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Safety considerations of plant polysaccharides for
food use: a case study on phenolic-rich softwood

galactoglucomannan extract
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A growing population and concern over the sufficiency of natural resources for feeding this population

have motivated researchers and industries to search for alternative and complementary sources of food

ingredients and additives. Numerous plant species and parts of plants are explored as raw materials for

food production. An interesting example is wood; to date, only a few wood-based additives or ingredients

are authorized for food use. Wood hemicelluloses, such as softwood galactoglucomannans (GGM), con-
stitute an abundant bioresource that shows a high potential functionality in edible materials. Spruce GGM
acts as a multi-functional emulsion stabilizer, and it could be used in various processed food products,

replacing less effective, conventional emulsifiers. Before new materials can be released into the food

market, their safety must be evaluated, according to the Novel Food regulation. This review focuses on
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1. Introduction

Polysaccharides are polymeric carbohydrates that consist of
monosaccharide units, which are connected together with gly-
cosidic bonds. Due to the structural variation of different
monosaccharides as well as the innumerable ways that these
building blocks link with each other, polysaccharides can be
considered as structurally complex biomacromolecules.
Polysaccharides originating from plants (e.g., starch and guar
gum), microbes (e.g., xanthan), algae (e.g, alginates and carra-
geenans) and animals (e.g., glycogen and chitin) are frequently
used in food. Starch, a high molar mass compound consisting
of (1—4)linked o-p-glucopyranosyl units, is an important
energy nutrient that is abundant in common foods, such as
cereals and root crops. Although many other food polysacchar-
ides are not digested in the upper gastrointestinal tract of
humans, they often serve functions other than being com-
ponents giving nutritional value. For example, plant cell-wall
polysaccharides, such as arabinoxylans and p-glucan, exist in
cereal-based foods, and “plant gums” are used as thickeners,
emulsifiers, emulsion stabilizers, gelling agents and encapsu-
lating agents." These non-digestible polysaccharides are
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the safety aspects that must be considered before polysaccharide- and phenolic-rich plant extracts can
be awarded the status of authorized food ingredients. In this review, GGM is presented as a case study
and examples are given of plant-based polysaccharides that are already authorized for food purposes.
The legislation regarding Novel Food ingredients in Europe is also briefly reviewed.

important for health because they are considered as dietary
fibre, which promote colon health, regulate post-prandial
blood glucose levels and reduce serum cholesterol levels.”

Despite the fact that nature provides various sources of
polysaccharides, and that scientific research on their exploita-
tion as food materials is increasingly active, a relatively low
number of polysaccharides are authorized for use as food
ingredients. For example, in the European Union (EU) and in
Switzerland, among the 334 permitted food additives (identi-
fied by an E number) less than 40 are polysaccharide-based
(native or structurally modified). The difference between other
food ingredients and food additives is mainly the quantity
used in any given product. Food ingredients can be consumed
alone as food (e.g., starch), whereas food additives (e.g,
carboxymethyl cellulose) are used in small quantities (usually
less than 2%) relative to the total food composition but they,
nonetheless, play an important role in the food products.
Regarding food additive use in Europe, the European Food
Safety Authority (EFSA) has an expert Panel on Food Additives
and Nutrient Sources Added to Food (ANS), which evaluates
the safety of food additives. Similarly, if new ingredients are
released into the market, EFSA’s Panel on Dietetic Products,
Nutrition and Allergies (NDA) has the responsibility of evaluat-
ing the safety of Novel Food ingredients.

The vast majority of polysaccharides used as food ingredi-
ents are plant-based. For example, guar gum (galactoman-
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nan) is extracted from the seeds of the leguminous plant
Cyamopsis tetragonolobus, and gum arabic is an exudate
obtained from the sap of Acacia trees (Acacia seyal or Acacia
senegal). Woody tissue offers an attractive source for addi-
tives, such as cellulose microcrystals and various cellulose
derivatives. In addition to the cellulosic polysaccharides,
other types of food-grade ingredients or additives, such as,
vanillin aroma, glycerol esters of wood rosins (E445), xylitol
(E967) and steryls/stanols, are derived from wood. Despite
the fact that these wood-based, food-grade materials are
already on the market, wood biomass could be utilized more
effectively. The main components of wood are polysacchar-
ides: cellulose (40-50 wt%) and hemicelluloses (20-35%),
while lignin comprises 15-30% of wood mass.? In addition to
these macromolecules, wood contains a small amount of in-
organic residues and extractives, which are low molar mass
molecules. Extractives include a heterogeneous group of ali-
phatic and cyclic compounds: terpenes and terpenoids, esters
of fatty acids, fatty acids, alcohols, alkanes, simple phenols,
stilbenes, lignans, isoflavones, condensed tannins, flavonoids
and hydrolyzable tannins. Wood phenolic compounds may
possess bioactive functions; in vitro studies suggest that they
may act as antioxidants.® Due to the close association of
lignin and extractives with cellulose and hemicelluloses, low
amounts of these compounds commonly exist in hemi-
cellulose or cellulose extracts and can, thus, be considered as
“co-passengers” of fibrous materials. While wood extracts are
neither presently nor extensively used in food ingredients,
they have a long history in food supplement use. Softwood
extracts have also recently received attention in the bio-
medical field; spruce hemicellulose extract was patented for
“use on the treatment of lower urinary tract symptoms and

diseases”.”®

‘
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O-Acetyl-galactoglucomannan ~ (GGM)  from  spruce
(Picea abies) is an example of a highly interesting wood-based
polysaccharide’ that could be used in food but is not currently
in the list of accepted food ingredients, including food addi-
tives. Before new compounds can be released into the market
in the EU, their safety must be evaluated, as legislated by the
European Commission. This review presents a case study of
GGM, a new, highly potential hydrocolloid on its route to an
authorized food ingredient (Fig. 1). The review explores the
safety aspects of phenolic-rich plant polysaccharide extracts
with a special focus on GGM extract (in this article the abbrevi-
ation “GGM” is used for GGM extract which contains small
amounts of other compounds, such as lignin and extractives
in addition to galactoglucomannan). Examples from the safety
considerations of the polysaccharides that are already
permitted for food use are presented. Additionally, the safety
aspects and data requirements for safety evaluation as Novel
Food or Novel Food ingredients will be discussed.

2. Spruce galactoglucomannan
(GGM) — a potential wood-based food
ingredient

Hemicelluloses, structural elements of the plant cell-walls, are
a heterogeneous group of polysaccharides and constitute
almost one third of plant mass. Unlike cellulose, hemicellu-
loses have a limited number of industrial applications because
the methods for isolating and recovering them from ligno-
cellulosic biomasses were previously lacking due to technologi-
cal and economical limitations. Thus, hemicelluloses consti-
tute a remarkable bioresource that could be utilized more

—\EXTRACTION
COMPOSITION
o —— . STABILITY
A SR Ay
HO ron; \\
HEALTH Y 2
EFFECTS?
SAFETY
>
N ; QUL -
NOVEL FOOD > |
INGREDIENT J N\

Fig. 1 This review presents a case study of spruce galactoglucomannan (GGM) on its way from a natural source to becoming an authorized food
ingredient with technological and possible health beneficial/promoting effects. In addition to galactoglucomannan, the GGM extract contains other

components, such as polyphenolic lignin and extractives from wood.
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efficiently in the future. Other polysaccharides, such as starch,
guar gum, locust bean gum, konjac glucomannan and gum
arabic, have significant roles; for example, in food technology,
they bind water and increase viscosity (modify and stabilize
food structures), form networks and gels and act in emulsions
as emulsifiers and emulsion stabilizers (lower the surface
tension between water and oil and increase the viscosity of the
continuous phase).® GGM is a highly potential hemicellulosic
polysaccharide that could be recovered from softwood and uti-
lized as a Novel Food component. Various studies highlight
the applicability of GGM in emulsions,” ! in edible (and bio-
degradable) films">'® and in hydrogels and aerogels."”” " In
addition to GGM, other wood-based hemicelluloses, namely,
birch xylans are promising food ingredients; birch pulp xylan
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Fig. 2 GGM is an efficient emulsion (oil-in-water) stabilizer. No change
in the droplet size distributions of the fresh emulsion and the emulsion
that has been stored for one month at room temperature can be
observed. The emulsion contains 60 wt% of oil and the emulsifier-to-oil
ratio was 1:5. Reprinted from ref. 11, courtesy of the Royal Society of
Chemistry.
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improved the structure of low-fat acid milk gel products
(yogurts) and acted as a dietary fibre component.*°

A unique characteristic of GGM is that it acts as a multi-
functional emulsion stabilizer, both preventing physical break-
down and inhibiting lipid oxidation. Also, GGM showed
surface activity in emulsion studies, ie., it has a capacity to
lower the surface tension of water, which is significant in
emulsification."* As shown in Fig. 2, one month’s storage of
rapeseed oil-in-water emulsion, with 60 wt% oil and 12%
GGM, had no effect on the droplet size distribution, indicating
that the emulsion was physically stable. Rheological character-
ization indicated that the mechanism behind GGM’s excellent
physical stabilizing capacity is partially related to the steric
effect and partially to the viscosity increase of the continuous
phase. The viscosity of GGM solutions is between that of
small-molecular surfactants and high molar mass macro-
molecular stabilizers."* Physical stabilization alone does not
guarantee the shelf life of a product, but GGM also efficiently
stabilizes emulsions chemically by inhibiting lipid oxidation.’
The oxidation of lipids (especially unsaturated fatty acids) is a
significant factor, reducing the quality of food by reducing the
nutritional value and by introducing components that bring
undesirable flavours to food (i.e., reduce the sensory quality).

The polysaccharide structure of GGM consists of (1—4)-
linked B-p-mannopyranosyl and p-b-glucopyranosyl units with
(1—6)-linked galactose side units attached to mannose units
(Fig. 3). However, when referring to GGM, we consider the
complete extract mixture obtained from wood, in which poly-
saccharides are clearly the major constituents. Depending on
the extraction method used, other (non-polysaccharide) com-
pounds are co-extracted at various amounts. This is also the
case for other polysaccharides; for example, galactomannan
from guar (guar gum) or arabinogalactan from Acacia trees
(gum arabic), which are widely used as food additives, are
known to contain small amounts of protein.®?"

Fig. 3 The polysaccharide structure of spruce galactoglucomannan (GGM). The backbone consists of mannose and glucose and single galactose
groups are attached as side units. The structure also contains acetyl groups, whose presence at moderate contents promotes water-solubility.

This journal is © The Royal Society of Chemistry 2018
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Spruce GGM can be extracted in polymeric form using
different procedures—the molar mass of GGM varies between
a few thousand g mol™" and a few tens of thousands g mol™,
depending on the extraction method and analysis technique
employed for molar mass determination. Classically, hemicel-
luloses can be extracted from plant tissues using basic extrac-
tion solutions (e.g., NaOH and KOH), but acetyl groups, which
promote the water-solubility of hemicelluloses at intermediate
degrees of acetylation, are cleaved during the alkaline treat-
ment of the plant material. The environmentally friendly way
of recovering GGM from a wood matrix is a pressurized hot
water extraction (PHWE) method.?* Also, a related extraction
method, utilizing water as the extraction solvent, has recently
been developed for biomass fractionation.?® During the extrac-
tion process, the extractant is circulated through the fibre
matrix to remove the impurities from the extract. Another way
to extract GGM, which carries acetyl groups, is to recover the
polysaccharide from the process water of the thermomechani-
cal pulping (TMP) process.>*

Due to recent developments in large-scale extraction tech-
niques,*” GGM is available in kilogram quantities. Kilpeldinen
et al. successfully scaled PHWE from a laboratory scale to a
pilot scale, which increased the extraction capacity by a factor
of 6000. PHWE utilizes plain (tap) water as a solvent and no
other chemicals are used. Water can also be recycled after
extractions. Thus, the extraction process is environmentally
friendly. In pilot scale PHWE, water is pumped through the
extraction vessel (volume 300 1), which is filled with spruce
sawdust (particle size distributing between 0.2 and 4 mm), for
extraction of GGM. The extraction was performed at 170 °C for
60 min. Sawdust was pre-steamed to heat the sawdust inside
the extraction vessel evenly and to decrease the channelling of
water flowing through the sawdust bed. The extraction power
of PHWE is based on a decrease of the dielectric constant of
water at subcritical temperatures, and thus, water can dissolve
more semi-polar compounds. At high temperatures, the vis-
cosity of water is also lower than that at room temperature,
which enhances the penetration capability of water into the
sample matrix. Additionally, the increased diffusivity improves
the mass transfer of dissolved compounds, thus improving the
extraction efficiency.

3. Examples of plant derived food
polysaccharides that are currently
used as food ingredients

Many plant-based polysaccharides play a key role in the for-
mation of desired food structures in various products, as they
are authorized for food use as added ingredients or additives.
The following paragraphs briefly present three polysaccharides
that have similarities, either structural- or origin-based, to
spruce GGM. Arabinogalactan from larch is a hot water
extracted wood polysaccharide that has a relatively low molar
mass. Konjac glucomannan and guar galactomannan have
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monosaccharide compositions similar to those of GGM; they
are widely used in the food industry as a thickening and struc-
turing agent.

3.1 Arabinogalactan

Arabinogalactan, a hemicellulose from western larch (Larix occi-
dentalis), is used as a food hydrocolloid in Northern America,
Japan and Australia. Larch arabinogalactan has a relatively low
molar mass (16 000-50 000 g mol™"), it is highly water-soluble
and solutions of high concentration (up to 50%) can be pro-
duced with very low viscosities.>>*® For the extraction process
of arabinogalactan, wood is debarked, chipped and then
extracted with hot water in a two-stage extraction process
equipped with screw presses. The extraction process yields an
aqueous product, having a concentration of about 50% of ara-
binogalactan. Products containing arabinogalactan can be used
in a liquid form (preserved with potassium sorbate) or in a
spray dried powder form, after undergoing hydrogen peroxide
and potassium hydroxide purification and decolorization.>?
Arabinogalactan from larch was accepted as a food additive for
use in food as an emulsifier, a stabilizer, and a binding or vis-
cosity agent for essential-oils, flavours, non-nutritive sweet-
eners, salad dressings and pudding mixes, in the USA, in 1965.
In addition, arabinogalactan has a GRAS (generally regarded as
safe) status. However, it has not been used as a food additive in
the EU. The powder form (decolorized) food-grade arabinoga-
lactan contains 4.74% moisture, 89.3% carbohydrates, 5.27%
ash, 0.47% protein and 0.23% fat. Arabinogalactan can be natu-
rally found in common foods, such as coffee beans, soybean
seeds, rapeseed, apple, wheat flour and rye flour.

3.2. Konjac glucomannan

Konjac glucomannan (E425) is a high molar mass
(200 000-2000 000 g mol™*") polysaccharide, which is extracted
from the roots of Amorphophallus konjac. Due to the high
molar mass, konjac glucomannan is an ideal thickener and
emulsion stabilizer (enhances the viscosity of the continuous
phase in oil-in-water emulsions). Konjac glucomannan con-
sists of (1—4)-linked linear chains containing both p-b-manno-
pyranosyl and p-p-glucopyranosyl units in a ratio of 1.6:1. A
low amount of branching (8%) occurs through p-(1—6)-gluco-
syl linkages. Acetyl groups attached to chains increase the
water solubility of the polymer. Konjac glucomannan is widely
used in food emulsions and as food thickeners as well as food
supplements.”” Konjac glucomannan has been shown to con-
tribute to the reduction of body weight in the context of an
energy-restricted diet (health claim approved by EC).*® A syner-
gistic polysaccharide complex containing konjac glucoman-
nan, alginate and xanthan has higher viscosity in hydrated
form than the individual polysaccharides and is marketed as a
source of dietary fibre that can be used in various foods and
beverages as well as in dietary supplements.>’

3.3 Guar gum

Guar gum (E412) is the ground endosperm of guar (Cyamopsis
tetragonolobus) beans. Guar beans grow mainly in India,

This journal is © The Royal Society of Chemistry 2018
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Pakistan, the USA, Australia and African countries. The main
component in guar gum is galactomannan, which consists of a
(1—4)-linked p-o-mannopyranosyl backbone carrying a-p-galac-
topyranol substituents at the position of O-6. The mannose-to-
galactose ratio in guar galactomannan is 1.6. Structurally
similar galactomannans (with different mannose-to-galactose
ratios) can be found in other plants, such as the Ceratonia
siliqua (locust bean gum), Caesalpinia spinose (tara gum) and
Trigonella foenum graecum (fenugreek gum). Guar gum is used
extensively in the food industry as thickening and stabilizing
agents. Food-grade guar gum powder contains >75% of galac-
tomannan. Additionally, guar gum contains crude protein
(5-6%), moisture (8-15%), crude fibre (2.5%), ash (0.5-0.8%)
and minor amounts of lipids.>' Due to the high molar mass of
guar gum, low amounts, <1% of the food weight, are com-
monly used.*® Foods that provide a daily intake of 10 g of guar
gum are permitted to health claim that “Guar gum contributes
to the maintenance of normal blood cholesterol levels”.**

In conclusion, all three polysaccharides, which have simi-
larities to the spruce GGM, are accepted for food use.
Arabinogalactan is wood-based, and the extraction process is
similar to PHWE used to extract GGM; additionally, its molar
mass is in the same range as the molar mass for GGM. Konjac
glucomannan and guar gum are both mannans, and thus, are
structurally similar to GGM. Based on these examples, we
believe that GGM has potential in the food industry, as a
multi-functional food ingredient in the future. Before GGM
can be used as a food ingredient, however, its safety needs to
be evaluated, as requested by the EU Novel Food regulation.

4. Legislation regarding Novel Food
ingredients in Europe
4.1 Application for authorization of a Novel Food

All new materials intended for food purposes need to meet the
safety requirements regulated by the EU legislation. According
to the European Commission, Novel Food is defined as: “food
that has not been consumed to a significant degree by
humans in the EU prior to 1997, when the first Regulation on
Novel Food came into force. ‘Novel Food’ can be newly devel-
oped, innovative food or food produced using new techno-
logies and production processes as well as food traditionally
eaten outside of the EU”.** In Europe, the European
Parliament and the Council have laid down the updated regu-
lation concerning Novel Foods and Novel Food ingredients
(regulation (EC) no. 2015/2283).>* According to the regulation
(article 7), Novel Foods and Novel Food ingredients must not
present a danger for the consumer, mislead the consumer or
differ from the foods or food ingredients that they are
intended to replace to such an extent that their normal con-
sumption would be nutritionally disadvantageous for the con-
sumer. Before the product that is regarded as a Novel Food/
Novel Food ingredient can be released into the market, an
application needs to be submitted to the European
Commission. The EFSA has the responsibility of evaluating the

This journal is © The Royal Society of Chemistry 2018
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safety of the Novel Food and forwarding the opinion to the
Commission.>* The Commission’s decision defines the scope
of the authorization and establishes the conditions of use for
the food or food ingredient, the designation of the food or
food ingredient and its specification and specific labelling
requirements. Consumers need to be informed of any charac-
teristic or food properties, such as composition, nutritional
value or nutritional effects and intended uses of the food.

4.2 Safety evaluation of Novel Foods

Obviously, Novel Foods must be safe for consumers. If the
authorization of a Novel Food is applied for a certain ingredi-
ent, the data needed to carry out the safety assessment have to
be provided in the application as directed by the EFSA.>* The
list of required information and data is presented in Table 1.
All of the analyses and tests should be performed in a facility
that can certify the data, and validated methods (e.g,

Table 1 Information required in Novel Food application (according to
the European Food Safety Authority, EFSA)*#3°

List of required information/data  Further details/remarks

Generic description of the Novel
Food*

e.g., chemical name, structure,
CAS number, synonyms,
molecular formula, molar mass,
particle size, shape and
distribution

Special focus on potential by-
products, impurities or
contaminants that could cause
safety concerns

Unidentified constituents should
be as low as possible

Detailed description on
production process

Detailed qualitative and
quantitative data on the
composition

Stability evaluation during storage For food ingredients the stability
in the processed food should be
investigated

Specifications defining key
parameters (and limits) which
characterize the identity of the
Novel Food

Limits acceptable for impurities
and degradation products
Description on the history of use
of the Novel Food

Studies on similar foods from the
same or the related sources
should be included

Intakes from different sources
(natural, added) should be taken
into account

Estimation for intakes

Estimation to exposure to
undesirable substances

Data on toxicokinetic testing
(adsorption, distribution,
metabolism, and excretion,
ADME)?

Nutritional information
Toxicological information®
Description of possible allergens
for protein-containing products

“Depends on the nature of the Novel Food (chemical substance,
isolate, polymer, mixture, etc.). b Minimun requirements include data
on absorption, genotoxicity (in vitro) and toxicity (an extended 90-day
toxicity study on rats). ‘Includes data on subchronic and chronic tox-
icity, carcinogenicity, and reproductive and developmental toxicity.

Food Funct, 2018, 9, 1931-1943 | 1935
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Association of Analytical Communities, AOAC) should be used
whenever possible. The compositional data should be based
on the analyses from at least five different batches of the
product. Considerations regarding the safety evaluation of
GGM are presented in the following section.

5. Safety considerations for GGM

5.1 Composition of spruce GGM extracted using pressurized
hot water extraction

GGM extracted using the PHWE procedure is highly potential
for food products because the extraction process utilizes only
water as the extraction solvent. The spruce sawdust contains
42% cellulose, 23% hemicelluloses, 26% lignin, 3% extractives
and 6% other compounds, mainly acetyl groups from hemicel-
luloses and small amounts of proteins and ash.*” Lignin is a
complex three-dimensional macromolecule (“polyphenolic
compound”) which consists of polymerized monolignols:
p-coumaryl alcohol, coniferyl alcohol and sinapyl alcohol. The
dominating lignin monomer in softwood lignin is coniferyl
alcohol.*® Extractives are non-structural components in wood
and their content is higher in bark, leaves and roots than in
stem wood. Extractives contain both aliphatic and alicyclic
compounds as well as phenolic compounds. The former
includes terpenes and terpenoids, esters of fatty acids, fatty
acids, alcohols and alkanes. The latter category includes
simple phenols, stilbenes, lignans, isoflavones, condensed
tannins, flavonoids and hydrolyzable tannins.’” The compo-

Table 2 Spruce extractives in mg g~* of dry heartwood**
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sition of spruce heartwood extractives (petroleum ether
extracted) is presented in Table 2. The hemicellulose fraction
is enriched in spruce GGM extracted by PHWE (Fig. 4a). The
extract contains 75% hemicelluloses, 16.7% lignin, 6.7%
extractives and 1.7% other compounds (such as proteins,
acetic acid and ash). It should be noted that the composition
of the laboratory scale and the pilot scale extracted material is
very similar. The monosaccharide compositions for both the
spruce sawdust and extract (from pilot and laboratory scale
extractions) are presented in Fig. 4b. Both the sawdust and
extract contain mainly mannose, glucose, galactose and xylose.
In the extract, mannose, galactose and glucose originate from
galactoglucomannans. Additionally, spruce hemicellulose con-
tains arabinoglucuronoxylan,® which consists of a (1—4)-
linked p-p-xylopyranosyl backbone with (1—2)-linked 4-O-
methyl-a-p-glucopyranosyl uronic acid and a-L-arabinofuranose
linked to C-3 of xylose residues as side groups. No detailed
data on the composition of “other compounds” exist.

Based on the studies of extracts that have structural simi-
larities to spruce GGM, most of the compounds present in the
GGM extract are probably safe for humans and animals. One
example is the wood-based flavonoid taxifolin, which is
extracted from Dahurian larch (Larix gmelinii) and has been
recently evaluated by the EFSA and approved for food use.*®
However, low amounts of some undesirable substances may
also be present in the extract. Prior to possible food use of
GGM, the levels of heavy metals (lead, arsenic, cadmium and
mercury) in the extract should be analysed. The limits for
these heavy metals in plant-based food range from 0.1 to
0.3 mg per kg wet weight.>***° In addition, microbial safety
should be ensured. Because no solvents are involved in the
PHWE process, no solvent residues are expected to be present
in the GGM extract. In addition to heavy metals and possible
microbial contaminants, furfural and furfural diethylacetal,

Component mg per g of wood X i o
which are formed from polysaccharides containing pentose or
Eatt_y aCIflg g'gg hexose sugars during acid hydrolysis and heating, are undesir-
esin acids . .
Sterols 0.94 able substances that may be present in the extract. Because
Triterpene alcohols 0.13 high temperatures are used in the PHWE process, small
Diterpene alcohols and aldehydes 0.29 amounts of furfurals may form during the extraction of spruce
Alkyl ferulates 0.19 . .
Glyceryl residues 0.22 GGM. In the extract of birch, obtained by the PHWE process,
Total 6.0 (0.6%) 79 pg 17" of furfurals were detected when the extraction temp-
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Fig. 4 (a) The chemical composition and (b) monosaccharide composition of spruce sawdust and PHWE GGM. Other sugars include arabinose,

rhamnose, glucuronic acid and galacturonic acid. The pilot scale extraction was developed after successful small-scale experiments in the labora-

tory. Reprinted from ref. 22, courtesy of the Royal Society of Chemistry.
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erature was 190 °C.*" Also, resin acids, especially abietic acid,
levopimaric acid, palustric acid, neoabietic acid, dehydroabie-
tic acid, pimaric acid, isopimaric acid and sandaracopimaric
acid, which are included in the wood extractives (Table 2), may
be toxic,”® but their total amount in the extracted GGM is
likely to be very small.

5.2 Molar mass

The molar mass of PHWE GGM (ethanol precipitated) is in the
range of ~10000 g mol """ Wood hemicelluloses are known
to have a lower molar mass than, e.g., the hemicelluloses from
monocotyledonous plants, such as cereals.**** However, the
PHWE process may have caused some degradation of the GGM
chains because GGM from spruce thermomechanical pulping
process water has a higher molar mass, in the range of
20 000-40 000 g mol™". Another explanation for the discre-
pancy between the molar masses could be that the PHWE
process extracts lower molar mass polymers than what can be
recovered from thermomechanical pulping process water.”"*
Determining the molar mass of GGM is not a straightforward
task because GGM forms colloidal aqueous solutions already
in relatively low concentrations of >0.1%.*® Molar masses (or
molar mass distributions) are most often determined using a
liquid chromatographic method, namely size-exclusion chrom-
atography, which requires the samples to be soluble (in the
form of single chains) in the mobile phase. Thus, due to the
colloidal nature of the aqueous GGM solutions, other solvents,
such as dimethyl sulfoxide, are commonly used in size-exclu-
sion chromatographic analyses of GGM.*”

5.3 Physical properties

Rheological properties of aqueous solutions of GGM obtained
with different extraction procedures have been studied.''***?
Due to the low molar mass of PHWE GGM ( please see the pre-
vious paragraph), the viscosity is also low and exhibits
Newtonian behaviour, even for GGM contents of up to
30 wt%."" The low viscosity of GGM is also seen in Fig. 5a,
which shows the specific viscosity of the aqueous GGM solu-
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tions as a function of the coil overlap parameter ¢[y] (which
describes the space that molecules occupy in the solution),
where the intrinsic viscosity [;] was 16 ml g~ ". At low concen-
trations, below the coil overlap parameter ~2, the viscosity
increases moderately, which is expected for dilute polysacchar-
ide solutions. At the coil overlap concentration and above that,
interactions between the polysaccharide chains exist and the
viscosity increases faster as a function of the concentration
compared to the dilute solutions. One way to estimate the
overlap concentration is to take the inverse of the intrinsic vis-
cosity. Thus, the overlap concentration of PHWE GGM is
~65 g 17, This concentration is significantly higher than the
concentrations of polysaccharides that are commonly added to
food products. Due to the low viscosity of the GGM solutions,
the viscosity will most likely not be a safety concern regarding
the food use of GGM. However, there is a past instance where
konjac glucomannan-containing jelly candies were withdrawn
from the market because they caused a potential choking
hazard to consumers, particularly to the children and
elderly.*®

5.4 Stability during storage

Food processing conditions are often acidic and include treat-
ments at high temperatures. Such treatments may cause the
degradation of polysaccharides, and thus, stability studies
have been conducted to see how different polysaccharides
behave under acidic conditions and/or at high temperatures.
Xu et al. investigated the stability of GGM under acidic con-
ditions of pH 1, 2 and 3 at 90 °C.*° The degradation of GGM
occurred at all the pH values tested. At the lowest pH of 1, poly-
meric GGM was depolymerized to monomers in two days. The
degradation at the higher pH values of 2 and 3 was less
drastic; at pH 3, the molar mass was reduced by a factor of two
after one day and no further reduction in the molar mass was
observed (Fig. 5b). In addition, the effect of temperature on
the degradation of GGM was studied at pH 1. Compared to the
changes of the molar mass at 90 °C, the reduction of the
molar mass was significantly lower at temperatures of 70, 50,

b)

25

20 pH3, 90°C ]

Molar mass (kDa)

1500 2000 2500

Time (min)

0 500 1000 3000

(a) The specific viscosity of aqueous PHWE galactoglucomannan (GGM) solutions as a function of the coil overlap parameter cly]. The intrin-

sic viscosity [7] was 16 ml g%, Reprinted from ref. 11, courtesy of the Royal Society of Chemistry. (b) The effect of pH on the molar mass (M,,,
weight-average molar mass; M,, number-average molar mass) of GGM. Reprinted with permission from ref. 50. Copyright (2008) American

Chemical Society.
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and 37 °C. At 50 °C, the molar mass was halved after two days,
after which no reduction was observed. No degradation
occurred at 37 °C or lower temperatures. The pH of aqueous
GGM solutions has been reported to be around 5.*® The pH of
many food matrices is, however, lower, and thus, stability tests
of GGM in food matrices should be conducted before releasing
it to the market.

The stability of another mannan, guar gum, has also been
studied. Guar gum was found to be relatively stable in the
acidic environment, even at high temperatures. Rao et al.”'
noticed that a long heat treatment at a temperature range from
around 100 °C to 130 °C caused the mild depolymerization of
guar gum. The hydrolysis of the polymer caused a decrease in
viscosity and hydrodynamic volume, which is described by the
intrinsic viscosity. When the 1% (w/v) guar gum solution was
heat treated at 121 °C for 10 min, the intrinsic viscosity
decreased almost one third. In addition, the amount of redu-
cing sugars increased during the heat treatment. Cheng et al.>>
followed the degradation of guar gum under acidic conditions
at pH 1 for 2, 4, 10.5, and 15 h. After the 15 h treatment, the
intrinsic viscosity of guar gum decreased almost sixfold. It
should be noted that in these two stability studies only a mild
degradation took place without any changes in the chemical
structure of guar gum.

5.5 Proposed uses and anticipated intake

GGM has proved to be an efficient multi-functional emulsifier
and stabilizer and could thus be used in various food products
(both oil-in-water and water-in-oil types of emulsions). GGM
could be used as an alternative to guar gum or gum arabic,
which are commonly used in the food industry for emulsifying
and emulsion stabilizing purposes. The optimal GGM-to-oil
ratio depends on the oil content of the product. However, a
GGM-to-oil ratio of around 1:5 is sufficient for products con-
taining a relatively high oil content, such as salad dressings (in
which the oil content could be approximately 40%) as well as
products with a lower oil content (e.g., drink products with an
oil content of <5%). These GGM-to-oil ratios have been proved
to work in test emulsions® " and give indication on the ratios
that would also be applicable in “real” food emulsions.

Typical food emulsions include dressings, sauces, margar-
ine, fermented milk products and drinks. The estimated use
levels of GGM in different products, based on the GGM-to-oil
ratios discussed in the previous paragraph, could range from
1% to 10%, depending on the oil content. Based on the
average food consumption of the Finnish population (National
FINDIET survey, 2012; The EFSA Comprehensive European
Food Consumption Database), the estimated daily intake of
GGM would be 32 mg per kg bw per day, assuming that GGM
would replace all other polysaccharide-based emulsifiers in
the foods that belong to the categories of dressings, margar-
ines, fermented milk products and milk product imitates.
Assuming a 70 kg body weight, the average daily intake would
be 2.2 g per person per day. This value is a reasonable esti-
mate; in the UK, the mean exposure for depolymerized guar
gum, which has functional similarities to GGM, was estimated
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to be approximately 2.9 g per person per day, and globally, the
exposure was estimated to range between 41 and 57 mg per kg
bw per day.>® In addition to its use as an ingredient in food
products, GGM could also be used as a food supplement. For
example, a similar product is (hot water extracted) larch arabi-
nogalactan, which is used as a source of dietary fibre in food
products and food supplements (mainly in the USA).

5.6 Toxicological information

To date, there is no toxicological information on GGM. When
assessing the nutritional and toxicological impact of a poten-
tial Novel Food, data on absorption, distribution, metabolism
and excretion (ADME) are needed.** As a plant hemicellulose,
GGM is included in the definition of dietary fibre, which is not
digested or absorbed in the small intestine but may be partly
fermented in the large intestine by the microbes. Polyphenolic
lignin, which is present in the GGM extract in addition to the
hemicellulose fraction, is also included in dietary fibre.
Although the toxicity of GGM has not been studied, supporting
evidence for non-toxicity can be drawn from the feeding
studies in which PHWE GGM was fed to sheep.>® In these
in vivo studies, it was noted that GGM was highly fermentable
and caused no harmful effects to the ruminants. In addition,
plenty of data can be found from the literature for structurally
related mannans, namely for konjac glucomannan and for
guar galactomannan. Both short-term toxicity and long-term
toxicity tests have been conducted for konjac glucomannan.
Based on the results of these toxicological studies, the NOAEL
(no-observed adverse effect level; “the highest experimental
point that is without adverse effect”>”) value for konjac gluco-
mannan has been set to 500 mg per kg bw per day. Based on
the 4-hour cytotoxicity assay, konjac glucomannan is not con-
sidered to be cytotoxic.”®

Toxicological data exist for several galactomannans that are
accepted as food constituents (guar gum, locust bean gum and
tara gum). These galactomannans were not carcinogenic to
mice or rats. The carcinogenicity testing of guar galactoman-
nans included a 103-week carcinogenicity study in rats and
mice. A dosage of 1250 or 2500 mg per kg bw per day for rats
and 3600 or 7200 mg per kg bw per day for mice was adminis-
tered for 103 weeks. These amounts did not induce
cancer.’”*® Similarly, a 2-year feeding study was conducted for
locust bean gum and tara gum, and, in these studies, no carci-
nogenic effects were detected.”® The highest tested dosages
were based on the NOAEL values.

In addition to the murine studies, a human clinical study
was conducted in which a daily dosage of 30 g of guar gum
was administered to non-insulin dependent diabetic patients
for 16 weeks.” This study showed that there were no changes
in the hematologic, hepatic, or renal functions. Furthermore,
no change in the lipid, protein or mineral metabolism, or elec-
trolyte balance was observed. Thus, the results of this clinical
study suggested that guar gum can be consumed in relatively
large quantities without adverse effects.

The toxicity of two oxidized depolymerized guar gums pre-
pared by alkaline hydrolysis was tested using a 90-day toxicity

This journal is © The Royal Society of Chemistry 2018
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study in which guar gums were given to weanling rats using
dosages of 0 (control), 1000, and 2500 mg per kg bw per day.>*
No adverse effects to partially depolymerized guar gum were
found when growth, food consumption and chemical, clinical
and histopathological examinations of the animals were
conducted.

Arabinogalactan is a wood-based (extracted from larch)
polysaccharide that has been used as a food ingredient. In an
acute toxicity study, the LDs, value (“lethal dose 50%”) of
12.9 mg kg~ was established. A 30-day toxicity study indicated
that arabinogalactan was innocuous to rats when fed to rats
for 30 days at dosages of up to 25%. A six-month chronic tox-
icity study of arabinogalactan was conducted in beagle dogs.
The study showed that there were no significant gross or histo-
logical  alterations in the group that received
arabinogalactan.

Furfurals occur naturally in many food items, such as
fruit, tea, coffee and cocoa, and may also be present in the
GGM extract in minor amounts. In addition to its natural
occurrence, furfurals are also used as a flavouring substance
in many food categories. The EFSA has established an ADI
(acceptable daily intake) value for furfural and furfural di-
ethylacetal (the latter is rapidly converted into furfural at the
physiological pH) of 0.5 mg per kg bw. This value is based on
applying a safety factor of 100 to the NOAEL value of 54 mg
per kg bw per day, which was obtained from a 90-day hepato-
toxicology study in rats.®® Many short-term and long-term tox-
icity studies have been conducted for furfurals. The oral LDs,
for furfural has been reported to be 127 mg per kg bw in
rats®! and 333 mg per kg bw in mice.®? In vivo toxicity studies
have provided evidence showing that furfural did not induce
genotoxicity in male mice. However, tumours were observed
in male mice in long-term carcinogenicity studies, causing a
concern of chronic hepatotoxicity. Hepatocellular tumours
were not observed in a long-term rat study, but rats were
more sensitive to liver toxicity.®® Due to the safety concerns
related to furfurals, their levels in GGM extracts should be
monitored; however, the exposure, based on the estimated
intakes of GGM, will likely remain well below the ADI value of
0.5 mg per kg bw.

Spruce heartwood contains 0.95 mg g~ of wood (0.095%)
resin acids (Table 2).** Resin acids may adversely affect
humans. Abietic acid has been responsible for asthmatic reac-
tions. Additionally, exposure to resin acids can cause chronic
lung damage.®® However, resin acids containing additive E445,
a glycerol ester of wood rosin, has been accepted for food use
(emulsifier/density adjustment agent). The glycerol ester of
wood rosin is a complex mixture of glycerol di- and tri-esters of
resin acids from wood rosin with a residual fraction of glycerol
monoesters. In addition to esters, E445 contains residual free
resin acids. Based on the toxicological studies, an ADI value of
12.5 mg per kg bw per day has been established. In beverages,
the maximum acceptable level of E445 is 100 mg 17".%* The
amount of extractives in PHWE GGM is low (Fig. 4a), and thus,
it is very unlikely that resin acid would cause a safety concern
if GGM were to be accepted for food use.

This journal is © The Royal Society of Chemistry 2018
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5.7 Allergenicity

Food-grade polysaccharide extracts often contain
amounts of residual proteins. A good example of such an
extract is guar gum, which contains proteins (less than 10%).°>
Protein-containing food ingredients may cause allergic reac-
tions. A few reports indicate that exposure to guar gum or guar
gum dust has caused allergic reactions and occupational
asthma.®®®” Due to a limited number of reports indicating
guar gum as a source of allergen, guar gum cannot be con-
sidered as a significant allergen in food. Similarly, it has been
reported that softwood dust may cause occupational allergies,
but the food-grade taxifolin extract from larch wood is not con-
sidered an allergen.*®°® The protein content of GGM has been
reported to be <1% (wt%).®® Based on the proposed use level
of GGM, the protein exposure from the GGM extract would be

very low, <22 mg per person per day.

some

6. Potential health-promoting effects
of GGM

GGM may have several potential health-promoting effects,
including functioning as prebiotic, antioxidant, and anti-
inflammatory agents. The GGM extract consists mainly of poly-
saccharides. Polysaccharides are included in dietary fibre with
other edible, non-digestible parts of plants, such as oligosac-
charides and lignin. Dietary fibre is known to promote ben-
eficial physiological effects, including laxation, and/or blood
cholesterol attenuation and/or blood glucose attenuation.?
According to the health claims,”® claims on individual fibre
constituents and health effects have been authorized. For
example, these include konjac glucomannan (contributing to
the maintenance of normal blood cholesterol levels as well as
to weight loss in the context of an energy restricted diet), guar
gum (contributing to the maintenance of normal blood chole-
sterol levels), wheat endosperm arabinoxylan (consumption as
part of a meal contributes to a reduction of the blood glucose
rise after that meal), and beta-glucans (contributing to the
maintenance of normal blood cholesterol levels).”® Spruce-
derived carbohydrates may have prebiotic functions in the
large intestine.”* It has already been demonstrated that
Bifidobacterium and Lactobacillus species are able to ferment
hemicellulose-derived saccharides in vitro, and that GGM pos-
sesses prebiotic functions.”” Significant stimulatory effects on
the growth rate and concentration of common probiotics, such
as Bifidobacterium lactis, Bifidobacterium longum, and
Lactobacillus rhamnosus, were observed when galactoglucoman-
nans were in growth media.

As previously mentioned, wood contains polyphenolic
lignin and a low amount of extractives, including some pheno-
lic compounds. Phenolic compounds are also found in
(edible) plants, such as in cereals (the total phenolic content
in common cereals ranges from ~15 mg g~ to ~20 mg g~
(ref. 73)). Immunomodulating and radical-scavenging activities
of GGM extracts containing phenolic compounds have been
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investigated in vitro. Both acetylated and non-acetylated spruce
GGM had dose-dependent biological responses in the lympho-
cyte transformation test (GGM enhances the proliferation of
rat thymocytes). Acetylated GGM also possessed radical-scaven-
ging activity. The antiradical activity of polysaccharide extracts
has been postulated to correlate with the total phenolic
content of the extract.* Phenolic wood extractives, such as fla-
vonoids and lignans, are also powerful antioxidants.”*
However, the results on the relation between antioxidant
activity and the phenolic content of various plant extracts are
not consistent.? Antioxidant activity has also been reported for
polysaccharides (B-glucan type) without any phenolics as coex-
tracts.”>”® In vivo studies on broiler chicks’”””® have shown
that extracts containing GGM oligosaccharides improved the
intestinal immune response towards infections caused by
common pathogens. Oligosaccharides are present in the GGM
fractions that are not ethanol precipitated, and thus, these
“structurally heterogeneous” GGM fractions may have a more
significant bioactive role in comparison with the purified
GGM fractions. Additionally, other galactose containing gluco-
mannans have shown immunomodulating effects.
Glucomannan from the mushroom Cordyceps militaris has
been shown to activate the macrophages that recognize and
kill tumour cells.”*®°

PHWE spruce GGM was recently patented for medicinal
purposes.” The GGM extract is considered to act as a thera-
peutic agent for preventing and treating the symptoms of
lower urinary track disease.® Based on the studies conducted
on rats, the GGM extract has shown to reduce prostate cancer
cell proliferation in a concentration-dependent manner,
decrease the cancer area measured from the histological sec-
tions (prostate cancer), improve the signs of obstructive
voiding (decrease basal bladder pressure, increase urinary flow
rates and increase voided volume) and reduce the abdominal
(pelvic) pain by reducing the feeling of pain, i.e., increasing
the pain threshold. It is not yet clear which compounds or
mixture of compounds in the extract are behind the bioactive
effects found in the animal experiments. However, it was pos-
tulated that a bladder-gut interaction exists, which means that
the neural link between pelvic organs modulates their physio-
logical function.>® Many polysaccharides, such as GGM, are
fermented in the colon to, e.g., short-chain fatty acids, which
are known to promote gut health.

As described in the previous paragraphs, in vitro and in vivo
studies indicate that GGM may act as a health-promoting com-
pound. It should be noted, however, that, to date, no human
clinical studies on the health-effects of GGM have been
conducted.

7. Conclusions

To evaluate the safety of Novel Food ingredients, their origin,
isolation method, composition, purity, stability, physico-
chemical properties, toxicology and allergenicity must be con-
sidered. Spruce GGM is an example of a non-conventional but
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potential ingredient for food applications. The multi-function-
ality of GGM suggests that it could replace other, less effective
food emulsion stabilizers. Polysaccharides that have simi-
larities, either structural- or origin-based, to spruce GGM are
already abundantly used in processed food. The safety evalu-
ations of these plant-based materials can be considered as
guidelines for the safety evaluations of GGM. The PHWE
method for GGM extraction is simple and safe, since only
water is used as a solvent and chemicals are avoided. Feeding
studies have provided evidence that GGM, a phenolic-rich
polysaccharide, is not harmful to animals. Future research is
needed to evaluate the toxicity of GGM, as requested by the
EU legislation on food safety, before GGM can be approved
as a food ingredient. Spruce GGM, an abundant renewable
bioresource, is envisioned as a future food ingredient that
may pave the way for the safety evaluation and commercialisa-
tion of other potential polysaccharide-based plant extracts.
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