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ABSTRACT:  This paper presents an experimental study on the encapsulation of Mahkota 

Dewa extracts by maltodextrin using spray drying. The bioactive compound from dried 

Mahkota Dewa was obtained using a subcritical water extraction process prior to a spray 

drying process. The effect of feed flow rate (485 to 2115 ml/h) was investigated using one-

factor-at-a-time (OFAT). It was observed that the mean particle size increase varied from 

3.55 to 8.38 µm when the feed flow rate increased from 485 to 2115 ml/h. Moisture content 

increased 4.88 to 6.83% as the feed flow rate increased from 485 to 2115 ml/h, whereas the 

antioxidant activity increased slightly from 90.48 to 91.65%. The findings from this study 

showed that decrease in feed flow rate reduces antioxidant activity, moisture content, and 

particle size. 

ABSTRAK: (Abstract in Malysian Language) Kertas kerja ini membentangkan dapatan 

kajian eksperimen mengenai proses enkapsulasi ekstrak buah Mahkota Dewa dengan 

menggunakan maltodekstrin melalui teknik pengeringan semburan. Sebatian bioaktif dari 

buah Mahkota Dewa kering diperolehi menggunakan teknik pengekstrakan air subkritikal 

sebelum proses pengeringan semburan. Kesan kadar aliran masuk (485 hingga 2115 ml/jam) 

disiasat menggunakan konsep satu faktor-pada-satu-masa (OFAT). Hasil kajian mendapati 

bahawa purata saiz zarah meningkat dari 3.55 ke 8.38 µm ketika kadar aliran masuk 

meningkat dari 485 hingga 2115 ml/jam. Kandungan kelembapan meningkat 4.88 ke 6.83% 

dengan kadar aliran masuk meningkat dari 485 hingga 2115 ml/jam, sedangkan aktiviti 

antioksidan meningkat sedikit dari 90.48 hingga 91.65%. Dapatan dari kajian ini 

menunjukkan bahawa penurunan kadar aliran masuk mengurangkan aktiviti antioksidan, 

kandungan kelembapan dan saiz zarah. 
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1. INTRODUCTION

Mahkota Dewa (Phaleria Macrocarpa (Scheff.) Boerl), which is a member of the 

Thymelaeaceae family, is an important herbal species originating from Papua New Guinea 

Island (Irian Jaya), Indonesia [1]. The plant is quite popular among South East Asian peoples 

and is traditionally used in local folk medicine as complementary alternative medicine for 
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several diseases such as cancer, hypertension, and diabetes mellitus. The major parts of the 

plant namely the stem, leaves, egg shell of the seeds, and fruits are mostly enriched in 

bioactive compounds such as alkaloids, flavanoids, mangiferin, polyphenols, and saponins [2, 

3]. In particular, Mahkota Dewa fruit has been related to antioxidant activity and hence, the 

use of this fruit can be suggested as a strategy to control hyperglycemia problems in diabetic 

patients. Several studies also have been performed to understand and prove other biological 

properties related to Mahkota Dewa fruit, such as its anti-carcinogenic, anti-hypertensive, 

anti-tumour, anti-viral, anti-bacterial, anti-fungal, and anti-inflammatory properties [1]. 

Previous researchers reported the extraction of bioactive compounds from Mahkota Dewa 

fruits and leaves using conventional and nonconventional extraction techniques such as 

maceration [4], microwave [5], subcritical water [6, 7], and supercritical carbon dioxide [8]. 

This is because obtaining the targeted bioactive compounds naturally present in plants 

depends on the extraction techniques employed. 

Other works also reported that the conversion of the liquid extracts to powdered form 

product is preferred in industry for several reasons. For example, the product in powdered 

form is easier to handle and has been reported to show better stability, longer shelf-life and 

more convenience for oral consumption [9]. Polyphenols are an example of the bioactive 

compounds extracted from the plant parts that are very susceptible to an oxidizing 

environment. Spray drying is an established method used to convert the liquid extracts to 

powdered form product and well known in food industry due to its flexibility, low cost and 

large scale applicability [10]. However, the operation of spray drying that requires high 

operating temperature, up to 215 °C, may cause a thermal degradation issue to the extracts 

and poor quality of the powdered product produced [9]. One such method to overcome the 

issue is encapsulation of the extracts using a suitable carrier agent or polymer. In this 

situation, the carrier agent acts as a coating wall and provides a physical barrier between the 

extracts and the external environment. Maltodextrin is frequently employed as a carrier agent 

in the spray drying of food products. It is a low-cost polysaccharide with a neutral scent and 

flavour that can diminish powder hygroscopicity if larger doses of the agent are used [11]. 

According to Raja et al. [12],  maltodextrin with dextrose equivalent (DE) of 10 to 20 is 

appropriate for use as a carrier agent. 

 

Previous studies have described the operating conditions and carrier agents used during 

spray drying for plants such as Moringa stenopetala [13] and saffron [14]. A review on the 

encapsulation technology application in other plants or food products was also reported by 

Ray et al. [15]. To our knowledge, no work reported the conversion of Mahkota Dewa 

extracts to powdered form. Based on this consideration, this study was performed to 

investigate the effect of different feed flow rates during the spray drying process on the 

physical properties and antioxidant activity of Mahkota Dewa spray-dried extract. The 

maltodextrin DE10 was utilised as a carrier agent. The powdered forms of the products 

obtained were all assessed in terms of antioxidant activity, moisture content, particle size 

distribution, and physical appearance. 

2. MATERIALS AND METHOD 

2.1. Materials and Chemicals 

The commercial dried Mahkota Dewa fruits were purchased from Ethno Resources Sdn. 

Bhd, Selangor, Malaysia. The samples were ground to an average size of 520 µm using 

RETSCH GmbH dry grinder (Germany). The deionized water used for the subcritical 
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extraction process was prepared using Milli-Q, Ultrapure Water Purification System 

(Massachusetts, USA). The food grade maltodextrin DE10, obtained from San Soon Seng 

Food Industries Sdn Bhd, Selangor, Malaysia, was used as the carrier agent for the spray 

drying process. The methanol (99.9 wt% purity) and 1,1-Diphenyl-2-picrylhydrazyl (DPPH), 

purchased from Merck Sdn. Bhd. (Selangor, Malaysia), were used in the analysis. All 

compounds were used without any further purification process. 

2.2.  Extraction of Mahkota Dewa 

The Mahkota Dewa was extracted using a subcritical water extraction method described 

in previous work [7]. About 60 g of ground dried Mahkota Dewa were weighed and mixed 

with one liter of deionized water in a beaker. The mixture was stirred and placed in a 

laboratory pressure reactor system (Buchiglasuster Kiloclave, Switzerland) at 106 °C for 5 h 

to perform the extraction. After that, the vessel was cooled down to room temperature using 

cooling water. The cooling water was supplied by a Stuart recirculating cooler RE300RC 

(Staffordshire, UK). The collected extract was filtered to remove the residual solids using 

Whatman filter paper and kept at -4 °C in a refrigerator until further used in the spray drying 

process. 

2.3. Encapsulation using Spray Drying  

Maltodextrin DE10 was dispersed directly into the extract solution and stirred at 1500 

rpm using a magnetic stirrer to prepare 20% w/v of spray drying stock solution. The solution 

was continually stirred and pumped into a laboratory spray-dryer (Lab Plant SD06A, UK) 

using a peristaltic pump. The inlet air temperature, dry air velocity, and liquid flow rate were 

set to 200 ˚C, 3.9 m/s, and 2115 ml/h, respectively. The spray dried powder was collected in a 

chamber glass bottle, sealed, and kept in the refrigerator at -4 °C until used for analysis. The 

same procedures were carried out with liquid flow rates of 485, 900, 1305, and 1665 ml/h. 

The inlet air temperature and dry air velocity were set at 200 ˚C and 3.9 m/s, respectively. 

The experiments were carried out in triplicate. 

2.4. Characterization Methods 

2.1.1. Moisture Content 

The moisture content of the sample was measured using an A&D MS-70 moisture 

analyser. The sample was weighed and placed on the moisture analyser pan at a weight of 

around one gram. Once the reading became steady, the moisture content shown in percentage 

value was recorded. 

2.1.2. Antioxidant Activity 

The antioxidant activities were determined using Tecan Infinite M200 Pro (Switzerland) 

microplate reader with Magellan software at a wavelength of 517 nm. One milligram of spray 

dried powder was dissolved in 10 ml of deionized water to make a sample solution. Methanol 

was used to make a DPPH radical solution at a concentration of one mg/ml. Both solutions 

were combined and incubated in the dark for 20 min before measuring its absorbance. The 

DPPH in methanol and ascorbic acid were used as a standard and blank, respectively. The 

percentage of inhibition was calculated by using Equation (1): 
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      (1) 

where  is the absorbance of the sample and  is the absorbance of the control [7]. 

2.2.3. Particle Size Distributions 

A laser diffraction particle size analyser (Malvern 2000 Mastersizer, Malvern 

Instruments Co., Worcestershire, UK) was used to analyse the particle size distributions. The 

analyser was equipped with a sample dispersion unit to ensure that particles were distributed 

to the measuring region during the analysis. The particle size distribution was recorded in 

volume weighted mean.  

2.2.4. Morphology 

The morphological images were captured using a field emission scanning electron 

microscope (TM3030 plus, Hitachi High-Technologies Corporation, Japan) at 1e3 kV with a 

magnification of 1000x. The samples were put on a sample stump made of a double-sided 

adhesive carbon tape. A Sputter Coater (Quorum Technologies Q300TD, Ltd., United 

Kingdom) was used to sputter gold onto the samples   

3. RESULTS AND DISCUSSIONS 

3.1. Moisture Content 

Moisture content is an important property that determines the flowability, stickiness, and 

storage stability of microencapsulated powder.  It was reported that the powder produced by 

spray-drying with moisture contents less than 5% is considered safe from microbiological 

activity and can be stored for long period [16]. The influence of different feed flow rates on 

moisture content of the spray dried powder is shown in Fig. 1. As can be seen, the moisture 

content increased with the increased of feed flow rates pumped into the spray dryer. The 

lowest moisture content of 4.88 % was achieved at a feed flow rate of 485 ml/h, whereas the 

highest moisture content of 6.83 % was achieved at a feed flow rate of 2115 ml/h. This result 

is expected since higher feed flow rates may reduce the contact time between feed samples 

and drying air. Besides that, the droplets with larger surface area, which were produced at 

higher feed flow rates, reduce the heat and mass transfer efficiency, hence reducing the water 

removal during the spray drying process [17]. The result obtained shows similar trends with 

those reported by Chegini and Ghobadian [18] who studied the effect of feed flow rates on 

moisture content and bulk density of orange juice powder. Hong and Choi [19] also reported 

that the powder moisture content increased with the increased of sample pumping rate and 

inlet air temperature. Braga et al. [20] reported that a feed flow rate of 300 – 900 ml/h used 

for spray drying of pineapple mint juice showed significant effect on the powder moisture 

content, where powder with lower moisture content was obtained when the lower feed flow 

rate was used. Additionally, other work reported that dripping inside the spray drying 

chamber was observed at high feed flow rates [21]. However, the phenomenon was not 

observed for the range of feed flow rates used in this work.  
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Fig. 1. Moisture content of spray dried powder at different feed flow rates with 0.224 average 

standard deviation. 

 

3.2. Antioxidant Activity 

Rezende and co-workers reported that the presence of phenolic compounds contribute to 

the high antioxidant activities in plant extract [22]. Mahkota Dewa fruit extract has been 

reported to provide beneficial bioactivity results such as antioxidant effects due to the present 

of mangiferin, saponin, alkaloid, and polyphenols [10, 12]. Fig. 2 shows the antioxidant 

activity in spray dried powder at different feed flow rates. A slight increment of the 

antioxidant activity was observed when the feed flow rate increased. The highest feed flow 

rate (2115 ml/h) produced spray dried powder with higher antioxidant activity (91.65%). This 

is probably caused by an inefficient heat transfer that occurs between the feed solution and 

hot air inside the spray drying chamber at higher feed flow rate. Phisut [23] stated that the 

inefficient heat transfer inside the main chamber at high feed flow rates may produce 

powdered product with low yield but high antioxidant activity.  

 
Fig. 2. Antioxidant activity of spray dried powder at different feed flow rates with 0.40 

average standard deviation. 
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3.3. Particle Size Distribution 

Fig. 3 illustrates the particle size distribution (PSD) of powdered Mahkota Dewa 

obtained at different feed flow rates. As can be seen, the PSD of the spray dried powder 

produced are in bimodal shape. The range of PSD for feed flow rates of 485 and 900 ml/h is 

smaller, which is in between 0.2 to 85 μm. Whereas, for higher feed flow rates, the range of 

PSD produced is bigger, between 0.9 to 670 μm. The mean diameter and volume weighted 

mean of spray dried powders produced at different feed flow rates is summarized in Table 1. 

As shown in the table, the mean diameter of the spray dried power produced is larger at 

higher feed flow rates. This finding could be related to the high moisture content 

characteristic of the powdered product produced at high feed flow rates. This is because the 

powdered product with higher moisture content tends to stick together, thus causing larger 

particles to form, as shown in Fig. 3. Besides that, bigger droplets obtained at higher feed 

flow rates may contribute to the findings. Studies by Phisut  [23] and Chegini and Ghobadian 

[18] also reported that larger PSD was produced at higher feed flow rates.  

 
Fig.3. Particle size distributions of spray dried powder at different feed flow rates. 

 

Table 1. Mean diameter and volume weighted mean of spray dried powders produced at 

different feed flow rates. 
Feed flow rate, ml/h Mean diameter, µm Volume weighted mean, µm 

485 3.549 13.157 

900 4.670 14.400 

1305 7.169 53.484 

1665 7.014 74.706 

2115 8.376 60.585 
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3.4. Morphology 

The micrograph images of Mahkota Dewa powder were taken using SEM and shown in 

Fig. 4. The micrograph images were taken for powdered product obtained with and without 

maltodextrin DE10 as carrier agent. For experiments with carrier agents, micrograph images 

were taken for powdered samples obtained using feed flow rates of 485 ml/h and 2115 ml/h. 

As can be seen in Fig. 4 (a), the particles obtained without maltodextrin are in spherical and 

irregular forms. No pores were observed on the external surfaces of the powdered product 

produced but most of it shows shrinking effect. According to Ding et al. [24], the shrinking 

effect on the particles’ surfaces is probably caused by rapid water evaporation during the 

drying process. Moreover, the shriveled surface, which is a usual characteristic for organic 

materials produced using spray drying with various sizes, was also observed. As can be seen 

in Fig. 4 (a), a sample’s surface is in the shriveled state and does not attach to other particles. 

However, the shriveled particles, especially in Fig. 4 (b), were attaching to one another. This 

is probably related to the moisture content in the particles. Even though some of the particles 

were shrunk and had a shriveled surface, other particles had a smooth surface.   

 

  
(a) (b) 

 
(c) 

Fig. 4. SEM micrographs of powdered samples obtained at (a) without maltodextrin DE 10 

and feed flow rate of 2115 mL/h, (b) with maltodextrin DE 10 and feed flow rate of 2115 

mL/h, and (c) with maltodextrin DE 10 and feed flow rate of 485 ml/h. The inlet dry air 

temperature and air flow rate were fixed at 200°C and 3.5 m/s, respectively. 
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Meanwhile in Fig. 4 (c), some of the particles had shriveled surfaces, while others had 

smooth surfaces. The bulk of the particles had shriveled and constricted surfaces when the 

inlet air temperature was low. The number of particles with smooth surfaces rose as the 

drying temperatures increased. This is due to the differences in drying rates, or higher 

temperatures, which resulted in faster water evaporation and the formation of a smooth and 

hard outer layer. Nijdam and Langrish [25] demonstrated the formation of more rigid 

particles when high temperature was used in the spray drying of milk. According to their 

findings, vacuole shapes form inside a molecule not long after an outer layer appears, and it 

expands once the molecule temperature exceeds the local ambient boiling point and the 

vapour pressure inside the vacuole exceeds the local ambient pressure. When the drying 

temperature is high enough, moisture evaporates quickly and the outer layer becomes dry and 

hard, preventing the hollow molecule from flattening as it moves towards colder, dryer areas. 

However, the outer layer remains fluid and supple for longer when the drying temperature is 

lower, allowing the empty molecule to flatten and wither as it cools [25]. 

 

4. CONCLUSION  

The effect of different feed flow rates on Mahkota Dewa extracts encapsulated with 

maltodextrin using a spray drying technique has been studied. The results show that higher 

feed flow rates produced powdered product with higher moisture content, antioxidant activity 

and PSD. However, since the powdered product with low moisture content is desirable, the 

low feed flow rate of 485 ml/h is recommended in this work. Besides, the antioxidant activity 

produced at 485 ml/h is quite high, which is more than 90%.  

ACKNOWLEDGEMENT  

Special thanks are dedicated to University Malaysia Pahang for financial support under 

Internal Grant Research Scheme RDU1803107 and Postgraduate Research Grant Scheme 

(PGRS1903120). 

REFERENCES  

[1] Altaf R, Asmawi MZ, Dewa AA, Sadikun A, Umar MI (2013) Phytochemistry and medicinal 

properties of Phaleria macrocarpa (Scheff.) Boerl. extracts, Pharmacognosy Review, 7(13): 73-

80. DOI: 10.4103/0973-7847.112853  

[2] Trilaksana N, Riwanto I, Tjandrawinata RR, Winarto R (2017). Inhibition of Mahkota Dewa 

(Phaleria macrocarpa) bioactive fraction on proliferation of human retinoblastoma tumor cells 

Y-79 through suppression of mRNA level of cyclin E, Asian Pacific Journal of Tropical 

Biomedicine, 7(4): 280-287. https://doi.org/10.1016/j.apjtb.2017.01.001 

[3] Ramdani ED, Marlupi UD, Sinambela J, Tjandrawinata RR (2017). Isolation and identification 

of compounds from Phaleria Macrocarpa (Scheff.) Boerl fruit extract, Asian Pacific Journal of 

Tropical Biomedicine,  7(4): 300-305. DOI : 10.1016/j.apjtb.2016.12.018 

[4] Fariza N, Luqman Chuah A, Pin KY, Dayang Radiah AB (2014). Optimisation of extraction of 

Phaleria Macrocarpa leaves, Medicinal & Aromatic Plants 3(1): 1000149. DOI: 

10.4172/2167-0412.1000149 

[5] Alara OR, Abdul Mudalip SK, Abdurahman NH, Mahmoud MS, Obanijesu EO-O (2019). Data 

on parametric influence of microwave-assisted extraction on the recovery yield, total phenolic 

content and antioxidant activity of Phaleria Macrocarpa fruit peel extract, Chemical Data 

Collections, 24: 100277. https://doi.org/10.1016/j.cdc.2019.100277 

Acc
ep

ted
 

Une
dit

ed
 Vers

ion

Early Access Date : 23 May 2022



IIUM Engineering Journal, Vol. 23, No. 2, 2022 Kathiman et al. 
https://doi.org/10.31436/iiumej.v23i2.1713 

 

 

[6] Kim W-J, Veriansyah B, Lee Y-W, Kim J-H, Kim J-D (2010). Extraction of mangiferin from 

Mahkota Dewa (Phaleria Macrocarpa) using subcritical water, Journal of Industrial and 

Engineering Chemistry 16(3): 425-430. doi:10.1016/j.jiec.2009.08.008 

 [7] Hashim NA, Abdul Mudalip SK, Harun N, Man RC, Sulaiman SZ, Arshad ZIM, Shaarani SM, 

Azmir J (2019). Mahkota Dewa subcritical water extraction process: Experimental and 

molecular dynamics simulation study, Chemical Engineering & Technology 42(9): 1747-1756. 

https://doi.org/10.1002/ceat.201800638 

[8] Azmir J, Zaidul ISM, Sharif KM, Uddin MS, Jahurul MHA, Jinap S, Hajeb P, Mohamed A 

(2014). Supercritical carbon dioxide extraction of highly unsaturated oil from Phaleria 

Macrocarpa seed, Food Research International, 65: 394-400. 

https://doi.org/10.1016/j.foodres.2014.06.049 

[9] Gallo L, Ramírez-Rigo MV, Piña J, Bucalá V (2015). A comparative study of spray-dried 

medicinal plant aqueous extracts: Drying performance and product quality, Chemical 

Engineering Research and Design, 104 681-694. https://doi.org/10.1016/j.cherd.2015.10.009 

[10] Fang ZX, Bhandari B (2011). Effect of spray drying and storage on the stability of bayberry 

polyphenols, Food Chemistry, 129(3): 1139-1147.  

https://doi.org/10.1016/j.foodchem.2011.05.093 

 [11] Goula AM, Adamopoulos KG (2010). Effect of maltodextrin addition during spray drying of 

tomato pulp in dehumidified air: II. Powder properties, Innovative Food Science & Emerging 

Technologies, 11(2) 342-351. https://doi.org/10.1080/07373930802046377.  

[12] Raja KCM, Sankarikutty B, Sreekumar M, Jayalekshmy A, Narayanan CS (1989). Material 

characterization studies of maltodextrin samples for the use of wall material, Starch - Stärke, 

41(8): 298-303. https://doi.org/10.1002/star.19890410805 

 [13] Dadi DW, Emire SA, Hagos AD, Eun J-B (2020). Effects of spray drying process parameters 

on the physical properties and digestibility of the microencapsulated product from Moringa 

stenopetala leaves extract, Cogent Food & Agriculture, 5(1): 1690316.  

https://doi.org/10.1080/23311932.2019.1690316 

[14] Garavand F, Rahaee S, Vahedikia N, Jafari SM (2019). Different techniques for extraction and 

micro/nanoencapsulation of saffron bioactive ingredients, Trends in Food Science & 

Technology, 89: 26-44. https://doi.org/10.1016/j.tifs.2019.05.005 

[15] Ray S, Raychaudhuri U, Chakraborty R (2016). An overview of encapsulation of active 

compounds used in food products by drying technology, Food Bioscience, 13: 76-83. 

http://dx.doi.org/10.1016/j.fbio.2015.12.009 

 [16] Tontul I, Topuz A (2017). Spray-drying of fruit and vegetable juices: Effect of drying 

conditions on the product yield and physical properties, Trends in Food Science & Technology 

63: 91-102. https://doi.org/10.1016/j.tifs.2017.03.009 

 [17] Can Karaca A, Guzel O, Ak MM (2016). Effects of processing conditions and formulation on 

spray drying of sour cherry juice concentrate, Journal of the Science of Food and Agriculture 

96(2): 449-455. https://doi.org/10.1002/jsfa.7110 

[18] Chegini GR, Ghobadian B (2005). Effect of spray-drying conditions on physical properties of 

orange juice powder, Drying Technology 23(3): 657-668. DOI: 10.1081/DRT-200054161 

[19] Hong J-H, Choi Y-H (2007).  Physico‐chemical properties of protein‐bound polysaccharide 

from Agaricus blazei Murill prepared by ultrafiltration and spray drying process,  International 

Journal of Food Science & Technology, 42(1): 1-8. https://doi.org/10.1111/j.1365-

2621.2005.01116.x 

Acc
ep

ted
 

Une
dit

ed
 Vers

ion

Early Access Date : 23 May 2022



IIUM Engineering Journal, Vol. 23, No. 2, 2022 Kathiman et al. 
https://doi.org/10.31436/iiumej.v23i2.1713 

 

 

[20] Braga V, Guidi LR, de Santana RC, Zotarelli MF (2020). Production and characterization of 

pineapple-mint juice by spray drying, Powder Technology, 375: 409-419. 

https://doi.org/10.1016/j.powtec.2020.08.012 

[21] Tonon RV, Brabet C, Hubinger MD (2008). Influence of process conditions on the 

physicochemical properties of açai (Euterpe oleraceae Mart.) powder produced by spray 

drying, Journal of Food Engineering, 88(3): 411-418. 

https://doi.org/10.1016/j.jfoodeng.2008.02.029 

[22] Rezende YRRS, Nogueira JP, Narain N (2018). Microencapsulation of extracts of bioactive 

compounds obtained from acerola (Malpighia emarginata DC) pulp and residue by spray and 

freeze drying: Chemical, morphological and chemometric characterization, Food Chemistry, 

254: 281-291. https://doi.org/10.1016/j.foodchem.2018.02.026 

[23] Phisut N (2012). Spray drying technique of fruit juice powder: Some factors influencing the 

properties of product, International Food Research Journal, 19: 1297-1306.  

 [24] Ding J, Xu Z, Qi B, Cui S, Wang T, Jiang L, Zhang Y, Sui X (2019). Fabrication and 

characterization of soybean oil bodies encapsulated in maltodextrin and chitosan-EGCG 

conjugates: An in vitro digestibility study, Food Hydrocolloids, 94: 519-527. 

https://doi.org/10.1016/j.foodhyd.2019.04.001 

[25] Nijdam JJ, Langrish TAG (2006). The effect of surface composition on the functional 

properties of milk powders, Journal of Food Engineering, 77(4): 919-925. 

https://doi.org/10.1016/j.jfoodeng.2005.08.020 

 

 

 

Acc
ep

ted
 

Une
dit

ed
 Vers

ion

Early Access Date : 23 May 2022




