acid, arabinose and rhamnose and 
small amount of covalently bonded protein. This protein gives functional properties to acacia [13]. It 
has high water solubility and low viscosity than other gum types [12]. In addition, it can create a 
protective film around core material and acts like emulsifier. In other words, it prevents aggregation 
by forming a thick layer [26]. 

As stated by Farhangi et al. [8], figs can remove the kidney and urinary bladder stone, release 
intestinal pain, pile, dyspepsia, and anorexia. Fruit contains pentose, amino acid, tyrosine, enzyme, 
cravin, lipase, protease, and sugar. The most phytochemical content of figs is flavonoids which are 
quercetin and luteolin [18]. The investigation by Soni et al. [22] deals with the nutritional, 
phytochemical, antioxidant and antibacterial activity of dried fruit of fig (Ficus carica) indicates that 
its polyphenols contribute to its high antioxidant activity. The rich content of flavonoids in fig 
contribute to anti-cancer, antioxidant, anti-inflammation, anti-acne, anti-bacterial [14]. The objective 
of this study was to encapsulate fig juice. Moreover, the effects of coating materials with different 
type and ratio were investigated in terms of physical and chemical properties. 

 
2. Material and Methods  
2.1 Material  
 

Figs was taken from the local market in Johor, Malaysia. Maltodextrin and acacia gum were the 
coating materials and purchased from VIS Foodtech Ingredient Supply Sdn. Bhd. (Kuala Lumpur, 
Malaysia). The reagents used in the experiments, which were aluminium chloride (AlCl3), methanol 
(CH3OH), potassium acetate (CH3CO2K), quercetin (C15H10O7), and DPPH (2,2-diphenyl-1-
picrylhydrazyl) were all bought from Merck Germany. 
 

2.2 Encapsulation  
 
The fig juice was prepared by laboratory juice maker (KEA0236, Alpha, China). Coating materials 

were prepared in 4 different compositions (100% maltodextrin, 100% acacia gum, 25% acacia gum 
with 75% maltodextrin and 25% maltodextrin with 75% acacia gum). In addition, the mixture of 
coating materials was homogenized at 6000 rpm for 2 min. Then, the 50g juice and coating material 
were separately weighted for encapsulation with 1:1 core to coating ratio. In order, to get capsules, 
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the mixtures were homogenized by high-speed homogenizer (IKA T18 digital Ultra-Turrax, Selangor, 
Malaysia) at 1000 rpm for 10 min. Then, capsules were vacuum dried at 35ºC for 24 hours. 

 
2.3 Physical Properties  

 
The physical properties of fig powder were evaluated by moisture content, total soluble solid 

(ºBrix), angle of repose value, bulk density, tapped density, Hausner ratio and Carr’s index. The 
moisture content of powder was determined by placing 5g of powder in moisture analyzer (Precisa 
XM 66, Switzerland). ºBrix was determined by first preparing a blend of 1 g of fig powder with 10 ml 
of distilled water. This blend could stand for 1hour at room temperature and stirring manually 
sporadically. Determination of °Brix was carried out using a hand refractometer (Atago PAL-BX/RI, 
Japan). The refractometer prism surface was cleaned with distilled water and tissue paper, followed 
by placing a drop of the sample on the prism of the refractometer. The reading was taken by looking 
through the eyepiece of the refractometer and the soluble sugar was expressed in °Brix. The Carr’s 
index were identified by determining the bulk density (Db) and tapped density (Dt) of powder. Bulk 
density was obtained by collecting 50 cm3 sieved powder (sieve no.20) and introduce into a 100ml 
graduated cylinder. Then, cylinder was dropped three times from height 1 inch at 2 seconds intervals. 
The density was calculated by dividing the weight of sample in grams by the final tapped volume in 
cm3 of the sample in cylinder. The method was repeated for tapped density with different tapped 
times (100 times). The Carr’s index then were calculated as Eq (1): 

 
Carr’s index (%) = [(Db – Dt)/ Dt] x 100                                                    (1) 

 
3. Material and Methods  
3.1 Chemical Properties 
  

Both total flavonoid content (TFC) and antioxidant activity were performed to evaluate the 
chemical properties of fig powder. TFC was determined spectrophotometrically according to the 
Dowd method describe by Ramamoorthy and Bono [20] with slight modification. The 1 ml of sample 
solution (1 mg/ml) are taken and mixed well with 3 ml of methanol. Then, 0.2 ml of 10 % AlCl3 and 
0.2 ml of CH3CO2K in 1M are added to the mixture. The solution is held at the dark condition for 30 
minutes before absorption readings taken at 420 nm using a UV-Visible spectrophotometer (T60 U, 
PerkinElmer, U.S.) against the blank sample. The total flavonoid content is determined using a 
standard curve with quercetin (0, 10, 50, 100 and 200 µg/ml) as the standard. TFC is express as mg 
of quercetin equivalents (QE) / mg of sample. Antioxidant activity was determined by DPPH radical 
scavenging activity spectrophotometrically, according to Xu et al. (2008), with slight modification. 
The 0.1mM DPPH solution had been formulated just before the start of the experiment. Mixtures of 
reaction; 2 ml of sample, 4 ml of 0.1 mM DPPH solution and 2 ml of methanol were incubated for 30 
minutes. The blank solution has also been tested (4 ml 0.1 mM DPPH solution and 2 ml methanol). 
Following incubation, the absorption reduction was measured with a UV-Vis spectrophotometer at 
517 nm as compared to blank. The following formulation calculated the activity of radical scavenging 
(percentage of inhibition) by Eq (2): 
 
% Inhibition = [(AB-AA)/AB] x 100                     (2) 
 
where: AB is the absorption of blank sample and AA is the absorption of the tested sample 
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3.2 Statistical Analysis 
  

All the tests were performed in triplicate. The analysis of variance (ANOVA) was applied by IBM 
SPSS Statistics 21 to determine if there is significant difference between coating material 
composition. Tukey’s Multiple Comparison Test was used for comparisons (p ≤ 0.05). 

 
4. Result and Discussion  
4.1 Physical Properties 
  

The moisture contents of the fig powder ranged between 4.07% and 4.78. The values different 
significantly (p < 0.05) with different composition of coating materials. The low moisture contents of 
the powders indicated that the samples would have good keeping qualities. Moisture content is the 
amount of water held in a unit volume of bulk powder as percentage by volume. Fig powder with 
100% of maltodextrin exhibit the lowest moisture content compared to others as shown in Table 1. 
According to Barbosa-Canovas et al. [19], the requirement of moisture content in food powder is 
between 4% and 6%. Moisture content below 10% is desirable for food powder to ward off mold 
growth (Hagan, 2007). The total soluble solids (TSS) ranged between 0.75 and 0.81°Brix. The values 
different significantly (p < 0.05) as the composition of coating materials different. The powder with 
acacia gum had high ºBrix compared to powder with maltodextrin. This could be attributed to higher 
soluble solids in acacia gum than maltodextrin.  

 

Table 1 
Physical Properties of Fig Powder 

Properties Coating material % 

100% 
Maltodextrin 

100% Acacia 
Gum 

75% Maltodextrin: 25% 
Acacia Gum 

75% Acacia gum: 25% 
Maltodextrin 

Moisture content 4.07±0.06 4.78±0.01 4.36±0.01 4.68±0.01 

Total Soluble Solid 
(ºBrix) 

0.76±0.01 0.80±0.01 0.76±0.01 0.81±0.01 

Bulk density 0.39±0.03 0.42±0.04 0.42±0.02 0.45±0.07 

Tapped density 0.47±0.06 0.50±0.09 0.52±0.06 0.56±0.02 

Hausher ratio 1.14±0.01 1.27±0.01 1.15±0.06 1.37±0.06 

Carr’s Index 12.51±0.03 21.41±0.02 18.12±0.05 24.97±0.07 

Different letters within the same column shows significant difference (p≤0.05) 

The bulk density of fig powder, as shown in Table 1, were between 0.39±0.03 g/cm3 and 
0.45±0.07 g/cm3. The results of the bulk density were significantly different as the p ≤ 0.05. The values 
of fig powder with acacia gum in bulk density was higher compared to fig powder with maltodextrin 
because of the moisture content in fig powder with acacia gum was higher than the fig powder 
maltodextrin. The results of tapped density showed a significant difference at p ≤ 0.05. The values of 
tapped density of fig powder were between 0.47± 0.06 g/cm3 and 0.56 ± 0.02 g/cm3. The inter-
particle bonding of acacia gum is strong, coherent junction as the water content was higher 
compared to the maltodextrin particle, resulting in high tapped density. According to Zea et al. [25], 
due to the low particle size, it was able to accommodate more inter-particle friction and thus exhibit 
the lower range of density of fruits powder. It was clear that a change in coating material composition 
may result in a significant change in the powder density, since the tapped density and bulk density 
of food powders depends on the combined values between interrelated elements, such as the 
intensity of attractive inter-particle forces, particle size and number of contact points [19]. 
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Higher Carr’s index and Hausner ratio of powder exhibited as ‘difficult’ to flow. This may be due 
to the moisture content and hygroscopicity of individual fruit powders. Acacia gum is composed of 
branched arrangement of simple sugars like galactose, glucuronic acid, arabinose and rhamnose and 
small amount of covalently bonded protein. Those may be the reason of high Carr’s index and 
Hausner ratio of fig powder with acacia gum compared to fig with maltodextrin (Table 1). Hayes [9] 
reported that when the Hausner ratio is between 1.0 and 1.1, the powder is considered to be free 
flowing, the powder with the Hausner ratio between 1.1 and 1.25 is considered to be medium 
flowing, while the difficult flowing belongs to powder with the Hausner ratio from 1.25 to 1.4; and 
the powder has very difficult flowing when the Hausner ratio is greater than 1.4. In relation to 
handling properties, lower Hausner ratio values indicate desirable cohesiveness properties that are 
correlated to better flowability characteristics. A free-flowing material has a low tendency for further 
consolidation, which is helpful for preventing production stoppages at industrial scale.   
 
4.2 Chemical Properties 
  

Encapsulation technique has been reported to protect the bioactive compounds’ antioxidant 
activity. For this reason, bioactive compounds were encapsulated into microsystems, so to prevent 
itself from oxidation/ degradation processes [10]. DPPH assay was reported as a percentage of 
inhibition against DPPH radical and the percentage were ranged from 29.54 to 32.18% (Figure 2). 
DPPH assay were performed to evaluate the antioxidant capacity of different coating material 
composition. The antioxidant activity of coating material was type-concentration dependent. There 
existed positive correlation between flavonoids content and antioxidant activity in fig powder. 
Different composition of coating materials results in different flavonoid content. When the 
composition of coating material is 100% of maltodextrin and 100% acacia gum, the total flavonoids 
content in fig powder were corresponding to 13.38 mg QE/ mg and 17.21 mg QE/ mg. The antioxidant 
activity by DPPH percentage of inhibition achieved 29.55% and 30.11%, respectively. The total 
flavonoid and antioxidant activity slightly improved in fig powder with combination of coating 
materials.  The flavonoids content 27.83 mg QE/ mg and 30.99 mg/ QE/ mg were observed for fig 
powder contain 75% maltodextrin with 25% acacia gum and 75% acacia gum with 25% maltodextrin, 
respectively, and the DPPH inhibition percentage reached 31.56% and 32.19%.  

These results demonstrated that coating materials preserved the antioxidant activity of the 
encapsulated nature ingredient, and closely related to flavonoids content. The antioxidant activity of 
fig powder with acacia gum was higher than that with maltodextrin, most likely because the 
flavonoids content of acacia gum is higher compared to maltodextrin. Different composition of 
coating materials significantly affects the antioxidant activity. Anyway, it is certain that coating 
materials preserved and improved the antioxidant activity of encapsulation of fig phytochemical 
which is flavonoids. The cooperative adsorption of polysaccharide and protein at emulsion interface 
could provide excellent physical and oxidative stability then prevent flavonoids from oxidation and 
degradation. Then free radical scavenging ability was improved [24]. 
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(a)                                                            (b) 
Fig. 1. The Total Flavonoid Content (a) and Antioxidant Activity (b) Value of Fig Powder; F1 (100% 
Maltodextrin), F2 (100% Acacia Gum), F3 (75% Maltodextrin: 25% Acacia Gum), and F4 (75% Acacia Gum: 25% 
Maltodextrin). Different letters show significant different (p≤0.05) 

 
5. Conclusion 

 
In this study, to get the best encapsulation formulation, fig juice was coated with different ratios 

of maltodextrin and acacia gum combinations. By changing the ratio of maltodextrin and acacia gum 
as a coating material, statistically different of moisture, total soluble solid, tapped density, bulk 
density, Carr’s index and Hausner ratio could be obtained. Usage of different composition of 
maltodextrin and acacia gum also affect antioxidant activity significantly. Hence, the best formulation 
for encapsulation of fig juice is 75% acacia gum with 25% maltodextrin. For the future study, 
Encapsulation of food material with right coating materials combination will improve physical and 
chemical properties of food powder. Then the food powder can be used in nutraceutical or functional 
food development. 

 
Acknowledgement 
This work is funded under Prototype Research Grant Scheme by Malaysia’s Ministry of Higher 
Education (PRGS/11/2020/WAB03/UTHM/01/1). Appreciation also to Malaysia’s Ministry of Higher 
Education under Hadiah Latihan Persekutuan (HLP) with Cuti Belajar Bergaji Penuh (CBBP) for the 
funding of the author PhD research study at Universiti Tun Hussein Onn Malaysia (UTHM). Special 
thanks to UTHM for having provided facilities for carrying out this research. 

  
References  
[1] Ameh, A. O., M. T. Isa, A. S. Ahmed, and S. B. Adamu. "Studies on the use of trona in improving the taste of the 

extract from Hibiscus sabdariffa calyx." Nigerian Journal of Pharmaceutical Sciences 8, no. 1 (2009): 7-12. 
[2] Association of Official Agricultural Chemists, and William Horwitz. Official methods of analysis. Vol. 222. 

Washington, DC: Association of Official Analytical Chemists, 1975. 
[3] Bhandari, Bhesh R., Nivedita Datta, and Tony Howes. "Problems associated with spray drying of sugar-rich 

foods." Drying technology 15, no. 2 (1997): 671-684. 
https://doi.org/10.1080/07373939708917253 

[4] Cao, Guohua, Emin Sofic, and Ronald L. Prior. "Antioxidant and prooxidant behavior of flavonoids: structure-
activity relationships." Free radical biology and medicine 22, no. 5 (1997): 749-760. 
https://doi.org/10.1016/S0891-5849(96)00351-6 

[5] Dubey, Rama. "Microencapsulation technology and applications." Defence Science Journal 59, no. 1 (2009): 82. 

https://doi.org/10.1080/07373939708917253
https://doi.org/10.1016/S0891-5849(96)00351-6


Journal of Advanced Research in Applied Sciences and Engineering Technology  

Volume 22, Issue 1 (2021) 8-15 

14 
 
 

[6] Eichie, F. E., and A. O. Kudehinbu. "Effect of particle size of granules on some mechanical properties of paracetamol 
tablets." African journal of biotechnology 8, no. 21 (2009). 
https://doi.org/10.5897/AJB09.859 

[7] Fasoyiro, S. B., S. O. Babalola, and T. Owosibo. "Chemical composition and sensory quality of fruit-flavoured roselle 
(Hibiscus sabdariffa) drinks." World Journal of Agricultural Sciences 1, no. 2 (2005): 161-164. 

[8] Farhangi, Hamid, Maryam Ajilian, Masumeh Saeidi, and Gholam Hasan Khodaei. "Medicinal fruits in holy 
Quran." International Journal of Pediatrics 2, no. 3.2 (2014): 89-102.  

[9] Hayes, G. D. "Food Engineering Data Handbook, Longman Scientific & Technical." Harlow, UK 2 (1987): 147-152. 
[10] Lauro, Maria Rosaria, Lucia Crasci, Claudia Carbone, Rita Patrizia Aquino, Anna Maria Panico, and Giovanni Puglisi. 

"Encapsulation of a citrus by-product extract: Development, characterization and stability studies of a 
nutraceutical with antioxidant and metalloproteinases inhibitory activity." LWT-Food Science and Technology 62, 
no. 1 (2015): 169-176. 
https://doi.org/10.1016/j.lwt.2015.01.017 

[11] Luvonga, Wahid A., M. S. Njoroge, A. Makokha, and P. W. Ngunjiri. "Chemical characterisation of Hibiscus 
sabdariffa (Roselle) calyces and evaluation of its functional potential in the food industry." In JKUAT ANNUAL 
SCIENTIFIC CONFERENCE PROCEEDINGS, pp. 631-638. 2010. 

[12] Madene, Atmane, Muriel Jacquot, Joel Scher, and Stéphane Desobry. "Flavour encapsulation and controlled 
release–a review." International journal of food science & technology 41, no. 1 (2006): 1-21. 
https://doi.org/10.1111/j.1365-2621.2005.00980.x 

[13] McNamee, Brian F., E. Dolores O'Riorda, and Michael O'Sullivan. "Emulsification and microencapsulation 
properties of gum arabic." Journal of Agricultural and Food Chemistry 46, no. 11 (1998): 4551-4555. 
https://doi.org/10.1021/jf9803740 

[14]  Mahmoudi, S., M. Khali, A. Benkhaled, I. Boucetta, Y. Dahmani, Z. Attallah, and S. Belbraouet. "Fresh figs (Ficus 
carica L.): Pomological characteristics, nutritional value, and phytochemical properties." European Journal of 
Horticultural Science 83, no. 2 (2018): 104-113.  
https://doi.org/10.17660/eJHS.2018/83.2.6 

[15] Ma, Zheng Feei, and Hongxia Zhang. "Phytochemical constituents, health benefits, and industrial applications of 
grape seeds: A mini-review." Antioxidants 6, no. 3 (2017): 71.  
https://doi.org/10.3390/antiox6030071 

[16] Mnari, Amira Bhouri, Arij Harzallah, Zahra Amri, Samia Dhaou Aguir, and Mohamed Hammami. "Phytochemical 
content, antioxidant properties, and phenolic profile of Tunisian raisin varieties (Vitis Vinifera L.)." International 
journal of food properties 19, no. 3 (2016): 578-590.  
https://doi.org/10.1080/10942912.2015.1038720 

[17] Muhammed, P., & Shamsi, M. S. (2016). Tibb-e-Nabawi: Medical Guidance & Teachings of. 2016(May), 1–305. 
[18] Marwat, Sarfaraz Khan, Mir Ajab Khan, Muhammad Aslam Khan, Mushtaq Ahmad, Muhammad Zafar, F. Rehman, 

and S. Sultana. "Fruit plant species mentioned in the Holy Qura'n and Ahadith and their ethnomedicinal 
importance." American-Eurasian Journal of Agricultural and Environmental Science 5, no. 2 (2009): 284-295. 

[19] Ortega-Rivas, Enrique. "Handling and processing of food powders and particulates." FOOD SCIENCE AND 
TECHNOLOGY-NEW YORK-MARCEL DEKKER- 146 (2005): 75. 
https://doi.org/10.1201/9781420028300.pt2 

[20]  Ramamoorthy, Praveen K., and Awang Bono. "Antioxidant activity, total phenolic and flavonoid content of Morinda 
citrifolia fruit extracts from various extraction processes." Journal of engineering science and technology 2, no. 1 
(2007): 70-80. 

[21] Rosenberg, M., and T. Y. Sheu. "Microencapsulation by spray drying ethyl caprylate protein and carbohydrate wall 
systems in whey." J. Food Sci 60, no. 1 (1995): 98-103. 
https://doi.org/10.1111/j.1365-2621.1995.tb05615.x 

[22] Soni, Neha, Sanchi Mehta, Gouri Satpathy, and Rajinder K. Gupta. "Estimation of nutritional, phytochemical, 
antioxidant and antibacterial activity of dried fig (Ficus carica)." Journal of Pharmacognosy and Phytochemistry 3, 
no. 2 (2014). 

[23] Xu, Guihua, Donghong Liu, Jianchu Chen, Xingqian Ye, Yaqin Ma, and John Shi. "Juice components and antioxidant 
capacity of citrus varieties cultivated in China." Food chemistry 106, no. 2 (2008): 545-551. 
https://doi.org/10.1016/j.foodchem.2007.06.046 

[24] Yao, Xiaolin, Shengping Xiang, Ke Nie, Zhiming Gao, Weiqi Zhang, Yapeng Fang, Katsuyoshi Nishinari, Glyn O. 
Phillips, and Fatang Jiang. "Whey protein isolate/gum arabic intramolecular soluble complexes improving the 
physical and oxidative stabilities of conjugated linoleic acid emulsions." RSC advances 6, no. 18 (2016): 14635-
14642. 
https://doi.org/10.1039/C5RA26040J 

https://doi.org/10.5897/AJB09.859
https://doi.org/10.1016/j.lwt.2015.01.017
https://doi.org/10.1111/j.1365-2621.2005.00980.x
https://doi.org/10.1021/jf9803740
https://doi.org/10.17660/eJHS.2018/83.2.6
https://doi.org/10.3390/antiox6030071
https://doi.org/10.1080/10942912.2015.1038720
https://doi.org/10.1201/9781420028300.pt2
https://doi.org/10.1111/j.1365-2621.1995.tb05615.x
https://doi.org/10.1016/j.foodchem.2007.06.046
https://doi.org/10.1039/C5RA26040J


Journal of Advanced Research in Applied Sciences and Engineering Technology  

Volume 22, Issue 1 (2021) 8-15 

15 
 
 

[25] Zea, Lai Pei, Yus Aniza Yusof, Mohammad Gulzarul Aziz, Chin Nyuk Ling, and Nor Amaiza Mohd Amin. 
"Compressibility and dissolution characteristics of mixed fruit tablets made from guava and pitaya fruit 
powders." Powder technology 247 (2013): 112-119. 
https://doi.org/10.1016/j.powtec.2013.06.032 

[26] Zuidam, Nicolaas Jan, and Viktor Nedovic, eds. "Encapsulation technologies for active food ingredients and food 
processing." (2010). 
https://doi.org/10.1007/978-1-4419-1008-0 

 
 

https://doi.org/10.1016/j.powtec.2013.06.032
https://doi.org/10.1007/978-1-4419-1008-0

