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The reasons for this presentation: 

 

1. It is certain that change is required 

in the “sugar”, i.e. sucrose, industry. 

 

2. In small industries change is even 

more critical since they often depend 

on export revenue to survive. 

 

3. It is usually more difficult to 

introduce co-products into small 

industries. 
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What can be done to help? 

 

1.Look at all possibilities for co-

products, bearing in mind the 

limitations introduced by the small 

size of the industry.  

 

2.Technical aspects of the co-

products should not be highly 

sophisticated. Time to reach 

production may be important.  

 

3.An easy way to start is to look at 

the literature, review existing data 

and do a large amount of lateral 

(even wishful) thinking. 
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This presentation will look at: 

 

Selected Fermentations 

Polyphenols 

Harvest residues 

Selected processes for bagasse 

Liquid sugars 

Selected polyols  

Animal feeds 

Oligo- and polysaccharides 

The use of total sugars 

Cane breeding. 

 

 

Apart from the sophistication aspect 

there will be no boundaries. 
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 VERY SIMPLE 



Sugar cane + Bamboo 

VERY PRACTICAL 

     6 
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Current (2014) Fermentations 

  

Product 

  

Production 

(million tons) 

Theoretical 

yield 

(ton/ton G) 

Growth to 

2020 (%) 

  

Alcohols 

  
100 0.5 4 

Amino acids 

  
7 0.9 6 

Organic 

acids 

  

3 1.0 9 

Polymers 

  
0.2 0.9 14 

Vitamins 

  
0.2 1.0 3 

Antibiotics 

  
0.2 1.0 4 

Enzymes 

  
0.1 1.0 8 

Fermentations 

7 
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Fermentations 

Dextran from Leuconostoc 

Mesentoroides (LM) 

 Mc Callip & Hall (1938) carried out extensive 

laboratory work with frost damaged cane. 

 

 LM was identified in the juices, isolated and 

cultured.  

 

 Cultured LM  produced dextran by the  

fermentation of sucrose solutions; crystals of 

d-mannitol were recovered from the dextran-

free solution residues. 
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Fermentations 

Giglio & McCleskey in 1953 cultured 4 different 

types of LM in the laboratory, added the 

bacteria to aqueous sucrose solutions and 

analysed the solutions over time: 
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A similar approach was taken by 

Lacaze et al (2007).  

 

The authors state that the structure 

(length of chain, degree of branching, 

type of links) of the dextran depends 

on the type of LM used. 

 

 When sucrose is depleted the 

bacteria use the fructose which has 

been accumulated. 

 

 Dextrans molecular weights range 

from 1x 104  to 2x 107  and higher; 

temperature, concentration of 

sucrose and type of LM affect the 

molecular weight.  

Fermentations 
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All is not bad about LM. 

 

 It initiates sauerkraut and other vegetable 

fermentations.  

 

LM starter cultures are used in dairy and 

bread dough fermentations.  

 

Commercial productions of dextrans and 

levans by LM, for use in the biochemical and 

pharmaceutical industries, have been 

carried out for more than 50 years. 

 

Fermentations 
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Fermentations 

Dextrans are used in the manufacture of  

 

• blood plasma extenders 

 

• heparin substitutes for anticoagulant 

therapy and cosmetics 

  

• the manufacture of Sephadex gels or 

beads,  used for industrial and 

laboratory protein separations 

 

• Currently, LM has significant roles in 

both industrial and food 

fermentations.  
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Fermentations 
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POLYPHENOLS 

  Polyphenols are chemicals found in 

many plants.  

 

They help the plant fight stresses.  

 

They can be chemically complex. 

 

 Polyphenols are the biggest group of 

phytochemical (occur naturally in plants) 

compounds. 

 

 Some are responsible for colour and 

other organoleptic (aspects of food/substances 

experienced via senses e.g. taste, sight, smell) 

properties, such as the deep purple of 

blueberries and the smell of garlic. 
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They usually have no calorific value but 

influence human metabolism.  

 

They help to prevent the damage of 

free radicals in the body. 

 

 Polyphenol-rich diets have been linked 

to many health benefits.  

POLYPHENOLS 



16 

POLYPHENOLS 

There are many types of polyphenols: 

 

1. Phenolic acids: 

 

 Phenolic acids are can be divided into 

two main types: benzoic acids and 

cinnamic acids derivatives.  

 

 

2. Flavonoids: 

 

 Flavonoids are polyphenolic molecules 

soluble in water.  

 

They can be divided into many 

subtypes; some give rise to yellow, red 

and  purple-red colours. 
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POLYPHENOLS 

 

3. Anthocyanins : 

 

  Anthocyanins are the principal 

components of the red, blue and 

purple pigments of the majority of 

flower petals, fruits and vegetables, 

and certain special varieties of grains. 
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4. Polyphenolic Amides: 

 

 Two types of polyphenolic amides are 

major components of common foods:  

 

• Capsaicinoids in chili peppers and 

avenanthramides in oats. 

 

•  Capsaicinoids  are responsible for the 

hotness of chili peppers but have also 

been found to have strong antioxidant 

and anti-inflammatory properties.  

POLYPHENOLS 
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 Currently, over 8000 phenolic 

structures have been identified, of 

which more than 4000 belong to the 

class of flavonoids; several hundreds 

occur in edible plants. 

 

 However, it is thought that the total 

content of polyphenols in plants is 

underestimated as many of the 

phenolic compounds present in fruits, 

vegetables and derivatives have not 

yet been identified. 

Nutrients 2010, 2, 1231-1246;  

www.mdpi.com/journal/nutrients 

Chemistry and Biochemistry of Dietary Polyphenols 

Rong Tsao  

POLYPHENOLS 
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POLYPHENOLS 

Juices obtained from the whole cane and 

from burnt cane were tested. Burnt cane 

gave higher concentrations of phenolics 

but lower colours.   

 

Phenolic acids were extracted: 

 

 
ACID    mg/kg Brix   in FEJ

Whole crop Burnt cane

4-hydroxy benzoic 320 5300

Chlorogenic 360 23000

Vanillic 590 9350

Caffeic 630 9480

2,3-dihydroxy benzoic 630 9020

p-coumaric 995 23600

Ferrulic 480 7310
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The authors noted that these 

concentrations were considerably 

higher than those published earlier.  

 

They mentioned cane varieties 

and/or analytical techniques as 

possible causes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nguyen & Doherty ISJ 2012 
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Caffeic and 3,4 dihydroxybenzoic acids 

have been found in cane juice at 15 and 

60mg/kg juice respectively. 

 

 Chlorogenic acid was present at 

130mg/kg Brix.    

 

Total acidic and neutral phenolics 

accounted for about 500mg/kg Brix in 

first expressed juice 

 

  In all cases varieties, region, season, 

etc., caused  large variations in the 

concentrations.  
 
v d Poel et al. Sugar Technology (1998) Bartens.  

POLYPHENOLS 
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Non phenolic carboxylic 

acid 

Concentration in 

cane juice 

 (mg/kg Brix) 

1. Trans-Aconitic  1200 

2. Shikimic 900 

3. Malic 600 

4. Citric 570 

5. Glycolic 400 

6. Oxalic 200 

Concentrations of some non-phenolic 

carboxylic acids in cane juice: 

POLYPHENOLS 

1.      Food  industry; synthesis of  biodegradable polyesters. 

2.      A key intermediate for the synthesis of  antiviral drugs. 

3, 4.  Food industry. 

5.      Skin care. 

6.      Laundry, scale removal. 
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HARVEST RESIDUES 
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 Sugarcane crops harvested without 

prior burning leave large masses of 

leafy residues for use as a surface 

mulch or for incorporation into the  

soil.  

 

 The standing crop biomass of harvest 

residues at the study site was 

estimated at 1600 g/𝒎𝟐 on the day of 

harvest. 

 

  It was followed for 338 days, at which 

time approximately 19% of the initial 

mass of residues remained.  

Harvest residues 

Changes in the composition of sugarcane harvest residues during decomposition as a surface 

mulch.   A. V. Spain,  M. J. Hodgen 
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Harvest residues 

The utilisation of sugarcane 

lignocellulose by-products (trash, 

bagasse, pith, residues) and mixtures 

of these was investigated wrt: 

 

• Substrate to grow mushrooms 

• Pulp & paper  

• Fermentable sugars. 

 

Dilute acid hydrolysis was modelled, 

and the processes optimised. 

 

 

 

 

 

 
Aguilar et al ISJ 2012 
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Harvest residues 

  A pilot cane trash burner has been 

developed to burn trash off stalks 

topped in the field and transported to 

the mill.  

 

  The lower calorific value of the trash 

is given as 14MJ/kg. This energy would 

be available to the mill. 

Bernhardt & Arnold. 2010 



 Bagasse ash from sugar mills 
can be an environmental 
problem, but its use in cement 
mortar has provided a 
satisfactory solution.  

 

 The effect of bagasse ash as a 
pozzolanic* material on the 
partial replacement of cement 
and its activation by a 
chemical method using 
CaCl2.H2O was studied. 
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BAGASSE 
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Bagasse 

The use of calcium chloride increased 

the strength of the cement very 

significantly.  

 

 

The optimum bagasse ash replacement 

for cement was found to be 10% without 

activator and 20% with 4% CaCl2.H2O.  
 

 

 

 

*A pozzolan is an siliceous / aluminous material which, in 

itself, possesses little or no cementitious value but which, in 

finely divided form and in the presence of water, reacts 

chemically with calcium hydroxide at ordinary temperature to 

form compounds possessing cementitious properties. 

 

 
Chemical activation of bagasse ash in cement mortar 

 Amin N; et al.  (Pakistan). 

 Advances in Cement Research, Vol 23, Issue 2, March 2011 
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Fuel from bagasse 

 

 Work done in Germany and in Jamaica  

describes the production of charcoal 

pellets from bagasse.  

 

The concept is popular: 

 

  Indian work was done in 1997.  

 

 In 1970 Kenya produced charcoal 

briquettes from coffee husks; the 

same principle has been used for 

bagasse. 

 

 Zambia also produced good charcoal 

    briquettes from bagasse. 
 
Biomass and Bioenergy, 1999, 17, 3: Bagasse carbonization 

BAGASSE 
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 Bagasse as a briquette fuel 

 Benefits from briquetted bagasse as a 

fuel are: 

 

•  Emissions of sulphur dioxide and 

nitrogen oxides  are reduced.  

 

•   Helps in reducing greenhouse gases  

in the atmosphere. 

 

•  Low ash content of 2-10%  versus    

20-40% in coal. 

 

•  Disposal costs of excess bagasse are 

eliminated. 

 

•  Bagasse is a renewable resource. 

 

•  Briquetting causes densification of 

the bagasse. 
 

   

Bagasse 
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Bagasse 

Bagasse briquetting is commercially done 

in India, Philippines, Indonesia, 

Bangladesh, Nepal, Thailand, China and 

Malaysia. 

 

 Pilot projects are found in Vietnam and 

Sri Lanka,  in the African continent, 

Tanzania, Cuba, Kenya and Brazil. 
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Bagasse  

 Bagasse fly ash has been converted 

into an inexpensive and effective 

adsorbent.  

 

 The product has been used for the 

removal of copper and zinc from 

wastewater. 

 

 Various parameters such as pH, 

adsorbent dose, initial metal ions 

concentrations, temperature, particle 

size, etc. were optimised.  

 

 90/95% of the copper and zinc were 

removed by the  adsorbent in batch 

and column experiments.  



34 

Filter cake 

In 2012 an Indian paper described the 

production of “Eco friendly cooking gas 

from sugar mill wastes.” 

 

Filter cake was used for biogas 

production. Operating details are given. 

 

The best solids concentration for 

digestion were 6 to 8%, giving 20 to 22 

litres of biogas after 60 days. 

 

A detailed analysis of filter cake is 

included. 

ISJ 2012 
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Bagasse 

Activated carbon (AC) from bagasse 

 Activated carbons are efficient 

adsorbents in the sugar industry. The 

possibility of manufacturing them from 

bagasse or trash should be investigated. 

 

 If produced in a powder form the AC 

removed after use in sugar liquors 

would be recycled back to bagasse to be 

burnt in the boilers.  

 

 Combustible gases generated during 

the production of the AC could also be 

routed to the boilers.  

 

 The presence of sand and/or soil in the 

bagasse  could be a problem, 

particularly  with diffuser bagasse. 
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bagasse

2009)

LACTIC ACID 
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Lactic acid 

Lactic acid is used in the food industry. 

It is also a key chemical in the 

pharmaceutical, chemical and medical 

fields: 

 

 Intravenous solutions 

 

 Moisturisers 

 

 Shampoos 

 

 Skin creams 

 

 Food additives 

 

 Biodegradable plastics. 
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TRISACCHARIDES 

  A 1991 paper titled “Formation of 

trisaccharides (kestoses) by pyrolysis of 

sucrose” states that amorphous sucrose, 

containing citric acid as catalyst, 

undergoes thermolysis at 100⁰C to yield 

fructofuranosyl cation and D-glucose.  

 

  The cation reacts with unchanged 

sucrose to form all three of the known 

kestoses.  

 

  A new fructosylglucose disaccharide is 

also formed. 

 
 
 http://www.ncbi.nlm.nih.gov/pubmed/1804528 
 

 

                                                                                                                        

 

Kestoses 
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KESTOSES 

The figure shows the concentration of 

1-, 6- and neo-kestose in normal final 

molasses from mills in 3 different 

geographical regions. 
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KESTOSES 

1-kestose, 6-kestose, and neo-kestose         

form part of the FRUCTAN trisaccharides. 

 

 Fructans are found in oat, wheat, barley 

and rye; they are present in    agave, 

artichokes, asparagus, leeks, garlic and 

onions.  

 

 Fructans reduce freezing and drought 

stresses in plants. 

 

 Fructans are found in grass, with dietary 

implications for grazing animals. 

 

Inulin is a fructan. 

1993 Accumulation of fructan trisaccharides in leaves of 

four winter cereals. FAO  
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     Interest in trisaccharides is evident 

with words  like “inulin”, 

“oligofructose” and “prebiotic” being 

seen on  food packages. 

 

 Inulin and oligofructose are  natural 

food ingredients commonly found in 

plants and foods.  

 

 Prebiotic refers to food components 

that support the growth of beneficial  

bacteria in the colon.  

 

 Certain trisaccharides,  starches  and 

fermentable fibres can be prebiotics.  

 

 

 

   

TRISACCHARIDES 
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TRISACCHARIDES 

  Most of the inulin and oligofructose 

commercially available is either synthesized 

from sucrose or extracted from chicory 

roots. 

  

  The root of the Cichorium intybus plant 

contains 15–20% inulin and 5–10% 

oligofructose.  

 

 Oligofructose may act as a prebiotic. 
 

 Inulin can improve the immune 

function, lower the risk for colon 

cancer, improve calcium and 

magnesium absorption and lower 

cholesterol levels. 
 
http://www.livestrong.com/article/445275-fructans-in-the-

diet/#sthash.sZ5cXSny.dpuf (2015) 

Inulin and Oligofructose: What Are They? 

Kathy R. Niness. 1999. The American Society for Nutritional Sciences 
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TRISACCHARIDES 

 Fructans: 

•  are low calorie sweeteners 

 

•  laundry softeners and as feedstock 

for biologically degradable plastics  

 

•   substrates in the production of 

ethanol or glycerol. 

 

•  Inulin is also used in medical tests.  

 

•  The quantity of inulin or fructans 

added to foods must be controlled to 

avoid health problems. 

  
http://www.food-info.net/uk/carbs/fructans.htm 



LIQUID SUGARS 
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 Liquid sugar is a solution of sugar/s in  

water. The sugar can be sucrose,  invert or a 

mixture of sucrose and invert,   glucose, 

fructose or a mixture of these.  

 

 The history of liquid sugars is complex and 

is fragmented into national segments.  

 

 Commercialisation is said to have started in 

the early 1800’s, because of the Napoleonic 

wars. 

 

 Technical literature published in 1935-

1939, from Louisiana, Cuba and Puerto Rico  

is available.    

 

 In 1939 Louisiana produced an edible syrup 

made from cane juice. Sulphitation was used 

to make a purer product. 
 

 
Sugar Technology Reviews, 7 (1979/80) . N.Marignetti & G.Mantovani. Italy 

Spencer & Meade. (1945). Cane Sugar Hanbdbook, 8th Ed.  

Baikow VE (1982). Manufacture &refining of raw cane sugar.  
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 Commercial advantages of liquid sugars 

are: 

 

 Easy handling. 

 

 Reduced storage-space requirements. 

 

 Simplicity of addition and measurement. 

 

 Known microbiological properties. 

 

 Range of compositions and blends.                
 

  

  

Liquid sugars 
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Possible problems with liquid sugars 

 

Floc formation:   The floc can be 

caused by bacteria, starch or dextran, 

the formation of haze when ethanol is 

present, and the presence of silicates. 

 

Crystallisation: This can affect Golden 

Syrup. 

 

Deterioration: Microbiological  

development can occur at the surface. 

Liquid sugars 
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When sucrose is inverted to  produce 

glucose and fructose there is a gain in 

the mass of sugars as each molecule of 

sucrose combines with one molecule of 

water: 
 

𝐶12𝐻22𝑂11 + 𝐻2𝑂     →      𝐶6𝐻12𝑂6  + 𝐶6𝐻12𝑂6 

       

    342g S                                360g F+G 

 

 

This represents a 5% increase in the 

mass of sugars produced. 
   

Liquid sugars 
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High Test Molasses: HTM 
 

 High-test molasses is a heavy, partially 

inverted cane syrup. 

 

  

Liquid sugars 

A 1968 paper (de Broglio A & Hulett JR, SASTA ) describes the manufacture 

of HTM in South Africa 
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Typical 

Composition of HTM (%) 

Brix 82-85 

Sucrose 20-22 

Invert sugars 52-57 

Total sugars as 

invert (TSAI) 
73-80 

Ash 3.5 or less 

 The ash content of HTM is an important 

parameter: it impacts on its uses, such 

as distillation, fermentations, animal 

feed, foods and beverages. 

Liquid sugars 
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 A paper describes  treating HTM for a 

specific commercial fermentation 

process to produce lysine.  

 

 Ash needed to be removed (~2.5 to 

0.5%) from HTM, under industrial 

conditions, using ion exchange resins. 

 

  One of the main soluble ash 

components in cane liquors  is 

potassium. Effluents from the resin 

plant therefore have potential as 

fertilisers.   

Liquid sugars 

THE DE-ASHING OF HIGH TEST MOLASSES USING CONTINUOUS ION EXCHANGE AT THE TONGAAT-

HULETT REFINERY 

FE AHMED, G MITCHELL, M RAJH,  SASTA  2001 
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Since ash can be commercially  

removed from HTM is there a 

possibility of removing ash from 

evaporator syrups? 

 

• Potassium could be recovered. 

 

• It is well established that ash 

decreases the exhaustibility of 

molasses, the recovery of sucrose 

would therefore increase. 
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 Lysine is an essential α-amino acid  for 

humans and animals. It is not 

synthesized in animals, hence it must be 

ingested as lysine or lysine-containing 

proteins.  

  

 Its production for animal feed is a 

major global industry. 
 

 It is an important additive to animal 

feed because it is a limiting amino acid 

when optimizing the growth of animals 

such as pigs and chickens for the 

production of meat.  
 

  

LYSINE 
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Golden Syrup 

 

The production of golden syrup was  

commercialised in 1927. The procedures 

to make it are commercially sensitive 

and there is competition between the  

main  producers. 

Liquid sugars 
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POLYOLS 

Food science 

 Sugar alcohols, a class of polyols, are  

added to foods because of their lower 

caloric content than sugars;  they are  

in general less sweet, and are often 

combined with high-intensity 

sweeteners. 
 

 

They are not broken down by bacteria 

in the mouth or metabolized to acids, 

and thus do not contribute to tooth 

decay.  
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Polymer chemistry 

 

  Polyols are compounds with multiple 

OH groups available for organic 

reactions such as polymerisation.  

 

 Monomeric polyols such as glycerine,  

ethylene glycol and sucrose serve as the 

starting point for polymeric polyols.  

 

 Polymeric polyols are used to produce 

other polymers such as  polyurethanes  

(mattresses), foam insulation  

(refrigerators, freezers), home and 

automotive seats, elastomeric shoe 

soles, fibres  (Spandex) and adhesives. 

POLYOLS 
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Erythritol 
 

 

 

Erythritol is a zero-calorie, good-tasting 

bulk sweetener which is suitable for a 

variety of reduced-calorie and sugar-

free foods and beverages. 

 

 It has been part of the human diet for 

thousands of years due to its presence 

in fruits and other foods.  

 

It is made through the fermentation of 

glucose. 

 

POLYOLS 
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  K Douwes Dekker in 1954 stated that 

molasses is an excellent stock feed; it 

was used for this purpose, in relatively 

small quantities,  in many cane 

producing countries.  

% in  

Molasses 

% in  

Maize 

Crude protein 4 8 

Nitrogen free extract 62 68 

Fat - 4 

Water 22 15 

Calcium 0.6 0.02 

Phosphorous 0.02 0.2 

Total digestible nutrients 55 80 
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ANIMAL FEED  

: 

 The feeding value of molasses is based 

on the fact that it contains about 50% 

sugars in the form of sucrose, fructose 

and glucose.  

 

 It is therefore a source  of readily 

available energy. 

 

 Molasses contains 4% protein, minerals, 

trace elements and vitamins. 

 

 It is a good source of pantothenic acid 

(vitamin B5, an essential animal 

nutrient). 

 

 It is deficient with respect to riboflavin 

and thiamine (vitamins B2 and B1).  

(Cleasby, 1963).  
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ZIMBABWE SUGARCANE AS FEED 
 

 

  A  study on sugarcane as feed was 

carried out during the 1983/84 drought  

in Zimbabwe. 

 Under drought conditions, molasses can 

be used to induce animals to consume 

coarse fibres which allows them to  

survive. 

 

 Bagasse requires minimal blending with 

appropriate supplements to be 

converted into a valuable feed under 

drought conditions. 

ANIMAL FEED  
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 Caramelisation  deals with the thermal 

decomposition of sugars, mainly 

sucrose, glucose and fructose. 

 

  

Rate of heating, pH, the presence of 

impurities even at low concentrations  

affect the quality (colour, taste, 

aroma) of the product. 

CARAMELS 
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Caramelisation produces  a dark 

brown mass which is soluble in water, 

not sweet, not fermentable; it is a 

mixture. 

 

 For commercial applications : 

 

 It is high in colouring matter. 

 

 It forms no haze with alcohol. 

 

 It does not ferment on standing. 

 

 It must not have a burnt taste. 

 

 It must not lose its colour. 

 

 It must not solidify. 

CARAMELS 



62 

SPECIALITY SUGARS 

There is demand for a variety of 

speciality sugars such as: 

 

 Rock sugars 

 Cassonade 

 Demerara 

 Muscovado 

 Turbinado 

 Amorphous sugar 

 Panela 

 Organic sugar. 

 

The different processes to produce 

speciality sugars are commercially 

sensitive and there is competition 

between the  main  producers. 

 

Markets can be regional. 
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Utilisation of F, G and S 

TOTAL SUGARS 
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TOTAL SUGARS 
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It is well established that 30 to 40 % of 

the glucose in juice can be lost through 

Maillard type reactions. 

 

These take place mostly from the pan 

floor onwards. This glucose is thus not 

recovered in final molasses.  

 

 If F, G and S are to be used for 

coproducts it would be more efficient 

to use evaporator syrups (which are at 

different Brix levels) or  juice.  

Total sugars 
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Apart from F G and S, another sugar, 

Xylose,  can be obtained from bagasse.  

 

One ton of dry bagasse can yield 0.2 to 

0.3 tons of xylose. 

Total sugars 
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CANE VARIETIES 

 High fibre cane varieties have already 

been investigated with respect to 

cogeneration.  

 

 High sucrose / early ripening varieties 

have also been investigated.  

 

 A recent EU project (ACP-SRP, 2015) has  

produced valuable results. This indicates 

that the breeding of cane varieties for 

specific purposes is possible. 
 

 

 

 

 
Energy Cane: Its Concept, Development,Characteristics, and Prospects. 

Sizuo Matsuoka,Anthony J. Kennedy, Eder Gustavo D. dos Santos, André L. Tomazela, and Luis 

Claudio S. Rubio 
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 The  breeding of sugarcane to promote 

the following should be considered: 

 

 1.   Utilisation of sucrose, glucose and 

fructose, resulting in longer seasons. At 

low sucrose but high fructose and 

glucose periods invert liquors (e.g. 

HTM) could be produced in large 

quantities and stored if necessary.   

 

 This would reduce the energy 

requirement for the crystallisation of 

sucrose. More bagasse would be 

available for cogeneration.  

 

Could high fibre cane also contain high 

total sugars?  

CANE VARIETIES 
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2. Alternating xylose production and 

cogeneration when crushing high fibre 

cane to optimise financial returns. 

 

3. Production of polyphenols from 

varieties containing high 

polyphenolics and/or from specific 

parts of the sugarcane plant. 
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