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Introduction 
 Yacon (Smallanthus sonchifolius) is a perennial that originates in 
the Andean region of South America [1,2]. According to reports, its 
cultivation has been spreading in other countries, including the USA, 
Europe, New Zealand and Brazil [1]; It is a plant that stores in its 
roots and leaves special properties that are favorable for health. The 
antioxidants it generates make it very important for the treatment of 
diabetes and obesity problems [3]. In folk medicine, people suffering 
from diabetes or various digestive or renal disorders consume tuber-
ous roots of yacon and infusions of dried leaves. Its tuberous roots 
are consumed fresh or cooked and it has been considered a functional 
food due to the large amounts of fructans (fructooligosaccharides and 
inulin) that it has [1].

 Yacon tubers are fusiform and can vary considerably in size, 
shape and flavor, the color of their shell varies from dark brown to 
opaque purplish, even to orange. Internally the tuber is presented as 
a transparent fleshy body. Tubers generally weigh 200 to 500grams, 
but can weigh 2kilograms. In addition, there is no official standard 
in the market for classifying roots according to size [4]. In order to 
estimate the type of roots produced and the relative proportion in the 
harvest, in Cajamarca the roots have been classified into 3 categories: 
First roots. They are the largest, exceed 20cm long, are between 7 and 
10cm of greater diameter and a weight not less than 300g. Roots of 
second. They are those that are between 12 to 20cm long and 5 to 6cm 
in diameter with a weight that varies from 120 to 300g. Third roots. 
They are non-commercial, their length is less than 12cm, their greater 
diameter is less than 5cm and their weight is less than 120g [5].

 The properties of yacon have been attributed to its content of 
fructooligosaccharides so it is important to know how the chemical 
composition of the roots changes in its main stages of development 
by changing its characteristics [5]. After harvesting, a progressive de-
crease in fructooligosaccharides will occur while that of simple sug-
ars (glucose, fructose and sucrose) will increase. These two processes, 
the synthesis and degradation of fructooligosaccharides, are under en-
zymatic control, biochemical changes and storage conditions. During 
storage, yacon roots are quite susceptible to dehydration when ex-
posed directly to the sun. As a result of dehydration, the roots lose 
weight and acquire a rough appearance that makes them less attrac-
tive to the consumer [6].

 With respect to carbohydrates, among the sugars found are: 
monosaccharides (fructose and glucose), sucrose and oligosaccharides 
(fructooligosaccharides), traces of starch and inulin [7]. The roots 
contain between 10 and 14% dry matter, which is composed of 
approximately 90% carbohydrates [8,9]. The sugar composition 
varies significantly due to factors such as agriculture, season, harvest, 
weather and postharvest temperature [5]. Unlike most tubers and 
roots that store carbohydrates in the form of starch, yacon roots  
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Abstract
 The storage conditions required by the fresh yacon were 
determined and the content of fructooligosaccharides was preserved 
in amounts similar to those harvested. The variety under study was 
“Ch’ecche Llajum”. The storage of the fresh yacon was carried for 
60 days, in conditioned chambers of: temperature, relative humidity 
and light intensity. To obtain responses of the preservation of the 
content of fructooligosaccharides was analyzed at the beginning 
and at the end of storage, the results were processed with a 2^3 
factorial arrangement, which obtained a response surface that 
allowed to optimize the storage conditions being at a temperature 
of 15°C, relative humidity of 70% and light intensity of 200lm. to 
obtain a variation of the content of fructooligosaccharides of 25.47%, 
concluding that the management of the factors of temperature, 
relative humidity and light intensity, in low conditions, in a controlled 
and combined way, allows minimal variation of the FOS content. 
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contain essentially Fructooligosaccharides (FOS), sugars that cannot 
be digested directly by the human body due to the lack of necessary 
enzymes for the metabolism of these elements and are considered 
bioactive compounds in food [10]. There is confusion of terms when 
referring to the predominant type of carbohydrates in yacon roots. In 
several studies in the literature, it is claimed that yacon roots contain 
inulin main component. Although many scientific references citing 
this information, this is not accurate, since, strictly speaking, the yacon 
contains only fructooligosaccharides. The difference between FOS 
and Inulin is the number of fructose molecules. In inulin, this number 
varies between 2 and 60, while in FOS the number ranges from 2 to 
10. This means that FOS can be considered as an inulin subgroup, so 
some authors prefer to use the term inulin-type fructooligosaccharides 
at more accurately refer to the nature of these sugars [5]. Although the 
proportion of each may vary, sugar may be considered on the basis of 
the following dry composition of 40 to 70% FOS, 5 to 15% sucrose, 
5 to 15% fructose and less than 5% glucose [11].

 Fructans are natural carbohydrates from reserves found in 
numerous plants, particularly in the composite family. Fructans are 
formed by fructose polymers derived from the sucrose molecule. 
Fructans have different chain structures and lengths and a wide 
variety of glycosidic bonds and fructosyl residues; They are soluble 
in water and are not reducing sugars. There is no single way to 
classify fructans, which has created some confusion [12]. Fructans 
are carbohydrate reserves that contain up to 70 fructose units attached 
or not to a terminal sucrose molecule, they can have a linear or 
branched structure linked by fructose bonds [13,14]. Fructans are 
fructose polymers, structurally and metabolically related to sucrose. 
They consist of homologous series of oligo and non-reducing 
polysaccharides, each containing a residue more than fructose than 
the previous member of the series, so that the simplest fructane is a 
trisaccharide [15]. Fructans are oligo or polysaccharides, consisting 
of a molecule of sucrose, to which fructose residues are linked by beta 
(2-1) and beta (2-6) glucosidic bonds, which can be linear or branched 
[16], the oligosaccharides present in the yacon have fructose residues 
linked by beta glucosidic bonds (2-1) with a terminal sucrose unit and 
carrying an inulin type [17]. The fluctuation of the content of fructans 
in the tuberous roots of yacon during its development and storage. 
The average degree of polymerization of these fructans increased 
linearly during development, after harvest decreased, while the free 
fructose, sucrose and glucose contents increased [18].

 In behavioral studies of reserve carbohydrates in yacon tuberous 
roots, Vilhena [19], I observe an expressive decrease in the content 
of fructans of 101.3mg/g in the newly exposed root, at 84.31mg/g 
on the second day of sun exposure, stabilizing for this period. This is 
due to enzymatic degradation of these compounds, which is the same 
when the root is stored at low temperatures. Approximately 15% of 
flowering plants store fructans as a reserve carbohydrate. But the most 
studied and sold worldwide is the Inulin Type Fructan (ITF) [20].

 Fructooligosaccharides (FOS), are fructan-type carbohydrates, 
fructose polymers, linked by β-type glycosidic bonds (2-1), are also 
known as oligofructose, oligosaccharides, have a lower degree of po-
lymerization, approximately between 3 and 7 units [21]. These fruc-
tans are considered prebiotics, since they are not digestible by the 
human digestive tract, they have bifidogenic character (they stimulate 
the growth of bifidobacteria) and also, when consumed frequently, 
they favor the absorption of minerals such as calcium, they contribute  
to health and well-being of the colon through the strengthening of its 
epithelium and prevent colorectal pathologies such as cancer [22-24].

 FOS are prospective prebiotics as they are fermented by beneficial 
species of intestinal bacteria [25-27]. They are also used as a source 
of natural sweeteners and syrups suitable for people suffering from 
digestive problems. [28]. Oral treatment with yacon syrup signifi-
cantly accelerated colonic transit time in healthy individuals [29] and 
increased the frequency of defecation and the feeling of satiety in 
premenopausal women obese and with dyslipidemia [30].

 During post-harvest storage and exposure of the jicama 
roots to the sun, bioenzymatic processes of transformation of 
fructooligosaccharides into simple or common sugars (fructose, 
glucose and sucrose) are generated, by the action of the enzyme 
fructanohydrolase, which determines a decrease in up to 39% [8,31].

 Yacon roots are an important contribution to medicine since it acts 
as a natural rehydrator because of its high content of 3.73% minerals 
and 22% sugars and a low calorie content, they are composed of 
fructooligosaccharides, which are sugars the same as not they are 
metabolized by the human organism, being ideal for people suffering 
from diabetes problems since consuming these sugars does not raise 
the glycemic index [31].

Materials and Methods
 The research was developed in the laboratories of chemistry and 
Agro industrial processes, of the National University José María Ar-
guedas, located in the District of Talavera de la Reyna, Province of 
Andahuaylas and Department of Apurímac, at 2815masl, Latitude 
13° 39´13´ ´ South and Longitude 73° 25´40´´ West. Talavera has 
an average annual temperature of 14.7°C and rainfall of 881mm per 
year; The hottest month is October with 16.2°C and the coldest is July 
with 12.9°C. Fructooligosaccharide content analyzes were analyzed 
in the laboratories of the National University San Antonio Abad of 
Cusco and the National University of the Altiplano. To determine the 
variation of the content of Fructooligosaccharides and the selection 
of temperature, relative humidity, and intensity of storage light that 
manifests a high content of fructooligosaccharides in the stored yacon 
root, the 2^3 factorial design with 03 repetitions was developed, with 
the combination of factors and variables (Table 1).

 Depending on the variables proposed, the harvested yacon 
followed step by step the following flow chart, which leads to the 
experimental design, which is detailed in figure 1.

 Determination of fructooligosaccharides: It was performed using 
Method 997.08 AOAC [32], using columns and modified methods of 
[33-35]; at the beginning and end (0 days and 60 days) of storage.

Results and Discussion
Variation of Fructooligosaccharide (FOS) content in 
stored fresh yacon roots

 From the results obtained, we observe that, after 60 days of storage 
of yacon roots, all samples suffer a decrease in the content of Fruc-
tooligosaccharides. Likewise, the yacon stored in chamber eight (C8: 
Tº=25; HR=70; IL=300) has the highest percentage of variation of 
the content of fructooligosaccharides (43.19%) and the yacon stored 
in chamber three (C3: Tº=15; HR=70; IL=200) presents less variation 
(25.48%), all with respect to the initial content of fructooligosaccha-
rides of each stored yacon (Table 2).
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 The decrease of the content of fructooligosaccharides is an effect 
of the storage conditions, mainly to the temperature and relative 
humidity of the medium to which the yacon roots were subjected, 
which accelerate the synthesis or hydrolysis of the FOS in simple 
sugars, this effect It is generated by the presence of the enzyme 
Fructane Hydrolase (FH), which acts by successively releasing the 
fructose molecules that are in the terminal position within the chain 
of fructooligosaccharides, this enzymatic mechanism is “ignited”  
inside the plant with the purpose of using fructans as a source of 

energy for regrowth [6]; Shortly after the start of the harvest, a rapid 
process of change in the chemical composition of its sugars begins 
at the roots: the FOS are hydrolyzed to sugars by the simple action 
of Fructan Hydrolase (FH) that converts it into fructose, sucrose and 
glucose. Then, the invertase breaks the sucrose molecule resulting in 
glucose and free fructose [5,36,37]. After a week of storage at room 
temperature, 30 to 40% of the FOS will be converted into simple 
sugars. However, the speed of this conversion is slower if the yacon is 
stored at cooling temperatures [8,36,38].

 We can affirm that when storing yacon roots at the temperature 
(15ºC) considered low, and high relative humidity (70%) and a light 
intensity of 200 lumen, the loss of FOS is lower, reaching 77, 82mg 
/10g at 60 days of storage of 104.42mg/10g which was at the be-
ginning (0 days of storage), making a variation of 26.60 mg / 10g 
and representing a loss of 25.48% of FOS, which is similar to what 
indicate [8,36,38]. This indicates that by storing yacon at a low tem-
perature, with high humidity and low light intensity, minor variations 
in the FOS content of the fresh yacon stored for 60 days are obtained.

 Selection of temperature, relative humidity, and intensity of stor-
age light that manifests a high content of fructooligosaccharides in 
the stored yacon root The analysis of variance (ANOVA) of the effect 
of the factors on the variation of the FOS, allowed to observe the 
factors under study that influence the variation of the content of the 
fructooligosaccharides, as well as the statistical significance of each 
effect by comparing its mean square against a estimated experimental 
error. In this case, seven of the effects have p-values lower than 0.05 
(Temperature, light intensity, temperature-relative humidity interac-
tion, light-intensity temperature interaction, moisture-light intensity 
interaction, Temperature interaction -moisture-intensity of light and 
blocks), indicating that they are significantly different from zero to 
95.0% confidence level, these factors being the ones that significantly 
influence the variation of Fructooligosacaridos of fresh stored yacon, 
to a statistician R-Square of 99.9349%, only the relative humidity 
does not significantly influence the variation of the FOS (Table 3).

Figure 1: Flowchart to determine the storage conditions required by the fresh yacon 
in order to preserve the fructooligosaccharides in amounts similar to that harvested; 
Elaborated in Andahuaylas, 2017.

Temperature (Ti) (ºC) 15 25

Relative Humidity (HRj) (%) 50 70 50 70

Light Intensity (ILk) (Lumen) 200 300 200 300 200 300 200 300

Cameras C1 C2 C3 C4 C5 C6 C7 C8

Rep. 1 Y1111 Y1121 Y1211 Y1221 Y2111 Y2121 Y2211 Y2221

Rep. 2 Y1112 Y1122 Y1212 Y1222 Y2112 Y2122 Y2212 Y2222

Rep. 3 Y1113 Y1123 Y1213 Y1223 Y2113 Y2123 Y2213 Y2223

Temperature (ºC) 15 25

Relative Humidity (%) 50 70 50 70

Light intensity (Im) 200 300 200 300 200 300 200 300

Almac./Día C1 C2 C3 C4 C5 C6 C7 C8

FOS (mg/10g)
0 120.74 100.33 104.42 116.23 121.34 117.33 106.51 99,85

60 84.78 69.91 77.82 83.55 77.83 72.98 66.89 56,73

FOS variation (mg/10g) 35.96 30.41 26.60 32.68 43.51 44.35 39.62 43.12

Percentage (%) 29.78 30.31 25.48 28.11 35.86 37.79 37.20 43.19

Table 1: Structure for the experimental design, elaborated in Andahuaylas, 2017.

Note: Legend: Tºi=Temperature; HRj=Relative Humidity; ILk=Intensity of Light; Yijkl=Dependent variable (Fructooligosaccharides); Rep.= Repetition.

Table 2: Results of the variation of the content of the fresh fructooligosaccharides of the yacon root (ch’ecche llajum) stored in the 08 chambers, obtained in Andahuaylas, 
April to June 2018.
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 The regression analysis for the content data of the fructooligo-
saccharides allowed to obtain the regression equation that has been 
adjusted to the data. Being the equation of the adjusted model that al-
lows to obtain a variation of the content of the fructooligosaccharides 
the following:

varFOS=51,7567−0,11635∗T−0,558658∗HR+0,00432167∗IL+0,008
85167∗T∗HR−0,00344267∗T∗IL−0,000402167∗HR∗IL+0,000097∗
T∗HR∗IL

 Where the values of the variables are specified in their original 
units; which allowed to evaluate this function and make the response 
surface graph, which indicates that the blue zone shows the least vari-
ation of fructooligosaccharides at 60 days of storage, that is, under the 
conditions that intersect the factors that mark in this Fructooligosac-
charides are conserved in greater amounts, resulting in up to 26% in 
vation of the FOS content (Figure 2).

 To better confirm what was shown by the response surface, we 
proceeded to optimize and observe what are the factors where the 
smallest variation of FOS can be obtained or also referred to as the 
conservation of FOS in greater quantity. Thus, at a temperature of 
15°C, a relative humidity of 70% and a light intensity of 200 lumen 
allow an optimal variation of the fructooligosaccharide content of 
25.48% (Table 4).

 This optimal storage range is similar to what it indicates [31], 
“The post-harvest storage of jicama must be carried out at refriger-
ation temperatures and a relative humidity between 60 and 70%” for 
the use of Fructooligosaccharides (FOS), the rate of deterioration and 
moisture loss must be reduced and the root rot ”, likewise Jicama 
tubers are highly susceptible to cold damage and should be stored be-
tween 12.5ºC to 15ºC, and moderate relative humidity (70-80%). Un-
der these conditions, the tubers can withstand 2 to 4 months [39], On 
the other hand, the content of oligofructans after one week in storage 
at room temperature may decrease by 30 to 40%; our case being much 
lower (25.48%) and in 60 days, this is because the storage system was 
controlled both in the temperature, relative humidity and light inten-
sity established [5,40].

 We can affirm that when storing yacon fresh at the temperature 
(15ºC) considered low, relative humidity considered high (70%) and 
a light intensity of 200lumen, the loss of FOS reaches a 25.48% vari-
ation compared at the beginning, that is to say that the fresh yacon 
can be preserved in Chamber three (C3), the concentrations of Fruc-
tooligosaccharides (FOS) being at the beginning (0 days of storage) 
of 104.42 mg/10g and final (60 days of storage) 77.82mg/10g, which 
implies a variation of 25.48%, at this time, thus ensuring durability 
of the product with respect to its content of fructooligosaccharides as 
obtained with the optimization results shown in the table 4, the one 
that allows us to accept the hypothesis that indicates that the tempera-
ture below 15°C, the relative humidity above 50% and the intensity of 
storage light allows to preserve a high content of fructooligosaccha-
rides in the stored yacon root, assure ndonos conditions the storage in 
a controlled yacon can preserve FOS in amounts similar to the crop.

Conclusion
 Under the eight storage conditions, there is a decrease in the content 
of Fructooligosaccharides; the handling of the factors temperature, 
relative humidity and light intensity, in low conditions, in a controlled 
and combined way allow variations of the FOS content of up to 
25.47% in 60 days of storage; being these of 15ºC of temperature, 
70% of relative humidity and 200 lumen of luminous intensity.
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