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Abstract. Avocado seeds starch was investigated after the modification with lactic acid using
thermogravimetry and differential thermal analysis (TG-DTA), differential scanning calorimetry
(DSC), X-ray powder diffraction (XRD) and scanning electron microscopy (SEM). After the
modification, there was a decrease in the thermal stability of the starch, also the parameters measured
by differential scanning calorimetry showed lower values. These results can be correlated with the
reduction in the relative crystallinity observed by XRD. There was no difference in the morphology of
the granules, which presented an oval and rounded shape. These results are important for the food
industry, since lactic acid is used to optimise the properties of starches.
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Introduction

Avocado is a very popular fruit all over the
world. The avocado plant (Persea americana,
Miller) originates from Central/North America
(Mexico), from where it has spread to several
regions. Its ripe fruits are consumed on a large
scale in the world and have healthy properties.
Some studies have shown that a diet enriched with
avocado fruit reduces total cholesterol and low-
density lipoprotein levels without changing high-
density lipoprotein levels [1-5]. Avocado seeds
constitute a high percent in these fruits (13-25%)
depending on the varieties, which are generally
discarded as industrial waste [6]. These seeds
contain a significant amount of starch (27-30%),
as well as smaller amounts of pigments and oils.
Therefore, new studies on the physicochemical
properties of this biopolymer are required [4, 7-9].

Unprocessed or native starch presents some
limiting characteristics restricting its application
in the food industry, a problem that can be
overcome by modifying the starch. Organic acids
(lactic, acetic, malic, ascorbic and citric ones)
are mainly known for their application in the food
industry to lower pH values [10]. This would
be an alternative process for the substitution of
other commonly used acids associated with
greater  environmental impact, such as
hydrochloric and sulphuric acids, to alter the
pasting properties of the starches [11].
Some organic acids may be used to hydrolyse
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parts of starch prior to thermal modifications,
such as heat-moisture treatment, to achieve an
improvement in slowly digestible and resistant
starches [12]. In addition, previous studies have
shown that modification by lactic acid combined
with UV irradiation can improve the properties of
cassava and corn starches [13]. Although the
interaction between starch and lactic acid has not
been fully elucidated, the authors reported that the
addition of this acid in maize and cassava starches
resulted in a decrease in peak viscosity [14].

The aim of this work was the extraction and
modification (with lactic acid) of the starch from
avocado seeds and evaluation of physicochemical
characteristics using thermal analysis (TG-DTA),
differential scanning calorimetry (DSC); X-ray
powder diffraction (XRD) and scanning electron
microscopy (SEM).

Experimental
Samples preparation

Samples of avocado fruits (Manteiga
variety) were purchased from local commerce in
Curitiba, Parana, Brazil. The starch was extracted
from avocado seeds in agueous solution as
previously described in the literature and its yield
was 28.7% [15].

For the modification, it was used the
adapted methodology of Cordoba et al. [16].
A portion of 10 g of the native starch was
suspended in 50 mL of each concentration
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(0.5 and 1.0 mol L) of standard solution of lactic
acid and kept under stirring for 120 minutes at
25°C. After this, the suspension was washed in
distilled water, filtered and dried in an oven at
40°C for 24 hours.

Following the goal of this work, three
samples were further used for the study: (A)
native starch; (B) starch modified with 0.5 mol L™
lactic acid; (C) starch modified with 1.0 mol L™
lactic acid.

Characterization

The simultaneous TG-DTA curves were
obtained using TGA-60 thermal analysis system
(Shimadzu, Japan). The samples were heated from
35°C to 600°C using opened a-alumina crucibles
with approximately 8.0 mg of each sample under
an air flow of 100 mL min™ at a heating rate of
10°C min™. The instrument was preliminarily
calibrated with standard weight and with standard
calcium oxalate monohydrate (TG) and sapphire
(DTA). All percentages of mass loss were
determined using TA-60 WS data analysis
software. The derivative thermogravimetric
curves (DTG), the first derivative of the TG
curves, were calculated [15,17,18].

The DSC curves were obtained using a
DSC-Q200 (TA-Instruments, USA) thermal
analysis system. The DSC curves were recorded
under air flow of 50 mL min™, heating rate of
10°C min™ and samples weighing about 2.5 mg.
A 4:1 (water:starch, w/w) mixture was prepared
and maintained for 60 minutes in order to
equilibrate the moisture content. The aluminium
crucibles were sealed and then the curves
were performed. The instrument was previously
calibrated with indium  (99.99% purity,
T, = 156.6°C, AH = 28.56 J g™) [5,16].

X-ray diffraction powder patterns (XRD)
were obtained using an X-ray diffractometer
(Ultima 4, Rigaku, Japan) with CuKa radiation
(A= 1.541 A) and settings of 40 kV and 20 mA.
The scattered radiation was detected in the
angular range of 5-50° (26), with a scanning
speed of 2° min™ and a step of 0.02°. The degree
of relative crystallinity was estimated following
the method described in the literature [17,18].

The morphology of the starch granules was
examined using a scanning electron microscope
(SEM) (Tescan, VEGA 3, Czech Republic) under
an acceleration voltage of 25 kV and
magnification of 1000x. All the samples were
coated with gold. The area of the granules was
calculated using the software Image J 1.47 for
Windows [9,19].

The obtained results were treated with
analysis of variance (ANOVA) and compared
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with Tukey’s test at 95% confidence level
(p < 0.05) using SASM-Agri 8.2 software
(Brazil).

Results and discussion

During the extraction process, the starch
was washed until the aqueous solution became
clear. However, avocado starch maintained
the brown-yellow colour as obtained by
Chel-Guerrero et al. [20], which may be attributed
to the presence of iron [7].

TG-DTA curves (Figure 1) have been
performed in conditions previously described and
the results are depicted in Table 1.
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Figure 1. TG-DTA curves of (A) native avocado
starch, (B) avocado starch modified with
0.5 mol L™ lactic acid, and (C) avocado starch
modified with 1.0 mol L™ lactic acid.

TG curves showed similar behaviour to the
other starch samples in an oxidising atmosphere.
Three main mass losses were observed: the first
one due to dehydration process; in the DTA curve
this phenomenon was observed as an endothermic
event [21]. Once dehydrated, the samples
presented some stability without mass loss and
without endo- or exothermic reactions.
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Table 1

TG-DTA results of (A) native avocado starch, (B) avocado starch modified with 0.5 mol L™ lactic acid,
and (C) avocado starch modified with 1.0 mol L™ lactic acid.

Samples Step Am, % AT, °C Tp, °C

1 10.9 30-153 65.8 (endo)

A stability - 153-218 -
2 68.8 218-405 312.9 (exo)
3" 19.1 405-584 499.0 (exo)
1 13.4 30-138 63.3 (endo)

B stability - 138-211 -
2" 61.8 211-400 269.0 (endo); 295.7 (exo)
3" 24.7 400-596 501.2 (ex0)
1 19.7 30-140 55.8 (endo)

c stability - 140-206 -
2 59.5 206-412 272.1 (endo); 297.2 (exo)
3" 20.1 412-581 508.1 (ex0)

Am- mass loss (%); AT- temperature range (°C); T, -peak temperature (°C).

Table 2

DSC gelatinisation, SEM and XRD results for (A) untreated avocado starch, (B) avocado starch with
lactic acid 0.5 mol L™ and (C) avocado starch with lactic acid 1.0 mol L™.

DSC gelatinisation SEM XRD
Samples 0 0 0 1 Degree of relative
T,, °C T, °C T, °C AHge, 3.9 da, um crystallinity
A 70.2+0.4° 76.0+0.2° 81.5+0.1° 11.3+0.2° ~21.9% 16.9+1.2°
B 69.5+0.1° 73.840.1° 77.4+1.5° 10.240.1° ~20.9% 14.5+0.2°
C 69.0+0.1° 73.240.1° 78.1+0.3" 9.740.1° ~21.5% 14.6+0.3

T, - “onset” initial temperature.

Tp - peak temperature.

T, - “endset” conclusion temperature.
AHg - gelatinization enthalpy.

d, - average diameter.

Values are presented as mean values * standard deviation.

The degree of crystallinity was calculated as a percentage, and the peaks are determined at 2(6).
Values followed by the same letter in the same column are not significantly different (p<0.05).

After the modification with lactic acid, a
decrease in the stability plateau was observed in
comparison to the native starch. This behaviour
was also observed for the pinhdo starch modified
with lactic acid (0.1 and 0.2 mol L™) [16]. Other
researchers have observed that the heat treatment
of starches under oxidative atmosphere, normally
leads to depolymerisation around 300°C [22,23].
The second mass loss was attributed to
degradation of the organic matter (amylose and
amylopectin) with the endothermic reaction
observed on DTA curves (except for the untreated
starch) followed by two exothermic reactions. The
third mass loss occurred consecutively to the
second, due to oxidation of organic matter with
formation of ashes, which was for sample
(A) 1.2%, (B) 0.6% and (C) 0.7%, respectively.
The ash content of the native starch was close to
that reported by Saavedra et al. [24].

DSC curves (Figure 2) were performed
with 1:4 ratio of starch:water in sealed crucibles

after 60 minutes. The aim of this procedure was to
obtain the gelatinisation values of the samples
before and after treating with lactic acid. The
values obtained for the onset, peak and conclusion
temperatures of the untreated sample (Table 2)
were close to those reported in the literature, but
the gelatinisation enthalpy was lower [5].
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Figure 2. DSC gelatinisation curves for
(A) native avocado starch, (B) avocado starch
modified with 0.5 mol L lactic acid, (C) avocado
starch modified with 1.0 mol L™ lactic acid.
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In comparison to pinhdo starch and wheat
starch modified with lactic acid, avocado starch
showed a slight displacement of the gelatinisation
peak to lower temperatures in the same way as the
gelatinisation enthalpies (4Hg) [10,16]. It has
been suggested that lactic acid may have
promoted partial hydrolysis of amylopectin
chains, decreasing the crystallinity of granules, as
observed by X-ray diffraction, and therefore the
modified avocado starch requires less energy
during the occurrence of gelatinisation.
Hydrochloric or sulphuric acids are commonly
used to modify starch properties, but in most
studies this chemical modification causes an
increase in gelatinisation temperatures and a
decrease in the pasting viscosity, depending on
the acid concentration that is used, besides
involving strong acids should be totally
eliminated from food industry [15,25,26].

The diffraction pattern of each starch
sample can be classified by X-ray powder
diffractometry (XRD). The main peaks observed
at 2(@) were: 15; 17.3 and 23.2° and the
diffraction pattern can be classified as C-type.
After modification with acid, two peaks were
intensified: 5.6 and 24° at 2(4), but without
changing on the diffraction pattern. The peak
identified at 20° (diffraction angle) may be related
to the complexes between amylose and lipids as
reported in the literature [27], which were more
intense after modification with lactic acid.

The diffractograms and the degree of
relative crystallinity are depicted in Figure 3 and
Table 2, respectively. The calculated relative
crystallinity decreased as compared to native
avocado starch and followed the same behaviour
of avocado starch modified with sodium
hypochlorite or by heat moisture treatment [4,5]
and of wheat starch modified with L-ascorbic acid
[28]. This indicates that the crystalline structure
was affected by the addition of lactic acid
corroborating with the decrease in enthalpy
observed by DSC. Majzoobi and Beparva pointed
out that modification with lactic acid can promote
depolymerisation of amylose and amylopectin
chains due to low pH value [10].

(B)

Figure 4. SEM images of (A) native avocado starch, (B) avocado starch modified with 0.5 mol L™ lactic acid,
and (C) avocado starch modified with 1.0 mol L™ lactic acid (magnification 2000 X).
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Figure 3. X-ray diffractograms of (A) native
avocado starch, (B) avocado starch modified
with 0.5 mol L™ lactic acid, and (C) avocado
starch modified with 1.0 mol L™ lactic acid.

The SEM images of avocado starch
granules are shown in Figure 4. As observed,
avocado starch presented rounded or oval shapes,
as obtained by Silva et al. [29].

As the starch isolation process takes place
in strictly aqueous medium, other components
may remain adhered to the granules, even in small
amounts. Thus, using SEM, it was possible to
observe  materials  impregnated on the
surface of the starch granules. It was possible to
calculate the average diameter (width and length)
of the starch granules. Native and modified
avocado starch  maintained the diameter
around 21 pm, with no significant difference
after modification (Table 2). Kahn obtained
similar values for the average diameter of
avocado starch [9].
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Conclusions

Being considered as an industrial residue,
avocado seeds can be used as a non-conventional
starch source; and their physicochemical
properties can be altered through modification
with lactic acid. It was observed that thermal
stability of starch decreased after the
modification. Also, decreasing the temperatures
and gelatinisation enthalpy after the action of
lactic acid induces a decrease in the relative
crystallinity of the starch. No visible
morphological changes after modification were
registered by SEM.

Acknowledgments

Authors are deeply grateful for the financial
support provided by Brazilian foundations: CNPq
(Proc. No. 307983/2014-5) and CAPES.

References

1. Pahua-Ramos, M.H.; Ortiz-Moreno A.; Chamorro-
Cevallos, G.; Hernandez-Navarro M.D.; Garduno-
Siciliano, L.; Necoechea-Mondragon, H.;
Hernandez-Ortega, M. Hypolipidemic effect of
avocado (Persea americana Mill) seed in a
hypercholesterolemic mouse model. Plant Foods
for Human Nutrition, 2012, 67(1), pp. 10-16.

DOI: https://doi.org/10.1007/s11130-012-0280-6.

2. Imafidon, E.K.; Okunrobo O.L. Biochemical
evaluation of the tradomedicinal uses of the seeds
of Persea americana Mill., (Family Lauraceae).
World Journal of Medical Science, 2009, 4(2),
pp. 143-146.

3. Soong, Y-Y.; Barlow, P.J. Antioxidant activity and
phenolic content of selected fruit seeds. Food
Chemistry, 2004, 88(3), pp. 411-417. DOI:
https://doi.org/10.1016/j.foodchem.2004.02.003.

4. Lacerda, L.G.; Colman, T.A.D.; Bauab, T.; Filho,
M.AS.C.; Demiate, I|.M.; Vasconcelos, E.C.;
Schnitzler, E. Thermal, structural and rheological
properties of starch from avocado seeds (Persea
americana, Miller) modified with standard sodium
hypochlorite solutions. Journal of Thermal Analysis
and Calorimetry, 2014, 115(2), pp. 1893-1899.
DOI: https://doi.org/10.1007/s10973-013-3349-z.

5. Lacerda, L.G.; Filho, M.AS.C.; Bauab, T,
Demiate, 1.M.; Colman, T.A.D.; Andrade, M.M.P;
Schnitzler, E. The effects of heat-moisture
treatment on  avocado  starch  granules.
Thermoanalytical and structural analysis. Journal of
Thermal Analysis and Calorimetry, 2015, 120(1),
pp. 387-393. DOI: https://doi.org/10.1007/s10973-
014-3987-9.

6. Tango, J.S.; Carvalho, C.R.L.; Soares, N.B.
Physical and chemical characterization of avocado
fruits aiming its potential for oil extraction.
Revista Brasileira de  Fruticultura, 2004,
26(1), pp. 17-23. (in Portuguese).

DOI:  http://dx.doi.org/10.1590/S0100-29452004
000100007.

7. Builders, P.F.; Nnurum, A.; Mbah, C.C.; Attama,
A.A.; Manek, R. The physicochemical and binder
properties of starch from Pesrea americana
Miller (Lauraceae). Starch/Starke, 2010, 62(6),
pp. 309-320.

DOI: https://doi.org/10.1002/star.200900222.

8. GOmez-Lopez, V.M. Characterization of avocado
(Persea americana Mill) varieties of low oil
content. Journal of Agricultural and Food
Chemistry, 1999, 47(7), pp. 2707-2710.

DOI: https://doi.org/10.1021/jf981206a.

9. Kahn, V. Characterization of starch isolated from
avocado seeds. Journal of Food Science, 1987,
52(6), pp. 1646-1648.

DOI:  https://doi.org/10.1111/j.1365-2621.1987.th
05896.x.

10.Majzoobi, M.; Beparva, P. Effects of acetic acid
and lactic acid on physicochemical characteristics
of native and cross-linked wheat starches. Food
Chemistry, 2014, 147, pp. 312-317. DOI:
https://doi.org/10.1016/j.foodchem.2013.09.148.

11.0liveira, C.S.; Andrade, M.M.P.; Colman, T.A.D.;
Costa, F.J.0.G.; Schnitzler, E. Thermal, structural
and rheological behaviour of native and modified
waxy corn starch with hydrochloric acid at different
temperatures. Journal of Thermal Analysis and
Calorimetry, 2014, 115, pp. 13-18.

DOI: https://doi.org/10.1007/s10973-013-3307-9.
12.Van Hung, P.; Huong, N.T.M.; Phi, N.T.L.; Tien,
N.N.T. Physicochemical characteristics and in vitro
digestibility of potato and cassava starches
under organic acid and heat-moisture treatments.
International Journal of Biological
Macromolecules, 2017, 95, pp. 299-305. DOI:
https://doi.org/10.1016/j.ijbiomac.2016.11.074.
13.Franco, C.M.L.; Ogawa, C.; Rabachini, T.; Rocha,
T.S.; Cereda, M.P.; Jane, J. Effect of lactic acid and
UV irradiation on the cassava and corn starches.
Brazilian Archives of Biology and Technology,
2010, 53, pp. 443-454.
DOI: https://doi.org/10.1590/S1516-89132010000
200025.

14.Bertolini, A.C.; Mestres, C.; Colonna, P.
Rheological properties of acidified and UV-
Irradiated Starches. Starch/Starke, 2000, 52(10),
pp. 340-344.

DOI:  https://doi.org/10.1002/1521-379x(200010)
52:10<340::AID-STAR340>3.0.CO;2-H.

15.Bet, C.D.; Cordoba, L.P.; Ribeiro, L.S.; Schnitzler,
E. Common vetch (Vicia sativa) as a new starch
source: its thermal, rheological and structural
properties after acid hydrolysis. Food Biophysics,
2016, 11(3), pp. 275-282.

DOI: https://doi.org/10.1007/s11483-016-9439-2.

16.do Prado Cordoba, L.; Bet, C.D.; Schnitzler, E.
Study by thermal methods of pinhdo starch
modified with lactic acid. Carpathian Journal of
Food Science and Technology, 2015, 7(4),
pp. 41-47.

17.Alberton, C.; Colman, T.A.D.; Souza, J.A.;
Oliveira, C.S.; Andrade, M.M.P.; Schnitzler, E.
Thermal analysis, rheology, X-ray diffractometry

17


https://doi.org/10.1007/s11130-012-0280-6
https://doi.org/10.1016/j.foodchem.2004.02.003
https://doi.org/10.1007/s10973-013-3349-z
https://doi.org/10.1007/s10973-014-3987-9
https://doi.org/10.1007/s10973-014-3987-9
http://dx.doi.org/10.1590/S0100-29452004000100007
http://dx.doi.org/10.1590/S0100-29452004000100007
https://doi.org/10.1002/star.200900222
https://doi.org/10.1021/jf981206a
https://doi.org/10.1111/j.1365-2621.1987.tb05896.x
https://doi.org/10.1111/j.1365-2621.1987.tb05896.x
https://doi.org/10.1016/j.foodchem.2013.09.148
https://doi.org/10.1007/s10973-013-3307-9
https://doi.org/10.1016/j.ijbiomac.2016.11.074
https://doi.org/10.1590/S1516-89132010000200025
https://doi.org/10.1590/S1516-89132010000200025
https://doi.org/10.1002/1521-379x(200010)52:10%3c340::AID-STAR340%3e3.0.CO;2-H
https://doi.org/10.1002/1521-379x(200010)52:10%3c340::AID-STAR340%3e3.0.CO;2-H
https://doi.org/10.1007/s11483-016-9439-2

C. Delinski Bet et al. / Chem. J. Mold., 2017, 12(2), 13-18

and atomic force microscopy in the evaluation of
binary mixtures of “starch-hydrocolloids”. Journal
of Microbiology, Biotechnology and Food Science,
2014, 3(4), pp. 305-309.

18.Hornung, P.S.; Granza, A.G.; Oliveira, C.S;
Lazzarotto, M.; Schnitzler, E. Study of effects of
ultraviolet light and sodium hypochlorite solutions
on properties of cassava starch granules. Food
Biophysics, 2015, 10(3), pp. 368-374.
DOI: https://doi.org/10.1007/s11483-015-9402-7.

19.Pumacahua-Ramos, A.; Demiate, I.M.; Schnitzler,
E.; Bedin, A.C.; Telis-Romero, J.; Lopes-Filho, J.F.
Morphological, thermal and physicochemical
characteristics of small granules starch from
Mirabilis jalapa L. Thermochimica Acta, 2015,
602, pp. 1-7.
DOI: https://doi.org/10.1016/j.tca.2015.01.001.

20.Chel-Guerrero, L.; Barbosa-Martin, E.; Martinez-
Antonio, A.; Gonzalez-Mondragén, E.; Betancur-
Ancona, D. Some physicochemical and rheological
properties of starch isolated from avocado seeds.
International Journal of Biological
Macromolecules, 2016, 86, pp. 302-308. DOI:
https://doi.org/10.1016/j.ijbiomac.2016.01.052.

21.Pereira Andrade, M.M.; Soltovski de Oliveira, C.;
Denck Colman, T.A.; Oliveira Gomes da Costa,
F.J.; Schnitzler, E. Effects of heat-moisture
treatment on organic cassava starch. Journal of
Thermal Analysis and Calorimetry, 2014, 115(3),
pp. 2115-2122.
DOI: https://doi.org/10.1007/s10973-013-3159-3.

22.Aggarwal, P.; Dollimore, D.A. A thermal analysis
investigation of partially hydrolyzed starch.
Thermochimica Acta, 1998, 319(1-2),
pp. 17-25. DOI: https://doi.org/10.1016/S0040-
6031(98)00355-4.

23.Lacerda, L.G.; Filho, M.A.S.C.; Demiate, .M
Bannach, G.; lonashiro, M.; Schnitzler, E. Thermal
behaviour of corn starch granules under action of
fungal a-amylase. Journal of Thermal Analysis and
Calorimetry, 2008, 93(2), pp. 445-449.
DOI: https://doi.org/10.1007/s10973-006-8273-z.

24.Saavedra, J.; Cérdova, A.; Navarro, R.; Diaz-
Calderon, P.; Fuentealba, C.; Astudillo-Castro, C.;
Toledo, L.; Enrione, J.; Galvez, L. Industrial
avocado waste: Functional compounds preservation
by convective drying process. Journal of Food
Engineering, 2017, 198, pp. 81-90. DOI:
https://doi.org/10.1016/j.jfoodeng.2016.11.018.

25.Dutta, H.; Paul, S.K.; Kalita, D.; Mahanta, C.L.
Effect of acid concentration and treatment

time on acid-alcohol modified jackfruit
seed starch  properties. Food  Chemistry,
2011, 128(2), pp. 284-291. DOI:

https://doi.org/10.1016/j.foodchem.2011.03.016.
26.Beninca, C.; Colman, T.A.D.; Lacerda, L.G.; Filho,
M.A.S.C.; Bannach, G.; Schnitzler, E. The thermal,
rheological ~and  structural  properties  of
cassava starch granules modified with hydrochloric
acid at different temperatures. Thermochimica
Acta, 2013, 552, pp. 65-69.
DOI: https://doi.org/10.1016/j.tca.2012.10.020.
27.Singh, N.; Kaur, S.; Kaur, A.; Isono, N.; Ichihashi,
Y.; Noda, T.; Rana, J.C. Structural, thermal, and
rheological properties of Amaranthus
hypochondriacus and Amaranthus caudatus
starches. Starch/Starke, 2014, 66(5-6), pp. 457-467.
DOI: https://doi.org/10.1002/star.201300157.
28.Majzoobi, M.; Radi, M.; Farahnaky, A.; Tongdang,
T. Effects of L-Ascorbic Acid on Physicochemical
characteristics of wheat starch. Journal of Food
Science, 2012, 77(3), pp. C314-C318. DOI:
https://doi.org/10.1111/j.1750-3841.2011.02586.x.
29.Silva, L.LR.A.; Magnani, M.; Albuquerque, F.S.M.;
Batista, K.S.; Aquino, J.S.; Queiroga-Neto, V.
Characterization of  the chemical and
structural properties of native and acetylated
starches from avocado (Persea Americana
Mill.) seeds. International Journal of Food
Properties, 2017, pp.1-11. DOI:
http://dx.doi.org/10.1080/10942912.2017.1295259.

18


https://doi.org/10.1007/s11483-015-9402-7
https://doi.org/10.1016/j.tca.2015.01.001
https://doi.org/10.1016/j.ijbiomac.2016.01.052
https://doi.org/10.1007/s10973-013-3159-3
https://doi.org/10.1016/S0040-6031(98)00355-4
https://doi.org/10.1016/S0040-6031(98)00355-4
https://doi.org/10.1007/s10973-006-8273-z
https://doi.org/10.1016/j.jfoodeng.2016.11.018
https://doi.org/10.1016/j.foodchem.2011.03.016
https://doi.org/10.1016/j.tca.2012.10.020
https://doi.org/10.1002/star.201300157
https://doi.org/10.1111/j.1750-3841.2011.02586.x
http://dx.doi.org/10.1080/10942912.2017.1295259

