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Introduction
New polysaccharides

Then we are going to analyze a reviews will be made on the latest 
advances about the processes of extraction and purification of novel 
polysaccharides.

Morales-Ortega et al. [1] carried out the extraction of water 
extractable arabinoxylans from a Mexican spring wheat flour. They 
found arabinoxylans possess an arabinose/xylose ratio of 0.66. The 
intrinsic viscosity and molecular weight values for arabinoxylans were 
3.5 dL/g and 504 kDa, respectively.

Vinod, Sashidhar & Cerník [2] studied adsorption and metal 
interaction behavior with various toxic heavy metals (Pb, Cd, Ni, Cr 
and Fe) in Kondagogu (Cochlospermum gossypium) gum (KG). They 
found that Kondagogu-Cd complex suggests that Cd is strongly bound 
to Kondagogu compared to the other metals.

Yao et al. [3] performed aqueous and alkaline extraction of quinoa 
polysaccharides. The aqueous extraction has a chemical structure 
composed of rhamnose, arabinose, galactose and galactic acid; while 
the alkaline extraction has rhamnose, arabinose, mannose, galactose 
and galactic acid. The molecular weights determined were from 22 to 
37 kDa, repectively.

Fimbres-Olivarría et al. [4] extracted sulfated polysaccharide from 
Navicula sp. This sulfated polysaccharide possesses glucose (29%), 
galactose (21%), rhamnose (10%), xylose (5%) and mannose (4%), 
presenting a molecular weight of 107 kDa. The polysaccharide at 1% 
(w/v) solution in water formed in the presence of 0.4% (w/v) FeCl3, 
showing elastic and viscous moduli of 1 and 0.7 Pa, respectively.

Chen et al. [5] worked with ultrasonic extraction of Tuber 
huidongense polysaccharides (Chinese truffle). They used ultrasonic 
power 99.65 W, extraction time 40.39 min, ratio of water to raw material 
24.65 mL/g, and extraction temperature 70.1°C with a yield of 7.17%. 
From this technique, they obtained two polysaccharide fractions of 
with molecular weights of 128 kDa and 729 kDa, where the former has 
glucose, mannose and galactose and the latter contains glucose.

Zhao et al. [6] characterized a polysaccharide fraction isolated from 
the gonads of Haliotis discus hannai Ino (Abalone), it contains mannose, 
glucose and galactose, was prepared by partial acid hydrolysis. The 

results showed that polysaccharide with higher molecular weight and 
sulfate content demonstrated greater anticoagulant activity.

Huang et al. [7] performed the extraction and characterization 
of two polysaccharides obtained from Dendrobium officinale with 
molecular weights of 394 kDa and 362 kDa, respectively. They contain 
mannose and glucose in their chemical structure; possessed antioxidant 
activity and mild immunostimulatory activity.

Liu et al. [8] extracted a polysaccharide from Arachis hypogaea 
using hot water, whose optimal extraction conditions were 85°C, 3 
h and 20:1 (mL/g) respectively. The average molecular weight of the 
polysaccharide was 238.3 kDa and it is composed of glucose, galactose, 
arabinose and xylose.

Li et al. [9] studied the extraction of some polysaccharides from 
Opuntia dillenii Haw cactus. These polysaccharides have a yield of 
approximately 30% with a molecular weight range of 339 to 943 kDa, 
respectively.

Liu et al. [10] carried out the fractional characterization of 
polysaccharides obtained from Gleditsia sinensis and Gleditsia 
microphylla with a galactomannan recovery of 33.3% in ethanol at ≈82% 
in isopropanol. They conclude that a higher mannose/galactose ratio 
and a higher molecular weight were obtained in a lower concentration 
of alcohols.

Hammi et al. [11] optimized the extraction of polysaccharide yield 
with high uronic acid content and antioxidant property from edible 
Zizyphus lotus fruit. They found that the optimal conditions were: 
extraction time of 3 h 15 min, extraction temperature of 91.2°C and 
water to solid ratio of 39 mL/g. The Zizyphus gum with an average 
molecular weight of 2720 kDa, are composed of arabinose, rhamnose, 
glucose, fructose, galactose and xylose.

Qu et al. [12] performed the optimization of the extraction by 
infrared-assisted of Bletilla striata polysaccharides. Where the optimum 

Abstract
In this work by means of alkaline hydrolysis, the extraction of alcayota gum from Cucurbita ficifolia was carried 

out. The gum is purified by hydroalcoholic precipitations. This rubber is characterized by measurements of viscosity-
density, Dynamic Light Scattering (DLS), and rheological. The intrinsic viscosity of the gum was 149.83 cm3/g and the 
molecular weight of 1867 kDa (whose Mark-Houwink parameters were k=0.00263 and a=0.7583), a shape factor of 
3.12 and a hydration value of 47.63 g/g. From DLS the hydrodynamic radius was determined with a value of 53 nm, 
a molecular weight of 1722 kDa and with Mark-Houwink parameters of aD=0.5998 and kD=0.002543. The studies 
carried out for CyOH(d) showed a thixotropic behavior for the dispersed solutions that increased with the increase in 
hydrolysis and glycerin and decreased with the increase in temperature. The degree of thixotropy is higher for CyOH(d) 
compared to Cy(d). This polysaccharide can be applied in the film forming technology, as a thickening agent, etc.



Citation: Zanon M, Masuelli M (2018) Purification and Characterization of Alcayota Gum. Experimental Reviews. Biopolymers Res 2: 105.

Page 2 of 19

Volume 2 • Issue 1 • 1000105Biopolymers Res, an open access journal

extraction parameters as follows: 75°C extraction temperature, 2.5 h 
extraction time; and water to solid ratio (53 ml / g); obtaining a yield 
of 43.95%.

Vasile et al. [13] carried out physicochemical and emulsifying 
properties of a novel exudate gum from Prosopis alba were assessed 
in comparison with arabic gum. They concluded that exudate gum 
from Prosopis alba is a gum that acts in a similar way to arabic gum in 
emulsions.

Chen et al. [14] conducted a review of polysaccharide extraction 
and purification techniques of Traditional Chinese medicines. They 
showed the example of the following polysaccharides: Bush sophora 
root polysaccharide, whose average molecular weight is 22.4 kDa; 
Euphorbia fischeriana polysaccharide, whose average molecular weight 
is 11.2 kDa; Lactarius deliciosus Gray polysaccharide, whose average 
molecular weight is 11 kDa; Tricholoma matsutake polysaccharide, 
whose average molecular weight is 88.9 kDa; and Hericium erinaceus 
polysaccharide, whose average molecular weight is 15 kDa.

Romdhane et al. [15], carried out the extraction in hot water of 
polysaccharides from watermelon rinds. Ellos mostraron the results 
proved that galactose was the dominant sugar in the extracted 
polysaccharides, followed by arabinose, glucose, galacturonic acid, 
rhamnose, mannose, xylose and traces of glucuronic acid. The results 
suggested that watermelon rinds gum presents a promising natural 
source of antioxidants and antihypertensive agents.

Varma and Kumar [16], released study of water soluble 
polysaccharide from seeds of Albizia lebbeck L. They showed a apparent 
molecular weight of polysaccharide of 198 kDa; with a monosaccharide 
composition of mannose (4.06%), rhamnose (22.79%), glucose (38.9%), 
galactose (17.84%) and xylose (16.42%). They authors suggested its use 
as additive in food preparations for hight water sorption.

Zou et al. [17] obteined two polysaccharides from Gentiana 
crassicaulis at 100°C. They showed that two fractions are typical pectic 
polysaccharides, and used as a potential natural immunomodulator.

Li et al. [18], evaluated polysaccharides form Schisandra chinensis 
and and Schisandra sphenanthera. They showed it’s the application as 
bioactive macromolecules in future daily life and medicine.

Yu et al. [18] presented a revision of polysaccharides as an 
important class of bioactive natural products, including its diversity 
pharmacological applications, such as immunoregulatory, anti-tumor, 
anti-virus, antioxidation, and hypoglycemic activity.

Gao et al. [19] investigated the characteristics, antioxidative, 
anti-inflammative and renoprotective effects of mycelia selenized 
polysaccharides from Oudemansiella radicata on lipopolysaccharide 
(LPS)-induced kidney damaged mice. They showed that homogeneous 
heteropolysaccharide with an average molecular weight of 31.2 kDa.

Chi et al. [20] relesased the structural characteristics of 
polysaccharides of Enteromorpha prolifera, contains special sulfated 
rhamnose-rich polysaccharides, with a molecular weight of 41.1 kDa 
and sulfate content of 16.2%, and good iron(III) chelating capacity of 
20.85%.

Nie et al. [21], studied polysaccharides of Stem lettuce of extraction 
optimization, characterization, and bioactivities. They found two 
polysaccharide, SLP-1 and SLP-2, with a molecular weight of 90 kDa 
and 44 kDa, respeactively.

Fu et al. [22], investigated structural characteristic and in vitro 
fermentation of a novel polysaccharide from Sargassum thunbergii by 

human fecal inoculums, with a molecular weight of 48,788 Da, and 
consisted of arabinose, galactose, glucose, xylose, and mannose.

Cai et al. [23] extracted two polysaccharides, STRP1 and STRP2, 
purified from Sophorae tonkinensis Radix; consisted of mannose, 
rhamnose, glucuronic acid, glucose, galactose and arabinose in a 
similar molar ratio with main backbones of (1→3)-linked-α-D-Gal 
and (1→4)-linked-α-D-Glc, while average molecular weights were 13 
and 198 kDa, respectively. They observed a strong chelating ability 
on ferrous ions; substantial radical scavenging activities on DPPH, 
hydroxyl and superoxide anion radicals in vitro; and significant 
attenuation on acetaminophen-induced hepatic oxidative damage. 

Yi et al. [24], studied in vitro activities of 39 polysaccharides from 
different parts of 13 lotus root varieties. Chen et al. [25], investigated 
the chemical characterization and antitumor effects of a polysaccharide 
from Ramulus mori. This water-soluble polysaccharide present 
estimated molecular weight of 137 kDa, was isolated and purified by gel 
permeation chromatography.

Once we have observed the state of the art in the purification and 
extraction of new polysaccharides, we will focus on describing the 
similar biopolymers under study in Cucurbits.

Polysaccharides in Cucurbits genus

Thomas & Webb [26], evaluated the possibility of galactose as 
highest proportion of monosaccharide present in several species of the 
Cucurbitaceae family, such as Cucurbita pepo [26].

Sakurai et al. [27], studied polysaccharides from Cucurbita maxima 
Duch. of the hypocotyl cell walls when it reduced the growth, and this 
affected syntheses of some galactosic polysaccharides in pectin and 
hemicellulose.

Wakabayashi et al. [28], evaluated effects of indole-3-acetic acid 
(IAA) on the mechanical properties of cell walls and structures of cell 
wall polysaccharides in outer and inner tissues of segments of dark 
grown squash (Cucurbita maxima Duch.) hypocotyls. They showed 
extract of hemicellulosic xyloglucans derived from outer tissues had 
a molecular weight about two times as large as in inner tissues, and 
the molecular weight of xyloglucans in both outer and inner tissues 
decreased during incubation, and accelerated depolymerization of 
hemicellulosic xyloglucans in outer tissues is involved in the cell wall 
loosening processes.

Wakabayashi et al. [29], studied cell-wall metabolism (Cucurbita 
maxima Duch.) during aging of intact growing stem tissues differs 
markedly between outer and inner tissues, and the absence of a simple 
relationship between the molecular weights of xyloglucans and the 
mechanical properties.

Ptitchkina et al. [30], researched gel properties of high-methoxy 
pectin from pumpkins by small-deformation oscillatory measurements 
of storage modulus (G’). They observed were tentatively ascribed to 
stable association of unesterified galacturonate chain segments at low 
pH, where electrostatic repulsion is suppressed.

Shkodina et al. [31] extracted Pectins from pumpkin raw material 
with 0.1 M HCl and with three enzymic preparations. They compared to 
the commercial citrus pectin with pectins from pumpkin raw material 
and found lower uronide content and a higher content of neutral sugars 
(glucose and galactose), and pumpkin pectin molecules may contain a 
large number of branched regions formed from neutral sugars.

Jun et al. [32], obteined polysaccharide from pumpkin (Cucurbita 
moschata Duch) peels, and they were fractionated subsequently into 
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terminal-fucopyranosyl, with a molar proportion of 1:4:2:2:2:1. They 
found an molecular weight of 10.1 kDa.

Sedigheh et al. [41], studied the hypoglycaemic and hypolipidemic 
effects of different doses of pumpkin (Cucurbita pepo L.) powder in 
male diabetic rats and concluded that pumpkin might be beneficial in 
diabetic patients.

Kostálová et al. [42], studied pectic polysaccharides from the Styrian 
oil-pumpkin biomass usied two series of acidic polysaccharide fractions 
were isolated using in succession hot water, EDTA and dilute HCl. 
They found that chemical and spectroscopic (FTIR, NMR) analyses of 
the fractions revealed the predominance of partially methylesterified 
and acetylated pectins containing homogalacturonan and ramified 
rhamnogalacturonan elements, and a minority of phenolic compounds, 
protein and hemicelluloses.

Kostalova et al. [43], evaluated the seeded fruit biomass of the 
Styrian oil-pumpkin in view of its pectin component, a series of acidic 
polysaccharides were isolated by a six-step sequential extraction 
using hot water, EDTA, dilute HCl and dilute and stronger NaOH 
solutions. They founded the first four fractions comprised partially 
methyl-esterified and acetylated pectins with varying proportions of 
rhamnogalacturonan regions ramified with galactose- and arabinose-
containing side chains and showed considerable polymolecularity. The 
alkali-extracted polysaccharides contained lower amounts of pectins 
with homogalacturonan and arabinose-rich rhamnogalacturonan 
regions next to hemicelluloses prevailing in the last polysaccharide.

Song et al. [44,45], released acetylation of pumpkin (Cucurbita 
pepo, lady godiva variety) polysaccharide using acetic anhydride 
with pyridines as catalyst. They found, antioxidant activities and 
cytoprotective effects of pumpkin polysaccharide and its acetylated 
derivatives were very promising produced phosphorylated derivatives 
of pumpkin polysaccharide using POCl3 and pyridine. They evaluated 
antioxidant activities and cytoprotective effects of unmodified 
polysaccharide and phosphorylated derivatives and found good results.

Koštálová et al. [46], released microwave-assisted extraction 
polysaccharides from pumpkin biomass and compared to the usual 
extraction by conventional heating. Heating times ranged from 2 to 10 
min, L/S ratio from 30/1 to 50/1 and temperature from 80 to 120˚C. 
And found the liquid/solid ratio had the greatest influence on yield and 
molecular weight, respectively.

Wang et al. [47], conducted studies anti-diabetic activity of the 
polysaccharides obtained from the dried pumpkin pulp. They foud 
pumkim polysaccharide were composed of rhamnose, arabinose, 
glucose and galactose. These results suggested the potential 
hypoglycemic effect of the pumpkin polysaccharides.

Wang et al. [48], produced crude polysaccharides from pumpkin 
seeds were obtained with hot water extraction and etanol precipitation. 
They founded that pumpkin seeds gum was composed of mannose, 
glucose and galactose in a molar ratio of 1.0:12.9:5.3 with molecular 
weight of 21,100 g/mol. And founded with 1 HNMR and 13 CNMR 
spectra of pumpkin seeds gum consisted of (1/4)-linked β-D-
glucopyranosyl, (1/2)-linked α-D-galactose and (1/6)-linked α-D-
mannopyranosyl, and protein with 17 general amino acids and was rich 
in glutamic acid, alanine and glycine. They showed antioxidative and 
strong antibacterial activity of this pumpkin seeds gum.

Li et al. [49], studied oxidative stress is known to impair architecture 
and function of cells (as cucurbits), which may lead to various chronic 
diseases, and therefore therapeutic and nutritional interventions to 

water soluble pectic substance (WSP) with 2 molecular weigth 13 and 
205 kDa, EDTA soluble pectic substance (ESP) and alkali soluble pectic 
substance (ASP) fractions.

Yang et al. [33], conducted quantitative analysis of the component 
monosaccharides of an acidic polysaccharide extracted from 
pumpkin, and was hydrolyzed into component monosaccharides 
with 2.0 M trifluoroacetic acid at 100°C for 6 h and then labeled with 
1-phenyl-3-methyl-5-pyrazolone. They founded glucose (21.7%) and 
glucuronic acid (18.9%) were identified to be the main component 
monosaccharides, followed by galactose (11.5%), arabinose (9.8%), 
xylose (4.4%), and rhamnose (2.8%). Finally, found that pumpkin 
polysaccharide possessed significant cytoprotective effect and 
antioxidative activity.

Kurz et al. [34], studied cell wall polysaccharides (Cucurbits genus) 
for their suitability as markers for quality and authenticity control of 
fruit products. They proposed, the alcohol-insoluble residue (AIR) 
from several cultivars of apricots and peaches of different harvest 
seasons, provenances, and stages of ripeness was extracted and 
subsequently fractionated into acid- and EDTA/alkali-soluble pectins, 
hemicellulose, and cellulose. Each fraction were analysed for its neutral 
sugar composition, and found sugar composition of glucose, galactose, 
arabinose and rhamnose.

Kosťalova et al. [35], performed to evaluate the chemical composition 
of the seeded fruit oil pumpkin biomass (Oil pumpkin (Cucurbita pepo 
L. var. Styriaca)) dried by solvent-exchange using etanol, with 20.9% 
pectin (as uronic acids), 38.1% neutral carbohydrates, and other 
biopolymers.

Yadav et al. [36], released various important medicinal properties 
including anti-diabetic, antioxidant, anti-carcinogenic, anti-
inflammatory and others properties of pumkins for human health 
benefits.

Kostalova et al. [37], obteined pectic polysaccharides from 
oil pumpkin (Cucurbita pepo L. var. Styriaca) by a three-step 
extraction procedure at various reaction conditions, where 0.01 M 
ethylendiaminotetraacetic acid was used as extractant in the first step 
and 1% and 5% NaOH in the second and third steps. The pumpkin 
polysaccharide fractions represent dietary fibers with a high content of 
pectin and antioxidant properties.

Nosaľova et al. [38], isolated from the pectic polysaccharides from 
pumpkin fruit biomass and characterized by composition, structural 
features and molecular properties.

Moreover, the application of these polysaccharides provoked any 
side effects what is their advantage towards the conventional opioid-
derived antitussive agents.

Huang et al. [39], extracted and deproteinized polysaccharides from 
pumpkin by hot water method. The percentages of deproteinization and 
polysaccharide loss were compared as indexes using the trichloroacetic 
acid (TCA) method, the NaCl method, the and CaCl2 method, 
respectively. They results showed that the TCA method exhibited the 
lowest percentage of deproteinization than CaCl2 excelled over the 
NaCl method.

Song et al. [40], studied crude water-soluble heteropolysaccharide 
from Lady Godiva pumpkins (Cucurbita pepo Lady Godiva), 
comprised L-fucose, D-galactose, D-glucose, and D-mannose, the 
glycosidic linkages consisted of 1,2,6-trisubstitued-galactopyranosyl, 
1,6-disubstitued-galactopyranosyl, 1,4,6-trisubstitued-glucopyranosyl, 
1,3-disubstituedglucopyranosyl, terminal-glucopyranosyl, and 
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thick pivoting root that can penetrate up to 1.80 m deep at maturity, 
although ramifications below the level of 0.60 m are not important. The 
ramifications are very expansive and can cover a diameter of 6 m with 
numerous secondary branches that measure from 0.50 m to 2.40 m and 
weave a network of rootlets around the plant. 

Kindred: In general, they have prostrate and climbing stems, but 
some varieties are semierguided. The growth of the branches is very 
vigorous and with a growth rate so high that it can hardly be matched 
by other species of herbaceous and annual plants. The stems are grossly 
pentagonal, hollow at maturity and carry glandular hairs. 

Leaves: The leaves are large, cordiform, petiolate and generally 
have 3-5 lobes, varying the size of them according to the species and 
variety. 

Flowers: All Cucurbita species are monoecious, with yellow 
flowers, large and visible, and usually isolated in the axils of the leaves; 
they have a flared corolla with five lobes, which, together with the five 
basal lobes of the chalice, form the perianth. The flowers are composed 
of five sepals and a five-petalled corolla that measures 6 to 15 cm long 
by 8 to 16 cm wide and is usually covered with fine hairs. 

Fruit: it is one of the largest in the vegetable kingdom. It is 
indehiscent, with the fleshy pericarp adhering to the pericarp, and it 
is classified as an iberian berry. The surface can be smooth, warty, or 
covered with spines or other types of formations. The young fruits of 
almost all varieties have hairs of one or several kinds that can persist 
or not until maturity. The bark can be white, green, yellow, red or 
irregularly stained or with spots arranged in bands. 

Seeds: The seeds are large, flat, oval, and one of the ends ends in 
a point. The approximate weight is 50 mg for small fruit cultivars and 
250 mg for larger fruit cultivars. In its composition, lipids and proteins 
predominate, contributing up to 80-85% of the embryo’s dry weight [56].

Floor: Sandy soils, airy, deep, are the most suitable for the 
cultivation of squash. Although good crops can also be achieved in 
heavy and sandy soils if they are well supplied with organic matter and 
fertilized properly. Generally, clayey, and little permeable, hinder the 
development of the root system and favor the development of mycotic 
and bacterial diseases; sandy ones have low water retention capacity 
and low fertility. It is a medium resistant species, but very sensitive to 

reduce oxidative damages represent a viable strategy in the amelioration 
of oxidative stress-related disorders, including neurodegenerative 
diseases. They worked with antioxidant polysaccharides and were also 
found to attenuate neuronal damages and alleviate cognitive and motor 
decline in a range of neurodegenerative models. They concluded that 
status of antioxidant function of food-derived polysaccharides and then 
attempt to appraise their anti-neurodegeneration activities.

Research of Cucurbita ficifolia

Alarcon-Aguilar et al. [50], researched hypoglycemic effects of 
freeze-dried juice of Cucurbita ficifolia Bouche´ (Cucurbitaceae) fruits 
were studied in healthy and alloxan-diabetic mice.

Xia & Wang [51], studied the antihyperglycemic effects of Cucurbita 
ficifolia fruit extract by experimental diabetes in rats.

Simpson & Morris [52], released investigation of antidiabetes 
compounds of cucurbits, betwee them Cucurbita ficifolia. They 
propoused anti-diabetic drugs as cucurbits polysaccharides with a 
global economic potential.

Garcia Gonzalez et al.[53], performed aqueous extract of Cucurbita 
ficifolia fruit. They demonstrated hypoglycemic effect, which may be 
attributed to some components in the extract.

Dye solutions of varying concentrations were prepared and their 
absorbances determined at the wavelength of 605 nm for which it was 
found to show maximum absorbance and the validity of Beer-Lambert 
law established by a linear correlation between the dye concentration 
and the optical density [10].

The Cucurbitaceae family
Cucurbitaceae are among the oldest crop plants in America. They 

offered primitive man abundant food, of easy and rapid propagation, 
which could grow optimally in open places rich in organic waste [54].

The Cucurbitaceae family includes 118 gender and 825 species [55]. 
All of them are very sensitive to cold. They originated in the tropical 
and subtropical areas of the world and most have developed long guides 
or branches with tendrils to adapt to the competition for light. Both 
native and cultivated species have annual or perennial plants, usually 
grown in temperate climates. They are prolific in production of seeds, 
since they live a season until they die from frost [56].

The great diversity of pumpkins and squashes, melon, watermelon, 
cucumber and alcayota are part of this family (Figure 1) [57].

Cucurbita gender

The genus Cucurbita is native to the American continent. It includes 
about 27 species that can be annual or perennial and are cultivated 
mainly for the consumption of their fruits to the mature or immature 
state. Other parts of the plant are also consumed, such as the leaves, 
flowers and seeds of the fruits.

Five species have been domesticated for the consumption of their 
fruits: Cucurbita maxima, C. moschata, C. pepo, C. argyrosperma with 
annual plants, and C. ficifolia, with perennial plants (Figure 1) [56]. The 
first four species are squash and the last is known as alcayota or cayote, 
this fruit is used for confectionery products, mainly for the production 
of sweets with special characteristics due to the pulp’s fibrousness that 
gives it an excellent consistency and a mild flavor [57].

Botanical description of Cucurbita genus

Root: The root system of the squash is characterized by having a 

Figure 1: Some similar vegetables. a. Cucurbita máxima (pumpkin). b. Cucumis 
melo (yellow melon). c. Citrullus lanatus (watermelon). d. Cucumis sativus 
(cucumber). e. Cucurbita ficifolia (alcayota). f. Cucurbita moschata (anpal 
squash).
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sodium soils. It is convenient to rotate every three years to reduce the 
incidence of diseases [56].

Seedtime: The appropriate sowing season is past the frost period, 
with a minimum germination soil temperature between 10 and 15ºC, 
and humidity must be available for the seeds to trigger germination 
processes. Figure 2 shows the cultivation areas in Argentina.

In the region of the Bonaerense Valley of the Colorado River 
(VBRC), even with some risk, it takes place from mid-October. The first 
week of November is the recommended planting season for the lower 
Rio Negro valley region (VIRN).

In the northern zone of the country there are different sowing dates 
that allow counter - season cultivation. The first dates are in May - June, 
but with much risk of losses due to frost. The second date is in July - 
August. Therefore, it is not feasible to carry out sowing in this wide 
region because intense rains that are harmful to this crop begin.

In the Cuyo region you can also distinguish two sowing dates, the 
first is in the months of September - October, which takes place in the 
north of Mendoza and in the province of San Juan. The second is in 
the months of October - November, and can be carried out both in 
the northern zone of the region and in the south of the province of 
Mendoza [56].

Irrigation: Although the seeds need very little water to germinate. 
In later stages the water deficit manifests itself notably: at the beginning 
there is loss of color of the leaves and later it harms the yield and quality 
of the fruits.

Most crops are irrigated by furrows. To avoid diseases caused by 
soil fungi, water should reach the plant by capillarity. The greatest need 
for irrigation of this crop is during flowering and thickening of the 
fruits. With drip irrigation a very efficient use of water is achieved and 
yields are increased

Harvest: They are usually harvested when the fruits have taken the 
typical color of the variety. It is likely that the seeds have fully matured 
at this stage.

A fruit in the process of maturation undergoes a series of marked 
changes in color, texture and flavor, which indicate that changes are 

being made in its composition. When these changes are completed, 
the fruit reaches the optimum quality of consumption. This is only 
achieved if the fruits are harvested in a state of appropriate maturity, 
since the immature fruits will not reach a satisfactory quality even 
when they have completed the suitable changes of maturation. During 
the conservation the hydrolysis of the starch in sugars takes place, 
which usually produces the softening of the fruits. The sugars, either 
free or combined with other constituents, are important for the fruits 
to achieve a pleasant taste, through a balance in the acid-sugar ratio, 
attractive color (derived from anthocyanins) and a pleasant pulp 
texture (if they are combined with structural polysaccharides). As the 
fruit ripens quantitative and qualitative metabolic transformations are 
carried out and, in addition to the starch, most other polysaccharides 
are completely metabolized [56].

Harvest indexes: There are several maturity indices that are based 
on different methodologies [56].

Visual aids: generally the small-scale producer should rely on visual 
inspection of the fruits. The size alone does not serve to determine 
the optimum ripeness of harvest. Some very large fruits may still be 
immature to be harvested and others very young may be overmature. 
The characteristic of greater use is the color of the fruits. In this type, 
this index can be associated with the change of coloration of the 
peduncle of the fruit. Generally it passes from light green or medium to 
ocher green or ocher accompanied by lignification and interruption of 
the passage of the sap.

Physical means: the fingernail penetration resistance test is 
common to determine commercial maturity, and although it is a highly 
subjective method, if it is associated with the typical coloration of the 
variety, it indicates that the fruit’s crust has achieved harden as much 
as possible.

Physiological: are methods that consist in expressing the age of the 
fruits based on the respiration rate. The breath is measured at different 
harvest dates and it is decided which is the best. What is normally 
determined is the rate of oxygen utilization or the production of carbon 
dioxide. The ratio of carbon dioxide to oxygen is called the respiration 
ratio (CR). This index is not applicable to the producer, using it only 
for research purposes

Cucurbita ficifolia

The origin of the alcayota (Cucurbita ficifolia) is uncertain. We have 
two theories. Some authors affirm that, due to the linguistic evidence, 
its origin is Mexican, since the names used have Nahuatl origin 
(chilacayote, lacayote), the dialect of the region, however, the oldest 
archaeological remains preserved come from Peru. The wild variety 
from which it originated is unknown and the hypotheses point to a 
species, possibly native to the eastern region of the Andean mountain 
range [58].

Taxonomic information [59]

Kingdom: Plantae

Division: Magnoliophyta

Class: Magnoliopsida

Order: Violales

Family: Cucurbitaceae

Genre: Cucurbita

Species: Cucurbita ficifoliaFigure 2: Regions in which it is grown Cucurbita ficifolia [56].
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Botanical description of Cucurbita ficifolia: Cucurbita ficifolia 
is a creeping or climbing plant, monoecious, belonging to the great 
family of dicotyledons. They have a fleshy fruit (Figure 3), round 
and elongated, with a thick, rough or smooth skin, resistant to low 
temperatures, but not to severe frosts [54].

The fruits can reach to measure between 15 to 50 cm long, ovoid-
elliptical, sometimes slightly compressed at the apex, which joins the 
fruit with the stem [59]. Its epicarp (shell) is rigid, persistent, three 
colorations can usually be seen:

• Light or dark green, with or without longitudinal stripes towards 
the apex. 

• Green with small white spots. 

• Whites or cream. 

The mesocarp (pulp) is white with a granular and fibrous texture. In 
the center of the fruit there are follicles containing elongated seeds [56].

All the species of this genus, Cucurbita ficifolia is one of the most 
fruit produced, with more than 50 fruits per plant [57].

Chemical composition: The approximate chemical composition of 
the alcayota fruit is shown in (Table 1). The data shown is approximate 
since the chemical composition varies in a range that depends on the 
cultivation conditions, the climate, the use of fertilizers or fertilizers, 
the time of harvest, the frequency of irrigation, etc. [59].

The main characteristic of the alcayota is that its firm structural 
polysaccharide, polygalactoglucomannan, which is hyperhydrophilic 
but insoluble in water. This gives it the ability to increase its size and 
volume several times. In addition, it has very positive characteristics 
related to its molecular weight reduction and generation of molecular 
associations (hydrogen bridge bonds) through hydrolysis.

The alcayota is a fruit known for its sweets, which is grown in 
San Luis and other regions of the country as described above. It is 

proposed to add another application for these fruits, in addition to the 
current confectionery products and redirect their use towards the bio-
packaging of food, being this an original and novel alternative of great 
scientific-technological interest [60].

Hypothesis and objectives: This work will study the separation 
and purification of alcayota gum extracted from Cucurbita ficifolia. 
This polysaccharide was purified by hydroalcoholic solutions. The 
alcayota gum was characterized by measurements as viscosity-density, 
Dynamic Light Scattering, and rheology in order to determine the 
physico-chemical characteristics

Experimental Study
The polymers present remarkable features that distinguish them 

from any other class of compounds and that make them ideal for diverse 
applications. Its fibrillar nature and large size results, in short, in forces 
that extend at the macroscopic level [61].Some of these properties 
of polysaccharides are: the large average size of the macromolecules, 
the size distribution, their architecture, the specific nature of their 
chemical groups, the arrangement of these groups in the chains and 
the state of aggregation of the molecules [62]. For this reason, it is 
important to carry out a series of tests that allow knowing its structure 
and its behavior against external factors, in order to determine its best 
applications [62].

The tests carried out can be divided into two groups:

• Structural analysis: they characterize the internal structure of the 
material through techniques such as dynamic light scattering 
and viscosimetry. 

• Tests or functional analysis: they are directed to the knowledge 
of the behavior of the material in front of agents such as water, 
gases, the application of a force, etc.

Below, the techniques and materials used in each of them are 
detailed. The tests carried out on alcayota gum solutions as dynamic 
light scattering, density, viscosimetry and analysis of the rheological 
characteristics will be described first.

Raw material

Alcayota fruits of between 3 and 4 kg of initial weight were used. 
The fruit was separated into three parts: husk, pulp, fiber and seeds 
(Figure 4). The pulp was dried and later ground to obtain the flour from 
which different determinations will be made.

Drying: Drying is defined as the operation in which the liquid 
contained in a solid is removed by evaporation.

The process involves the simultaneous transfer of mass and energy:

Figure 3: Fruit of Cucurbita ficifolia (alcayota).

Figure 4: Parts of the alcayota fruit.

Component Tender fruit Mature fruit
Humidity (%) 94.5 91.4
Protein (%) 0.3 0.2
Grease (%) 0.1 0.5

Total carbohydrates (%) 4.4 6.9
Raw fiber (%) 0.5 0.6

Ash (%) 0.2 0.4

Table 1: Chemical composition of alcayota on a wet basis [59].
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cylinders (Fritsch, Germany). This type of apparatus uses at the same 
time forces of shear and impact for the reduction of size.

It is formed by a rotating cylinder inside which are concentric 
steel cylinders. As the outer cylinder rotates the concentric cylinders 
collide with each other, hitting the shredded product that is filling the 
clearances between the cylinders. The cylinders slide, in turn, with each 
other, producing the shearing of the raw material. This combination of 
shear and impact forces produces a very effective size reduction. The 
size of the cylinders is generally 10-30 cm in diameter [64]. The lowest 
of the speeds provided by the equipment was selected (speed I). The 
grinding time was 10 minutes, obtaining particles between 1 and 12 μm 
in diameter (Figure 6). From here on, it will be called Cy to the flour 
obtained from the grinding of the dried pulp.

Process: Aqueous dispersions were prepared at 3 to 6% of alcayota 
meal (Cy). Each solution was made from 100 ml of dispersion.

Leaching: Leaching is defined as the separation of a desired solute 
or removal of an undesirable solute from the solid phase, when it is 
brought into contact with a liquid phase. Bothphases come into intimate 
contact and the solute diffuses from the solid to the liquid phase, which 
allows a separation of the original components of the solid.

The general leaching process consists of the following steps:

1. The solvent is transferred from the volume of solution to the 
surface of the solid. 

2. The solvent diffuses into the solid. 

3. The solute dissolves in the solvent. 

4. The solute diffuses through the mixture of solid and solvent to the 
surface of the particle. 

5. The solute is transferred to the general solution. 

The rate of diffusion of the solute through the solid, and that of the 
solvent to the surface of the solid are usually the resistances that control 
the global leaching process and depend on several factors, mainly the 
temperature, since increasing it increases the diffusivity. Another 
factor is the particle size, as it was said before when decreasing the size 
increases the contact area and, finally, the agitation of the solution since 
it eliminates the film of fluid that covers the surface of the solid at rest 
increasing the transfer coefficient [65]. In this procedure, tannins, fats 
and oils from the alcayota fruit are eliminated. Remaining a solid rich 
in polysaccharide.

Process: The solutions were stirred magnetically for two hours 
maintaining a temperature of 65°C. Agitation and temperature 
favor the solid-liquid extraction process of the soluble components. 
After two hours of agitation, the heating is removed and the stirring 
continues until the temperature drops to 40°C. The temperature should 
not exceed 80°C since undesirable reactions of the polysaccharides 
present such as thermal hydrolysis or nonenzymatic browning 

•Transfer of the internal moisture of the solid towards the surface 
of the solid and its subsequent evaporation. The movement of 
moisture within the solid is a function of the physical nature of 
the solid, its temperature and its moisture content. 

•Transfer of energy in the form of heat to evaporate moisture from 
its surface. This process depends on the external conditions of 
temperature, humidity, air flow, pressure, exposure area and 
type of dryer used. 

There are three stages in the drying process, as shown in Figure 5.

During the first stage of drying (step A), the solid is heated. It is 
a stage of short duration in which the evaporation is not significant 
neither by its intensity nor by its quantity. In this stage, the solid is 
heated from room temperature until the equilibrium between cooling 
by evaporation and the absorption of heat from the air is reached. The 
second stage (stage B) is the so-called first drying period or constant 
drying rate period, where free or unbound moisture evaporates. 
The third stage (stage C) is the second drying period or period of 
decreasing drying speed (which is not necessarily linear), where the 
bound moisture of the material evaporates. The process ends when the 
moisture content of the solid is in equilibrium with the humidity of the 
drying air [63].

The part of the fruit used to extract the polysaccharides was the 
pulp, so the peel was removed and the seeds were separated. The pulp 
was cut into pieces of approximately 5 cm on each side and placed in 
trays leaving enough space between them to allow the air passage and 
thus not harm the drying process. The equipment used was a stove at 
50˚C, in which the trays were kept for a week, obtaining 151 g of dried 
pulp from a 3.5 kg fute. The final acceptable moisture content is 3% as 
maximum value because a higher content produces the nuisance of the 
grinding process.

Grinding process: Grinding is defined as the operation in which 
powdered products are obtained by the application of shear, impact or 
compression forces.

The reduction in size was made with two objectives.

• Favor the extraction of the soluble components present in the pulp. 
Due to the increase in the surface of the solid when grinding, a 
greater area of contact with the solvent is generated, improving 
the extraction process and decreasing the operation time.

• Obtain homogeneous appearance membranes.

The equipment that was used is a gravitational mill of concentric 

Figure 5: Drying speed versus moisture content. Figure 6: Flour obtained after grinding.
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reactions (caramelization and Maillard reaction) begin to occur at this 
temperature. Then, 100 ml of ethanol are added and the mixture is 
stirred cold for 30 minutes. Subsequently, it is filtered using a common 
plastic filter reserving the precipitate and eliminating the filtrate. The 
precipitate is redissolved in 100 ml of water. This procedure is carried out 
several times until the filtrate is translucent. The dispersions obtained 
were designated Cy(d). Ethanol precipitates the polysaccharides 
leaving in solution low molecular weight biomolecules, water soluble 
polyphenols, salts, fats and oils that are eliminated in the filtration. In 
this way the dispersion is purified [66].

Alkaline hydrolysis

The hydrolysis of the polysaccharides can be carried out by different 
techniques. Acids, bases, enzymes and even microorganisms can be 
used. The goal is to break down the polysaccharides into molecules of 
lower molecular weight. Many times, in addition to small molecules 
of polysaccharides salts and volatile acids are obtained [67]. During 
hydrolysis, a series of undesirable side reactions also occur that can 
only be reduced by controlling the conditions under which the reaction 
occurs [68].

The bases can act in reducing terminal units as well as oxydryl 
groups. In the first case, the degradation begins at the ends of the chains 
and advances step by step through the entire chain. In the second case, 
the oxydryl groups are substituted, to a degree that depends on the 
reactivity of the groups and on the nature of the reaction. Degradation 
can also occur at other sites such as glycosidic linkages, acid groups or 
ester linkages [68].

Process: A controlled basic hydrolysis is carried out with sodium 
hydroxide on the dispersion obtained in the previous stage. The 
amount of base, temperature and reaction time are used to regulate the 
amount of oxydryl groups in the resulting molecule [69].

The objectives sought are:

• Hydrolyze the polysaccharides and thus generate oxydryl groups 
and possibly carboxyl and carboxylates that facilitate the 
solubilization and obtention of the desired polysaccharide.

• Achieve ruptures of the ester and ether bonds in the polysaccharide 
by decreasing its molecular weight and thus obtaining a fine 
dispersion. The procedure consists in adding to the dispersion 
Cy(d), 10 ml of 0.1 M sodium hydroxide, stirring at 65ºC for two 
hours and then precipitating with ethanol, in the same way as in 
the previous stage. The precipitate is washed with ethanol twice, 
obtaining a polysaccharide of average molecular weight having 
free oxydryl groups. After the ethanolic washes, the precipitate is 
redispersed in 100 ml of distilled water. The dispersion obtained 
was called CyOH(d).

Finally, Figure 7 shows an outline of the process followed to make 
alcayota gum.

Addition of the plasticizing agent

Plasticizers are commonly used to facilitate processing and/
or increase the flexibility of the film. Water, some oligosaccharides, 
polyols and lipids are different types of plasticizers widely used in films 
based on hydrocolloids. Their combination could lead to synergistic 
effects between the components improving the properties of the films. 
Various theories have been raised about how these compounds work. 
The theory of lubrication postulates that plasticizers intermingle and 
act as internal lubricants by reducing the friction forces between the 
polymer chains. The theory of the gel postulates that the rigidity of the 

polymeric network comes from its three-dimensional structure, then 
the plasticizers would act by breaking polymer-polymer interactions, 
that is interposed between them. The theory of free volume postulates 
that the addition of plasticizers is a way to increase free volume, 
reducing the interactions between chains [70,71]. All the proposed 
theories agree that the effects generated by the addition of glycerol, are 
due to these small molecules are located between the polymer chains, 
as shown in Figure 8.

In general, plasticizing agents are low molecular weight molecules 
with hydrophilic components that interact with the polar groups of 
the polymers. Examples of these are glycerol, sorbitol, sucrose, starch 

Figure 7: General scheme of the purification process of alcayota gum.

Figure 8: Effect of the addition of glycerol to an aqueous dispersion of 
polysacchaides.
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and cellulose derivatives, among others. Glycerol is characterized 
by three oxydryl groups and an asymmetric structure (Figure 9), 
consequently the interactions with the chains of the polysaccharides 
become complex, giving rise to a poorly ordered network [72]. 
Glycerol has hydrophilic characteristics which contributes to increase 
the water vapor permeability and the susceptibility of the matrix to 
environmental humidity [73].

Generally, the transmission of water vapor through a hydrophilic 
film depends both on the diffusivity and the solubility of the water 
molecules in the film matrix. An increase in the space between the 
polymer chains due to the inclusion of glycerol molecules between the 
polymer molecules promotes the diffusivity of water vapor through the 
film, accelerating the transmission of the vapor [70].

Process: To the previous dispersion (CyOH(d)) was added 5 ml of 
glycerol and stirred cold for a few minutes to homogenize.

Characterization

Dynamic light scattering: The Dynamic Light Scattering (DLS), 
also called Photon Correlation Spectroscopy is a technique designed 
to measure the size of particles. DLS measures Brownian motion 
and relates this to the size of the particles. The Brownian movement 
is the random movement of particles due to the bombardment of the 
solvent molecules that surround them. The larger the particles, the 
slower the Brownian movement will be. Small particles are bombarded 
more frequently by solvent molecules so they move more quickly. It 
is necessary to perform the test at a stable temperature, otherwise the 
convection currents in the sample could cause non-random movements 
that would impair the correct interpretation of the particle size.

The radius that is measured in DLS is a value that represents how 
the particle diffuses into a fluid, so it is called hydrodynamic radius. This 
radius corresponds to that of a sphere that has the same translational 
diffusion coefficient as the particle under study [74].

The first order autocorrelation function as a single exponential 
decay, as:

1( , ) exp( )g q rτ τ= −                      (1)

where Γ is the decay rate. The translational diffusion coefficient Dt may 
be derived at a single angle or at a range of angles depending on the 
wave vector q.
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where λ is the incident laser wavelength, n0 is the refractive index of 
the sample and θ is angle at which the detector is located with respect 
to the sample cell.

Depending on the anisotropy and polydispersity of the system, a 
resulting plot of Γ/q2 vs. q2 may or may not show an angular dependence. 
Small spherical particles will show no angular dependence, hence no 
anisotropy. The intercept will be in any case the Dt.

Dt is often used to calculate the hydrodynamic radius, RH, of a 
sphere through the Stokes– Einstein equation.
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where kB is the Boltzmann constant (1.381 ×10-16 erg K-1); T is the 
absolute temperature (293 K) and η0 is viscosity of the solvent.

The autocorrelation function is a sum of the exponential decays 
corresponding to each of the species in the population.
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It is tempting to obtain data for and attempt to invert the above to 
extract G(Γ). Since

G(Γ) is proportional to the relative scattering from each species, it 
contains information on the distribution of sizes.

One of the most common methods is the cumulant method, 
from which in addition to the sum of the exponentials above, more 
information can be derived about the variance of the system as follows:

1 2 332( , ) exp( )(1 ...)
2! 3!

g q µµτ τ τ τ= −Γ + − +                   (6)

where is the average decay rate and is the second order polydispersity 
index (or an indication of the variance). A third-order polydispersity 
index may also be derived but this is necessary only if the particles of 
the system are highly polydisperse.

The z-averaged translational diffusion coefficient Dz may be 
derived at a single angle or at a range of angles depending on the wave 
vector q.

2
Zq DΓ =                   (7)

One must note that the cumulant method is valid for small and 
sufficiently narrow G(Γ).

One should seldom use parameters beyond μ3, because overfitting 
data with many parameters in a power-series expansion will render all 
the parameters including and μ2, less precise [75-80].

Process: A 0.1% w / v solution of Cy was prepared and then 
centrifuged at 10000 rpm for 5 minutes to remove the larger aggregates. 
It was placed in the cell of the equipment (Delsa Nano C, Beckman 
Coulter) and a monochromatic light beam of a laser diode with a 
wavelength of 658 nm and a dispersion angle of 165° was made [81,82].

Viscosimetry: Viscosity is one of the most important properties 
of polymer solutions. The viscosity depends on the chemical structure 
of the polymer, the interactions with the solvent and the molecular 
weight. Normally, a molecule of high molecular weight in a solvent 
acquires a large hydrodynamic volume and the viscosity of the solution 
increases [83,84].

The viscosimetry of diluted solutions is related to the measurement 
of the intrinsic ability of a polymer to increase the viscosity of a solvent 
at a given temperature and is useful for obtaining information related 
to the size and shape of the polymer molecules in solution and the 
polymer-solvent interactions. The viscosity of a diluted polymer 

Figure 9: Chemical structure of glycerol.
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solution is determined relative to the viscosity of the solvent. In these 
cases the following terms are defined:

Relative viscosity 
0 0 0

( ) :r r
t
t

η ρη η
η ρ

= =                     (8)

Where η is the viscosity of the polymer solution, ρ is the density 
and t the runoff time.

The subscript “0” indicates that the parameters correspond to the 
pure solvent.

Specific viscosity 0

0
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η ηη η η
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Reduced viscosity ( ) : sp
red red c

η
η η =                (10)

where c is polymer concentration (g/cm3).

Inherent viscosity ( ) :
inh
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=                  (11)

Even in highly diluted solutions, polymer molecules are capable 
of generating intermolecular interactions. The two contributions to 
reduced viscosity are the movement of the isolated molecules in the 
solvent and the interaction between the polymer molecules and the 
solution. To eliminate the interactions it is necessary to extrapolate to 
zero concentration, in this way the intrinsic viscosity is obtained [η].

 00[ ] ( ) ( )
cr c inhη η η
→→= =                    (12)

Intrinsic viscosity has units of volume/mass. It is a measure of the 
ability of a polymer molecule to increase the viscosity of a solvent in the 
absence of intermolecular interactions.

To evaluate the intrinsic viscosity, the equations of Huggins 
(equation 13) and Kraemer (equation 14) are usually used.
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Where KH and KK are the constants of Huggins and Kraemer 
respectively.

However, the most usual procedure for determining the 
intrinsic viscosity is to determine the specific viscosity for different 
concentrations of polymer, represent the data ηsp/c versus c and then 
calculate the value at zero concentration (equation 12).

The relative viscosity measurements of diluted polymer solutions 
can be carried out in a variety of ways including capillary viscometers, 
where the time required to flow between two marks in a capillary is 
recorded. Alternatively, coaxial cylinder viscometers [84] can also be 
used.

Knowing the intrinsic viscosity, the approximate molecular weight 
of the macromolecules can be calculated from the Einstein equation 
(equation 15).

3[ ] ( )a A H
b

M N Rη υ=                  (15)

where [η] is the intrinsic viscosity, M is the molecular weight, is the 
number of Simha, NA is the number of Avogadro and RH is the 
hydrodynamic radius.

Viscometer: A Ubelohde glass capillary viscometer (Figure 10) 
with a 30-second run-off time was used, partially submerged in an 
Ultraterm S-383 thermostatic bath at 25°C. A digital chronometer was 
used to measure the runoff time of the solutions. An Anton Paar DMA 
35 N densimeter was also used to determine the density of water and 
solutions.

Process: Diluted solutions of Cy of 0.1%, 0.2%, 0.4% and 0.6% 
concentrations were prepared. For this, 10 g of Cy was weighed and 
placed in 250 ml of distilled water, heated at 70°C for two hours. It was 
allowed to settle and the supernatant was separated, this was filtered 
and then ethanol precipitated repeatedly until a clear solution was 
obtained. The precipitate obtained in this process was dried in an oven 
at 60°C for 24 hours. Finally, 0.1 g of this precipitate was dissolved in 
a 0.1 M NaCl solution, which acts as a stabilizer. The solutions were 
allowed to stand for 24 hours.

Before starting the viscosity measurement, the solutions were 
immersed in the thermostatic bath until they reached 25°C. The same 
was done with distilled water. Using the viscometer, the runoff time of 
the water and of the solutions was measured in triplicate.

The intrinsic viscosity was obtained by applying equations 8, 9 and 
10 and plotting ηsp/c versus c. The intrinsic viscosity is obtained at the 
intersection of the line with the axis of the ordinates, that is, when the 
concentration approaches zero.

Rheology: Viscosity information and knowledge of rheological 
behavior are fundamental for process engineering and need to be 
described for pipe design, pump selection, design and operation of 
heat exchangers, agitation systems, etc. It is also necessary to know the 
effect of temperature and concentration on the rheological behavior for 
a good understanding and dimensioning of unit operations [85].

The viscosity (η) constitutes a resistance to deformation and is 
defined in Newton’s law of viscosity (equation 16), which states that 
when the layers of a liquid slide together, the the resistance to movement 

depends on the gradient of the fluid. velocity xdv
dy

 
 
 

 and area (A).

xdvF A
dy

η= −                      (16)

When treating molten materials, liquids and dispersions, it is 

Figure 10: Ubelohde capillary viscometer.
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important to describe the resistance to flow under the action of an 
applied stress. This relationship describes the fluidity of a liquid that 
graphically represented is called the flow curves (Figures 11 and 12) 
[86,87].

According to its rheological behavior, fluids are classified into three 
groups:

1. Newtonian fluids: they behave according to Newton’s law of 
viscosity, that is, their viscosity is independent of the velocity gradient.

Non-Newtonian fluids: they do not behave according to Newton’s 
Law. They can be classified as: 

 Pseudoplastics: show a strong decrease in viscosity when the 
velocity gradient is raised. 

 Dilatants: show an increase in viscosity when increasing the speed 
gradient. 

Bingham plastics: behave like Newtonian or pseudoplastic fluids 
but have a flow limit. They are cohesive dispersions, which in a state of 
rest give the substance a solid character. When the applied forces are 
large, they overcome the joining forces and the structure flows. 

Time-dependent fluids: within these are the thixotropic and the 
rheopectics

Thixotropic: The thixotropy occurs in non-Newtonian liquids in 
which at the end of the cutting effort they only recover their initial 

viscosity after a lapse of time (Figure 13). These liquids may have a flow 
limit. The typical viscosity curve for these fluids is shown in Figure 14.

Rheopectics: They show a behavior in which the viscosity increases 
with the duration of the cutting effort and the original viscosity can be 
recovered only after a lapse of time after the end of the cutting effort. 
Reopexy is the opposite of thixotropy. This is observed in the sense of 
the direction in which the ascending curve meets the descending curve, 
showing a counter-clockwise direction: the descending curve passes 
over the ascending curve (Figure 13).

Viscoelastic: They are characterized by both viscous and elastic 
properties. This mixture of properties may be due to the existence in 
the liquid of very long and flexible molecules or also to the presence of 
liquid particles or dispersed solids [86].

Equipment: To determine the rheological behavior of the solutions, 
a Brookfield viscometer model DVIII was used. Its operation is based 
on the rotation of a cylinder (spindle) inside the test material. The 
equipment is powered by a low speed and high torque synchronous 
motor. The mechanism of the gear train allows different increases of 
shear which results in the measurement of a wide range of viscosities 
using the same instrument. Newtonian and non-Newtonian fluids can 
be measured at different shear values by changing the spindle, speed, or 
both. The equipment presents a control display, a thermal jacket where 

Figure 11:  Flow curves.

Figure 12: Viscosity curves.

Figure 13: Fluid curves of time-dependent fluids.

Figure 14: Viscosity curve of a thixotropic fluid.
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the sample holder cylinder connected to a thermostatic bath is placed 
by means of a recirculation hoses system in order to maintain the 
sample at the desired working temperature. In addition, the equipment 
has several spindles of different diameter to operate in a wide range of 
viscosities [88].

Process: Cy dispersions of different concentrations were prepared: 
2, 3, 4, 5, and 6% in distilled water, which were designated Cy(d). 
Some of the prepared dispersions were hydrolysed, these were called 
CyOH(d). The dispersion was placed in the sample cylinder and this 
in the heating jacket, which is connected to the thermostatic bath at a 
temperature of 25°C. The selected spindle was placed totally submerged 
in the dispersion. The measurement program was selected, which 
consists of a series of stages of different speed gradients (rpm) and time 
(min) in which the spindle is kept turning inside the solution. Then, 
the trial began. Once completed, the viscosity data (mPa.s), shear stress 
(dyn/cm2) and velocity gradient (s-1) were obtained for each of the 
stages of the selected program. With these data, graphs of shear stress 
versus velocity gradient and viscosity versus velocity gradient were 
constructed. The test was repeated by adding 2, 4 and 5% glycerin to 
some of the hydrolysed dispersions (CyOH(d)) and then increasing the 
temperature of the thermostatic bath at 35 and 40°C.

Results and Discussion
It is always intended to relate the behavior with the structure to 

try to establish generalizations that facilitate the understanding and 
prediction of the behavior of the materials. The properties of polymeric 
materials are responsible for their use instead of other materials and in 
some cases they have unique properties that make them irreplaceable 
for certain applications [89].

In the evaluation of the behavior of the material, it is intended to 
understand the structure-property relationships, as well as to compare 
the performance and characteristics of one product with another. In 
the case of the development of new products, the understanding of 
the structure-property relationship allows controlling their behavior 
and making decisions related to the development process that will 
be followed. This knowledge is crucial to facilitate the design of the 
material and to predict how the product will behave in real service 
conditions. The comparison between materials is essential in the 
exploration of opportunities to replace existing products [83].

Next, the results obtained are presented both in the filmogenic 
dispersions and in the films. The films obtained from 3% dispersions of 
Cy turned out to be very fragile so all the tests were carried out on the 
films obtained with the 6% dispersions.

Dynamic light scattering

In order to know the approximate size of the particles forming 
the polysaccharide, the dynamic light scattering test was carried out. 
From a solution of Cy to 0.1% wt and then centrifuged to remove larger 
aggregates. The sample was placed in the cell of the equipment and a 
monochromatic light beam was incised, obtaining (Figure 15).

As can be seen in Figure 15, the hydrodynamic radius (RH) of the 
polysaccharide present in the solution is 53 ± 7 nm. The size of the 
macromolecule is similar to that obtained for other polysaccharides, as 
presented in (Table 2).

Viscosity

The viscosity of a liquid is noticeably altered by the presence of 
small amounts of macromolecules. The effect that these molecules 
generate on the viscosity depends on a large number of factors such 

as chemical structures, molecular interactions, molecular weight, etc. 
Using a Ubelohde capillary viscometer, the runoff times of the diluted 
solutions and the distilled water were measured. Applying equations 
1-3, the reduced viscosity was calculated and plotted as a function of 
the concentration. Next, the graph obtained is shown Figure 16, from 
which the intrinsic viscosity of the solution was obtained.

The ordinate at the origin of the trend line corresponds to the 
intrinsic viscosity obtained, in this case, 149.83 cm3/g. This value 
represents the ability of the molecules to increase the viscosity of the 
solvent, in this case distilled water, in the absence of intermolecular 
interactions.

Table 3 shows the intrinsic viscosity values for some polymers 
for comparative purposes. It is observed that the intrinsic viscosity 
of carboxymethyl cellulose is of the same order as that of the 
polysaccharide under study.

Molecular weight and Mark-Houwink parameters: Mark-
Houwink correlated the intrinsic viscosity with molecular weight:

[ ] a
vkMη =                  (17)

where k and a both are constants. The Mark-Houwink equation is 
applicable to many polymers and is extensively used to determine 
molecular weight. The constants k and a both vary with polymers 
and solvents. Equation 17 describes the relationship between intrinsic 
viscosity and molecular weight. Since molecular weight is related to the 
size of the polymer chain.

The calculation of Mark-Houwink (M-H) parameters is carried out 
by the graphic representation of the following equation:

[ ]n nk a nMvηΙ = Ι + Ι                  (18)

Where k and a are M-H constants, these constant depend of the type 
of polymer, solvent, and temperature of viscometric determinations. 
For a values are from 0-0.5 rigid sphere in ideal solvent, from 0.5-
0.8 random coil in good solvent, and from 0.8-2 rod like. The Mark-

Figure 15: Graph obtained in the DLS analysis.

Polisaccharides RH (nm)
Alginate 27-55
Chitosan 11.2-24.5
Galactomannan 22-47
Glycogen 07-65
Methyl cellulose 05-30
Pectin 12-55

Table  2: Hydrodynamic radius of some polysaccharides [80].
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Houwink “a” constant is close to 0.75 or higher for these “good” 
solvents [90-95].

 From the Huggins method data is calculated of Mark-Houwink 
parameters for Alcayota gum solution used in this work, where 
a=0.7583 and k=0.00263 cm3/g are obtained. Comparing these data 
with those of literature [96-103], the Mark-Houwink parameters are 
very similar. The calculated molecular weight is of 1867 kDa, greater 
than of other authors [96-103], where this increase may be due to the 
high viscosity of the solutions and water interaction with Alcayota gum. 
This is evidenced by the high value of intrinsic viscosity and its difficult 
Alcayota gum solution in water. As to the value of “a” this shows that 
Alcayota gum for this system behaves as a random-coil coonformation, 
although others place it as an ellipsoid (random-coil) where “a” is 0.70 
to 0.747 for galactomannans, the latter boundary between random-coil 
and rod-like is, although closer to the ramdom-coil conformation. This 
high molecular weight and intrinsic viscosity the ranks as an ideal and 
excellent food thickener.

The hydrodynamic radius obtained in the DLS test of 53 nm was 
used for determinate of diffusion constant with following equation:

06
B

H

k TD
Rπη

=                   (19)

where kB is Boltzmann constat, T is work temperature, η0 is solution 
viscosity.

With D is calculated molecular weight using Mark-Houwink 
equation for diffusion,
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Finally, Mark-Houwink parameters were calculated, with following 
values: aD=0,5998 and kD=0,002543, with a molecular weight of 1722 kDa.

Hydration Values. It is well known that biopolymers adsorbed 
water during dry storage and its quality depends on water content. For 
example, the length of keratin depends on water content and therefore 
it is used as a hygrometer. The amount of adsorbed water depends on 
temperature and pressure of water vapor.

Hydration consists of the binding of water dipoles to ions or ionic 

groups, to dipoles, or polar groups. Hydration takes place in solid 
substances as well as in solution.

Since the components of a compound are linked to each other in 
such a way that they have lost some of their free translational mobility, 
the volume of hydrated molecule is always smaller than the sum of the 
volumes of its components, the hydration is accompanied by a decrease 
of the total volume.

The amount of water bound to the proteins and polysaccharides 
depends primarily on the ratio of water to the biopolymer in the 
investigated system. The two extreme cases are the dry biopolymer 
(water content tend to zero) and highly diluted aqueous solutions 
of the biopolymers. The dry biopolymer undergoes hydration if is 
exposed to the water vapor of increased vapor pressure. The extent of 
hydration can be determined and measuring the increment in weight. 
It is much more difficult to determine the extent of hydration in 
aqueous solutions of biopolymers. Although hydration is accompanied 
by a volume contraction of the solute and the solvent, this change in 
volume is very small and difficult to measure directly. It is customary 
to measure the density of biopolymer solution.

The amount of hydrated biopolymer and of free water in the 
biopolymer-water system, the thermodynamic motion of partial 
specific volume has been introduced and is frequently determined.

However is not to measure solution, density at each concentration 
since can be applied:

0
0
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                (21)

Of course if this latter is not known for the solvent conditions being 
used, or cannot be calculated from the chemical composition of the 
macromolecule then solution density measurements are required:

0

1 / cv ρ
ρ

 − ∂ ∂
=  
 

                 (22)

0 and are density of solvent and solution, respectively, and can be 
measured using densimeter or picnometer.

The swollen specific volume vsp (cm3/g) is defined when an 
anhydrous biomacromolecules essentially expand in suspended or 
dissolved in solution because of solvent association, and 

H
sp

A

v Mv
N

=                  (23)

where vH is swollen or hydrodynamic volume (cm3), M the molecular 
weight (Da or g/mol), and NA is Avogadro’s number. This associated 
solvent which we consider in more detail below can be regarded as 
which is either chemically attached or physically entrained by the 
biopolymers. vsp can be related to a popular term called the hydration 
value by the relation

0
spv v

ρ
∂

= +                  (24)

The corresponding of ‘hydration value’of the molecule, δ  defined by

0( )spv v ρ−∂ =                    (25)

where vsp is specific volume (cm3/g). Although, because of the 
approximations we have made, the actual numerical value must be 
treated with very great caution, this treatment does however suggest 
that polysaccharide is highly expanded, but perhaps not to the same 
extent as found for coil-like polysaccharide structures to is ~50 g/g, are 
important in food hydrocolloids [104,105], although they can be higher 
than this value [106,107].

Figure 16: Viscosity reduced as a function of concentration.

Table 3: Intrinsic viscosity of some polysaccharides [90].

Polymer Intrinsic Viscosity (cm3/g)
Carboxymethyl cellulose 64
Alginate 106
κ- Carragenaan 603
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Perrin Number Combination of the Perrin function, P often 
referred as the ‘frictional ratio due to shape’ with the frictional ratio 
(f/f0) enables the degree of expansion of the molecule (vH/ v ) to be 
estimated, where vH, (cm3/g) is the volume of the swollen molecule 
(polysaccharide or protein + associated solvent) per unit mass of 
polysaccharide and v is the partial specific volume (essentially the 
anhydrous molecule):

1
3

0

Hvf P
f v

 =  
 

                  (26)

When the biopolymer is contracted, term of expansion is negligible [98].

Viscosity Increment There are two molecular contributions to the 
intrinsic viscosity: one from shape, the other from size or volume, as 
summarized by the relation

[ ] a sp
b

v vη =                     (27)

Where νa/b is a molecular shape parameter known as viscosity 
increment

The viscosity increment a/b is referred to as a universal shape 
function or Simha number (Table 4); it can be directly related to 
the shape of a particle independent of volume. For its experimental 
measurement it does however require measurement of sp, v, 0, as well 
as of course [h].

In a study of the viscosity of a solution of suspension of spherical 
particles (colloids), suggested that the specific viscosity hsp is related to 
a shape factor νa/b in the following way:

sp a
b

vη ϕ=                       (28)

where θ is the volume fraction;
a

b
nvv

V
φ =                     (29)

where n is the number of no interacting identical particles, ν is 
the volume of each particle, and V is the volume of the solution or 
suspension. Assume that the molecules are of a spherical shape, rigid 
and large relative to the size of the solvent molecules, and that the 
particles are small enough to exhibit Brownian motion but large enough 
to obey the laws of macroscopic hydrodynamics [108,109]. Then a/
b=2.5 for spherical particle [108]. The Einstein equation is now used 
as a reference to estimate the shape of macromolecules. Any deviation 
can be interpreted as the fact that the molecules are not a sphere [75].

As seen in Table 4 the values of P and a/b are far away from the 
spherical form as dextrans [108], and are accurate to form rod-like, as 
pectin [84] and alginate [109]. The hydration value accounts for the 
high water adsorption capacity for this polysaccharide and its great 
industrial potential application in highly viscous and thick solutions 
[110-115].

Rheology

Due to the importance of rheological behavior in fluid mechanics 
and in process engineering, viscosity measurements were made based on 
the velocity gradient in polymer solutions of different concentrations. 
The influence of the addition of a plasticizing agent (glycerol) as well 
as the effect generated by the increase in temperature on the behavior 

of these solutions was also analyzed. The measurements were made 
using a Brookfield viscometer model DVIII. At the end of this section, 
a brief description of the behavior of thixotropic fluids in the industry 
is presented.

Dispersions of polysaccharides: The rheological tests were 
performed on dispersions of Cy at 2%, 4% and 6%, registering the 
viscosity and the velocity gradient. From these data, the viscosity curves 
shown in Figure 17 were obtained. As can be observed, the dispersions 
of polysaccharides analyzed show pseudoplastic behavior since, with 
the increase of the speed gradient, the viscosity decreases.

This decrease in viscosity can be explained through structural 
changes. Viscous fluids contain particles of irregular shapes, small 
droplets or long branched or tangled molecular chains. At rest, the 
entropy is high, that is, the particles, droplets and molecules are 
chaotically distributed in the structure of the viscous material. The 
system tries to maintain this state, but if the shear stress is increased, 
the components of the structure are aligned in the direction of the flow 
(Figure 18). The tangled molecular chains unravel and the spherical 
rolls of macromolecules deform into ellipsoids. Also the drops in the 
emulsions take an ellipsoid shape and the aggregates disarm. Clearly, 
the system will flow more easily in a state where its components can 
be aligned in the direction of the flow [116]. It is also observed that, 
increasing the concentration of the solutions, they increase their 
apparent viscosity. When the suspensions are concentrated, the flow 
lines are remarkably modified and the particles interact with others 
increasing even more the viscosity of the suspension [117].

Hydrolyzed dispersions of polysaccharides:  A 3% hydrolysed 
dispersion was obtained in Cy, on which the rheological tests were 
carried out, obtaining the curve shown in Figure 19.

It was observed that the dispersions behaved like thixotropic 
fluids (Figure 19). The molecular associations in some polysaccharide 
solutions affect its rheological behavior, justifying the appearance of 
thixotropy [118]. In many polysaccharide solutions, this behavior 

P a/b   ̅cm3/g Vs (g/g)
1.4231 3.12 0.4061 48.02 47.63

Table 4: Hydrodynamic data of Alcayota gum solution.

Figure 17: Viscosity curve of dispersions at 2, 4 and 6%.

Figure 18: Orientation of macromolecules in the direction of flow.
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is the result of strong intermolecular associations through hydrogen 
bridge junctions [119]. Some authors explain the thixotropy through 
the temporary changes that occur in the microstructure of the material 
when subjected to cutting efforts, these changes occur not only in 
the number of intermolecular associations but also in the size of the 
aggregates [120].

In our case, the change in rheological behavior occurs after 
carrying out the basic hydrolysis. This process significantly increases 
the amount of oxydryl groups in the polysaccharide chains allowing the 
formation of hydrogen bonding between the molecules, which leads to 
the appearance of thixotropy in the dispersions of hydrolyzed alcayota.

Effect of the addition of glycerol to hydrolysed dispersions: In the 
synthesis process of the films, glycerol is added after the hydrolysis as 
a plasticizing agent. These substances, as discussed above, are intended 
to increase the flexibility of the film. They act interposing between the 
polymer chains, improving the mobility of them. The solutions used to 
carry out the measurements were three dispersions of Cy at 4%, which 
were hydrolyzed and to which, respectively, 2, 4 and 5% of glycerin 
were added. The flow curves obtained thixotropy index curve is (Figure 
21) for the three dispersions are shown below (Figure 20). The also 
presented as a function of the glycerol concentration

Temperature efect: The behavior of solutions hydrolyzed with 5% 
glycerol was analyzed against the increase in temperature. The analysis 
was carried out at 25, 35 and 40°C, obtaining the curves shown in Figures 
20 and 21. There it can be seen that, as the temperature increases, the 
thixotropy index decreases. At 40°C the dispersion presents a behavior 
similar to a pseudoplastic fluid

A more interesting conclusion is the increase in viscosity with 
increasing temperature (Figure 22). This behavior is contrary to 

that of most liquids, which decrease their viscosity by increasing the 
temperature, mainly because the molecules are closely spaced with 
strong cohesive forces between them. The dependence of viscosity 
with temperature can be explained through these cohesive forces. As 
the temperature increases, the cohesive forces present between the 
molecules diminish and begin to flow. As a result, the viscosity of 
liquids decreases with increasing temperature [121].

However, the behavior observed in the dispersions studied, 
can be justified considering that the polysaccharides in question are 
macromolecules of great absorbent capacity that do not form ideal 
solutions, but dispersions. These macromolecules are not completely 
soluble at room temperature, so when the temperature increases the 

Figure 19: Viscosity curve of the dispersion analyzed.

Figure 20: The flow curves obtained for the three dispersions are shown below.

Figure 21: The thixotropy index curve is also presented as a function of the 
glycerol concentration.

Figure 22: Flow curves of dispersions with different concentrations of glycerin: 
a. 2%, b.4%, c. 5%.

Figure 23: Thixotropy index as a function of glycerol concentration.
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solubilization of the polysaccharides occurs, with the consequent 
increase in viscosity [122,123]. However, this behavior occurs only in 
the temperature range in which the macromolecules are solubilized 
(Figure 23). A rise in temperature above this range would produce a 
decrease in viscosity [124,125].

Similar results have been obtained in galactomannan dispersions 
from guar gum (GG) and Locust Bean gum (LBG) [122]. This 
phenomenon has also been observed in xanthan gum and in 
polyvinylalcohol-co-vinylacetate, see reference [110]. Many processes 
involve liquids of complex behavior. This frequently happens in the 
food, pharmaceutical, paper and polymer packaging industries. One of 
the most complex phenomena that can occur is the development of 
thixotropy [126-129].

Conclusions
From this flour, a laboratory-scale synthesis process was proposed, 

consisting of the liquid-liquid extraction of undesirable compounds, 
followed by a purification by ethanolic precipitation. Next, a basic 
hydrolysis is carried out whose objective is to generate oxydryl groups 
and obtain wáter soluble polysaccharides. The alcayota gum solutions 
were characterized by three techniques: dynamic light scattering 
(DLS), viscosimetry and rheological characteristics analysis. Through 
the DLS test, the hydrodynamic radius of the macromolecules of 53 
nm. The measurements of intrinsic viscosity and molecular weight 
were obtained (1867 kDa [130]) and can be applied as film former 
biopolymer [131].

The dispersions of polysaccharides showed pseudoplastic behavior 
before hydrolysis,with an increase in viscosity observed when increasing 
the concentration of thedispersions. However, after the basic hydrolysis, 
the behavior changes to thixotropic, a characteristic that is maintained 
with the subsequent addition of glycerin, where theincrease of the 
thixotropy index was observed when increasing the concentration of 
this plasticizing agent. In view of the increase in temperature, there was 
a decrease in the index of thixotropy and it was found that, in the range 
of temperatures analyzed, the viscosity of the dispersions increases, as 
a result of the solubilization of the polysaccharides.
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