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GIRACT Introduction

Geneva, Switzerland

Enzymes, the largest class of proteins, are biocatalysts. Over 2000 different kinds are known,
each catalysing a different chemical reaction. Use of enzymes in food/drink and animal feed
is growing due to their effectiveness and specificity of enzymes in promoting chemical
reactions. In the USA and in Europe bakery is currently one of the most interesting markets
for enzyme suppliers. Enzymes are considered "natural" and can be treated as "processing
aids" (may change in Europe), so there is considerable interest in enzymes as a means to
develop "clean label" baked-goods. However, persistent questions on genetic modification,

particularly in Europe, have been a major stumbling block for many high-performance

enzymes.

China has emerged as an extremely important market in view of its position as global leader in beer and apple juice concentrate production.
Enzymes have been widely used in the Chinese beer industry for a long time and technological advances in China, adapting enzymes to various
applications including traditional Chinese food have given an impetus to the market there.

India is a growing hub of food processing, and has seen rapid growth in all sectors including brewing and fruit processing. India is also emerging as
a significant producer of enzymes with many biotechnology companies setting up their production facilities.

Protein hydrolysis and modification represent a major opportunity for enzyme producers with growing demands for speciality enzymes.
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Animal feed is a vast and growing market for enzymes.

Giract has been following the global enzymes market for many years now. Its first study of the market in China was 2001. It examined the
global market for bakery enzymes market in 2007 and more recently in 2013. Confidential projects on enzyme markets globally have added to

Giract's knowledge of these ingredients. The current study will provide a comprehensive coverage of food and feed enzyme production and

use in the key global markets.

For more information, contact

V. Krishnakumar or Russell Ward

GIRACT
24, Pré Colomb, 1290 Versoix/Geneva, Switzerland

Tel: + 41 22 779 0500; Fax: + 41 22 779 0505

Email: info@giract.com; Web: www.giract.com
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GIRACT Objectives of this Study

Geneva, Switzerland

Enzymes for the Food/Drink Industry -

Supply/Demand & Competitive Strengths
To identify supply, demand and trends for selected enzymes in

food/drink and animal feed

An evaluation of the impact of market trends such as clean-label
and the acceptance of enzymes produced using GM-organisms

An identification of the current (2015) market size by product group,
sector, country, and forecasts of volumes and value for 2020
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This unique study examines enzymes supply, demand and forecasts — USA, EU28, China and India
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GIRACT Giract Competence

Geneva, Switzerland

An analysis of enzymes for the bakery sector has been carried out on a global scale. In addition, confidential work on

enzymes has ranged from ELISA diagnostics to cheese and yogurt starter cultures as well as consideration of amylases,

phytase and various lipases.

Report title Geographical scope Timescale

USA, Mexico, Argentina, Brazil, Chile, UK,

France, Germany, Romania, Algeria, Egypt,
Opportunities for Enzymes

Morocco, Nigeria, Sudan, Saudi Arabia, Turkey,
in the Bakery Value Chain — Selected

Iran, Russia, Belarus, Ukraine, Kazakhstan,
Countries

Uzbekistan, China, India, Pakistan, Thailand,

Vietnam, Indonesia, Philippines, Australia

European Union-28 (with a detailed analysis
of Germany, France, UK Italy, Netherlands, 2013-2020
Spain, Poland and Belgium), USA/Canada

Bakery Intermediates Supply/Demand &

Competitive Strengths

Enzymes for the
Food/drink & feed industry 2001-2010

Supply/demand forecasts
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1 SCOPE
1. INTRODUCTION 1.2, PRODUCTS
Enzymes used in food, beverage and animal feed applications
1.1, BACKGROUND
1:2:2: END USER SECTORS
Enzymes are biocatalysts. Over 2000 different kinds are known, each catalysing a
.zy 5 ¥ 7 - 2 & : Y g . Bakery/Cereals: flour, bread, noodles...
different chemical reaction. Use of enzymes in food/drink and animal feed is growing
due to their effectiveness and specificity of enzymes in promoting chemical reactions. . Alcoholic drinks: beer, wine-making, distilled alcoholic beverages
In the USA and in Europe bakery is currently an interesting markets for enzyme . Fruit processing
suppliers. Enzymes are considered “natural” and can be treated as “processing aids" » Dairy
(may change in Europe), so there is considerable interest in enzymes as a means to
“ " . < . . Protein hydrolysis: HVP/HAP, fish sauce, nucleotides, protein derivatives
develop “clean label” baked-goods. However, persistent questions on genetic
modification, particularly in Europe, have been a major stumbling block for many . Animal feed (including aquaculture)
high-performance enzymes. 123, GEOGRAPHICAL
China has emerged as an extremely important market in view of its position as global
" . 0 5 USA, EU28, India, China
leader in beer and apple juice concentrate production. Enzymes have been widely
used in the Chinese beer industry for a long time and technological advances in 1.2.4. TIMESCALE
China, adapting enzymes to various applications including traditional Chinese food . )
. . Current (2015) production and consumption and forecast 2020
have given an impetus to the market there.
India is a growing hub of food processing, and has seen rapid growth in all sectors
including brewing and fruit processing. It is also emerging as a significant producer
of enzymes with many biotechnology companies setting up their production facilities.
Protein hydrolysis and modification represent a major opportunity for enzyme
producers with growing demands for speciality enzymes.
Animal feed is a vast and growing market for enzymes.
Giract has been following the global enzymes market for many years. Its first study of
the market in China was in 2001. It examined the global market for bakery enzymes
market in 2007 and more recently in 2013. Confidential projects on enzyme markets
globally have added to Giract's knowledge of these ingredients. The current study
provides a comprehensive coverage of food and feed enzyme production and use in
the key global markets.
1:2. OBJECTIVES
. To identify supply, demand and trends for selected enzymes in food/drink and
animal feed
. To examine the factors for and against change and the impact which these have
on enzyme use by food, drink and animal feed producers
. To evaluate the impact of market trends such as clean-label and the acceptance
of enzymes produced using GM-organisms
. To identify the current (2015) market size and provide forecasts to 2020
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2051 GLOBAL ENZYME MARKET
2. EXECUTIVE SUMMARY
The value of the global (all territories, all applications) enzyme market is estimated at

EUR ### bio in 2015.
2T INTRODUCTION
Estimated global market for industrial enzymes, 2015, EUR mio #Data edited#

Enzymes find application in a wide range of industrial applications in food/beverage,
animal feed and non-food (textiles, detergents, biofuels, etc.).

Use of enzymes is growing in many sectors. Enzymes from specifically selected, or
engineered, microorganisms can boost yields, facilitate production of preferred

molecules and generate significant savings in processing various substrates.
m Category 1
As the market for enzymes has developed the number of producers worldwide has
grown. In total more than 50 players, many of these in Asia (especially in China) are
involved in enzyme manufacturing. Next to these manufacturers a large number of

m Category 2

blenders or formulators, which focus on blending enzymes for specific applications, [ ]
have emerged, often specialising in specific sectors. -
The major manufacturers of enzymes can be grouped as follows:
. Pure-play: Novozymes, AB Enzymes, Amano, Advanced Enzymes
. Ingredient suppliers: DuPont, DSM, BASF
. Specialists (single segment):
- Chr Hansen (Dairy) . Food and beverage applications make up approximately ##% of the total value

Lyven (Fruit + Wine) of the global enzyme market

S AB Vista (Feed) . Animal feed accounts for over ##% of total value of the enzyme market

Traditionally, major enzyme manufacturing sites are located in Europe and Japan.
China and India are emerging sources of supply. While exports from local players in
these countries remain limited, Novozymes has established production facilities in
both countries and its Hongda (Suzhou) plant is now its largest production site. Other
countries with significant enzyme manufacturing include Taiwan and South Korea.

Estimated producer shares in global industrial enzyme market, 2015 (by value)
#Data edited#

This study focusses on enzymes used in food/beverage and animal feed applications,
produced or consumed in USA, Europe, China and India m Category |

m Category 2

=
L}
]
-
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. Novozymes is, by far, the largest supplier of industrial enzymes globally with a 2.2. SUPPLY
share approaching half the market by value 2.2.1. PRODUCTION
. By wvolume, Chinese players dominate, selling vast volumes of low

Key production sites and estimated production volumes for suppliers operating in the
regions covered in the study are listed below (volumes refer to food/beverage and
animal feed enzyme manufacturing only)

concentration, and low value enzyme products. Volumes in feed are particularly
significant

. The shares of enzymes manufactured by different producers in specific markets

are highly variable for a number of reasons including Food/beverage & feed enzyme production 2015

- Enzyme suppliers seek to offer clients a full range of enzyme products. Producer Region Production (t)
Where a given supplier does not have direct access to manufacture a Novozymes USA
specific type of enzyme (due to technological or IP limitations), it secures DuPont USA
supply from another producer Chr Hansen USA

- Partnerships in specific sectors such as the Feed Enzymes Alliance created
in 2001 by DSM and Novozymes or Oenobrands, a 50/50 JV between DSM
and Lallemand to supply enzymes for winemaking

Others USA 900
Sub-total USA

N Ei
Suppliers with a strong position in ingredients for specific end-use ovozymes urope
markets, such as Chr Hansen in cheese and other dairy markets, seek to AB Enzymes Europe
complete their product offer with enzymes sourced from specialist DSM Europe
producers. In the case of Chr Hansen, enzymes sold to the dairy industry DuPont Europe .
are sourced from Novozymes and Amano Europe 1650
2k FOOD & BEVERAGES Europe 1050
Europe
Food and beverages market estimated at EUR ## bio (including starch processing). Europe
Enzymes for food and beverages, split by sector, 2015, EUR mio #Data edited# . Europe
Europe
Others Europe

Sub-total Europe
m Category |

Novozymes China
m Category 2 Genencor (DuPont) China
Pangbo China
G China 8500
n China 8000
. China
China
. Leveking China
China
Longda China
] China
S China
China 5500
Doing-Higher China
VTR-Biotech China
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Producer Production (t)
Others China
Sub-total China
Advanced Enzymes India
Maps Enzymes India
India
India
Others India

Sub-total India
Total
Source: Giract based on database and interviews

. Volumes estimated for Chinese producers, especially in the area of feed
enzymes, are high due to the production of low activity enzymes

2:2.2. GLOBAL SUPPLIERS (DATA EDITED)
2.2.2.1 AB ENZYMES
. Broad portfolio of enzymes covering applications in food/beverage and animal
feed - strong position in feed through AB Vista
. Liquid (submerged) fermentation using both classical and GM-strains
(Trichoderma, Bacillus, Aspergillus)
. All production is carried out in Finland by ROAL a joint-venture between AB
Enzymes and Altia. Applications support in Germany for food/beverages and UK
for animal feed
. Mergers & Acquisitions - in addition to the JV with Altia
= GENEDATA (Switzerland) - agreement to use Genedata Selector for the
selection and optimisation of strains for enzyme production
BARENTZ (Netherlands) - long-standing agreement for the distribution of
AB Enzymes products in Europe and since 2013 Turkey
- BEHN MEYER (Germany) - exclusive distributor for AB Enzyme products
across selected countries in SE Asia
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AB Enzymes - SWOT analysis
uengtns _____ Meaknesses |
Comprehensive enzyme portfolio and access  Production ####

to ..
#iti#

Dependent #### for some enzymes

Limited visibility of ####
Strong position in feed enzymes ####

Cost ####
ovporunives e |
Growing demand for #### y in Competition from ####### with #i###
emerging markets (#i i, #ii, ###) cellulases and proteases in India & China
Scale, focus and ###### of #### business
within #### & ####
BZ22 AMANO
. ### enzyme producer in Japan with a broad portfolio of enzymes covering

applications in food, food supplements, pharmaceutical, diagnostic and
bioconversions

. Fermentation at ## locations in Japan. Low cost amylase for local sales into
starch conversion produced in China. Blending/formulating for the US market in
Elgin (IL)

AMANO - SWOT analysis

_m

i ——— | ——

2.2.2.3 BASF

.

.

.
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5.6.2. ENZYME USE IN BREWING R:0:2:2 SN MEMARNETY
Market Shares for Enzyme Products
5.6.2.1 TYPES & ORIGIN 2
Enzyme products Market Share
Enzyme use in beer production GM-origin
zy p (% of Total)
[End-use sector Function of Enzyme Type of Enzyme
Amylase Yes #H
Beer Hydrolyse starch, adjunct Amylase
liquefication, reduce Glucoamylase Yes #
viscosity, improves malt Beta-glucanase Yes #H
Beer Fermentation yield Glucoamylase Xylanase Yes #i
i t, red 3
HIONEMEDL Teaues Alpha-acetolactate Yes i
viscosity of beer and
mash, beer clarity Protease Yes 8
_— Hydolyse glucans, aidin  Beta-Glucanase Source’ Giract based on database and interviews
filtration, improve wort . The brewing enzymes market in Europe is estimated to be valued at around
separation EUR ## mio in 2015, about ##% of the global market for brewing enzymes

Beer Hydrolyse xylans Xylanase
(pentosans) of wheat,
barley and malt

. GMO is a significant issue in the region, for example, Heineken - a leading
player in the European beer market has a policy to not use enzymes sourced
from GM microorganisms

Beer Converts a-acetolactate to Alpha-Acetolactate

acetoin directly, Decrease Decarboxylase
fermentation time by

avoiding formation of

diacetyl, speed up beer

maturation process

. Enzyme usage is not permitted in Germany and Czech Republic as per the
Reinheitsgebot (German Beer Purity Law) which allows only hops, water and
barley (or other grains) to be used to make the brew

Beer Modify protein Protease
polyphenolic compounds,
reduced chill haze formed
in beer

Source: Giract based on publications and database

. Enzymes from microbial sources are used in flavor control, beer stability,
reducing environmental emissions and saving cost

. Enzymes are important due to widespread usage of grains (rather than, for
example, rice) as the main raw material for manufacturing beer

. Enzymes improve vyields, reduce waste and by-products and improve
productivity

. Commercial exogenous enzymes have advantages over traditional malting
(which releases enzymes) as these enzymes are effective over wider ranges of
temperature and pH. Thus, use of enzymes in various steps in the brewing
helps in making the process easier, faster and more consistent
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5.6.2.3 AMYLASE

Suppliers and Major Brand Names

Supplier
AB Enzymes

Amano Enzymes

Kerry Group

Lyven

Lyven

Novozymes

DSM

Novozymes

DuPont

Brand name
Rohalase

Kleistase

HiTempase, Bioferm

Amylyve

Amylyve UHT

Termamyl Classic

Mats L Classic

Mycolase

Termamyl SC DS

Amylex

Source: Giract based on database and publications

e Amylase usage is increasing to optimise yields and mitigate increases in raw
material costs and to allow replacement of malt by cheaper sources of starch

« Amylases used in brewing applications may be derived from genetically modified

microorganisms
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6.11.1. BEJING HUIYUAN GROUP
Huiyuan Road, Beixiaoying Town
Shunyi District, Beijing
Notes China
Amylase for liquefaction of mashes Tel: +86 10 60483388
Non-GM www.huiyuan.com.cn/
Can be used in ?rewing application and Relevant products
alcohol production
NFC (not from concentrate, fresh) fruit and vegetable juices
Production of light beers, sourced from
both GM and non-GM strains Background
For crude grain liquefaction (rice, corn,
etc.) at high (80 The annual turnover of Huiyuan is over CNY 4.5 bio and it is the largest juice drinks
90°C manufacturer in China. The company processes about ## mio tons of fruit per annum
Non-GM, heat-stable alpha to produce fruit pulp and juice concentrates from apple, peach, pear, apricot,
amylase for the liquefaction (thinning) strawberry, orange, jujube, haw berry, kiwi berry, oleaster, etc. Its main products are
of adjunct mashes. 100% juice and juice drinks. It also imports fruit pulp and fruit juice concentrates
Liquid enzyme for starch liquefaction from Brazil and Southeast Asia.
Fungal alpha-amylase for starch
conversion especially with adjince Awareness and current use of enzymes
brewing
The company uses ##########, pectinase and a blend of pectinase and #########
GM, heat-stable alpha-amylase for the - z L i .
| N g mainly in NFC juices. It sources ####### from various suppliers including
iquefaction (thinning) of adjunct
iftastigs. Novozymes, #######, #### and other Chinese suppliers at a price of CNY ##-##/kg.
. This enzyme is used at a dosage of ##-## kg/ton of fruit. Enzyme activity is in the
Liquefaction enzyme that can operate . e Ja
atlower pH and lower calcium levels range ##000-###000IU/g. ######### is used for the saccharification of the starch
than conventional thermostable alpha in the fruit to glucose and other soluble saccharides. This avoids deposition of large
amylases starch molecules and provides clear and stable fruit juices. It is commonly used in the
A ————— processing of apples, pear and kiwi juices.
epplicatians; Ibsecuresieiclent starch The company purchases pectinase from various suppliers including ####, ####44#,
exiraction and; igusfacton’aid and other local suppliers at the price of CNY ##-#0/kg, dosage varies over a wide
reduced viscosity 2 : Z
range of ##-### ppm, depending on the type of fruit being processed. Enzyme
activity is in the range ##000-##000IU/g. Pectinase is used to decompose pectin in
the fruit pulp to improve juice yield rate, improve the filtration process and produce
clear juice products. Dosage of pectinase varies on the fruit type and natural pectin
content, for example: #0-#0 ppm (apple, pear juices), #0-##0 ppm (grape juice),
###-### ppm (strawberry juice), #00-##0 ppm (haw juice), ###-### ppm (lemon
Jjuice) and ###-### ppm (mango juice).
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Enzyme blend containing pectinase and ### is purchased as fruit pulp enzyme from
###### and other local suppliers at a price of CNY ##/kg. This enzyme blend is used
to decompose pectin and break cell walls, in order to increase juice release and
improve over #% of juice yield rate. Enzyme activity is around ###00-##000I1U/g and
itis used at a dosage of ##-##g/ton (or ##-## ppm).

Sourcing & supply of enzymes

######## and pectinase are purchased as single component, whereas fruit pulp
enzyme is a blend of pectinase and #######. These enzymes are sourced from
manufacturers, distributors or from premix producers. The company purchases all
the raw materials and ingredients at its regional plants, rather than through the
headquarters. It also imports large volumes of juice concentrates from overseas
countries, no enzymes are required form further processing.

Company views on enzymes

The company uses enzymes mostly from Chinese manufacturers and distributors.
Enzymes are considered as natural and cost-effective for fruit juice processing.

Future prospects for enzyme use

The fruit juice market in China is currently expanding at a very slow rate. The
company's sales have grown at only #% in 2014. Slow growth is impacting enzyme
use in the juice sector and the company expects that growth will be in the range of
#-##%/year over the next 5 years.

61 1:2. BEIJING SDIC ZHONGLU FRUIT JUICE
2 Buchengmenwai Avenue, Xicheng
Beijing
China
Tel: +86 10 88009085
www.sdiczl.com

Relevant products

NFC fruit and vegetable juices

Background

The total sales revenue of the Zhonglu was around CNY ### mio (USD ### mio) in
2014. The company is owned and invested by State Development & Investment
Corporation (SDIC). It is one of the largest fruit and vegetable processing company in
China with 10 fruit processing facilities. It mainly exports juice concentrates to
various countries including Japan and generates over ##% of its revenue from export.
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