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THIN LAYER CONVECTIVE DRYING OF CYSTOSEIRA
BARBATA BROWN MACROALGA

Bogdan TRICA?, Oana Cristina PARVULESCU?, Cristian Eugen RADUCANUS,
Tanase DOBRE*

Drying Kkinetics of Cystoseira barbata brown macroalga were measured and
predicted. Thin layer convective drying experiments were conducted in a
thermobalance at 50-80 °C and a dehydrator at 55 °C. Drying Kinetics were
predicted using semi-theoretical kinetic models based on Fick’s second law.

Values of effective diffusivity (0.761-1.876x10° m?/s), rate constant (0.961-
3.040 h™ for Page model, 0.997-2.581 h** for Newton and Handerson and Pabis
(HP) models), and activation energy (26.58-37.39 kJ/mol) were determined for
drying in the thermobalance. Page, Newton, and HP models based on kinetic
parameters obtained for drying in the thermobalance predicted accurately
experimental drying kinetics in the dehydrator. Page model was used to simulate the
operation of a conveyor belt dryer with infrared radiation heating.

Keywords: air drying, diffusion coefficient, kinetic model, macroalga, Cystoseira
barbata

1. Introduction

Macroalgae are valuable sources of biochemicals and biomaterials for the
food industry, cosmetics, pharmaceuticals, and nutraceuticals as well as of
biofuels [1-10]. Solvent extraction is the traditional technique used to recover
different algal compounds, including polysaccarides (alginates, agar,
carrageenans, ulvans, fucoidans, laminarans), pigments (f-carotene, lutein,
zeaxanthin, fucoxanthin, tocopherol, chlorophyll a), sterols (p-sitosterol,
fucosterols), polyunsaturated fatty acids (PUFASs), polyphenols, glycoproteins
[2,4,6,11]. Biochemical (fermentation, anaerobic digestion) and thermochemical
(gaseification, combustion, pyrolysis, hydrothermal liquefaction) routes are
usually applied to produce biofuels, e.g., bioethanol, biobutanol, biogas, bio-olil,
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bio-char, from macroalgae [1,3-15]. Extraction of compounds or energy from
macroalgae can be performed using either dried or wet biomass.

Air convective drying at temperatures of 25-70 °C is widely used to dried
macroalgae prior their processing [16-19]. Drying process is applied to stabilize
macroalgal biomass and its compounds by inhibiting the growth of micro
organisms and deterioration reactions as well as to reduce the storage volume and
transport costs [16-18,20]. Drying Kkinetics mainly depend on biomass
characteristics (structure, shape, thickness) and air stream properties (temperature,
pressure, humidity, velocity).

The modelling is a powerful tool in designing, controlling, and optimizing
the drying process, predicting its performances, and understanding characteristic
phenomena [20-22]. Mathematical models describing the drying dynamics in a
continuum porous structure are divided into theoretical, semi-theoretical, and
empirical. Theoretical models, based on the differential equations of mass, heat,
and momentum balance, are more realistic but contain various process parameters
which are often determined by expensive and time-consuming experiments. On
the other hand, semi-theoretical models based on Fick’s second law of diffusion
and empirical models are widely used to predict thin layer drying Kinetics [16-
19,20,22-26].

This paper aims at studying the thin layer convective drying of Cystoseira
barbata brown macroalga in two equipments. Drying experiments were conducted
in a thermobalance at 50-80 °C and in a food dehydrator at 55 °C. Characteristic
dynamics of convective drying were predicted using semi-theoretical models
based on Fick’s second law of diffusion. Kinetic model parameters obtained for
drying in the thermobalance were used to predict drying dynamics in the
dehydrator as well as in a conveyor belt dryer with infrared radiation heating.

2. Materials and methods

Seaweed material

Cystoseira barbata species was harvested from the southern part of
Romanian Black Sea shore in Mangalia (GPS coordinates: latitude N 43° 49.2',
longitude E 28° 35.4"), washed with tap water and then with distilled water in
order to remove the sand and epiphytes from the surface, chopped to uniform size
of about 2 cm length, and stored at 4 °C prior to drying experiments.

Equipments and procedures

Thin layer drying experiments of seaweed were performed using a MB23-
Ohaus thermobalance (OHAUS, Parsippany, New Jersey, USA) and a Tribest
Sedona Express SDE-P6280 food dehydrator (TRIBEST, Anaheim, California,
USA). Air drying tests were conducted at different levels of process temperature,
i.e., 50 °C, 60 °C, 70 °C, and 80 °C for thermobalance and 55 °C for dehydrator,
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until the equilibrium was attained. Macroalga layer thickness was of about 4 mm
in all experiments.

Dimensionless moisture ratio was determined by Eq. (1), where X is the
moisture content expressed as mass ratio, Xo and Xe are initial and equilibrium
moisture content, respectively. Values of Xo, which were measured at 120 °C
using MB23-Ohaus thermobalance, were in the range of 4.9-6.7 kgw/KQdm,
corresponding to moisture mass fractions of 0.83-0.87 kgw/kgwm, wWhere the
subscripts w, dm, and wm represent water, dry and wet matter, respectively.

X-X

MR = :

X,- X

1)

e

3. Modelling

Thin layer drying dynamics were predicted using four semi-theoretical
model based on Fick’s second law of diffusion, including a model obtained by
simplifying the general solution of Fick’s second law (a model called Fick Il and
given by Eg. (2)) and three models derived by modifying this simplified model,
i.e., Page (Eq. (3)), Newton (Eg. (4)), and Henderson and Pabis (HP) (Eqg. (5))
[16-19,20,22-26]. Model parameters in Egs. (2)-(5) are as follows: L (0.004 m) is
the thickness of seaweed layer, 7 (s) the time, Dert (M?/s) the effective diffusivity,
a, k, and n are kinetic parameters in Egs. (3)-(5).

MR = %exp[— ”—22 Deffr) (2)
Vs L

MR = exp(— kr”) 3)

MR = exp(—kr) (4)

MR = aexp(—kz) (5)

4. Results and discussions

Experimental drying curves

Experimental macroalga drying curves, i.e., MR vs 7, r vs 7, and r vs MR,
where r (kgw/kgam/h) represents the drying rate defined by Eq. (6), are shown in
Figs. 1-3. Dynamics of macroalga MR (Fig. 1) reveal a decrease in MR and final
drying time, 7 (70-140 min), with an increase in the process temperature, t (50-80
°C), and similar time variations of MR for macroalga drying at 70 °C and 80 °C.
Experimental data represented in Figs. 2 and 3 highlight larger values of r for low
levels of z and high levels of MR and t as well as similar r values for drying at 70
°C and 80 °C. Moreover, results shown in Figs. 2 and 3 indicate a dominant
falling rate period, suggesting that the process is controlled by the internal mass
transfer resistance [25].



6 Bogdan Trica, Oana Cristina Parvulescu, Cristian Eugen Raducanu, Tanase Dobre

r=2¢ — NryAr (6)

1.0

0.8 1
0.6
a4
=

0.4 -

0.2 1

0.0 T - T
0.0 0.5 1.0 15 2.0 2.5
7 (h)

Fig. 1. Macroalga moisture ratio vs time for drying in the thermobalance at different values of
drying temperature: ¢ 50 °C, m 60 °C, A 70 °C, x 80 °C

10
4
X

25

z (h)

Fig. 2. Macroalga drying rate vs time for drying in the thermobalance at different values of drying
temperature: ¢ 50 °C, m 60 °C, A 70 °C, x 80 °C
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MR

Fig. 3. Macroalga drying rate vs moisture ratio for drying in the thermobalance at different values
of drying temperature: ¢ 50 °C, m 60 °C, A 70 °C, x 80 °C

Predicted drying curves

The values of kinetic parameters (Table 1) obtained by fitting the
experimental data, which are summarized in Table 1, reveal the following issues:
(i) values of Deft ((0.761-1.876)x10"° m?/s) and k (0.961-3.040 h™ in Page model,
0.997-2.429 h't in Newton model, and 1.073-2.581 ht in HP model) increase with
t (50-80 °C); (ii) values of k in Newton and HP models are almost similar at each
temperature level; (iii) values of exponent (n=1.176-1.323) in Page model and
pre-exponential factor (a=1.052-1.075) in HP model are almost identical for the
temperature range considered in the experimental study, their mean values being
of 1.257 and 1.064, respectively. Moreover, the values of kinetic parameters are
within the ranges which are usually reported for air drying of thin layer biomass
[20,22-26].

Tabel 1 contains also the values of root mean square errors (RMSE)
determined based on experimental and predicted data. Tabulated results highlight
that Page model predicted better the experimental dynamics (RMSE=0.018-0.026)
than Fick Il (RMSE=0.159-0.213), Newton (RMSE=0.033-0.053), and HP
(RMSE=0.028-0.047) models. Experimental drying dynamics, i.e., MR vs z, and
those predicted by Page model (Eqg. (3)) are shown in Fig. 4.

Arrhenius equation (Egs. (7) and (8)) was selected to express the variation
of Dert and k with drying temperature, where Ea is the activation energy for
moisture diffusion process, R (8.314 J/mol/K) the ideal gas constant, T (K) the
absolute temperature, Defio (M?/s) and ko (h™ for Page model and h* for Newton
and HP models) the effective diffusivity and rate constant at infinite temperature.
Values of Arrhenius parameters, which were determined from the slope and
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intercept of the straight line given by plotting InDett vs 1/T and Ink vs 1/T, are
summarized in Table 2.

E
Deff = Deff,o eXp(_ - j (7)

RT

k =k, exp(— FIQE; j 8

The data obtained for the drying in the thermobalance, i.e., values of Des
and k specified in Table 2 and mean values of exponent (Nmean=1.257) in Page
model and pre-exponential factor (amean=1.064) in HP model, were used to predict
drying dynamics in the dehydrator. The results shown in Fig. 5 indicate a good
agreement between experimental values of MR for the drying in the dehydrator at
55 °C and those predicted by Page (RMSE=0.025), Newton (RMSE=0.027), and
HP (RMSE=0.024) models for the drying in the thermobalance at 50-80 °C.

Table 1
Values of model Kkinetic parameters and root mean square errors

Temperature (°C) | Model Parameter symbol (unit) | Parameter value | RMSE
Fick Il | Dett (M?/s) 0.761x10° 0.213
k (h™M 0.961
5 Page n 1323 0.026
Newton | k (h™) 0.997 0.053
k (h') 1.073
HP a 1075 0.047
Fick Il | Dett (m?/s) 1.132x10° 0.195
k (h™ 1.621
5 Page n 1045 0.021
Newton | k (h*}) 1.508 0.046
k (h'h) 1.625
HP a 1071 0.039
Fick Il | Det (Mm?/s) 1.252x10° 0.159
k (h™M 2.594
0 Page n 1176 0.018
Newton | k (h') 2.204 0.033
k (h') 2.349
HP a 1052 0.028
Fick Il | Dett (m?/s) 1.876x10°° 0.212
k (h™ 3.040
% Page n 1084 0.018
Newton | k (h'}) 2.429 0.043
k (h'}) 2.581
HP a 1.060 0.037
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Fig. 4. Macroalga moisture ratio vs time for drying in the thermobalance at different values of
drying temperature: ¢ 50 °C, m 60 °C, A 70 °C, x 80 °C
(bullets: experimental, lines: Eq. (3) (Page model))

Table 2

Values of Arrhenius equation parameters
Model Activation energy Pre-exponential factor R
Symbol (unit) | Value | Symbol (unit) Value
Fick Il 26.58 | Detio (M?s) | 1.55x10°5 | 0.955
Page 37.39 ko (h™M 1.14x10° | 0.965
Newton | E2K/mOD 5508 T ko (n?) | 5.32x10° | 0.954
HP 28.62 ko () 4.83x10* | 0.952
12
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Fig. 5. Macroalga moisture ratio vs time for drying in the food dehydrator at 55 °C
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These semi-theoretical models can be used to simulate the variation of
macroalga moisture content along the length of a conveyor belt dryer with
infrared radiation heating (CBDIR) [27]. Algal biomass could be quickly dried in
a CBDIR at temperatures of 20-60 °C, which are generally recommended in order
to not deteriorate its active compounds [15-19]. For instance, spatial variation of
macroalga MR can be predicted based on characteristic parameters of Page model
(Ea, ko, and n) according to Eq. (9), where d (m) is the distance measured from the
conveyor belt input, wy (m/h) the linear velocity of conveyor belt, and T (K) the
absolute temperature.

MR = exp{ K, exp(— FIQE'?' j(%} J 9)

Equilibrium water mass fraction of dried Cystoseira barbata macroalga, xe
(kgw/kgwm), was measured at different levels of air temperature, t (°C), and
relative humidity, RH (%). Experimental equilibrium data, which are shown in
Fig. 6, reveal that the values of xe are in the ranges reported in the related
literature [28-30]. Experimental equilibrium results of Cystoseira barbata
macroalga species were fitted using a modified Oswin model expressed by Eq.
(10) [30], where a, b, and ¢ are adjustable parameters. Model parameters, which
were determined by minimizing the root mean square error (RMSE) between
experimental and predicted values of xe, were as follows: a=10.01, b= -0.050
(°C)%, and ¢=0.391. Results presented in Fig. 7 highlight a good agreement
between experimental and predicted data (RMSE=0.002). Values of equilibrium
water mass ratio of dried macroalga, Xe (kgw/kgam), were determined by Eq. (11)
depending on those of equilibrium water mass fraction, xe (Kguw/Kgwm).

. = (a+ bt)(_ RH j (10)
100 \ 100 -RH
X

Xe=17% (11)

Variations of macroalga water mass ratio (X) along the length of conveyor
belt, which were simulated using Eqs. (9)-(12) for different values of air
temperature (t) and relative humidity (RH), are shown in Fig. 8. Depicted results
indicate lower values of X for higher levels of t and lower levels of RH. Moreover,
the effect of temperature is significant. Similar simulation procedures can be
developed for all semi-theoretical models considered in this study. These
procedures are important because for a real drying process in a CBDIR, the air
temperature and relative humidity are random external process factors and their
measurement allows a rapid control of the process (e.g., by changing the belt
velocity and IR power) in order to obtain an exit moisture content of algal
biomass (Xexit) close to that corresponding to the equilibrium state (Xe).
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Fig. 6. Equilibrium water mass fraction of dried materials depending on air temperature and
relative humidity for different systems: air-cotton fibers [27], air-sage (Salvia officinalis L.) leaves
[28], air-Maytenus ilicifolia (MI) leaves [29], air-Cystoseira barbata (CB) macroalga (this study)
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Fig. 7. Equilibrium water mass fraction of dried macroalga vs relative humidity at
20 °C () and 60 °C (m) (bullets: experimental, lines: Eq. (10))
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Fig. 8. Predicted variations of water mass ratio of Cystoseira barbata macroalga along the length
of conveyor belt for different values of (a) relative humidity at 50 °C and (b) air temperature at
RH=40% (X0=5.67 kgw/Kgam, Ws=3 m/h, Ea=37393 J/mol, kg=1.14x108 h™", n=1.257)

5. Conclusions

Thin layer convective drying of Cystoseira barbata brown macroalga was
performed in a thermobalance and a food dehydrator. Characteristic dynamics of
convective drying in the thermobalance at 50-80 °C were predicted using semi-
theoretical models based on Fick’s second law of diffusion, i.e., Fick Il, Page,
Newton, and Henderson and Pabis (HP).

Adjustable parameters of kinetic models in terms of effective diffusivity
(Def), rate constant (k), n exponent in Page model, and a pre-exponential factor in
HP model were estimated by fitting the experimental data. VValues of Des (0.761-
1.876)x10"° m?/s) and those of k (0.961-3.040 h™ for Page model, 0.997-2.429 h!
for Newton model, and 1.073-2.581 h! for HP model) were higher at superior
levels of drying temperature, whereas n (1.176-1.323) and a (1.052-1.075) were
almost invariant. Page model predicted better the experimental dynamics
(RMSE=0.018-0.026) than the other models.

Values of activation energy for drying tests performed in the
thermobalance, which were determined based on Arrhenius equation, were in the
range of 26.58-37.39 kJ/mol. Kinetic model parameters obtained for drying in the
thermobalance (at 50-80 °C) were used to predict drying dynamics in the
dehydrator (at 55 °C). Page, Newton, and HP models simulated accurately
(RMSE=0.024-0.027) experimental drying dynamics in the dehydrator.

A procedure based on Page model was proposed to simulate the operation
of a conveyor belt dryer with infrared radiation heating (CBDIR). Moisture
content of algal biomass along the length of conveyor belt was predicted for
various levels of air temperature and relative humidity. The results obtained in



Thin layer convective drying of Cystoseira barbata brown macroalga 13

this study could be used to design, optimize, and control the biomass drying in
specific equipments.

REFERENCES

[1]. H. Chen, D. Zhou, G. Luo, S. Zhang, J. Chen, Macroalgae for biofuels production: Progress
and perspectives, Renew. Sust. Energ. Rev., vol. 47, 2015, pp. 427-437.

[2]. S.L. Holdt, S. Kraan, Bioactive compounds in seaweed: Functional food applications and
legislation, J. Appl. Phycol., vol. 23, 2011, pp. 543-597.

[3]. R. Jiang, K.N. Ingle, A. Golberg, Macroalgae (seaweed) for liquid transportation biofuel
production: What is next?, Algal Res., vol. 14, 2016, pp. 48-57.

[4]. K.A. Jung, S.R. Lim, Y. Kim, J.M. Park, Potential of macroalgae as feedstocks for biorefinery,
Bioresour. Technol., vol. 135, 2013, pp. 182-190.

[5]. M. Neifar, R. Chatter, H. Chouchane, R. Genouiz, A. Jaouani, A.S. Masmoudi, A. Cherif,
Optimization of enzymatic saccharification of Chaetomorpha linum biomass for the
production of macroalgae-based third generation bioethanol, AIMS Bioengineering, vol. 3,
no. 3, 2016, pp. 400-411.

[6]. M. Silva, L. Vieira, A.P. Almeida, A. Kijjoa, The marine macroalgae of the genus Ulva:
Chemistry, biological activities and potential applications, Oceanography, vol. 1, no. 1,
2013, pp. 1-6.

[7]. A.R. Sirajunnisa, D. Surendhiran, Algae—A quintessential and positive resource of bioethanol
production: A comprehensive review, Renew. Sust. Energ. Rev., vol. 66, 2016, pp. 248-267.

[8]. M. Song, H.D. Pham, J. Seon, H.C. Woo, Marine brown algae: A conundrum answer for
sustainable biofuels production, Renew. Sust. Energ. Rew., vol. 50, 2015, pp. 782-792.

[9]. N. Trivedi, V. Gupta, C.R.K. Reddy, B. Jha, Marine macroalgal biomass as a renewable source
of bioethanol (Chapter 11), in Marine Bioenergy Trends and Developments (Eds.: S.K. Kim
and C.G. Lee), CRC Press, 2015, pp. 197-216.

[10]. S.V. Vassilev, C.G. Vassileva, Composition, properties and challenges of algae biomass for
biofuel application: An overview, Fuel, vol. 181, 2016, pp. 1-33.

[11]. B. Trica, C. Delattre, F. Gros, A.V. Ursu, T. Dobre, G. Djelveh, P. Michaud, F. Oancea,
Extraction and characterization of alginate from an edible brown seaweed (Cystoseira
barbata) harvested in the Romanian Black Sea, Mar. Drugs, 2019, vol. 17, 405,
d0i:10.3390/md17070405.

[12]. D.R. Cioroiu, O.C. Parvulescu, T. Dobre, C. Raducanu, C.l. Koncsag, A. Mocanu, N.
Duteanu, Slow pyrolysis of Cystoseira barbata brown macroalgae, Rev. Chim. (Bucharest),
vol. 69, no. 3, 2018, pp. 553-556.

[13]. D.R. Cioroiu, O.C. Parvulescu, C.I. Koncsag, T. Dobre, C. Raducanu, Rheological
characterization of algal suspensions for bioethanol processing, Rev. Chim. (Bucharest),
vol. 68, no. 10, 2017, pp. 2311-2316.

[14]. D.R. Cioroiu, O.C. Parvulescu, C.l. Koncsag, T. Dobre, Rheological behaviour of aqueous
suspensions of Cystoseira barbata and Ulva lactuca macroalgae, U.P.B. Sci. Bull. Series B,
vol. 79, no. 4, 2017, pp. 25-32.

[15]. K. Sudhakar, R. Mamat, M. Samykano, W.H. Azmi, W.F.W. Ishak, T. Yusaf, An overview of
marine macroalgae as bioresource, Renew. Sust. Energy Rev., vol. 91, 2018, pp. 165-179.

[16]. M. Djaeni, D.A. Sari, Low temperature seaweed drying using dehumidified air, Procedia
Environ. Sci., vol. 23, 2015, pp. 2-10.

[17]. A. Fudholi, K. Sopian, M.Y. Othman, M.H. Ruslan, Energy and exergy analyses of solar
drying system of red seaweed, Energ. Buildings, vol. 68, 2014, pp. 121-129.


https://scholar.google.ro/citations?user=2pPLLaEAAAAJ&hl=ro&oi=sra
http://www.sciencedirect.com/science/article/pii/S2211926416300017
http://www.sciencedirect.com/science/article/pii/S2211926416300017
http://www.aimspress.com/fileOther/PDF/Bioengineering/bioeng-03-00400.pdf
http://www.aimspress.com/fileOther/PDF/Bioengineering/bioeng-03-00400.pdf
http://www.sciencedirect.com/science/article/pii/S1364032115004803
http://www.sciencedirect.com/science/article/pii/S1364032115004803
https://www.sciencedirect.com/science/journal/13640321

14 Bogdan Trica, Oana Cristina Parvulescu, Cristian Eugen Raducanu, Tanase Dobre

[18]. S. Gupta, S. Cox, N. Abu-Ghannam, Effect of different drying temperatures on the moisture
and phytochemical constituents of edible Irish brown seaweed, LWT — Food Sci. Technol.,
vol. 44, no. 5, 2011, pp. 1266-1272.

[19]. S.U. Kadam, B.K. Tiwari, C.P. O’Donnell, Effect of ultrasound pre-treatment on the drying
kinetics of brown seaweed Ascophyllum nodosum, Ultrason. Sonochem., vol. 23, 2015, pp.
302-307.

[20]. A.M. Castro, E.Y. Mayorga, F.L. Moreno, Mathematical modelling of convective drying of
fruits: A review, J. Food Eng., vol. 223, 2018, pp. 152-167.

[21]. T. Dobre, O.C. Parvulescu, A. Stoica-Guzun, M. Stroescu, 1. Jipa, A.A.A. Al Janabi, Heat and
mass transfer in fixed bed drying of non-deformable porous particles, Int. J. Heat Mass
Transfer, vol. 103, 2016, pp. 478-485.

[22]. D. I. Onwude, N. Hashim, R. B. Janius, N.M. Nawi, K. Abdan, Modeling the thin-layer drying
of fruits and vegetables: A review, Compr. Rev. Food Sci. F., vol. 15, 2016, pp. 599-618.

[23]. R.K. Goyal, A.R.P. Kingsly, M.R. Manikantan, S.M. llyas, Mathematical modelling of thin
layer drying Kinetics of plum in a tunnel dryer, J. Food Eng., vol. 79, 2007, pp. 176-180.

[24]. N. Kumar, B.C. Sarkar, H.K. Sharma, Mathematical modelling of thin layer hot air drying of
carrot pomace. J. Food Sci. Technol., vol. 49, no. 1, 2012, pp. 33-41.

[25]. A. Stoica-Guzun, O.C. Parvulescu, A. Brosteanu, N. Chira, M. Stroescu, T. Dobre, Influence
of sea buckthorn pomace pre-treatment and drying conditions on the drying Kinetics,
quantity and quality of seed oil, J. Food Nutr. Res.-Slov., vol. 57, no. 4, 2018, pp. 363-372.

[26]. Z. Wang, J. Sun, X. Liao, F. Chen, G. Zhao, J. Wu, X. Hu, Mathematical modelling on hot air
drying of thin layer apple pomace, Food Res. Int., vol. 40, no. 1, 2016, pp. 39-46.

[27]. T. Dobre, T., O.C. Parvulescu, D. Matei, On the convective drying of gypsum boards,
Bulletin of Romanian Chemical Engineering Society, vol. 2, no. 3, 2016, pp. 29-40.

[28]. G. Stuart G., S. Horne, M. van der Sluijs, Moisture in cotton - The fundamentals, Ginning &
Fibre Quality Series, The Australian Cottongrower, vol. 30, no. 7, Dec. 2009- Jan. 2010, pp.
32-35.

[29]. A.A. Hassanain, Drying sage (Salvia officinalis L.) in passive solar dryers, Res. Agr. Eng.,
vol. 57, no 1, 2011, pp. 19-29.

[30]. D.S. Cordeiro, W.P. Oliveira, Drying of medicinal plants: Equilibrium moisture content and
mathematical modeling of Maytenus ilicifolia leaves, Drying 2004, Proceedings of the 14t
International Drying Symposium (IDS 2004), Sao Paulo, Brazil, August 2004, vol. C, pp
1712-1719.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23572823
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarkar%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=23572823
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550875/

