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A Petition to Amend the Australia New Zealand Food Standards Code with an

Invertase Enzyme Preparation produced by Trichoderma reesei

EXECUTIVE SUMMARY

The present application seeks to schedule 18 - Processing Aids of the Australia New Zealand Food
Standards Code (the Code) to approve an enzyme preparation from Trichoderma reesei (T.
reesei) host strain genetically modified to produce a T. reesei production strain (AR-996)
containing an invertase (also known as B-Fructofuranosidase) encoding gene from Aspergillus

niger. The enzyme is to be used in the following applications:

e the production of short chain fructooligosaccharides (sc-FOS) and,

e sugar reduction.
Proposed change to Standard 1.3.3 - Processing Aids

The table schedule 18—4, Permitted processing aids — Permitted Enzymes (section 1.3.3—
11), is proposed to be amended to include a genetically modified strain of Trichoderma reesei as

permitted source for invertase (EC 3.2.1.26), also known as B-Fructofuranosidase.
This application is submitted under a general assessment procedure.

The food enzyme is a biological isolate of variable composition, containing the enzyme protein,
as well as organic and inorganic material derived from the microorganism and fermentation

process.

The main activity of the food enzyme is invertase.



Use of the Enzyme and Benefits

The main activity of the Trichoderma reesei AR-996 enzyme preparation is invertase (IUBMB
3.2.1.26). The function of the invertase enzyme is to catalyse the breakdown of sucrose to fructose
and glucose utilizing the hydrolysis of terminal non-reducing 3-D-fructofuranoside residues in -
D-fructofuranosides (primary reaction). As a secondary reaction (side-activity of the invertase
enzyme) in the production of sc-FOS, the same enzyme molecule catalyses fructotransferase
reactions that means, that a fructose molecule from one sucrose molecule is transferred to another

sucrose molecule to produce sc-FOS and glucose. This is ubiquitous for all invertase enzymes.

For the intended use of invertase in the production of short chain fructooligosaccharides, the
substrate is sucrose. Consequently, the substrate for invertase occurs naturally and is therefore a

part of the human diet.

The end products or reaction products for invertase are glucose and fructose or short chain
fructooligosaccharides, depending on the reaction. All these reaction products are also found in

many organisms and occur naturally in food for human consumption.
Enzyme reactions:

Primary': Sucrose + H,0 — glucose + fructose
Secondal_'yz:_Sucrose - FOS + glucose

The method to analyze the activity of the enzyme is company specific and is capable of quantifying
invertase activity as defined by its IUBMB classification. The enzyme activity is usually reported in

GLU/g.

Like any other enzyme, the invertase act as a biocatalyst: with the help of the enzyme, a certain

substrate is converted into a certain reaction product. The technical effect on the food or food

" Information on EC 3.2.1.26 - beta-fructofuranosidase - BRENDA Enzyme Database (brenda-enzymes.org)

2 See footnote 17


https://www.brenda-enzymes.org/enzyme.php?ecno=3.2.1.26#REACTION%20TYPE

ingredient is caused by the conversion of the substrate to the reaction product caused by the
enzymatic reaction involving invertase. Once the conversion occurs, the enzyme can no longer

perform a technological function.

Like most enzymes, the invertase performs its technological function during food processing. The
invertase from Trichoderma reesei AR-996 object of this dossier is specifically intended to be used
in the production of short chain fructooligosaccharides (sc-FOS) and sugar reduction in
various foodstuff.. In the production of sc-FOS, invertase is used as a processing aid in food

manufacturing and is not added directly to final foodstuffs.

The production of the described sc-FOS (combination of sucrose and one to four fructose

molecules) utilizes sucrose: the substrate for invertase is sucrose.

The function of the invertase enzyme is to catalyse the breakdown of sucrose to fructose and
glucose utilizing the hydrolysis of terminal non-reducing B-D-fructofuranoside residues in 3-D-
fructofuranosides (primary reaction). As a secondary reaction (side-activity of the invertase
enzyme), the same enzyme molecule catalyses fructotransferase reactions, in which a fructose
molecule from one sucrose molecule is transferred to another sucrose molecule to produce sc-

FOS and glucose. This is ubiquitous for all invertase enzymes.

Please refer to Figure 1 below for the reaction diagram.
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Figure 1: Hydrolysis and Transfructosylation reaction of the Invertase

Invertase from Trichoderma reesei AR-996 production strain is intended for use in the

following applications:

e Production of sc-FOS from sucrose

e Sugar reduction



sc-FOS Production

The sc-FOS production industry is relatively new and categorizes the substance as a prebiotic
ingredient. Prebiotics fall under the functional food category which imply such foods have
confirmed or potential health benefits for consumers due to their bio-functional properties
(Ojwach et al. 2022; Mutanda et al. 2014). sc-FOS has the ability to stimulate gastrointestinal
bacteria such as bifidobacteria (Martins et al. 2019). sc-FOS's history in food began in Japan with
food producers adding FOS as a functional ingredient (Martins et al. 2019). Part of the interest in
sc-FOS is the biochemical characteristics of the ingredient where compared to other saccharides,
sc-FOS has smaller molecular weight, and polymerization (Ojwach et al. 2022). As an
oligosaccharide, FOS is found in a number of fruits and vegetables which are part of the human
diet, such as banana, barley, garlic, honey, onion, rye, chicory, Jerusalem artichoke, yacon, cereal

plants and tomato (Ojwach et al. 2022; Mutanda et al. 2014; Martins et al. 2019).

Use of enzymes in the industrial production of sc-FOS is an alternative to already established
acid/chemical methods (Martins et al. 2019). The enzymatic production of sc-FOS in simplified
industrial conditions where the enzyme’s ability to utilize both invertase and fructosyltransferase

activity streamlines the need to avoid additional control steps for sc-FOS production from sucrose.

Below, the benefits of the use of industrial invertase in those processes are described. The
beneficial effects are of value to the food chain because they lead to better and/or more consistent
product quality. Moreover, the applications lead to more effective production processes (such as
reduction in complexity, enzymes are managed according to pH and temperature conditions),
resulting in better production economy and environmental benefits such as the use of less raw
materials (i.e., synthetic chemicals) and the production of less waste. The use of invertase has been

recognized as acceptable in the production of sc-FOS for several years in the USA*4, Canada®, and

3 GRAS Notice GRN 537: short chain fructo-oligosaccharides produced with invertase for use in infant formula
4 GRAS Notice GRN 1006: short chain fructo-oligosaccharides produced with invertase for general use in food

5 5. List of Permitted Food Enzymes (Lists of Permitted Food Additives) - Canada.ca: Invertase is a permitted food additive enzyme for sucrose used

in the production of fructooligosaccharides


https://www.cfsanappsexternal.fda.gov/scripts/fdcc/?set=GRASNotices&id=537&sort=GRN_No&order=DESC&startrow=1&type=basic&search=Ingredion
https://www.cfsanappsexternal.fda.gov/scripts/fdcc/?set=GRASNotices&id=1006
https://www.canada.ca/en/health-canada/services/food-nutrition/food-safety/food-additives/lists-permitted/5-enzymes.html

B

Enzymes

an ABF Ingre

INA

Australia/New Zealand®” which demonstrates the technological need for such food enzymes in

food processes.
In general, the benefits of invertase in sc-FOS production are:

e Higher yields of sc-FOS and lower costs compared to the extraction from plant material
(Ibrahim 2021; Wienberg et al. 2022; Choukade and Kango 2021)

e Defined and consistent product composition (Sanchez-Martinez et al. 2020; Wienberg et
al. 2022)

e Sucrose widely available and low-cost substrate (Wienberg et al. 2022; Xu et al. 2019)

e No additional substrates as sucrose needed (Martins et al. 2019; Ibrahim 2021)

e FOS production by chemical hydrolysis of inulin uses toxic chemicals and lacks of
specificity (Sanchez-Martinez et al. 2020)

e Environmentally friendly, energy saving and production of less by-products (Ojwach et al.

2022; Sanchez-Martinez et al. 2020)

Sugar Reduction

In recent years, numerous studies have shown the negative health effects of high consumption of
sugars and the positive health benefits of increasing the soluble dietary fiber in human diets.
(Evans 2017; Deliza et al. 2021; Prada et al. 2022; Rippe and Angelopoulos 2016; Respondek et al.
2014; Nobre et al. 2022) In response to these studies and the recommendation to reduce the
glycemic load (Augustin et al. 2015), the demand for lower glycemic index foods, which are less
sugary and higher in soluble dietary fiber has been increased. To meet this demand, the
replacement of traditional sugary carbohydrates like sucrose, glucose or fructose with substitutes
like non-nutritive sweeteners, sugar alcohols, glucooligosaccharides and short chain

fructooligosaccharides (sc-FOS) has been investigated and applied (Martins et al. 2019;

6 Application A1055 - Short-chain Fructo-oligosaccharides (foodstandards.gov.au): Invertase from Aspergillus niger was approved as a processing aid
by FSANZ

7 AM212 - Beta-fructofuranosidase enzyme from Aspergillus fijiensis (foodstandards.gov.au): Application to update Schedule 18 of FSANZ’s Food
Code entry for invertase from Aspergillus niger to Aspergillus fijensis



https://www.foodstandards.gov.au/code/applications/Pages/applicationa1055shor4991.aspx
https://www.foodstandards.gov.au/code/applications/Pages/a1212.aspx

Respondek et al. 2014). Interest has been directed to sc-FOS. These compounds impart mild
sweetness, but also significantly, they are soluble dietary fibers with health benefits (Flores-Maltos

et al. 2016; Respondek et al. 2014; Nobre et al. 2022).

The use of invertase for sugar reduction in fruits and vegetables processing is one example. Some
fruit and vegetable raw materials like banana, oranges, apples or carrots contain substantial
amounts of sugars. The treatment of fruit and vegetable raw materials with invertase as part of
the standard raw material processing leads to sucrose hydrolysis and sc-FOS formation and
reduces the endogenous or naturally occurring sugar content. The addition of invertase is possible

at several production steps depending on raw material, production process and final product.
In general, the benefits of invertase for sugar reduction are:

e Reduction of total sugars content, the sum of mono - and disaccharides like glucose,
fructose and sucrose (Cywinska-Antonik et al. 2023; Gomes et al. 2023)

e Increase of soluble dietary fiber content (Martins et al. 2019; Ibrahim 2021; Nobre et al.
2015; Cywinska-Antonik et al. 2023)

o Decrease of glycemic index (Martins et al. 2019; Respondek et al. 2014)

e Decrease of energy value (calories) (Ibrahim 2021; Gomes et al. 2023)

e Less sweet taste (Ibrahim 2021)

e Insitu process for sugar reduction — no removal of valuable other substances like vitamins

or organic acids (Cywinska-Antonik et al. 2023; Gomes et al. 2023)
Safety Evaluation

The safety of the invertase produced by the genetically modified Trichoderma reesei AR-996 from
a toxicological perspective is supported by the historical safety of strain lineage. Toxicological
studies were performed on a representative strain (AR-700) which derives from the same recipient
strain within the strain lineage of AR-996. Expression constructs of both AR-996 and AR-700 are

very similar, only differing by the expression cassette/enzyme gene of interest. As both production



strains are free of any harmful sequences or any potential hazards, the expression cassettes are
very similar and are stably integrated into the genome of the strains without any additional
growth/mutagenesis cycles thereafter, differences in the genetic modification of AR-996 and AR-
700 are not a safety concern. Furthermore, the manufacturing conditions between the two
production strains are very similar. The slight changes in pH levels and fermentation medium
(food-grade) have been thoroughly assessed. They are considered minor (common industry

practice) and do not trigger any additional safety issue.

To add on, enzyme product from AR-996 production strain complies with JECFA specifications for
chemical and microbiological purity of food enzymes (Food and Agriculture Organization of the

United Nations 2006) which confirms the safety of the production strain AR-996.

The safety of the AR-996 Trichoderma reesei production strain is substantiated via three
toxicological studies on the Trichoderma reesei AR-700 production strain to demonstrate non-
toxigenicity of the strain lineage. The toxicological studies conducted include, a reverse mutation
assay using bacteria, a Micronucleus Assay in Bone Marrow Cells of the Rat and a 90-day repeated
dose oral toxicity study in Wister rats. All three toxicological studies showed negative findings
demonstrating the AR-700 production strain to be non-mutagenic, to not induce structural and/or
numerical chromosomal damage, and to not cause toxigenic effects on the Wister rats tested in

the 90-day oral toxicity study.

The product is free of production strain and DNA.

AB Enzymes is in the process of registering the Trichoderma reesei AR-996 invertase production
strain in other countries such as Brazil (ANVISA), Canada (Health Canada), Denmark (DVFA), EU
(EFSA), and USA (US FDA).



Conclusion

To conclude, the use of the food enzyme invertase from Trichoderma reesei AR-996 in the

production of food is safe based on the following aspects presented in this dossier:

e Safety data and information of the production strain
e Allergenicity and toxin analysis assessment on the amino acid sequence of food enzyme

e TDMI value based on Budget Method

Trichoderma reesei has been used in the food industry for many years. Strains from the
Trichoderma reesei microorganism are generally recognized as safe and are recognized to produce
a variety of enzymes. Trichoderma reesei is listed as a permitted producer of enzymes in multiple
global food enzyme positive lists, including in Australia. The safety of the invertase produced by
the genetically modified Trichoderma reesei AR-996 from a toxicological perspective is supported
by the historical safety of strain lineage which is provided in the dossier. We have demonstrated
that the enzyme batches containing invertase from Trichoderma reesei AR-996 meet the following

criteria:

e Absence of Antibiotic and Toxic Compounds & Analysis of Purity and Identity
Specifications of the Enzyme Preparation
e Absence of Production strain

e No Detection of DNA

Based on the safety evaluation, AB Enzymes GmbH respectfully request the inclusion of invertase
(EC 3.2.1.26) from Aspergillus niger expressed a genetically modified strain of Trichoderma reesei
AR-996 in the table of schedule 18—4, Permitted processing aids — Permitted Enzymes
(section 1.3.3—11).
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