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Abstract: Spray drying is a well-known method for preparing dried extracts from herbs. Rehmannia
glutinosa root and Coix lachryma-jobi trunk are widely researched especially for diabetes treatment.
The optimization of extraction conditions, namely the alcohol concentration, treated herbs and solvent
ratio, extraction temperature, and time. The extracts are dried by Labplant machine with two
specifications (drying inlet air temperature and flow- rate). Rehmannia glutinosa root is extracted by
refluxing method for 60 minutes with 40% alcohol, the ratio of treated herbs and solvent was 1:3, at
80°C by three times extract and its dried extract is prepared at a drying inlet air temperature of 90°C, 8
cycles per minute. Coix lachryma-jobi trunk is also extracted by the same method for 60 minutes with
80% alcohol, the ratio of treated herbs and solvent was 1:6, extraction temperature and time are
respective 80°C and two times, spray drying conditions were 80°C (drying inlet air temperature) and 4
cycles per minute (flow- rate). The obtained dried extracts of Rehmannia glutinosa root and Coix
lachryma-jobi trunk have average moisture contents of 4.52% and 3.84%, respectively. Therefore, this
study is a novel approach to significantly decreasing the amount of carriers to reduce research's funds
and saving dried extracts' price.

Keywords: Spray drying without drying carriers, extraction optimization, Rehmannia glutinosa L. root,
Coix Lachryma- Jobi L. trunk.
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1. Introduction

Rehmannia glutinosa (Gaertn.) Libosch. ex Steud - a widely used herb of traditional
medicine belongs to the Scrophulariaceae family. In Vietnam, this precious plant has grown a
lot in the Northern. Rehmannia glutinosa root has many bioactive compounds such as
oligosaccharide, catalpol, rehmannioside D, which are often clinically used to ameliorate
symptoms of inflammation, cardiovascular diseases, and especially for patients who have
diabetes [1-4]. Zhang et al. investigated and showed a high hypoglycemic effect on diabetic
rats (glucose and adrenaline-induced; and alloxan-induced) of water and stachyose extract from
this herb [5].

Coix lachryma jobi L., also called adlay, is a distant relative of maize in the Maydae
tribe of the grass family, Poaceae or Gramineae. This herb has been feral in many periods and
recently in Vietnam, and has just been planted in some provinces like Nghe An, Thanh Hoa;
Job's tear has been used for a long time in traditional medicine and as a nourishing cereal by adding
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its flour or whole grain in soups and broths. Recent studies proved that Coix seed extract protects
against oxidative stress, exhibits anti-inflammatory, and improves lipid metabolism from tumor
stimulating compounds [6-9]. Some phytosterols such as stigmast-4-en-3-on, stigmasterol, [3-
sitosterol, coixans A, B, and C are reported to be hypoglycemic agents [10-12].

Extraction is a process in which soluble plant chemical constituents (including those
which have therapeutic activity) are separated from insoluble plant metabolites and cellular
matrix, using selective solvent (which is sometimes called menstruum). The purpose of
extracting herbal material is to eliminate unwanted materials and concentrate other chemical
constituents in a soluble form. Herbal extracts include liquid (fluid) extracts, soft extracts,
oleoresins, dry extracts, and others [13]. Most of these requirements can be accepted by a spray-
dried powder extract. One of the most important characteristics of powders is the high content
of sensitive and health-beneficial compounds. Spray-dried extracts can easily be transported,
handled, and reduced in bulk because of their high stability. All these characteristics make
more studies interested in using these dry powders [14-16].

Spray drying is a well-known particle production method that transforms a fluid
material into dried particles, taking advantage of a gaseous hot drying medium. The spray-
drying mechanism uses a heated atmosphere to eliminate moisture from the pre-product. The
procedure is described by three major stages, including atomization, droplet-to-particle
transformation, and collection [17]. Spray drying is widely applied in some sectors of industry,
including pharmaceutical, chemical, and food. Several biological and thermal-sensitive
materials, liquid materials (milk, fruit juices and pulps, herbal extracts, enzymes, essential oils,
aromas), and a lot of medicines have been dried by this process [18-20]. Nowadays, the
preparation of dried extracts using the spray-drying method without drying carriers is more
being researched and applied. Dried extracts prepared by this method achieve physical and
chemical stability, reduce the risk of infection, high solubility, and outstanding activity content
compared to other drying methods [21,22].

In addition, there are no published documents on the preparation of dried extracts from
Rehmannia glutinosa root and Coix lachryma-jobi trunk worldwide. Therefore, the purpose of
this study is finding the conditions for extracting and preparing a dried extract from Rehmannia
glutinosa root and Coix lachryma-jobi trunk by spray drying method without drying carriers.

2. Materials and Methods

2.1. Materials.

Ethanol was purchased from Merck Company (Darmstat, Germany); distilled water met
analytical standards. Rehmannia glutinosa root, Coix lachryma-jobi trunk is provided from Can
Tho Hospital of Traditional Medicine and Vinh Long province, respectively, in the South of
Vietnam, which are ground into raw powder. These powders contain no more than 9 percent
of water and meet the testing standards according to Pharmacopoeia of the People’s Republic
of China (2005) Vol 1.

2.2. Instrumentation.

Spray drying without drying carriers method is carried out using SD-06 AG Spray dryer
SD-06AG (Labplant, UK).
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2.3. Sample preparation.

In our study, we use the reflux and spray drying without carrier method to investigate
extraction conditions as well as the Spray dryer parameters to get the end optimization of the
extraction process. Those processes are described below:

2.3.1. Reflux extraction.

There are 4 factors that have been chosen to investigate: alcohol concentrations (%),
the ratio of treated herbs and solvent, temperature (°C) and extraction times.

2.3.1.1. Rehmannia glutinosa root.

Approximately 80g of Rehmannia glutinosa root is weighed, used alcohol solvents at
different concentrations (30%, 40%, 50%, 60%), the ratio of treated herbs and the solvent is
1:4, at 60°C by two times extract, refluxing for 60 minutes, determinating the appropriate
concentrations. Then, surveying the ratio of treated herbs and solvent (1:2, 1:3, 1:4, 1:5) with
the suitable alcohol concentration, researching with temperature (60°C, 70°C, 80°C, 90°C) and
extraction times (2, 3, 4), respectively.

2.3.1.2. Coix lachryma-jobi trunk.

Restarting the above survey for Coix lachryma-jobi trunk with a different survey value:
quantity of medicinal herbs tested is 100g, the determination alcohol concentrations is 60%,
70%, 80%, 90%, respectively, with the ratio of treated herbs and the solvent is 1:6, at 60°C by
two times extract, also using reflux extraction for 60 minutes; the surveyed ratio of treated
herbs and the solvent is 1:5, 1:6, 1:7, 1:8; at 60°C, 70°C, 80°C, 90°C by 2; 3; 4 times for each
experiment.

Table 1. Extraction conditions.

Rehmannia glutinosa Coix lachryma-jobi
Run X1 X2 X3 X4 X’1 X'2 X'3 X'4
(%) (C) (%) (C)
1 30 1:4 60 2 60 1:6 60 2
2 40 1:4 60 2 70 1:6 60 2
3 50 1:4 60 2 80 1:6 60 2
4 60 1:4 60 2 90 1:6 60 2
5 Xat 1:2 60 2 X'1T 15 60 2
6 Xat 1:3 60 2 X1t 1.7 60 2
7 Xt 1:5 60 2 X1t 1:8 60 2
8 Xat Xot 70 2 X1t X2T 70 2
9 Xir Xor 80 2 X'1r X2T 80 2
10 Xat Xot 90 2 X'1r X2T 90 2
11 X1t Xor Xar 3 X1t X27 X3T 3
12 Xat Xot Xar 4 X1t X2T X'3T 4

*X1, X'1: the concentration of alcohol; X2, X'2: the ratio of treated herbs and solvent; X3, X'3: extraction
temperature; X4, X'4: extraction times; Xi1, X'1 1: the optimal concentration of alcohol; Xz, X'2 1: the optimal
ratio of treated herbs and solvent; Xsr, X'3 1: optimal extraction temperature.

2.3.2. The spray drying without carrier method.

Preparing Rehmannia glutinosa root and Coix lachryma-jobi trunk extracts according
to the above determining conditions, then applying the spray drying without drying carrier
method with all obtaining extracts. There are two surveying parameters in this study:
temperature (°C) and flow rate (rpm).
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Rehmannia glutinosa root extract uses 2.5 bar inlet air pressure with temperature (°C):
80, 85, 90, 95; Flow rate (rpm): 6, 8, 10.

Coix lachryma-jobi trunk extract uses 1.0 bar for inlet air pressure with temperature
(°C): 70, 75, 80; Flow rate (rpm): 4, 6, 8.

Table 2. Spray drying conditions*.

Rehmannia glutinosa Coix lachryma-jobi
Run Temp. (°C) Flow rate (rpm) Temp. (°C) Flow rate (rpm)

1 80 6 70 4
2 80 8 70 6
3 80 10 70 8
4 85 6 75 4
5 85 8 75 6
6 85 10 75 8
7 90 6 80 4
8 90 8 80 6
9 90 10 80 8
10 95 6

11 95 8

12 95 10

*Inlet air pressure (bar): 2,5 (Rehmannia glutinosa); 1,0 (Coix lachryma-jobi).
2.4. Response variables analysis.

The obtained dried extract has the highest extraction efficiency (Y1) and the lowest
moisture (Y2) and does not exceed 5%. About appearance, the dried extract has little adhesion,
easy to collect.

The efficiency of dried extract (%) is calculated by the formula:

- D00-Y;) 109
a(l00-h,)

Includes:

a: quantity of medicinal herbs tested (g),
b: quantity of dried extract (g),

ha: moisture of medicinal herbs (%),

Y2: moisture content of dried extract (%).

3. Results and Discussion

3.1. Optimization of the extraction conditions.

The choice of the optimal reflux extraction conditions is performed by highest
efficiency after the survey. The result shows that Rehmannia glutinosa root reaches the highest
level in efficiency when using 40% alcohol, in the ratio of 1:3 (herbs: solvent), at 80°C by three
times extract. (Rehmannia glutinosa. Run 11. Table 3) While for Coix lachryma-jobi trunk,
80% alcohol, 1:6 ratio of treated herbs and solvent, 80°C and two times extraction will get its
peak. (Coix lachryma-jobi. Run 9. Table 3).

3.1.1. Solvent Investigation.

This is the first examining factor because it affects the most extraction efficiency and
plays a role in dissolving substances in medicinal herbs. This chosen factor is bases on the
polarity of the compounds contained in the medicinal plant and the properties of the solvent.
https://biointerfaceresearch.com/ 4923
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Rehmannia glutinosa's compounds are easy to dissolve in water and dilute alcohol
[23,24]. However, the aqueous solvent also dissolves many impurities, making the active
ingredient preserve difficultly and unstable, while alcohol solvent dissolves more active
ingredients and fewer impurities [23], so the alcohol-water mixture is selected. By using 40%
alcohol solvent, this experiment gets the highest efficiency after calculating. Meanwhile,
Phytosterol in Coix lachryma-jobi is less polar and oily, so the solvent is alcohol with a higher
rate of concentrations 80%, which also has the biggest Y1's value.

3.1.2. The ratio of treated herbs and solvent investigation.

The treated herbs and solvent ratio is appropriately selected to match the extraction
condition and save time and energy consumption for further drying. Although the values of
moisture of medicinal herbs are in the near middle rate, the chosen ratio for each plant still
achieves the standard of efficiency.

3.1.3. The temperature investigation.

High temperature can affect the increased solubility and diffusion rate and destroy the
organization of medicinal cells to increase the efficiency of the extraction process. However,
the excessive increase of temperature can raise impurities in the extract, destroy the active
ingredients. The chosen temperatures are under the decomposition temperature and the
experiment with the highest efficiency in this survey.

3.1.4. The extraction times investigation.

The herbal experiments in this study prove that not always the more times we extract,
the more efficiency we get. Consequently, surveying suitable extraction times is insurance for
the maximum concentration of active ingredients in herbal extraction.

Table 3. Extraction optimization.

Run X1 Xo X3 X4 a b Y1 Y2
Rehmannia 1 30 1:4 60 2 80.12 8.65 11.35 4,57
glutinosa 2 40 1:4 60 2 79.95 10.25 13.54 4.10
3 50 1:4 60 2 80.43 9.28 12.21 3.93
4 60 1:4 60 2 80.24 8.94 11.78 4.00
5 40 1:2 60 2 79.93 8.94 11.83 3.93
6 40 1:3 60 2 80.18 10.52 13.86 4.08
7 40 1.5 60 2 80.06 10.31 13.56 4.37
8 40 1:3 70 2 80.27 11.90 15.63 4.23
9 40 1:3 80 2 80.21 13.86 18.24 4.13
10 40 1:3 90 2 80.15 14.25 18.76 417
11 40 1:3 80 3 79.83 15.58 20.60 4.13
12 40 1:3 80 4 80.44 15.91 20.87 417
Coix 1 60 1:6 60 2 10.02 10.21 10.59 4.15
lachryma- 2 70 1:6 60 2 99.81 10.91 11.35 4.07
jobi 3 80 1:6 60 2 100.03 15.72 16.32 4.08
4 90 1:6 60 2 100.22 15.04 15.55 4.24
5 80 1:5 60 2 99.80 14.20 14.78 4.05
6 80 1:7 60 2 100.00 13.75 14.26 4,18
7 80 1:8 60 2 99.98 13.87 14.41 4.00
8 80 1:6 70 2 100.08 18.98 19.71 3.83
9 80 1:6 80 2 100.13 22.35 23.19 4.02
10 80 1:6 90 2 99.79 20.41 21.23 4,12
11 80 1:6 80 3 100.24 19.40 20.02 4.44
12 80 1:6 80 4 100.01 19.93 20.63 4.35
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3.2. Optimization the parameter of Spray dryer.

The chosen runs are based on the efficiency as well as the average moisture contents
and the sense of the product.

Rehmannia glutinosa root dried extract is prepared by spray-drying without drying
carriers with drying inlet air temperature of 90°C and flow- rate is 8 rpm (Rehmannia glutinosa.
Run 8. Table 4.) while that conditions of Coix lachryma-jobi trunk are 80°C (drying inlet air
temperature) and 4 rpm (flow- rate) (Coix lachryma- jobi. Run 7. Table 4).

The obtained dried extracts of Rehmannia glutinosa root and Coix lachryma-jobi trunk
have average moisture contents of 4.52%, 3.84%, respectively.

The inlet air temperature and flow rate greatly affect the volume and moisture content
of the product after spray drying. The drying air temperature is low, or the flow- rate is too fast
causes the amount of undried raw materials with the over-standard moisture content after
drying. Consequently, the powder is very sticking to the device and reduces the total drying
powder. Conversely, too high a temperature can degrade the active ingredient in medicinal
herbs, while a too slow flow rate can take more time and energy for extraction [25-28].

Rehmannia glutinosa

257 H Y1 (%)

W Y2 (%)

Percentage
- - N
T T 2

A
1
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Figure 1. Extraction efficiency (Y1) and Average moisture contents (Y2) of Rehmannia glutinosa.
Coix lachryma-jobi.
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Figure 2. Extraction efficiency (Y1) and Average moisture contents (Y2) of Coix lachryma-jobi.
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Run Temp. (°C) Flow rate a(g) b (g) Y1 Y2 Appearance
(rpm)
Rehmannia 1 80 6 79.84 13.68 17.56 6.95 )
glutinosa 2 80 8 79.62 13.48 17.23 7.60 )
3 80 10 79.98 10.74 13.59 8.12 )
4 85 6 79.55 15.06 19.66 5.71 )
5 85 8 80.04 13.66 17.56 6.58 )
6 85 10 80.41 13.75 17.57 6.68 )
7 90 6 79.99 15.96 21.02 4.32 )
8 90 8 79.57 16.09 21.27 452 +)
9 90 10 80.05 15.38 20.01 5.43 )
10 95 6 79.89 16.50 21.78 4.23 (+)
11 95 8 79.98 16.61 21.89 4.30 (+)
12 95 10 80.15 15.25 19.82 5.41 ()
Coix 1 70 4 100.09 21.96 22.69 4.47 )
lachryma- 2 70 6 99.91 20.67 20.84 6.93 )
jobi 3 70 8 99.97 20.05 20.01 7.82 )
4 75 4 99.94 21.40 22.21 4.16 (+)
5 75 6 99.76 21.20 21.78 5.32 )
6 75 8 99.95 20.78 21.20 5.81 )
7 80 4 99.98 22.69 23.62 3.84 +)
8 80 6 100.05 22.34 23.07 455 +)
9 80 8 100.01 22.20 22.67 5.65 )

Table 4. Optimization of spray drying conditions.
*Inlet air pressure (bar): 2,5 (Rehmannia glutinosa); 1,0 (Coix lachryma-jobi).
Sense: (-): easy to moisture, clumping or sticking much on the device, can not get.;
(+): dry tall, easy to collect, light brown color.

Overall, Rehmannia glutinosa root and Coix lachryma-jobi trunk are extracted by
refluxing method (for 60 minutes) and spray drying without drying carriers method. To extract
Rehmannia glutinosa root, 40% alcohol is used at 80°C by three extracts, with the 1:3 ratio of
treated herbs and solvent; spray-dried parameters are 90°C ( inlet air temperature) and 8 rpm
(flow- rate). Coix lachryma-jobi trunk is extracted with 80% alcohol. The ratio of treated herbs
and solvent, extraction temperature, and time are respective 1:6, 80°C and two times, sprayed
at 80°C (inlet air temperature) and 4 rpm (flow- rate). The obtained dried extracts of Rehmannia
glutinosa root and Coix lachryma-jobi trunk have average moisture contents: 4.52% and
3.84%, respectively.

4. Conclusions

This study gives an economic optimization extraction. No using carrier in the spray-
dried process saves expenditure's fund for that compound, leading to the reducing price of dried
extract. Moreover, it can open more future research in combining two potential herb- extracts
in Diebetes's treatment.

Funding

This research received no external funding.

Acknowledgments

This research is supported by Can Tho University of Medicine and Pharmacy and Imexpharm
Corporation, Viet Nam. We also thank all of our colleagues for their excellent assistance.

https://biointerfaceresearch.com/ 4926


https://doi.org/10.33263/BRIAC124.49204928
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC124.49204928

Conflicts of Interest

The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

Liu, W.; Yin, D.X.; Zhang, T.; Qiao, Q.; Yang, Y.Q.; Wang, W.L. Phytochemical Profiles and Antioxidant
Activity of Rehmannia glutinosa from Different Production Locations. Chemistry & biodiversity 2020, 17,
€2000341, https://doi.org/10.1002/cbdv.202000341.

Thu, V.K.; Thoa, N.T.; Hien, N.; Hang, D.; Kiem, P.V. Iridoid glycosides link with phenylpropanoids
from Rehmannia glutinosa. Natural product research 2021, 1-6. Advance online publication,
https://doi.org/10.1080/14786419.2021.1931189.

Zhang, R.X.; Li, M.X.; Jia, Z.P. Rehmannia glutinosa: review of botany, chemistry and pharmacology. J
Ethnopharmacol. 2008, 117, 199-214, https://doi.org/10.1016/j.jep.2008.02.018.

Jeong, S.H.; Jang, J.H.; Cho, H.Y.; Lee, Y.B. Simultaneous determination of three iridoid glycosides of
Rehmannia glutinosa in rat biological samples using a validated hydrophilic interaction-UHPLC-MS/MS
method in  pharmacokinetic and in vitro studies.J Sep Sci. 2020,43, 4148-4161,
https://doi.org/10.1002/jssc.202000809.

Zhang, R.X.; Jia, Z.P.; Kong, L.Y.; Ma, H.P.; Ren, J.; Li, M.X.; Ge, X. Stachyose extract from Rehmannia
glutinosa Libosch. to lower plasma glucose in normal and diabetic rats by oral administration. Pharmazie
2004, 59, 552-6.

Huang, Y.J.; Chang, C.C.; Wang, Y.Y.; Chiang, W.C.; Shih, Y.H.; Shieh, T.M.; Wang, K.L.; Ali, M.; Hsia,
S.M. Adlay Testa (Coix lachryma-jobi L. var. Ma-yuen Stapf.) Ethanolic Extract and Its Active Components
Exert Anti-Proliferative Effects on Endometrial Cancer Cells via Cell Cycle Arrest. Molecules. 2021, 26,
1966, https://doi.org/10.3390/molecules26071966.

Zhang, G.; Ni, C.; Ding, Y.; Zhou, H.; Caizhi, O.; Wang, Q.; Wang, J.; Cheng, J. Effects of Low Moisture
Extrusion on the Structural and Physicochemical Properties of Adlay (Coix lacryma-jobi L.) Starch-Based
Polymers. Process Biochemistry 2020, https://doi.org/10.1016/j.prochio.2020.05.028.

Huang, Y.; Zhu, J.; Lin, X.; Hong, Y.; Feng, Y.; Shen, L. Potential of Fatty Oils from Traditional Chinese
Medicine in Cancer Therapy: A Review for Phytochemical, Pharmacological and Clinical Studies. Am J Chin
Med. 2019, 47,727-750, https://doi.org/10.1142/S0192415X19500381.

Devaraj, Ramya D.; Jeepipalli, Syam P.K.; Xu, Baojun. Phytochemistry and health promoting effects of Job's
tears (Coix lacryma-jobi) - A critical review. Food Bioscience 2020, 34, 100537,
https://doi.org/10.1016/j.fbio.2020.100537.

Chiang, H.; Lu, H.F.; Chen, J C.; Chen, Y.H.; Sun, H.T.; Huang, H.C.; Tien, H.H.; Huang, C. Adlay Seed
(Coix lacryma-jobi L.) Extracts Exhibit a Prophylactic Effect on Diet-Induced Metabolic Dysfunction and
Nonalcoholic Fatty Liver Disease in Mice. Evidence-based Complement Alternat Med. 2020, 9519625,
https://doi.org/10.1155/2020/9519625.

Hong-Mei, Y.; Su-Nan, W.; Shao-Ping, Nie.; Ming-Yong, Xie. Coix polysaccharides: Gut microbiota
regulation and immunomodulatory. Bioact Carbohydr Diet Fibre. 2018, 16, 53-61,
https://doi.org/10.1016/j.bcdf.2018.04.002.

Lingyan, X.; Xiujie, X.; Zixian, X.; Huijun, X.; Yunguo, Z.; Zhou, C.; Shan, L. Genetic differences and
variation in polysaccharide antioxidant activity found in germplasm resources for Job's tears (Coix lacryma-
jobi L.). Botany. 2020, 98, 651-660, https://doi.org/10.1139/cjb-2019-0182.

WHO guidelines on good herbal processing practices for herbal medicines, WHO Technical Report Series.
2018, No. 1010, 103- 118.

Vladi¢, J.; Cebovi¢, T.; Vidovié, S.; Joki¢, S. Evaluation of Anticancer Activity of Satureja
montana Supercritical and Spray-Dried Extracts on Ehrlich's Ascites Carcinoma Bearing Mice. Plants (Basel,
Switzerland) 2020, 9, 1532, https://doi.org/10.3390/plants9111532.

Dadi, D.W.; Emire, S.A.; Hagos, A.D.; Jong-Bang, E. Physical and Functional Properties, Digestibility, and
Storage Stability of Spray- and Freeze-Dried Microencapsulated Bioactive Products from Moringa
stenopetala  Leaves  Extract. Industrial Crops and  Products. 2020, 156, 112891,
https://doi.org/10.1016/j.indcrop.2020.112891.

https://biointerfaceresearch.com/ 4927


https://doi.org/10.33263/BRIAC124.49204928
https://biointerfaceresearch.com/
https://doi.org/10.1080/14786419.2021.1931189
https://doi.org/10.1016/j.jep.2008.02.018
https://doi.org/10.1002/jssc.202000809
https://doi.org/10.3390/molecules26071966
https://doi.org/10.1016/j.procbio.2020.05.028
https://doi.org/10.1142/S0192415X19500381
https://doi.org/10.1016/j.fbio.2020.100537
https://doi.org/10.1155/2020/9519625
https://doi.org/10.1016/j.bcdf.2018.04.002
https://doi.org/10.1139/cjb-2019-0182
https://doi.org/10.3390/plants9111532
https://doi.org/10.1016/j.indcrop.2020.112891

https://doi.org/10.33263/BRIAC124.49204928

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Alvarez-Henao, M.V.; Saavedra, N.; Medina, S.; Jiménez Cartagena, C.; Alzate, L.M.; Londofio-Londofio, J.
Microencapsulation of lutein by spray-drying: Characterization and stability analyses to promote its use as a
functional ingredient. Food Chemistry 2018, 256, 181-187, https://doi.org/10.1016/j.foodchem.2018.02.059.
Santos, D.; Mauricio, A.; Sencadas, V.; Santos, J.; Fernandes, M.H.; Gomes, P. Spray Drying: An Overview.
IntechOpen, Licko- Senjska, Croatia 2018, 11-19.

O'Sullivan, Jonathan J.; Norwood, Eve-Anne; O'Mahony, James A.; Kelly, Alan L. Atomisation technologies
used in spray drying in the dairy industry: A review. J Food Eng. 2018, 243, 57-69,
https://doi.org/10.1016/j.jfoodeng.2018.08.027.

Akbarbaglu, Z.; Peighambardoust, S.H.; Sarabandi, K.; Jafari, S.M. Spray drying encapsulation of bioactive
compounds within protein-based carriers; different options and applications. Food chemistry 2021. 359,
129965, https://doi.org/10.1016/j.foodchem.2021.129965.

Khaire, Rajeshree A.; Gogate, Parag R. Novel approaches based on ultrasound for spray drying of food and
bioactive compounds. Drying Technology 2020, 1-22, https://doi.org/10.1080/07373937.2020.1804926.
Ozkan, G.; Franco, P.; De Marco, I.; Xiao, J.; Capanoglu, E. A review of microencapsulation methods for
food antioxidants: Principles, advantages, drawbacks and applications. Food chemistry 2019, 272, 494-506,
https://doi.org/10.1016/j.foodchem.2018.07.205.

Guldiken, B.; Gibis, M.; Boyacioglu, D.; Capanoglu, E.; Weiss, J.. Physical and chemical stability of
anthocyanin-rich black carrot extract-loaded liposomes during storage. Food research international 2018,
108, 491-497, https://doi.org/10.1016/j.foodres.2018.03.071.

Hyun, J.J.; Ju-Sung, K.; Tae K.H.; Jinfeng, Y.; Hak-Hee, K.; Jun-Cheol, C.; Hun-Myeong, Yeom.; Myong,
J.K. In vitro antioxidant and antidiabetic activities of Rehmannia glutinosa tuberous root extracts. Science
Asia 2013, 39, 605-609, https://doi.org/10.2306/scienceasial513-1874.2013.39.605.

Liu, Y.; Sun, Y.; Huang, G. Preparation and antioxidant activities of important traditional plant
polysaccharides. International  journal of biological ~macromolecules 2018, 111, 780-786,
https://doi.org/10.1016/j.ijbiomac.2018.01.086.

Zhang, Q.W.; Lin, L.G.; Ye, W.C. Techniques for extraction and isolation of natural products: a
comprehensive review. Chinese medicine 2018, 13, 20, https://doi.org/10.1186/s13020-018-0177-X.

Zhang, J.; Wen, C.; Zhang, H.; Duan, Y.; Ma, H. Recent advances in the extraction of bioactive compounds
with subcritical water: A review. Trends in food science & technology 2020, 95, 183-195,
https://doi.org/ 10.1016/j.tifs.2019.11.018.

Zhan, Y.; An, X.; Wang, S.; Sun, M.; Zhou, H. Basil polysaccharides: A review on extraction, bioactivities
and pharmacological applications. Bioorganic & Medicinal Chemistry. 2020, 28, 115179,
https://doi.org/10.1016/j.bmc.2019.115179.

Ait Elallem, K.; Sobeh, M.; Boularbah, A.; Yasri, A. Chemically degraded soil rehabilitation process using
medicinal and aromatic plants: review. Environmental science and pollution research international.
2021. 28, 73-93, https://doi.org/10.1007/s11356-020-10742-y.

https://biointerfaceresearch.com/ 4928


https://doi.org/10.33263/BRIAC124.49204928
https://biointerfaceresearch.com/
https://doi.org/10.1016/j.foodchem.2018.02.059
https://doi.org/10.1016/j.jfoodeng.2018.08.027
https://doi.org/10.1016/j.foodchem.2021.129965
https://doi.org/10.1080/07373937.2020.1804926
https://doi.org/10.1016/j.foodchem.2018.07.205
https://doi.org/10.1016/j.foodres.2018.03.071
https://doi.org/10.2306/scienceasia1513-1874.2013.39.605
https://doi.org/10.1016/j.ijbiomac.2018.01.086
https://doi.org/10.1186/s13020-018-0177-x
https://dx.doi.org/10.1016/j.tifs.2019.11.018
https://doi.org/10.1016/j.bmc.2019.115179
https://doi.org/10.1007/s11356-020-10742-y

