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Presentation Overview

� Overview wet-frac in context

� Examples of wet-fractionation of oat and wheat brans

� Value-products obtained

� Impact on economics

� Wider context of potential up-scaled bio-refining

� Concluding remarks
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Biovelop AB

� Biovelop is a producer of oat 
ingredients and an expert in cereal 
fractionation

� Offices and Production facility in 
Kimstad, Sweden

� R &D, Process development, pilot 
facilities on site

• Technology platform in biomass fractionation

• Patented, fully upscaled and designed processes, for 
wet fractionation and upgrading of all cereal brans

• Wheat, Rye, Barley and oat
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Biovelop : Generic Wet Process

� Process

� Mixing xx and Water

� Using selected enzymes

� Hydrolysis processing 

� Slurry deactivation 

� Physical separation 

� Drying solids

� Concentration of liquid

� Optional
� Extruding

� Super critical extraction

� Ultra filtration

� Enzymatic refining of aqueous 

slurries



The Technology - Generic

� Impacts on processing Economics ��

� Increases profitability ��

� Gives Flexibility to respond to Markets ��

� Works with many biomass feedstock types ��
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Bran processing



High MW ”hemicelluloses”

� From a food standpoint, Soluble dietary fibres are mainly 
hemicelluloses.

� Viscous hemicelluloses = Viscous soluble fibres

� Hemicelluloses are healthy and valuable in the food 
context



Cereal Value Products

Endosperm

Cereal Kernel

Sub-Aleurone & 
Aleurone

Germ

Pericarp
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Oat Processing – non traditional……

Short  Roller-Milling

Bran
35-45%

Flour
55%-65%

Protein, 
Fibre, 
Oils, 

Soluble fibre



BETA GLUCAN

70% (1� 4)-linked and 30% (1 � 3)-linked � -D-glucopyranosyl residues 

organised in blocks of (1 � 4)-linkage sequences (cellotriosyl and cellotetraos yl 
cellulose-like segments) 

separated by single (1 � 3)-linkages.
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OAT BRAN

Oat Dietary 
Fibre

PromOat™ 

Beta-glucan

GI Modulating       
Diabetes protection

Blood Cholesterol 
control

Healthy soluble fibre: 
dental and colon health

Oat Protein Oil 
(52:20)

Protein Concentrate

Fat Replacer

Oat Bran Fractionation 

Oat Malto-
Dextrins

98% MD

Maintain Structural Integrity
Separation                  Value
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Oat Bran

Insoluble Fraction: 30-35%

6**

Soluble fraction
(intermediate): 60-65%

0.5*

Beta glucan 2:

7

Beta glucan 3, 
prebiotics:

8

Aleurone-rich 
Protein 

9**

Aleurone-rich Oil: 0,5%

11

Defatted Aleurone-
rich Protein

12**

Insoluble Dietary 
Fibre: 12 – 15%

10

Oat maltodextrins
28-31%

1

Oat Protein: 
13-16%

2** 3

Oat Oil
4-8%

4

Defatted OP
6-10%

5**

Beta Glucan
14-18%

0

9.5
Aleurone Rich Protein, 
Hydrol.

Intermediate

6.5*

Main products

Especially for prebiotic
content

OP Hydrolyzed
7-10%

2.5

DARP, Hydrolyzed 

12.5

DOP, hydrolyzed 
5-8%

5.5

Notes: 1. A (*) after the product number means that it is an 
intermediate product only. 2. A (**) after the product means that it can 
be sold as is or processed further. 3. All % figures relate to the cereal 
bran.

Oat bran fraction overwiew
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Beta Glucan : Properties

Properties of Beta Glucan

� The soluble fibre component of oat bran
� Remains undigested in the stomach and small intestine, with 

documented physiological function and impact:

� Cholesterol Reduction
� GI & Diabetes control
� Prebiotic
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PromOat : Summary

PromOat:

� Natural fraction of oat grain
� Allows delivery of positive oat messages 

when added into foods and supplements
� Rich in beneficial oat beta glucan soluble 

fibre - 35%
� FDA and EFSA cholesterol claims
� Healthy, multi-functional, clean label 

ingredient
� White, taste neutral, water soluble powder
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PromOat™ : Product description

Mutifunctional hydrocolloid

� Mutifunctional Food and Cosmetic ingredient

� Emulsifying and stabilising properties

� Adds body and texture to food products and drinks

� White, soluble, taste neutral powder
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PromOat : Potential in Food Products

Example Application Areas

� Breakfast products
� Spoonables, juices, smoothies

� Mayonnaise, dressings, dips
� Ready meals
� Butter spreads
� Processed meats
� Baked goods
� Dietary supplements
� Slimming products
� Personal Care / Cosmetics
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Economic Impact Example: Oats

70.000 tonne Oat grain Plant   

 Amount (ton) Price ( €/ton) Amount ( €)

Renenues

Beta glucan 35% 4,200 12,000 50,400,000

Oat fibre functional 8,200 1,000 8,200,000

Oat Protein Concentrate 3,500 1,000 3,500,000

Maltodextrin 7,000 1,000 7,000,000

Oat flour (extrusion) 28,875 1,000 28,875,000

Total Revenues   97,975,000

 

Operating Costs

Oat Grain 70,000 200 14,000,000

Bran fractionation* 10,000,000

  

Other Costs  2,000,000

Total Operating Costs   26,000,000

EBDITA 71,575,000

  

All operating costs based on Swedish scenario
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Wheat Processing

Endosperm

Aleurone

Germ

Pericarp
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Light protein  
+ AX Wheat  Protein 

/ Oil (60:30)

Wheat Bran Fractionation: Schematic

Glucose syrup 
/MD’s

AX soluble fibre 1

Wheat Bran

Aleurone 
protein / oil

Wheat Functional 
Fibre 1

Wheat Functional 
Fibre 2

AX rich syrup

AX= Arabinoxylan
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Wheat Bran

Insoluble Fraction:  55-60% 

6**

Soluble fraction
(intermediate): 40-45%

0.5*

Xylo-
Oligosaccharide 
:10-20%, < 5kD

7
Soluble Xylans, 
prebiotics: 10-20%
>5kD

8
Aleurone-rich 
Protein 3-4%

9**

Aleurone-rich Oil: 0,5%

11

Defatted Aleurone-
rich Protein: 3-4%

12**

Insoluble Dietary 
Fibre: 18-25%

10

Glucose Syrup
15-25%

1
Germ Rich Protein

7-15%

2** 3

Germ Oil
1,5-3%

4
Defatted Germ Rich 
Protein 6-12%

5**

Xylan rich protein 
7-15%

0

9.5
Aleurone Rich Protein, 
Hydrol.: 3-4%

Intermediate

6.5*

Main products

Especially for prebiotic
content

GRP 
Hydrolyzed
7-15%

2.5

DARP, Hydrolyzed 
3-4%

12.5

DGRP, hydrolyzed 
6-12%%

5.5

Notes: 1. A (*) after the product number means that it is an 
intermediate product only. 2. A (**) after the product means that it can 
be sold as is or processed further. 3. All % figures relate to the cereal 
bran.

Product Fraction Overview
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Flour: 80.000 tonnes
Bran: 20.000 tonnes

Extracted products from the bran:
Dietary fibre: 5.300 tonnes
Protein/Oil powder: 2.150 tonnes
Light protein powder: 1.550 tonnes
Glucose syrup: 4.700 tonnes
Aleurone protein /Oil powder: 500 tonnes
AX hemicell powder: 2.250 tonnes
Oligo-saccharide (AX) syrup: 3.250 tonnes

Wheat Processing

100,000 tonnes wheat processed
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Wheat Bran processing: Product properties

� Protein Concentrates from germ and Aleurone cells: good nutritional 
quality (lysine and essential aa’s)

� Bran insoluble fibres; free of oils and starch, HIGH WATER 
ABSORPTION Capacity (8 – 12 X)

� Soluble fibres: arabinoxylan (AX), pre-biotic and ”healthy”

� Oils: Wheat germ and aleurone oils: high value foods / cosmetics

HIGH / INCREASED VALUE PRODUCTS
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Wheat processing: Economic impact example

INCOME STATEMENT: 20,000 ton wheat bran   

 Amount (ton) Price (€/ton) Amount (€)

Turnover

"Germ" Protein conc 2,150 2,000 4,300,000

Aleurone Protein conc 500 2,000 1,000,000

Insoluble fibre 5,350 2,000 10,700,000

glucose / MD syrup** 4,700 350 1,645,000

Germ oil 400 10,000 4,000,000

soluble xylan fibres 5,500 4,000 22,000,000

residual gluten hydr 1,550 2,500 3,875,000

aleurone oil 150 10,000 1,500,000

 

Total Turnover   49,020,000

Operating Costs

Bran from mill 20,000 150 3,000,000

Bran wet fractionation*   6,500,000

Other costs  2,000,000

Total Operating Costs   11,500,000

EBDITA   37,520,000

All operating costs based on Swedish scenario
**Nominal price for syrup: can go for Ethanol ferm.



Wheat Bran Excess Glucose / Maltodextrins

� Large, market for Glucose syrup and MD´s
- - (+ those from grain flour starch component) 

� Excess is obvious source of glucose / dextrins for 
- Fermentation to EtOH
- Chemical transformation
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BRAN

Bran 
Insoluble

Fibre

High MW soluble 
fibre (BG, AX)

HealthyFoods Oligo-Soluble fibres 
prebiotics

Protein Oil

Functional hydrocolloids

Bran Fractionation : Targeted enzyme hydrolysis, wet-milling and 
downstream physical separation

Malto-Dextrins 
glucose

Wet-
process



Biovelop : Cereal Bran Wet Frac

� Cereals and Brans are readily fractionated (dry 
and wet in sequence)

� Value products if sequence correct
- Nutraceutical materials, Functional materials

- Food and feed ingredients, Industrial feedstock

Generic technology principles applicable to other B iomass:
• Macroalgae
• Crushed seeds, Olive waste
• Fruit and vegetable process by-products



Concluding remarks: Brans

� Structured, Wet fractionation approach offers 
effective ”pre-treatment” philosophy to split biomass  
and ”generate revenue streams”
- No need to disturb ”food supply” via this approach .

� Many components (eg value polymers, fibres) 
already ”built”, in contrast to oil refining: wet-
extraction prodedure.
- Do not destroy these structures in ”stage 1”



Concluding remarks: Brans

� Improvement on ”whole grain fermentation” approach 
to, eg bioethanol - in many aspects: ESPECIALLY 
ECONOMICS

- wheat; 1. mill flour out:  2. wet frac bran 3. return cl ean glucose
rich feedstock from flour + bran for fermentation / tra nsformation

� Speculative case for building ”multi-cereal bran
refineries”, pooling glucose / maltodextrin and Fibre 
excesses for further processing.
- Oat, wheat, rye.......value from selected bran products. Gain

real economy of scale with these materials, maintainin g attractive
revenue streams

.



Acknowledgements

� All Biorefinery Pioneers
� Tommie Carlsson
� Sten Kvist, Azad Raza, Biovelop AB, Sweden

� TI colleagues, Træ og Biomaterialer.

- The work continues at TI in collaboration 
with….??



Wet Fractionation Plant Layout

 
         Bran, water & enzymes

 
       Mixing tank           Decanter           Decanter Drier  

    
        Heat exchange

 Fibre Fraction
 

       Washing tank Evaporator
 

          Wet mill Solubles I

Solubles II Light phase

   Mixing tank      Light Ultrafilter
     phase          Syrup Fraction

  
            Separator Separator

Drier Heavy              Drier
 phase

 
              Washing
                     tank

 Heavy phase  
Heavy Protein Fraction Light Protein Fraction



Light protein  
+ AX (HMW) Rye  Protein / 

Oil

Rye Bran Fractionation: Schematic

Glucose syrup 
/MD’s

AX soluble fibre 1

Rye Bran

Aleurone 
protein / oil

Rye Functional Fibre 
1

Rye Functional Fibre 
2

AX rich syrup



Rye Bran

Insoluble Fraction:  55-60% 

6**

Soluble fraction
(intermediate): 40-45%

0.5*

Xylo-
Oligosaccharide 
:10-20%, <5kD

7
Soluble Xylans, 
prebiotics: 10-20%
>5kD

8
Aleurone-rich 
Protein 3-4%

9**

Aleurone-rich Oil: 0,5%

11

Defatted Aleurone-
rich Protein: 3-4%

12**

Insoluble Dietary 
Fibre: 18-25%

10

Glucose Syrup
15-25%

1
Germ Rich Protein

7-15%

2** 3

Germ Oil
1,5-3%

4
Defatted Germ Rich 
Protein 6-12%

5**

Xylan rich protein 
7-15%

0

9.5
Aleurone Rich Protein, 
Hydrol.: 3-4%

Intermediate

6.5*

Main products

Especially for prebiotic
content

GRP 
Hydrolyzed
7-15%

2.5

DARP, Hydrolyzed 
3-4%

12.5

DGRP, hydrolyzed 
6-12%%

5.5

Notes: 1. A (*) after the product number means that it is an 
intermediate product only. 2. A (**) after the product means that it can 
be sold as is or processed further. 3. All % figures relate to the cereal 
bran.

Product Fraction Overview



Arabinoxylans: Wheat / Rye

� Wheat AX: (Isolated) relatively low MW:  oligos

� Rye AX: High MW (100-800 kD)

� Cholesterol and GI potential ??

� Prebiotic potential ???



Bran Wet Fractionation

Wider Context of Biorefineries



Bran Wet Fractionation: The Advantages

� Environmental friendly process
� High quality food and feed additives
� No chemical use
� No by-products
� No emissions
� Improved Economy

INCREASED VALUE PRODUCTS



Current ”Grain” Biofuel - refineries

� Focused on EtOH generation…. Other potential value 
ignored

- Whole grain (eg wheat) dry milled / crushed, 

� Then all available starch hydrolysed ��� � dextrins, 

- Followed by SSF ��� � EtOH



Grain EtOH plant



Current ”Grain” Biofuel - refineries

� Bi-products ”DDGS”, is a ”mess” of mixed degraded 
proteins, fats, fibres. 
- Difficult / impossible to separate / fractionate us ing aqueous 

processing
- Feed (limited) value only, or low-grade chemical fe edstock.

� Very large scale required for economy….(500,000 
tons…)

� Main revenue stream ethanol.... ???



Bran Wet Fractionation

Don’t Reinvent the Wheel

Thanks for your attention



Patents

� Title: Process for the Fractionation of Cereal Bran s / 
� Eur pat. No: 1363504, also published under this number at national 

levels.

� Title: Soluble Dietary Fibres from Oat and Barley G rains
� Full Swedish patent 2007, patent number SE 528 537 C2, Also: 

WOA1 0 024 270.

� Title: Emulgating Agent from Cereal Grains
� Swedish Pat. Publ. No: SE 527 794,
� Full Swedish patent 2006

� Inventors: Kvist, Sten and Lawther, John Mark
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PromOat™: Product description

Specification

Dietary Fibre (beta glucan) 30-40%
Carbohydrates (maltodextrins) 50-55%
Moisture 4.5%
Protein <2.5%
Ash 3.5%
Fat <0.5%


