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INTRODUCTION 
Yacon (Smallanthus sonchifolius) is an underutilized tuber crop that was first cultivated 
by pre-Inca societies in the Andes Mountains.  There has been a recent increase in 
interest in Yacon because it contains the largest known vegetal source of 
fructooligosaccharides (FOS), a type of sugar that has a lower caloric value than other 
types of sugar (approximately 25 to 35% of the calories of normal carbohydrates).  The 
consumption of FOS is also known to promote better health of the intestinal tract. 
 
With this in mind the International Potato Center (CIP) with funding from the Erbacher 
foundation of Germany and the Swiss Agency for Development and Cooperation (SDC) 
has developed an innovative product: yacon syrup.  The technology for production was 
designed so that the product could be processed in rural areas, in close proximity to the 
places where yacon is traditionally cultivated.  This allows some of the aggregate value 
of the product to remain with poor yacon producing communities.  For full details on the 
technology and the product see: Yacon Syrup Principles and Processing (Manrique et al., 
in press).  
 
The most labor intensive and costly stage in the production of the syrup is the washing 
and peeling of the yacon tubers in preparation for processing.  Like washing, peeling 
requires a large amount of labor.  Furthermore 20% of the raw material is removed during 
this process, a quantity that could be reduced without harming the quality of the final 
product.  A pilot plant requires from 1-2 people working for washing and 2-3 laborers for 
peeling.  These are process that could be mechanized to save labor.  
 
This report presents several peeling methods in addition to economic, technical, and 
marketing considerations for each method. An innovative method for peeling yacon using 
a brushing machine is presented in detail.  This method provides a cost effective and 
technically feasible method for processing yacon that is sensitive to the marketing needs 
and customer acceptance of the product. 
 
Until now very little research has been conducted in the area of yacon peeling due to the 
lack of interest in the crop from processors.  It is hoped that the technology presented in 
this report will increase the profitability of yacon processing and consequently increase 
the income of yacon processing communities in rural Peru as well as in other yacon 
processing countries in the developing world. 
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BACKGROUND 
Yacon is the name commonly given to the plant and its storage root.  Yacon is native to 
the Andean region and is known to have been cultivated and consumed since pre-Inca 
times.  It is only in the last few years when the health benefits of yacon have become 
known and it has reached the market in big cities that there has begun to be an interest to 
identify technologies for processing it. 
 
Yacon grows best at altitudes between 800 and 2800 meters above sea level.  It grows 
well in both temperate and subtropical regions (0-24º latitude).  Yacon is adaptable and 
insensitive to photoperiod or day length and can therefore also be grown in many other 
regions of the world.  The plant can grow to a height of 1.5 – 2.5 m.  Its leaves are 
triangular or heart shaped and can reach a length of up to 30 cm (Seminario et al., 2003) 
 
The form and size of the tuberous storage roots are similar to some varieties of sweet 
potato.  Yacon tubers have a highly variable shape, ranging from spherical to oval to long 
and thin.  It is common that roots, though smooth, can have irregularities and deformities 
such as cracks and constrictions as well as severely contorted tubers that make peeling 
difficult.  Some cultivars are more likely to form smooth regular tubers than others. 
 
The roots have a thin resinous brown, purple or red bark.  For recently harvested roots the 
bark can be removed relatively easily with an abrasive action such as rubbing with the 
back of a fingernail.  After harvest the bark hardens as the tuber ages and the bark 
becomes more difficult to remove.  There is a sub-layer under the bark 1-2 mm thick, 
which though similar in appearance to the flesh of the root, forms a component of the 
skin.  In some varieties of yacon this layer can be separated from the root but in most 
cases is firmly attached. 
 
It is important to consider the sub-layer of bark when studying the peeling process of 
yacon.  This part of the tuber is rich in tannins and polyphenols, which are dominated by 
chlorogenic, cafeic, ferulic and galic acid and quercetin and account for ~ 200 mg/100g 
of fresh weight of the root (Manrique et al., in press). 
  
During the peeling and processing of yacon, when the cell membranes are cut or 
ruptured, polyphenols and tannins are allowed to mix with other components 
(cystoplasmic localizer enzymes), which cause a process known as enzymatic oxidation.  
This is undesirable since it causes large amounts of oxidation and results in the final 
yacon syrup’s having a slightly bitter and mildly spicy flavor.  During peeling, therefore, 
this layer should be removed as completely as possible. 
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PEELING 
Yacon is fragile and can have a highly variable and contorted shape.  This presents many 
challenges for peeling and means that conventional mechanized peeling methods for 
fruits and tubers do not work.  For example: An attempt to peel yacon in an abrasive 
peeler, similar to those used by restaurants for peeling potatoes, results in large amounts 
of material being removed and broken up because these peelers are designed for spherical 
fruits and vegetables and do not work for yacon which is rarely spherical.  A special 
machine needs to be designed for yacon, which does not maltreat the yacon or generate 
waste.    
 
Trials at the International Potato Center in Lima were conducted to evaluate the relative 
merits of several other peeling technologies.  These include: 

¨  The use of high pressure steam, a technique used for peeling potatoes 
and tomatoes. 

¨  Blanching, used for tomatoes 

¨  Lye dip, used for a range of soft fruits and vegetables. 

¨  Brushing, a method conceived for the purpose of yacon. 

Steam 
Yacon tubers were steamed in a domestic pressure cooker.  The pressure cooker had a 
low level of water in the bottom and a platform placed where the yacon tubers would be 
placed so that no part of them would be submerged in the water. 
 
The water in the pan was brought to a rapid boil and the yacon was placed on the 
platform in the pan.  The time was measured from the moment that the lid was closed to 
the moment that the yacon was removed from the pan.  The tests were carried out for two 
varieties of yacon, one brown and one red (Table 1). 
 
The steam did not soften the surface of the brown yacon.  After 15 minutes it softened the 
flesh beneath the skin of the red variety enough so that the skin could be removed by 
hand and though some flesh was removed with the skin, wastage was minimal. 
 

Table 1: Details of tests conducted in a pressure cooker 

Time Surface effect Flesh effect 
300 sec. None None 
600 sec. None Flesh begins to cook <1 mm beneath the surface. 
900 sec. Slight softening Flesh cooked ~3 mm beneath the surface.  The red 

type yacon could be peeled after this treatment; the 
brown yacon could not be peeled. 
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Blanching 
Yacon were submerged in vigorously boiling water in an attempt to soften or detach the 
peel from the flesh.  Two varieties of yacon were used, one with brown skin and the other 
with red.  The test was repeated for several time intervals (Table 2). 
 
Boiling yielded the best results for the red skinned variety of yacon.  Some flesh was 
wasted as the peel was removed from the tuber.  This method did not work with the 
brown skinned yacon variety. 
 

Table 2:  Effect of boiling yacon for different lengths of time 

Time Surface effect Flesh effect 
30 sec. None None 
90 sec. None Softens the tissue approximately 1 mm below the 

surface.  Red skin type is slightly easier to remove.  
Brown skinned type is no easier to remove. 

180 sec. None Flesh begins to cook ~2 mm beneath the surface.  Red 
variety skin can be removed now.  Brown skinned 

variety cannot be removed. 
600 sec. None Brown skinned variety begins to cook fully. The skin 

still cannot easily be removed. 
 

Lye dip 
A hot alkaline or caustic, known as lye, dip has commonly been used as a method for 
peeling tomatoes and other soft fruit such as papaya (Carica papaya) and peaches 
(Prunus persica). 
 
A solution at 100Û&�RI�� �� -10% caustic soda (sodium hydroxide) is often used.  The fruits 
to be peeled are submerged in the solution for up to 4 minutes after which they are 
washed with jets of water and bathed in a solution of citric or ascorbic acid to neutralize 
any remaining caustic residues, transforming them into sodium. 
 
In the case of yacon, trials were carried out using a range of concentrations of caustic 
soda.  It was found, however the lye could not penetrate the resinous outer bark of the 
tuber at concentrations of less than 9% and for times exceeding 3 minutes.  This level of 
concentration is within the legal limit allowed for use in food products. 
 
It was found that if the yacon was scrubbed prior to dipping, then the caustic solution was 
effective at concentrations of 3% and times of 20 seconds.  This is because the resinous 
layer was partially removed and damaged by the scrubbing action allowing the caustic 
soda to penetrate more quickly and at a lower concentration.  This concentration and time 
are considered safe and this is an accepted method of peeling on an industrial scale. 
 
After the yacon were removed from the lye dip they were rinsed and exposed to a 3% 
citric acid solution to neutralize the effect of the lye.  Losses associated with this method 
of peeling were approximately 14% of the original tuber weight. 
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Sensorial evaluations were carried out to evaluate the effect of this method on the taste of 
the final product.  For these evaluations two samples were prepared in the laboratory, one 
peeled using a caustic soda dip, and the other using a standard swivel potato peeler.  Both 
samples were presented to a panel of 10 people who evaluated whether there was a 
difference in flavor between the samples and which they preferred.  All the members of 
the panel could discern the difference between the two samples and none preferred the 
one peeled with caustic soda.  Those who commented said that the taste of the new 
sample was acidic and tasted processed. 
 
Yacon syrup has a very strong market potential as a natural health food for dieters and 
diabetics.  Peeling the yacon with a lye dip could adversely affect customer perception 
and damage the product image.  Furthermore, when the caustic residues are neutralized 
with acid, sodium is formed as a by-product.  Sodium concentrations will be increased 
during evaporation, which will reduce the appeal of the product to a health conscious 
clientele. 

Brushing 
It was found that the resinous outer bark of freshly harvested yacon tubers could easily be 
removed with an abrasive scrubbing action.  This did not remove the fleshy inner peel.  
Tests were carried out to see what effect this had on the flavor of syrup made from 
scrubbed yacon.  Sensorial evaluations were carried out and it was found that the syrup, 
though similar to conventional syrup, had a bitter aftertaste. 
 
It was thought that this was caused by the high levels of polyphenoles that are present in 
the fleshy inner peel.  The polyphenoles act as oxidation catalysts during juicing.  It was 
therefore hoped that the use of an antioxidant might improve the flavor by reducing the 
bitter after taste. 
 
Tests were carried out using ascorbic acid (vitamin C) as an antioxidant.  It was found 
that the addition of 1.5% by weight of ascorbic acid was sufficient to effectively control 
oxidation after juicing and during evaporation. Sensorial evaluation showed that this 
method covered the bitter aftertaste of the syrup, but also increased the acidity of the 
syrup.  In general it was found that the Peruvian palate preferred the original syrup while 
the European/North American palate preferred the more acidic syrup. 
 
In order to achieve customer acceptance in the health food market it is important to 
maintain the image of an all natural product.  For this reason a natural source for an 
antioxidant is important. Camu camu (Myrciaria dubia) was identified as a potential fruit 
containing 2700 mg/g of ascorbic acid.  Camu camu is a small spherical fruit, 
approximately 20 mm in diameter that is cultivated close to rivers and in wetlands in the 
Amazon basin.  This fruit can be purchased in urban centers in Peru either as a fresh fruit 
or processed into powder. 
 
Experiments were conducted adding different amounts of pulped camu camu to the yacon 
juice.  This was found to have a good antioxidant effect at concentrations greater than 
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1.5% of weight of fresh yacon roots.  Trials were also conducted using processed 
powdered camu camu in the same concentrations achieving similar levels of oxidation. 
 
In sensorial evaluations, the taste of the sample with fresh camu camu at a concentration 
of 1.5% was favorably received.  The panelists did not like the taste of the syrup with 
camu camu powder and some people still preferred the original syrup made with peeled 
yacon.  It was found that in general the Europeans and North Americans who tasted both 
samples generally preferred the sample made with fresh camu camu.  For this reason it 
was thought that this could be an interesting, new version of the same product, produced 
for export. 
 
Based on the success of brushing as a method of peeling yacon, it was decided that a 
machine should be developed to wash and scrub the yacon, reducing the amount of labor 
required for processing. 
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MECHANIZATION 

Economic justification 
The costs of production for yacon syrup are shown in Table 3.  Labor costs using the 
machine are less than with washing and peeling yacon, however, there would the higher 
costs of the input and pulping of camu camu.  
 
Table 3:  Daily production cost for yacon syrup in the current system. All currency values are in Peruvian 
new soles. 

 Fixed costs per  day of production 57 

Var iable costs:    

 Quantity Unit cost Daily production 

1. Consumables       

Unwashed yacon roots 329 0.3 99 

Lime 5.6 2 11 

Fuel, wood 50 0.5 25 
    

2. Labor    

Washing 2 15 30 

Peeling 3 12 36 

Extraction and evaporation (male) 1 15 15 

Extraction and evaporation (female) 1 12 12 

Bottling 1 15 15 

    

3. Packing and transportation    

400 g bottles and labels 68 0.7 47 

Freight Oxapampa-Lima (30 kg total) 12 1 12 

    

  Per  bottle Per  day 

Total costs to the processor   5.32 359 
Net income for  the processor   2.88 144 
 
The costs using the machine are shown in Table 4.  The table shows that using the 
brushing machine translates to a saving in labor costs 17 new soles per day. This is not 
such an important issue for a small processing plant.  If, however, a collective of farmers 
established a larger scale operation, then it would become a significant saving. 
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Table 4: Production costs for a day of production using camu camu at 1.5% as an antioxidant and a 
machine for brushing the yacon surface. 

 Fixed costs per  day of production 57 
Percentage of camu camu added 1.5   

Var iable costs:    

 Quantity Unit cost Daily production 

1. Consumables    

Unwashed yacon roots 329 0.3 99 

Camu camu 4.941 8 40 

Fuel, wood 50 0.5 25 
    

2. Labor    

Pulping camu camu 1 15 15 

Extraction and evaporation (male) 1 15 15 

Extraction and evaporation (female) 1 12 12 

Bottling 1 15 15 

    

3. Packaging and transportation   

 400g bottles and labels 68 0.7 47 

  Freight Oxapampa-Lima (30 kg total) 12 1 12 

    

   Per  bottle Per  day 

Total costs to the processor   4.98 336 

Net income for  the processor   3.22 161 

 

Design concept 
It was realized that the design of a machine to scrub yacon would have to operate at low 
velocity so that the yacon would not get broken as they were scrubbed.  After much 
thought a prototype was built this is shown in Figure 1. 
 
It consists of a bucket lined with scrubbing brushes and is placed inside a slowly 
revolving cement mixer.  Then a cylindrical brush is placed down the centre of the 
bucket.  In this way the yacon are forced to pass between the center brush and the brushes 
lining the bucket. 
 
Tests with this prototype were successful, causing 75-90% of the outer bark to be 
removed from yacon tubers.  This is a batch process where some yacon were put into the 
drum which is rotated for about a minute.  Problems were encountered for excessively 
small yacon, which remained unpeeled, and for excessively large tubers which got caught 
between the brushes and either jammed the brush or were damaged or broken. 
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Figure 1:  Photograph of the prototype machine. 

 
 
It is envisioned that an open or continuous system on a larger scale would overcome 
many of the problems of this prototype.  For example, a larger drum could accommodate 
the larger range of sizes of yacon.  The machine would have to have longer bristles so 
that it can also penetrate even the smaller tubers.  A concept for this design is in Figure 2. 
 

Figure 2:  Concept for a full scale prototype yacon scrubbing machine 
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The cylinder is lined with brushes and is inclined so that the yacon pass from one end to 
the other.  The drum is turned at low speed so that the yacon are scrubbed but not 
damaged.  The tubers enter one end and because of the incline pass through to the other 
end.  There is also a brush in the center, which will cause the yacon to rub against the 
outside brush.  The cylinder is mounted on a set of wheels that allows it to revolve.  
Though not shown, there would be a pulley and motor mechanism to rotate the drum. 
Such a machine could peel several tonnes of yacon tubers per day. 
 
Due to time constraints only a concept is provided here.  Please contact me 
grahambutler@engineer.com for design details and information about problems 
encountered. 
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DISCUSSION 

Economic implications 
The benefits of this machine represent not only savings in labor, but also savings in raw 
materials of over 19% compared with conventional peeling.  That is to say, the losses 
associated with this machine were <1% of the fresh weight of the tubers. 
 
The benefits of mechanization are debatable at the present time, but if labor costs rise, 
there would certainly be justification for the machine.  Furthermore, this type of 
mechanization would not be appropriate for an operation of this scale.  If the production 
of yacon syrup finds wider market acceptance and demand increases, then increased 
production would certainly merit further design refinement of this idea. 

Customer acceptance 
Customer perception was a major reason for choosing this method over caustic soda.  
Some of the other benefits include: 

¨  Works on all varieties of yacon that have been tested. 

¨  Losses are minimal with <1% of the weight of the fresh root being wasted. 

¨  Is totally natural which is important for the image and acceptance of the product. 

¨  Increases the content of FOS in the syrup, since the highest concentration of FOS is in 
the skin of the yacon (Manrique et al., in press). 

¨  Camu camu has its own medicinal properties such as enhancement of the immune 
system, and neurological benefits. 

¨  The use of camu camu benefits some of the poorest communities in the Brazilian and 
Peruvian Amazon jungle. 
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CONCLUSIONS 
The idea of mechanizing the washing and peeling process of yacon has been found to be 
sound in terms of savings during the processing of the product.  Not only are labor 
requirements reduced, but a saving is made of over 19% in the raw material entering the 
production line.  The use of brushing to remove the bark of the tubers also increases the 
content of FOS in the final product. 
 
The method described here is completely natural, preserving the status and image of the 
product as a natural health food that could also be offered as a fair trade product.  The 
addition of camu camu also enhances the image of the product as an exotic health product 
with medicinal properties.  The beneficial properties of camu camu have been 
documented. 
 
If yacon syrup were to be produced on a larger scale or if the cost of labor increased then 
it would be very beneficial to implement this concept of a yacon peeling machine.  The 
use of the machine and the addition of camu camu change the characteristics of the final 
product.  Many people preferred the new product, and it is thought that this product could 
have a market in Western Europe and North America. 
 
This machine has potential to help to increase the profitability of yacon processing, and 
therefore to increase the income of resource-poor yacon farming regions.  Significant 
investment is needed, however, to be able to develop this concept and carry out further 
tests and eventually build a full-scale working prototype. 
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