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Abstract

Yacon storage parameters were determined to preserve inulin in amounts similar to that harvested.
The variety under study was "Yurac Llajum", collected with 7.5 months of physiological maturity.
Storage was carried out for 60 days, in conditioned rooms of temperature, relative humidity and light
intensity, each factor in two levels. To obtain responses of the conservation of the inulin content of the
yacon, to analyze the analysis of the inulin content at the beginning and end of storage, the results were
analyzed by means of a 2 * 3 factorial arrangement, which obtained a response surface that the fresh
yacon informed us It has obligations at a temperature of 15°C with relative humidity of 50% and a
light intensity of 400 Im to obtain a variation of 50.16% in inulin content. Concluding that the fresh
yacon storage parameters in a controlled manner allowed a variation of up to 50.16%.
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Introduction

Yacon (Smallanthus sonchifolius) is a plant whose root is
mainly attributed to its high content of oligofructans, which
cannot be hydrolyzed by the human organism and cross the
digestive tract without being metabolized, Low calories than
sucrose, excellent for low-calorie diets and diabetic diets,
reduce blood glucose levels. After harvesting, a progressive
decrease in oligofructans occurs while that of simple sugars
(glucose, fructose and sucrose) will increase. These two
processes, the synthesis and degradation of oligofructans, are
under enzymatic control, biochemical changes and storage
conditions. During storage, yacon roots are quite susceptible to
dehydration, as a consequence the roots lose weight and
acquire a rough appearance that makes them less attractive to
the consumer, changing their general characteristics. Studies
have shown that storage conditions (temperature, relative
humidity and light intensity) are environmental factors that
alter the composition of yacon sugars (oligofructans and
inulin), turning them into simple sugars such as glucose, the
same as incompatible with the diabetic patient [1-4].

The storage of fresh yacon is an important aspect for the
conservation of fructooligosaccharides; however, there is
limited information on the forms or mechanisms of
conservation in fresh, since in a few days most of the root
degrades and consequently generates high glucose levels. Thus,
the yacon reflects little expectation by marketers and final
consumers because it does not have standardized parameters
for post-harvest handling and storage; that when consumed
they have the probability of being rejected or observed, in
addition to threatening health, from the point of view of safety,
it is more important to indicate that there are no specific
storage studies that explain the changes that occur in the
process of postharvest of yacon root. Reasons that allowed us
to ask the following question:
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( What storage parameters does the fresh yacon require in order
to preserve the inulin in amounts similar to that harvested? And
whose objective was to determine the storage parameters
required by the fresh yacon in order to preserve the inulin in
amounts similar to that harvested; This allowed the selection of
temperature, relative humidity and intensity of storage light
that retains inulin in amounts similar to that harvested.

Seminario and Valderrama, indicate that the properties of yacon
have been attributed to its oligofructan content, so it is
important to know how the chemical composition of the roots
changes in their main stages of development; in studies on the
subject indicates that after harvest a progressive decrease in
oligofructans will occur while that of simple sugars (glucose,
fructose and sucrose) will increase. These two processes, the
synthesis and degradation of oligofructans, are under enzymatic
control, biochemical changes and storage conditions. During
storage, yacon roots are quite susceptible to dehydration when
exposed directly to the sun. As a result of dehydration, the
roots lose weight and acquire a rough appearance that makes
them less attractive to the consumer, changing their general
characteristics, if the roots are not going to be commercialized
directly after the harvest and are going to be stored for a short
period In time, it is preferable to pack with dirty roots (with
soil). In this way the soil adhered to the roots can help
dehydration be slower and less damage occurs [1,3].

COUNCIL indicates that yacon tubers are fusiform and can
vary considerably in size, shape and flavor, the color of their
shell varies from dark brown to opaque purple, even to orange.
Internally the tuber is presented as a transparent fleshy body.
Tubers generally weigh 200 to 500 grams, but can weigh 2
kilograms. Also It indicates that for now in the market there is
no official standard for classifying roots according to a caliber
or size. In order to estimate the type of roots produced and the
relative proportion in the harvest, in Cajamarca the roots have
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been classified into 03 categories: Roots of first. They are the
largest, exceed 20 cm long, is between 07 and 10 cm of greater
diameter and a weight not less than 300 g. Roots of second.
They are those that are between 12 to 20 cm long and 05 to 06
cm in diameter with a weight that varies from 120 to 300 g.
Roots of third. Considered non-commercial, its length is less
than 12 cm, its greater diameter is less than 05 cm and its
weight is less than 120 g [1,5].

Regarding  nutritional  characteristics and  chemical
composition, yacon has been the subject of attention in decades
since it provides bioactive compounds of importance for
human health. Its composition is made up of main substances
of water and carbohydrates, which are mainly stored in the
form of oligofructans and other free sugars. The percentage of
root water is around 83 to 90% of the fresh weight. Due to the
high water content, the energy value of the root is low. This
factor also reduces its useful life in environmental conditions
over 7 days since the internal tissues of roots are very delicate,
characteristic that predispose to suffer cracks or be easily
broken during harvest, packaging and transport [6-8].

Yacon has been reported as a good source of phenol oxidase,
which catalyzes the oxidation of phenolic compounds to
quinones, after polymerization, they have the typical pigments,
known enzymatic oxidation of brown or black color in fruits
and vegetables. According to Butler and Rivera, it is important
to consider the sub-layer of the shell when studying the yacon
extraction process because it is this part of the root that tannins
and polyphenols are centered. During peeling and the yacon
processing membrane when cells break, polyphenols and
tannins are available to mix with other components, especially
cytoplasmic enzymes, which cause a process known as
enzymatic oxidation, and the skin quickly becomes dark when
exposed on air. This oxidation is carried out in the presence of
free oxygen, quickly darkening the surface of the yacon
tuberous roots, damaging their appearance and their products.
From a practical point of view, the control of enzymatic
browning is generally limited to the inhibition of the enzyme
because polyphenol oxidase and peroxidases enzymes are
responsible for the browning reaction [9-11].

With respect to the carbohydrates present in the yacon, among
sugars found are monosaccharides fructose and glucose, and
sucrose and oligofructans fructooligofructans, and traces of
starch and inulin. The roots contain between 10 and 14% dry
matter, which is composed of approximately 90%
carbohydrates. The sugar composition varies significantly due
to factors such as agriculture, season, harvest, weather and
postharvest temperature. Unlike most tubers and roots that
store carbohydrates in the form of starch, yacon roots contain
essentially fructooligofructans (OLIGOFRUCTANOS), 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.
There is a 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
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speaking, the yacon contains only fructooligofructans. The
difference between OLIGOFRUCTANOS and Inulin is the
number of fructose molecules. In inulin, this number varies
between 2 and 60, while in OLIGOFRUCTANOS the number
ranges between 2 and 10. This means that
OLIGOFRUCTANOS can be considered as an inulin
subgroup, so some authors prefer to use the term inulin-type
fructooligofructans when more accurately refer to the nature of
these sugars. Although the proportion of each can vary, sugar
can be considered on the basis of the following dry
composition of 40 to 70% OLIGOFRUCTANOS, 5 to 15%
sucrose, 5 to 15% fructose and less than 5% glucose
[1,6,12,13].

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 fructan is a trisaccharide. 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 [14].

Goto et al. demonstrated that the oligosaccharides present in
the yacon have fructose residues linked by beta glucosidic
bonds (2-1) with a terminal sucrose unit and carrying one of
the inulin type [15,16].

Yacon tuberous roots have a high content of soluble sugars
(820 £+ 30 mg/g of dry matter), fructose (589 + 38 mg/g of dry
matter) and low polymerization fructans (GP 3 to 10). Low
samples of inulin (13.50 £ 0.40 mg/g of dry matter) were
found, with a medium degree of polymerization of 14.5 [17].

Fructans are natural carbohydrates from reserves found in
numerous plants, particularly in the Compositae 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. 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 fructose bonds [18-20].

Goto et al. demonstrated that the oligosaccharides present in
the yacon have fructose residues linked by beta glucosidic
bonds (2-1) with a terminal sucrose unit and carrying one of
the inulin type [21].

Asami et al. observed the fluctuation of the content of fructans
in the tuberous roots of yacon during their development and
storage. The average degree of polymerization of these
fructans increased linearly during or unfolding, after harvest
decreased, while the free fructose, sucrose and glucose
contents increased [22].

In behavioral studies of reserve carbohydrates in yacon
tuberous roots, I observe an expressive decrease in the content
of fructans of 101.3 mg/g in the newly exposed root, at 84.31
mg/g on the second day of sun exposure, stabilizing for this
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period. This is due to enzymatic degradation of these
compounds, which is the same when the root is stored at low
temperatures [23].

Inulin is an energy reserve carbohydrate present in more than
36,000 plant species, first isolated in 1804, from the Inula
helenium species, by a German scientist named Rose. In 1818,
Thomson, a British scientist, gave him the current name
(Stephen y Phillips, 2016).

Inulin is made up of fructose molecules linked by f-(2 — 1)
fructosyl-fructose bonds, the term "fructans" being used to
refer to this type of compound.

Fructose chains have the particularity of terminating in a
glucose unit linked by an o-(1,2) bond (residue -
Dlucopyranosyl), as in sucrose, but also the terminal monomer
of the chain may correspond to a residue of pB-D-
fructopyranosyl.

The species with the highest inulin content store it in the
underground part of the plant. Other species (for example in
the Gramineae family) have high fructan contents in their
aerial parts, but with low extraction performance at the
industrial level.

There are few appropriate species to obtain erectiles at the
industrial level, at the beginning of this decade, inulin was
obtained from two species: the pataca (Helianthus tuberosus)
and the chicory (Cichorium intybus), the latter being the
industrial source more common [24-27].

Inulin is a non-digestible carbohydrate that is present in many
vegetables, fruits and cereals. At present, at the industrial level
it is extracted from the root of chicory (Cichorium intybus) and
is widely used as an ingredient in functional foods.

Inulin and its derivatives (oligofructose,
fructooligosaccharides) are generally called fructans, which are
basically made up of linear chains of fructose [28].

Inulins are fructan-type carbohydrates, fructose polymers,
linked by B-type glycosidic bonds (2-1). Inulins have a degree
of polymerization greater than 10 units, they 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 the health and well-being of the colon through the
strengthening of its epithelium and prevent colorectal
pathologies such as cancer [29,30-33].

Inulin-type fructans from natural foods have lower caloric
values due to the B (2,1) bonds that link the fructosylfructose
molecules. These configurations b of glycosidic bonds are
resistant to enzymatic hydrolysis in the human gastrointestinal
tract. Thus, fructans are fermented by saccharolytic
Bifidobacteria, resulting in final products, such as short chain
carboxylic acid (mainly acetate), propionate and butyrate.
These inulin-type fructans and oligofructose have been
classified as prebiotics and they are promising as functional
foods because they are able to stimulate the growth and/or
activity of the bacteria of the intestinal flora [20,34].
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In dietary terms, fructan has a low energy value (1.5 kcal/g),
which becomes relevant for patients with DM1 and those with
excessive obesity. This supports the possibility that this
functional food can exert lipid-lowering effects, reducing the
risk factors of atherosclerotic cardiovascular disease in diabetic
patients [29,35].

Methods

To achieve the stated objectives, the research was developed
following the flow chart step by step, which leads to the
experimental design, which is detailed in Figure 1. To select
the temperature, relative humidity and intensity of storage light
that retains inulin in amounts similar to that harvested.

From Figure 1, since the storage operation, 08 controlled
storage conditions were created. This allowed the use of
CLIMATIZED CAMERAS (with record of temperature,
relative humidity and light intensity, for each condition);
Stored samples of fresh yacon were extracted every 30 days,
according to the analysis to be performed, the weight was
recorded and analyzed.

The brix grades, the inulin content (which were sent to the
laboratory). The data was processed having the 8 storage
conditions and for three repetitions, according to the design
matrix; To facilitate the analysis, the calculations were made
on the EXCEL electronic sheet and the statistical package
statgraphics centurion.

Experimental design and design matrix

It was carried out with a factorial design 23, which allowed
determining the storage parameters required by the fresh yacon
(Yuracc llajum variety), so that it retains inulin in amounts
similar to that harvested, in total there were 08 different
conditions that were generated from of factorial design 23,
considering 03 factors (temperature, relative humidity and light
intensity) with two levels each, all with three repetitions, as
detailed in Table 1.

Table 1: Structure for experimental design.

Temperature T°1 (25°C) T°2 (15°C)
Relative HR1(50%) | HR2 (70%) | HR1(50%) | HR2 (70%)
Humidity

Light  Intensity | 300 | 400 | 300 | 400 | 300 | 400 | 300 | 400

(lumen)

Answer Rep. 1 Y11 | Y112 | Y121 | Y122 | Y211 | Y212 | Y221 | Y222

Answer Rep. 2 Y111 | Y112 | Y121 | Y122 | Y211 | Y212 | Y221 | Y222

Answer Rep. 3 Y111 | Y112 | Y121 | Y122 | Y211 | Y212 | Y221 | Y222
3 3 3 3 3 3 3 3

Legend: T°i=Storage Temperature; HRj=Relative Humidity; ILk=Intensity of
Light; Yijkl=Dependent variable (Inulin).
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Independent variables:

Storage Temperature (T°): HR2: 70%
T°1: 15°C Light intensity:
T°2: 25°C IL1: Light intensity 1 (300 lumen)

Relative Storage Humidity (HR):
HRI: 50%

IL2: Light intensity 2 (400 lumen)

Dependent variables: Amount of inulin.

L fth o | ETH ietywith
¥ACON ROOT Yagan of the Yurace lajum variety with 3
vegetative perod of 7-8 months
- Accordingtoitsshape, size andweight; 1%
LESEND: CELASEIFICATION | chiorinated water wash and temperature of
T TEMPERATURE WASHING 10°C
HR;: RELATWE HUMEDADE * '
L1ght, Intersty 1
Zyght, Intensty 2 BOXED Eham.herswit.h.atemp%rature of 10 * C and
Relative humidity of 75%
TFLﬁ.NtFDRT In adequate conditions of T2 and HR and
packed
*\ In conditioned chambersof T %, HR, IL; for 02
STORED manths with comtrols of Weight, Inulin [HPLC), at
I 0 and 60 days.
=, [15°C) T*; [25°C)
I [
v ¥ v ¥
HR: (70%) HR, (50%) HR: (70%)
HR; [50%)
IL1 Lz IL1 L2 IL1 L2
L1 L2 . . . .
1 1 [ | ; | | ! |
AMNALYSIS AND

A sample will be_taken from each chamber for
REGISTRATION C ;.. " )

¥

INTERPRETATION

With the help of statistics, data ecords and
bibliography, the proposed objectives will be
answered.

Figure 1: Flowchart to determine the storage parameters required by the fresh yacon (Yuracc llajum variety) stored.

Results the FOS and inulin and to carry out the selection the process of
optimization of the factors that allow to obtain a maximum
Inulin content or a minimum percentage variation of the inulin
content was carried out, with respect to the start as detailed

below:

For the selection of the temperature, relative humidity and
intensity of storage light that manifests a high inulin content in
the stored yacon root, we proceeded to evaluate and analyze
statistically by means of a factorial arrangement 23, in order to
determine what the factors are that influence the variation of
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Table 2: Results of the variation of the inulin content of the fresh yacon root (yuracc llajum variety) stored in the 08 chambers.

Temperature (°C) 25 15
Relative Humidity (%) 50 70 50 70
Light Intensity (Im) 300 400 300 400 300 400 300 400
Almac./Dia C1 (67 C3 Cc4 C5 Cc6 c7 c8
21,66 40,27 33,32 27,95 37,66 26,33 35,96 32,77
20,97 36,79 32,71 27,76 36,48 26,56 36,31 33,10
0 21,26 37,86 32,96 27,86 37,04 26,43 36,16 33,01
6,26 11,17 10,18 13,29 16,98 14,14 14,31 15,16
7,85 11,16 10,95 13,34 17,22 12,34 14,34 15,19
INULIN (g/100 g) 60 7,38 11,18 10,57 13,38 17,12 13,04 14,43 15,17
15,40 29,11 23,14 14,66 20,68 12,19 21,65 17,61
13,12 25,64 21,76 14,42 19,26 14,22 21,97 17,91
INULIN variation(g/100 g) 13,88 26,68 22,40 14,48 19,92 13,39 21,72 17,83
71,09 72,27 69,45 52,44 54,91 46,30 60,21 53,74
62,58 69,67 66,51 51,94 52,80 53,55 60,51 54,12
Percentage (%) 65,30 70,48 67,95 51,96 53,79 50,65 60,08 54,03
Average percentage (%) 66,32 70,81 67,97 52,12 53,83 50,17 60,27 53,96
40,00 38,31 37,06

Ca Cc2 c3 c4a C5 (o C7y c8
Camara de Almacenamiento

@ 0 Dias de Almacenamiento M@ 60 Dias de Almacenamiento j

Figure 2: Variation of inulin content of fresh stored yacon.
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Figure 3: Pareto diagram to see what factors influence inulin
variation.

Estimated Response
Surface Light Intensity = Inuhn|
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. 528
546
56,4
59,2
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70  Relative Humidity 708

7
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Figure 4: Response surface for inulin variation. Note: Estimated
Response Surface Light Intensity = 350.0.

Table 3: Analysis of variance with the most influential effects on the
variation of the inulin content of the yacon (variety yuracc llajum)
stored.

Source Sum of Gl | Middle Reaso | P-value
squares Square n-F
A:Temperature 569,888 1 569,888 114,30 | 0,0000
B: Relative | 17,4251 1 17,4251 3,49 0,0826
Humidity
C: light intensity 170,827 1 170,827 34,26 | 0,0000
AB 279,006 1 279,006 55,96 | 0,0000
AC 0,738504 1 0,738504 0,15 0,7061
BC 197,973 1 197,973 39,70 | 0,0000
ABC 117,528 1 117,528 23,57 | 0,0003
blocks 5,03481 2 2,5174 0,50 0,6142
Error total 69,8055 14 | 4,9861
Total (corr.) 1428,23 23
R-square=95,1124 percent, R-square (adjusted by g.1.)=92.9741 percent.

Equation 1: Regression equation that allows to obtain the
variation of inulin content

Inulin=228,128 -13,2768*T — 2,90708* HR — 0,756875* 1L +
0,241617*T*

Table 4: Optimization of the response for the smallest variation of
inulin.
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Factor low high Optimum
Temperature 15,0 25,0 15,0
Relative Humidity 50,0 70,0 50,0

light intensity 300,0 400,0 400,0
Goal: minimize INULIN, Optimal value=50.1667%.

Discussion

Table 2 shows the variation of inulin content, obtained in each
sample of fresh stored yacon, determined at the beginning and
end of storage, which led to the variation of the content of this
component in the yacon root stored under the Eight storage
conditions.

From the results obtained, we observe that during the storage
(60 days) of the roots of fresh yacon (variety yuracc llajum), all
samples suffer a decrease in Inulin content. Note that, the
yacon stored in chamber two (C2: T°=25; HR=50; IL=400) has
the highest percentage of variation of Inulin (70.81%) and the
yacon stored in chamber six (C6: T°=15; HR=50; IL=400)
presents less variation (50.17%), all with respect to the initial
Inulin content of each yacon (yuracc llajum variety) stored,
which is illustrated in Figure 2.

Table 3, indicates the Analysis of Variance (ANOVA) of the
influence of the factors on the variation of INULIN, this
allowed to observe the factors under study that influence the
variation of the inulin content, as well as the statistical
significance of each effect comparing its average square
against an estimate of the experimental error. In this case, five
of the effects have p-values below 0.05, indicating that they are
significantly different from zero to 95.0% confidence level,
these factors being the ones that significantly influence the
variation of the fresh yacon inulin (yuracc llajum variety)
stored, at an R-Square statistic of 95,1124%. What is also
stated with the Pareto diagram (Figure 3).

The regression analysis for the inulin content data allowed to
obtain the regression equation that has been adjusted to the
data, this allowed obtaining a variation of the Inulin content as
well as obtaining the response surface (Equation 1). Variable
values are specified in their original units. To evaluate this
function, the response surface plot was made (Figure 4) which
indicates that the blue zone shows the least variation of
fructooligosaccharides after 60 days of storage and is the area
where the conservation of inulin, that is, in greater quantity
being almost equal to the first day of storage.

To better confirm what was shown by the response surface, the
Response was optimized and the factors in which the smallest
variation of inulin can be obtained or also referred to as the
conservation of inulin in greater quantity, obtaining the results
shown in Table 4. We can observe that a temperature of 15°C,
a relative humidity of 50% and a light intensity of 400 lumen
allow us to obtain an optimal variation of 50.1667%, which
represents a conservation of 13.17 g/100 g of 26.44 g/100 g of



inulin as the largest amount and conserved in chamber six (C6:
T=15°C; RH=50%; IL=400 lumen), (Table 2 and Figure 2).

Similar values were found by Asami et al. who indicates that
the inulin content gradually decreased to 45% during 02 weeks
of storage at 25°C. Likewise Chasquibol et al., Seminario and
Valderrama indicates that oligofructan content after one week
in storage at room temperature may decrease by 30 to 40%. So
we can say that when storing fresh food at a temperature
(15°C) considered low, relative humidity considered low (50%)
and a light intensity of 400 lumen, the loss of inulin reaches a
50.1667% variation in comparison at the beginning, that is to
say that the fresh yacon can be preserved in six (C6: T°=15°C;
RH=50%; IL=400 lumen), thus ensuring durability of the
product with respect to its inulin content [1,22,36-38].

Conclusion

A storage chamber with a temperature of 15°C, relative
humidity of 50% and light intensity of 400 lumen, in a
controlled way, allows a variation of 50.16% in the content of
Inulin within 60 days of storage of the fresh yacon (yuracc
1lajun) stored.
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