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Preface

One of the undesirable side effects of economic progress is the increasing incidence of non-
communicable diseases (NCDs) like diabetes, cardio vascular diseases or cancer. These result
mainly from the changes in lifestyles and dietary habits.

Sugar is naturally present in a variety of foods like milk, fruits and vegetables. There is no
reported evidence, however, about its adverse effects. It is the excess consumption of added sugar
that is the cause of concern. Countries which are high in sugar consumption are also susceptible to
high prevalence of NCDs. With the awareness about health risk from excess sugar consumption, a
large number of people the world over have now shifted from sugar to sugar substitutes with similar
sweetness but without the calories. The favored option is low calorie sweeteners (LCS).

ILSI-India has been organizing scientific conferences on sweetness to review the progress in
science and keep track of new products and their benefits and safety, with the objective of helping the
consumer make the right choices considering that, as recommended by WHO, sugar consumption
should not exceed 10 per cent of the total energy intake or about 25 gms per day.

The third conference was held last September and was addressed by a number of renowned
scientists. There was complete agreement in this session that LCS are safe and are the best option to
sugar. They have been subject to intense investigations by international organizations like JECFA,
which isan Expert Committee setup by FAO and WHO; as also by national regulatory authorities in
US, Canada, European Union, Australiaand so on. In Indiaapprovals are given by FSSAI.

The use of LCS is not as common in India as it is in most other countries. This may be due to
restrictive use by people for managing NCDs rather than for possible prevention. There are also
doubts and misconceptions about the adverse health effects of sweeteners. These were addressed in
the conference and dispelled on the basis of scientific research investigations. | hope this monograph
will be a useful guide to the public, policy makers and other stakeholders.

Pl ——

16" October 2017 D. H. Pai Panandiker
Chairman ILSI-India
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Summary Findings

Research suggests that liking for sweetness is innate and influenced by cultural and personal
preferences. It is difficult to reduce sweetness in foods because of the entrenched habit and
irresistible taste. In India sweets are an inevitable part of the celebrations whether at the festivals
which are far too many or on other happy occasions.

With the awareness about health risk from excess sugar consumption, a large number of people the
world over have shifted from sugar to sugar substitutes with the objective of reducing weight by
improving energy balance, managing diabetes and CVDs, and ensuring dental care. Consequently,
the use of low calorie sugar free products has tripled over the last two decades. In the US for instance
a recent report indicates that more than a quarter of children and two-fifths of adults consumeLow
Calorie Sweeteners (LCS). Comparatively, in India their use in foods and beverages has been more
recent but has been increasing at double digit rate in the past ten years.

L CS are safe and their safety has been tested by robust means and all the data generated by scientific
studies clearly indicates that above the age of one all, including children, pregnant and lactating
women can consume LCS. Extensive reviews have been undertaken by regulatory authorities and
committees such as The Joint FAO/WHO Expert Committee on Food Additives (JECFA), the
United States (U.S.) Food and Drug Administration (FDA), the European Food Safety Authority
(EFSA) and Food Standards Australia/New Zealand (FSANZ) and in India the Food Safety and
Standards Authority of India (FSSAI).

JECFA stringently evaluates sweeteners and those found to be safe for use are listed in the General
Standards for Food Additives.(GSFA) published by Codex Alimentariun Commission. Safety is
thus ensured for the consumer with the appropriate Average Daily Intake (ADI) for different
sweeteners.

The ADI “for man, expressed on a body weight basis, is the amount of a food additive that can be
taken daily in the diet over a lifetime, without risk”. The ADI may be used as benchmark to evaluate
the actual intake of a substance and as an aid in reviewing possible additional uses for a food
ingredient. The ADI is expressed in milligrams per kilogram of body weight.

The ADI does not represent a maximum allowable daily intake level. It should not be regarded as a
specific point at which safety ends and possible health concern begins. In fact:

0 TheU.S. FDA has said it is not concerned about consumption levels occasionally exceeding
the ADI . The agency has stressed that because the ADI has a built in safety margin and is based
on a chronic lifetime exposure, occasional consumption in amounts greater than the ADI
“would not cause adverse effects”.

0 The JECFA has indicated “Because...data are extrapolated from lifetime animal studies, the
ADI relates to lifetime use and provides a margin of safety large enough for toxicologists not to
be concerned about short term exposure levels exceeding the ADI, provided the average intake
over longer periods does notexceed it”.

N\
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Alarge body of evidence is required to support safety, and safety is critically reviewed by regulatory
authorities.

Intakes of LCS remain below the ADIs. Further, there is no evidence of adverse effects of LCS at
levels of human consumption even within the highest users.Well conducted studies carefully
reviewed by regulatory agency experts worldwide confirm lack of adverse health effects of
consumption of LCS atapproved use levels.

A number of controversies have been reported regarding LCS. Careful examination of study
design, interpretation of results and consideration of all factors is critical for assessment of validity of
controversial studies. All regulatory authorities continue to support the safety of LCS. There is strong
scientific evidence supporting safety of use of LCS.

Randomized controlled studies have indicated that the concerns regarding LCS consumption and
their association with cancer, changes in the gut microbiome, weight gain and over consumption of
calories are unwarranted.

LCS were not designed to control obesity. These can be used as a tool to manage it along with
following anactive and healthy lifestyle.

=)
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Recommmendations

It is important to provide correct knowledge to the consumers so that they can make informed
choices regarding consumption of foods .

Information on the labels should be correct and have short bytes like “safe to consume by all ages™.
The Governmentagencies along with industry may need to join hands in changing this scenario.

Labelling advisory on "Not recommended for children” should be reviewed as the risk assessment
provided by JECFA and other risk assessment bodies (EFSA etc.) does not support this statement.
Further, suchanadvisory promotes a perception that the product is not entirely safe.

FSSAI and other stakeholders may use the terminology low calorie/no calorie/ high intensity
sweeteners instead of “artificial sweetener” asthismay help inimproving their acceptability

In view of the above, labeling declaration “ Contains artificial sweeteners” may be reviewed. The
functional term is "sweetener' as provided in the food additive regulations FSS (2011), FSS (2016)
and Codex. The term ‘artificial sweetener' is in the labeling regulation. Nomenclature may be aligned
in the impending labeling draft consistent with international practice.

Consumers have to be told how much LCS can be consumed, in household measures /food
measures, not ADI which cannot be understood by them

Media can be used to create awareness. Schools, colleges, women's groups etc. can be directly
approached for information dissemination. Acceptance can be achieved by working with health
professionals like doctors, nutritionists and dieticians who are considered as trusted sources of
information.

Multipronged approach from industry/health professionals/food scientists in developing recipes is
also needed.

Industry has to come up with innovative blends to increase the palatability of the foods with LCS.
Food scientists need to work on techniques which will improve the acceptability of foods with LCS
and ensure that they are as near in texture and flavor to the original foods.

People should also be cautioned that use of LCS may provoke a sense of complacency and drive
them into eating other high calorie food more liberally. This should be avoided. Ultimately a healthy
dietary lifestyle with physical activity is the answer to achieving good health.

<)
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Introduction

Non-communicable diseases (NCDs) pose major
public health challenges undermining the socio-
economic development of a nation. It is a matter of
concern that India, the fastest growing economy in
the world is facing an escalating epidemic of non-
communicable diseases like diabetes, cardiovascular
diseases, hypertension etc. This epidemic has been
associated with both non modifiable factors like age,
gender and heredity as well as the easily modifiable
risk factors such as a faulty dietary pattern and
unhealthy lifestyle practices including physical
inactivity. The ICMR INDIAB study shows that the
prevalence of diabetes is increasing in all parts of
India, rural and urban, almost in parallel with
economic development of states.

Data suggests that these disorders are
happening among Indians not only in large
numbersbutalsoatamuchyoungerage. Recent
numbers from Delhi and Chennai (CAARS
study) indicate a Diabetes prevalence of more
than 20% at the age of 40 and almost 40% by the
age of 60. And if 'Prediabetes’ is included, the
numbers reach an almost unbelievable 65% -
70%. These youngsters have to live with the
disease for decades together, and include
women in their reproductive age group, who
still have not completed their families. All this
IS compromising on the productivity of our
workforceandimpactingtheeconomy.

Figure 1. NCDs Economic Impact

* H Stroke:
* H Diabetes:

NCDs accounted for five of the six top
causes of economic loss in 2008
* H Heart disease: $752bn
$298bn
$204bn

NCDs cost developing countries up to 6.77% of GDP;
this economic burden is more than that caused by Malaria
(1960’s) or AIDS (1990°s) - IOM Report 2010

NCDs will lead to a loss of 30 Trillion Dollars globally
up to 2030 representing 48% of global GDP in 2010

- Harvard. WEF Study 2011

Source: Presentation by Dr Ambrish Mithal, The Medanta Medicity

Incidence of Overweight, Obesity, Hypertension and
Diabetes in Urban Areas

The 2017 NNMB Report Series No. 27 on Urban
Nutrition covering 1, 71, 928 individuals in 16
states reveals the following:

e Incidence of overweight and obesity
(BMI>25) was 34% in men and 44% in women

2\

in the age group 15-49 years. According to
WHO Asian cutoffs (BMI “Z23"52% (CI-51.9-
52.8) of men and 59% (CI-58.9-59.6) women
were overweight and obese.

» The overall prevalence of hypertension (old
and new cases) among men and women (18

0
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years) was 38.5% (37.0-38.0) and 29% (29.0-
29.8) respectively.

» The overall prevalence of diabetes (old and
new cases) among men and women was
28.1% (27.4-28.7) and 23.3% (22.7-23.8)
respectively.

* In general, more than twenty percent of both
men (22.3% ClI- 21.7-22.9) and women (22.4%
Cl-21.9-22.9) were observed to have total high
cholesterol levels (288 mg/dl)which was
found to be the highest in the age group of 50-
70 years in both the genders. Similarly, 23%
(22.4-23.6) men and 25% women (24.7-25.8)
were observed to have high LDL cholesterol
levels (“I28mg/dl).

» Onanaverage, more than a fourth of urban men
(28%) were doing physical exercise, mainly
“walking” (21%), yoga (4%) and floor exercise
(2%). Similarly, 15% of women were
participating in physical exercise which

Role of Sugar & Low Calorie Sweeteners

included walking (11%) and yoga (3%). Among
those who are having the habit of doing
exercise, 23% of men and 12% of women were
doing itdaily.

Foremost causes of this emerging pandemic are
modernisation, urbanisation, sedentary lifestyles
and longevity. Major NCDs - cardiovascular
diseases, diabetes mellitus, cancers and chronic
respiratory diseases, share four common
behavioural risk factors - tobacco usage, unhealthy
diets, physical inactivity and harmful use of
alcohol. The rapid shift from infectious diseases to
NCDs is attributed to economic development
coupled with transition from traditional healthy
dietary patterns to refined/processed foods ( high
in total fat, trans fat, salt and simple sugars),
physical inactivity, tobacco/alcohol abuse and
changing socio-cultural norms. More than 80% of
the cardiovascular diseases (CVDs)/type 2
diabetes mellitus (T2DM) and 33% cancers can be
prevented through lifestyle modifications.

| Strategy for Good Health |

Any strategy that allows us to maintain ideal body
weight, with better lean body mass, will prevent or
delay onset of NCDs. Optimum nutrition and
physical activity play a crucial role in maintaining
good health. For leading a healthy life, the need for
nutritionally/quantitatively balanced diet is known
for centuries across various regions and cultures.
Imbalanced energy intake has led to
underweight/stunting at one end and over-
weight/obesity/NCDs on the other. Therefore,
“sustained energy balance” is critical in the
maintenance of appropriate body weight and for
ensuring optimal nutrient intake. Balanced diet
provides appropriate proportions of proteins, fats,
carbohydrates, minerals, vitamins and water
needed for maintaining good health.

)

Carbohydrates which contributes nearly 60 en%,
present wide range of qualitative differences.
Consumption of highly refined carbohydrates
forming major part of modern diet, need to be
curtailed due to their high glycaemic index and
thereby, elevating the NCD risk. Compared to
poly/oligo-saccharides, intake of simple sugars
needs to be curbed. It is difficult to remove the
sweetness of sugar from our diets altogether as
people can't do without sweet taste. Research
indicates that weight reduction diets which are
completely devoid of sugar, are not successfully
followed. It has been advocated to keep the free
sugar intake below 10 en% but poor palatability
acts as the biggest impediment to such
compliance.

¢



Low calorie sweeteners (LCS) can offer a safe
option for enjoying the sweetness without the
calories. However, time and again questions have
been raised about the safety of these LCS and their
usage among different population groups. Although
the usages of LCS have increased in India, yet
people are concerned about their safety as well as
their upper limits of consumption. This acts as a
bottleneck in adopting this technological

Role of Sugar & Low Calorie Sweeteners

innovation for enjoying sweet taste without calories.
It is necessary to examine how safety of LCS is

established by international organizations like
JECFA, whether there is any risk to any population
group/s, examine the myths and facts associated
with public perception and evolve a strategy for
consumer education on use of sugar and sweeteners
in day to day life to help them making healthy
choices.

more the better”’.

Nutritionally balanced diet as well as appropriate regular physical activity should be
given due emphasis under the public health prophylactic measures so as to prevent and
manage most of the cost intensive health problems. Maintenance of good health depends
on wise management of energy from all the food/beverage sources along with a habit of
regular physical activity. Given that very few individuals meet the physical activity
recommendations, overall message regarding physical activity should likely be “the

®
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Section 1
Importance of Sweetness

Sweetness is classically recognized as one of
the five “basic tastes” detected by the sensory
receptors present in the oral cavity. Research
suggests that liking for sweetness is innate and
influenced by cultural and personal
preferences. Whileall humansexpressthe same
response to sweetness immediately after birth,
the liking for sweet products changes with time
and becomes highly idiosyncratic. As the child
grows, the liking for sweetness changes. In
adolescents, the preferred intensity of
sweetness is lower than in younger children,
and itis lower in adults than in adolescents. An
appetite for sweetness is presentin most adults,
although large individual differences exist in
boththe preferred level of sweetnessin familiar
products and in the range of foods and drinks
thataresweet.

Sugar, was invented in India. There is reference to
sugarcane cultivation and preparation of sugar in the
Atharva Veda. The word sugar is a derivative of
“sarkara”, meaning gravel in Sanskrit.  Sugar
became known to the world when the army of
Alexander the Great came to India in 327 BC. They
were surprised to see another alternative to honey to
sweeten food, and described it as a “reed that gives
honey without bees”.

Traditionally, any joyous occasion, religious
festival, social gathering in India is celebrated
with intake of sweets. Itis considered mandatory
to offer sweets to the Gods on every religious
occasion.  While sugar is of considerable
cultural relevance in India, nutritionally it
provides only “empty” calories (1 g of sugar
gives 4kcal).

Sources of Sugar in Indian Diet \

The added sugar in Indian diet comes from:
 Sugar, honey, brown sugar, jaggery, khandsari.
 Traditional sweets.

» Bakery and confectionary — cakes, biscuits,
chocolates, candies.

* Processed foods — breakfast cereals, salad
dressings, spreads and sauces, aerated
beverages.

» Hidden sugar - high fructose corn syrup, cane
sugar, glucose, lactose, maltose, dextrose, malt
syrup, molasses, agave nectar, maple syrup.

The per capita consumption of sugar in India is 20.2
kg. It is lower than the global average of 24.8 kg,
but consumption of sugar in India is growing more
rapidly than the global average. However, in the last
50 years, sugar consumption in India has gone up
from 5% to 13% of sugar produced globally. India

)

has become the world’s biggest sugar consumer
today, consuming one-third more sugar than the
entire E.U. and 60% more than China!

Indian sugar consumption is dominated by the
industrial sector (61%) followed by the
household (39%) or the consumer sector. The
industrial sector includes companies that
produce products which require sugar e.g.
confectionary, carbonated beverages, dairy
processing, bakeryandothers.

The household sector has been subdivided into
lower and higher income groups. Total
consumption of sugar by lower income group is 3.0
million tons and by higher income group is 1.4
million tons (FY'2015).Though per capita
consumption in lowerincome groups is lower.

(oY)
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Figure 2. Sugar Consumption in India

Dairy, confectionary, bakery and beverages account for 75 percent of

industrial consumption
14
£ Total Industrial consumption = 5.26
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Figure 22: Industrial Consumption by segments (2006-07)
Source: AC Nielsen survey conducted in March 2007, KPMG analysis

Share of Consumption (Percent)

Sweet meat vendors are the largest consumers of sugar amongst
small businesses.

60%

50%)
40%

Total Small Business Consumption = 5,51
millon MT per annum

30%] |58.4%

20%)

- 25%

17.8%

11%  04%
—
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0%
Sweetmeat
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Figure 23: Small Business Consumption by segments (2006-07)
Source: AC Nielsen survey conducted in March 2007, KPNG analysis

2
Others include ice cream, fruit juices, fruit drinks, fruit nectars, squashes, health drinks,
bear, wine pharmaceuticals, chyawanprash, ketchuplsauces, jams and star hotels

Source: Presentation by
Dr Seema Puri, Institute of Home Economics, University of Delhi

Dietary Guidelines for Sugar Consumption \

Consumption of excess sugar is linked to NCDs.
WHO and various other scientific bodies have laid
down limits for consumption of added sugar. WHO
strongly recommends a reduced intake of free
sugars throughout the life course. Further, in both
adults and children, WHO recommends reducing
the intake of free sugars to less than 10% of total
energy intake; and a further reductionin intake of
free sugars to below 5% of total energy intake. The
WHO guideline do not refer to the sugars in fresh
fruits and vegetables, and sugars naturally present
in milk, because there is no reported evidence of

Y

adverse effects of consuming these sugars. The
sugars guidelines should be used in conjunction
with other nutrient guidelines and dietary goals, in
particular those related to fats and fatty acids,
including saturated fat and trans-fat.

In India, the National Institute of Nutrition
recommends an added sugar intake of not more
than 20 to 25 gm a day for normal adults. The
Consensus Dietary Guidelines for Indians
recommend less than 10% of total calories from
free sugars per day.
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Section 2
What are low Calorie Sweeteners ?

Low calorie sweeteners (LCS) provide a solution
to reducing the sugar intake without sacrificing
the sweet taste. They are sugar substitutes that
have zero/negligible calories and do not raise
blood glucose levels upon consumption. They
are added to various type of food and beverages
to impart a sweet taste with fewer calories or
without calories. Low calorie sweeteners may be
further classified as bulk sweeteners and high
intensity sweeteners (HIS).

The main compounds used as bulk sweeteners
are sugar alcohols, such as sorbitol and maltitol.
Bulk sweeteners are used when functional
characteristics of sugar are required as these
have physical properties that contribute to the
structural and sensory characteristics of food
like sugar. The categories for which bulk
sweeteners are mostcommonly used are bakery,
snacks, sugar and gum confectionery, and

desserts and ice-cream and even traditional
Indian sweets. Considering percentage of food
and drink containing bulk sweetener launched
from 2011 to 2016, sorbitol is most commonly
used bulk sweeteners followed by maltitol and
xylitol.

Commonly used LCS/HIS are: acesulfame-
potassium, aspartame, cyclamates, saccharin
and sucralose. LCS/HIS are now used in a wide
range of foods, not just beverages and the
consumption is growing especially in the Asia
Pacific Region.

Most of the LCS/HIS (hereinafter called LCS)
sweeteners have an intense sweet taste, several
hundred times more than sugar, hence only small
guantities need to be added to obtain the normal
sweet taste. This provides very little or negligible
calories

Table 1. Mg of LCS to Replace Grams of Sugar

Sweetener Sweetness Intensity Amount to replace
(compared to sucrose) 100 calories or 25 g
of sugar
Acesulfame K ~ 200x 125 mg
Aspartame ~ 200x 125 mg
Cyclamate ~ 30x 800 mg
Saccharin ~ 300x 80 mg
Sucralose ~ 600x 40 mg
Steviol glycosides 200-300x 80 -125mg

Source: Presentation by Dr. Bernadene Magnuson, Academy of Toxicological Sciences
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Today, there are several LCS available in the
market. These have been approved by FAO /
WHO Joint Expert Committee on Food Additives

Role of Sugar & Low Calorie Sweeteners

(JECFA), regulatory authorities in different
countries like US FDA, EFSA and in India by the
FSSAI.

Table 2. Commonly Used High Intensity Sweeteners (HIS) / LCS

Hy o, -
[ _ 15 mg/kghb.w. Approved in more
AERUIEITDIS Ir“ 130-200 (1990) than 100 countries
o 40 mg/kgb.w. Approved in more
(RIS S 2 (1981) than 100 countries
Ni—sof .
: 11 mg/kg b.w. Approved in more
B RN S (1982) than 50 countries
. L 5 mg/kgb.w. Approved in more
SEEE TR : % CUUSLY (1993) than 90 countries
CH,0H L
2 f—o o 15 mg/kghb.w. Approved in more
clEles @o@m,a 600 (1990) than 80 countries
* Comparative value when sweetness of sucrose is 1.
Source: Food and Sweeteners (Korin Book, 2008); Fact Sheet (International Sweeteners Association)

Source: Presentation by Dr. Akira Otabe, Ajinomoto SEA Regional Headquarters

| Trends in Consumption of LCS/HIS |

 LCS market is estimated to grow rapidly
inAsia-Pacificregion.

e Saccharin is most dominant in terms of
consumption level with sugar equivalent,
but main category for which it is used is
for pharmaceutical.

* Usage of sucralose is growing in
worldwide and aspartame and acesulfame
KinAsia-Pacificregion.

 LCS iscommonly used in beverage inall
areas worldwide.

* Usage of LCS in food category is
growing in Asia-Pacific and almost
comparable to beverageuse.

e LCS/HIS in India (2018) is 8% of Asia-
Pacific.

* In India 70% of LCS/HIS is used for
pharmaceutical. Usage in beverage, food
and table top is small.

A

Two new LCS which have been recently
introduced are: neotame and advantame. The
sweetness compared to sugar isvery high i.e. they
are respectively 8000 and 30000 sweeter
compared to sugar. Although advantame has
been approved in just 10 countries as of now,
neotame has been approved for use in over 60
countries.

There has been some concern about the taste
profile of the LCS when compared to sugar.
Although, LCS may have a different profile of
taste from sugar; this problem can be solved by
combination of one or more LCS as it also
enhances development of sugar free/ energy
reduced food products. It would provide long
lasting sweetness, enhance flavours and even
mask certain flavours.

©



Steviaisanother LCS gaining prominence as itis
derived from a plant and thus can be said that it is
'naturally’ sourced. It has been used since
centuries by indigenous people of Paraguay to
sweeten their foods. It has now been processed
scientifically to extract it's sweet compound
called Steviol Glycosides. These are now being

Role of Sugar & Low Calorie Sweeteners

marketed as tablets or powder form. It can be used
as an effective alternative to sugar to control
calorie intake, decrease blood sugar and manage
weight. Scientific bodies like the AHA and ADA
have also expressed that consumption of stevia is
safe and may be used as a sugar alternative. It can
be used in beverages and infruit juices.

| Indian Regulations on LCS |

Food additives and their use is controlled by
specific regulations by FSSAI. The Food Safety
and Standards (Food Product Standards and Food
Additives) Seventh Amendment 2016, is a
significant amendment to the erstwhile
regulations harmonized with international
practice. It lists those sweeteners only that are
determined to be safe and introduces the Food
Category System that classifies all foods in a
hierarchical order and organizes allotment based
on category descriptors and the acceptable daily
intake (ADI). The regulation applies to all
foodstuffs whether standardized or not,
including foods to which additives should not be
added. The following LCSare approved forusein
India:

* Non-caloric (non-nutritive) sweeteners:
Acesulfame- Potassium, Aspartame,
Saccharin, Sucralose, Neotame, Thaumatin,
Alitame, Mixed Salt of Aspartame-
Acesulfame Potassium, Steviol Glycosides

and othersare progressivelyincluded forusein
foodsunderapplicable conditions.

* Low caloric sweeteners (nutritive), with
lesser calories than sugar: referred to as
sugar alcohols, they include Isomalt,
Lactitol, Mannitol, Maltitol, Erythritol. These
may be generally added to foods (with
exceptions) according to good manufacturing
practice (GMP).

Low calorie sweeteners must comply with
purity specifications as provided in regulatory
texts or recognized sources. The addition of
sweeteners to foods, pre-packaged for sale,
require compliance with several label
declarations such as ingredient listing or
provide advisory statements:“contains
artificial sweetenersand for calorie conscious®,
“not recommended for children”, *not for
phenylketonurics”, “or may have laxative
effect”, as appropriate and emphasized by a
surroundingline.

alternativestosugar.

Dietary interventions are required to reduce intakes of certain nutrients implicated in
non-communicable diseases (NCD's). Several types of interventions are available
ranging from advocacy, education, regulatory and technological. Of these, the use of
low calorie sweeteners in food is a viable technological intervention for reducing
dependence on sugar and reducing calories. Low calorie sweeteners are major
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Section 3
Safety of Low Calorie Sweeteners

The safety of all food additives such as low/no
calorie sweeteners is assessed by extensive
reviews undertaken by regulatory authoritiesand
committees such as the Joint FAO/WHO Expert
Committee on Food Additives (JECFA), the
United States (U.S.) Food and Drug
Administration (FDA), the European Food
Safety Authority (EFSA) and Food Standards
Australia/New Zealand (FSANZ) and in India
the Food Safety and Standards Authority of
India (FSSAI).

Prior to providing an approval and authorization
for any sweetener, acomprehensive database has
to be developed for a sweetener and safety
assurance is primarily based upon toxicological
(both in vitro and in vivo) and clinical studies.
These studies include short-term tests for
mutagenicity and genotoxicity, absorption and
metabolism (pharmacokinetics), sub-chronic
studies, chronic toxicity, cancer bioassays and
reproduction and developmental studies and
teratogenicity. Comprehensive batteries of
studies are conducted in multiple species.

Studies are also conducted on humans especially
fordiabetes. What is most important to note is that
all data from all studies has to be reviewed by the
regulatory authorities. It is not acceptable to only
file the positive studies while ignoring negative
data (WHO, 2009a,2009b).

Safety assurance is based on studies in animals
given very high doses. The main aim of such
studiesistoproduce:

1. potential adverse effects in the test species,
and

2. define adaily intake without adverse effects
(NOAEL)

Low calorie sweeteners are some of the least
toxic compounds which allow dosages up to 10%
of the diet in some cases to replace the basal diet.
While such dosages are equivalent to very high
human exposure levels (most likely to be not
reached in the lifetime of the individual) these are
considered important for human safety
assurance.

Table 3. Exposure Levels are Very Low Due to High Sweetness Potencies

Maximum daily mg

intake based on
70kg person

Sweetener Sucrose

sweetness

equivalence

Acesulfame 200 x
Aspartame 200 x
Saccharin 400 x
Sucralose 600 x
Steviol ~300 x
Glycosides

15

40

15

1050

2800

350

1050

280

Source: Presentation by Dr. Ashley Roberts, Intertek
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Based on these high doses, companies/industry
establishes a no-observed-adverse-effect level
(NOAEL) from the longer-term chronic assays
in the most sensitive species for a new
sweetener/additive. The NOAEL from the

Role of Sugar & Low Calorie Sweeteners

animal studies is converted to an acceptable
daily intake (ADI) by dividing it with a default
uncertainty factor, usually 100, to allow for
potential differences between test animals and
humans.

Average Daily Intake (ADI)

The ADI has been defined by JECFA as “An
estimate of the amount of a food additive,
expressed on a bodyweight basis that can be
ingested over a lifetime without appreciable
health risk”.

The ADI is usually expressed as a numerical
valueinmg/kgbw/day. The ADI hasbeenused

forthepast50yearstoestablishsafe intakesof
food additives including LCS.While JECFA
determines ADI's, food additives suchas LCS
are on a positive list that have to be formally
approvedtobeonthatlist. Theseadditivesare
reassessed when new data becomes available
(e.g.,Ramazzini) or as part of a cyclic review
suchasisgoingonintheEUnowforLCS.

| Calculation of ADI’s |

ADI (mg/kg/day) = NOAEL/safety factor which
is usually to account for differences between
individuals (10 X) and differences between
humans and animals (10 X). Toxicological
protocols adopted for LCS cover all periods of
rapid growth and development maturation and
aging and therefore all circumstances of human
exposure. Exposure during the juvenile period is
taken into account and so the ADI applies to
children as well. The only exception is for
infants below 3 months of age. Due to lower
levels of metabolisingenzymesandalso because
studies do not mimic babies receiving infant
formula in a unitary diet.

What is important to note is that the ADI is not a
lower bound of toxicity as there is at least a 100-
fold safety margin. Given that LCS are some of
the least toxic substances and show little if any
acute toxicity, so day to day variations in intake
arenotrelevantforhumanhealthandsafety.

The ADI does not represent a maximum
allowable daily intake level. It should not be
regarded as aspecific pointat which safety ends
and possible health concern begins. In fact, the
U.S FDA has said it is not concerned about
consumption levels occasionally exceeding the
ADI .The agency has stressed that because the
ADI hasabuiltinsafety marginandisbasedona
chronic lifetime exposure, occasional
consumption in amounts greater than the ADI
“would not cause adverse effects”.

The JECFA has indicated “Because...data are
extrapolated from lifetime animal studies, the
ADI relates to lifetime use and provides a
margin of safety large enough for toxicologists
not to be concerned about short term exposure
levels exceeding the ADI, provided the
average intake over longer periods does not
exceed it”. Inreality the risk associated with
the ADI being exceeded can only be assessed
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based upon the NOAEL and the dose response  anyacutetoxicity and sodaytodayvariations
curve. As stated previously LCS are some of  inintake are not relevant for human health
the least toxic substances and show little if  and safety.

Re-Evaluation Process \

Not only are these sweeteners subjected to  glycosides all LCS including acesulfame K,
intense scrutiny, in the European Union LCS  alitame, cyclamate, neotame,nHDC, sucralose
permitted/approved before 20 January 2009 and thaumatin will be re-evaluated by March
are required to undergo a thorough new risk 2018 and will be evaluated again by 2020.
assessment by the European Food Safety  Thus, the process of assessing the safety is
Authority (EFSA). Therefore other than  dynamic and subject to re-evaluation based
aspartame, advantame and steviol on newer data.
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Section 4
Busting the Myths

Although the safety of LCS has been proved time and again, yet there are certain
questions which are always raised regarding their use.

\ Use of LCS in Children \

Toxicological protocols adopted for LCS cover
all periods of rapid growth and development
maturation and aging and therefore all
circumstances of human exposure are covered.
Exposure during the juvenile period is taken into
account and so the ADI does apply to children as
well.

Studies have indicated that there is no difference
inthe metabolism of aspartame between children
and adult; there is no effect on learning and
behaviour (Magnuson, 2007). Animal studies
have indicated that doses up to 4000 mg/kg/d,

produce no effect on neuronal function, learning
or behavior despite changes in blood and brain
amino acids levels. Human clinical studies have
been carried out on various groups: normal
children, hyperactive children, children with
PKU, aggressive school boys and sugar-
sensitive children. All these studies show no
effect on childhood cancers.

Thus it can be said that LCS are safe for
children (>1 yr.) at levels found in foods and
beverages.

Figure 3. Safety of Products Containing LCS for Consumption by Children

brain amine acids levels

children

Example: Aspartame (Magnuson et al., 2007)
* No effect on learning and be behavior
* No differences between children and adult

e No effect on learning and be behavior

- Animal studies up to 4000 mg/kg/g no effect on nauronal
function leaning or ehavior despite changes of blood and

- Human clinical studies: Normal children, hyperactive, children,
children with PKU, aggressive school boys, sugar-sensitive

» No effective of children cancers

LCS are safe for children (> 1 yr) at level
found in foods and beverages

Source: Presentation by Dr. Bernadene Magnuson, Academy of Toxicological Sciences

| LCS and Use in Pregnancy and Lactation |

The ADI's (as discussed previously) have been
derived at by keeping into account all ages and
different physiological conditions, before approval
thus, it has been determined by the US FDA,
JECFA etc. that the use of LCS is safe for all
populations, including special groups like the

children, pregnant and lactating women and the
elderly. During pregnancy, especially during gestat-
ional diabetes, there is a need to curb excess weight
gain. This can be safely done through the use of
LCS and they can continue to consume other more
nutritious foods to balance out the calorie intake.
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LCS and Cancer |

There have been a few claims that aspartame
(Soffritti et al., 2006, 2007; Bosetti et al, 2009) and
sucralose (Soffritti et al., 2016) reported increased
incidence of some cancers. However, these may be
due to lack of understanding of the biological fate of
LCS after their ingestion. Aspartame for example,
gets digested to aspartic acid and phenylaline. Both

aspartic acid and phenylaline are also found
naturally in many other commonly consumed food
products like milk, orange juice etc. Hence, the fact
that aspartame metabolises into the same by products
which some other food products metabolise into
clearly indicates that these LCS are safe.

Table 4. Dietary Sources of Aspartame Digestion Products

Food Phenylalanine | Aspartic | Methanol
(mg) acid (mg) | (mg)

Aspartame- 90 12 18

Sweetened

Soft Drink (340 ml)

Non-Fat Milk 606 953 -

(340 ml)

Tomato Juice 58 346 107

(340 ml)

Orange Juice 24 180 23

(340 ml)

Source: Presentation by Dr. Bernadene Magnuson, Academy of Toxicological Sciences

To further find out the truth about these claims of
linkage between LCS and cancer, an extensive
review was conducted by EFSA in 2006 and in
2013; Agence Franciase de Securite Santarie des
Aliments (2006); U.S. National Toxicology
Program; FDA, Health Canada; Expert Panel
(Critical Review in Toxicology, 2007). All

agreedthat:
- there is no credible evidence that aspartame

IS carcinogenic.

- no need to further review the safety of

aspartame.
- no need to revise previously established ADI.

In fact, the American Cancer Society has stated that
rather than LCS, being overweight is a strong risk
factor in developing cancer. When consumption of
LCS leads to intake of lower calories and reductions
in overweight/obesitythis will result in lower cancer
risk.
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Table 5. Studies on Association Between LCS & Cancer

Author

Gurney
(1997)

Hardell
(2001)

Bunin (2005)
Lim (2006)
Gallus (2007)
Bosetti (2009)

Schernhamm
er (2012)

McCullough
(2014)

Type of study (N)
56 brain tumor cases
94 controls
30 brain tumor cases
45 controls
315 child brain tumor cases,
315 controls

Prospective 473,984 subjects, 5 yr.
Hematopoietic and brain cancers

Case control; various cancers
(8976 cases, 7028 controls)

Case control; various cancers
(1010 cases, 2107 controls)
Prospective: 22 yr. Nurses’ Health
(77,218 F); Health Professionals
(47,810 M). Hematopoietic cancers

Prospective: 10 yrCancer Prevention
cohort; (100,442 M&F) Non-Hodgkin
lymphoma

Consumption

Dietary recall -
Personal interview

Recall of low -
calorie soft drinks

Food frequency
by mothers

Food frequency
questionnaires

Food frequency
questionnaires

Food frequency
questionnaires

Food frequency
questionnaires
every 4 years

Food frequency
questionnaires
every 2 years

Epidemiological studies find no association between LCS and Cancer

Conclusions
No association

No association

No association

No associations

No association

No association

No association when
combined cohorts. Weak
positive with separate

No association with
aspartame or diet
beverage consumption

Source: Presentation by Dr. Bernadene Magnuson,Academy of Toxicological Sciences

Figure 4. Statement by American Cancer Society on LCS & Cancer

Do non-nutritive

sweeteners or sugar
substitutes cause cancer?

Does being overweight
increase cancer risk?

https://www.cancer.org/healthy/eat-healthy-get-active/acs-guideliness-
nutrition-physical-activity-caricer-prevention/common-question.html

No. There is no proof of that these sweeteners,
at the levels consumed in human diets
cause cancer.

Yes. Being overweight or obese is linked

with an increased risk of cancers of the breast,
colon and rectum endometrium esophagus, kidney
and pancreas and gallbladder. Also increased risk
of cancers of the liver, cervix and ovary as well as
non-Hodgkin lymphoma multiple myeloma,

and aggressive forms of prostate cancer.

Source: Presentation by Dr. Bernadene Magnuson, Academy of Toxicological Sciences

Aresearch paper concluded that LCS alteres the gut
microbiota (Suez et al 2014). It was claimed that
sucralose affects gut microflora and may cause liver
inflammation in mice. In order to find out the
validity of this claim, studies were carried out.
Sucralose was fed at high doses to test animals. It

| LCS and Gut Microbiota

)

was found that, changes in microflora in control
group were similar to treatment group (Bian et al,
2017). This confirmed well conducted previous
toxicology studies showing no effect on any
parameter when sucralose was fed at high doses for
life. (Magnusonetal., 2017).
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Graph 1. Microflora in Control Group vis-a-vis Sucralose Group
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Source: Presentation by Dr. Bernadene Magnuson,Academy of Toxicological Sciences

Note: Microflora in Control group changes as much as sucralose group. There is no consistent

effect.

Well conducted studies thus provide no evidence of
adverse effects of LCS due to alterations in the gut
microbiota. The low amounts of LCS consumed

and their biological fate make it unlikely that LCS
significantly affect the gut microbiome. (Goodrich
etal, 2014; Russel etal, 2016).

LCS and Insulin Resistance |

Inconnectionwith LCSand gutmicrobiota, a
few studies also indicated a higher levels of
HbA1CamongusersofhighamountsofLCS.
Analterationingutbacteriawasthoughttobe
responsible for this (Suez et al, 2014).
Another study, which was done on rats, using
aspartame, also found an increased risk of
glucose intolerance. Test animals had raised
levels of propionate—short-chain fatty acids
(SCFAs) involved in sugar production.

)

Consumption of LCS shifted gut microbiota
to produce propionate, which generated
higher blood sugar levels (Palmnas et al,
PLOS One, 2014).

However, again these claims have been refuted
and Position Statements acknowledge potential
benefit of use of LCS as substitute for caloric
sweeteners for management of blood glucose in
individualswithdiabetes. (ADA,2017).
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Thus, LCS may be in fact a good alternative to
sugar in diabetes. Unlike sugar, artificial
sweeteners generally don't raise blood sugar

Role of Sugar & Low Calorie Sweeteners

levels because they are not carbohydrates. They
help LCSincurbingthe sweetcraving and provide
greater flexibility in meeting dietary goals.

LCS and Appetite or Hunger |

It has been said that LCS increase the
consumption of calories rather than getting the
calorie intake down. The human brain respondsto
sweetness (provided by the LCS) with signals to
eat more and the body expects a surge in glucose
(which does not happen in case of LCS). When
this expectation is not met, the body continues to
crave sweets. This is the basis on which a few
studies carried out have indicated that LCS in fact
increase the calorie consumption and thereby
lead to weight gain rather than weight loss (Wang
etal.,2006,2017; Parketal.,2017).

Most human studies and clinical reviews have
however, concluded that LCS do not affect
appetite or hunger or desire for sweetness.
Randomized Control Trials (RCT) that
measured hunger and food choices demonstrate
either no or possible overall beneficial effect
(Anderson et al. 1989; Drewnowski et al., 1994,
Rogersetal. 1995; Blackburnetal.. 1997; Mattes
etal.. 2009; Anderson et al. 2012; Gardner et al.,
2012; Piernas et al., 2013, Peters et al., 2016).
‘Most of these studies reported no effect on gut
hormones, no adverse effect on functions related
to gut hormones including blood glucose and
insulinlevels, appetite and gastric emptying.

Thus, ithasbeenrevealed thatthereisnoadverse
effect of LCS use with respect to hunger and

appetite in healthy individuals and individuals
with diabetes (Bryant & McLaughlin, 2016;
Meyer-Gerspach et al., 2016, Magnuson et al.,
2017).

In fact studies also reveal that even when Type 1
diabetic children (aged 4-18) consumed LCS
liberally, there are little chance for them to exceed
ADIs for acesulfame-k, aspartame,
neohesperidin, sucralose, saccharin, steviol
glycosides and neotame. An alteration between
different food and beverage products containing
different LCS reduces chances of exceeding the
ADI (Dewinteretal,2016).

Study finds little change for T1D
children to exceed LCS ADIs

Children with type 1 diabetes (4-18 yr)

« food frequency questionnaire

« tier to (maximum concentration) an tier 3(maximum
used concentrations) method of exposure assessment
used.

Conclude: “..little chance for T1D children to exceed
ADIs for acesulfame-k, aspartame, neohesperidin,
sucralose, saccharin, stevial glycosides and neotame.”

Alternation between different food and beverage
products containing different LCS reduces

Dewinter et al. (2016)
Food Additives & contam. v33

Source: Presentation by Dr. Bernadene Magnuson,
Academy of Toxicological Sciences

| LCS and Weight Management |

LCS replace the sugar in a food and thereby
reduce the calories, especially in beverages. But,
it has been claimed that consumption of low-
calorie sweeteners may confuse the relationship
between sweet taste and calories (and thereby
increase sugar and energy intake); increase
desire for sweetness (and thereby increase sugar

)

and energy intake) or cause consumers to
consciously over-compensate for the 'calories
saved'. However, by replacing all or some sugar,
low-calorie sweetenersreduce the energy content
of foods and especially drinks —leading to
reduced energy intake and body weight.
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No evidence has been found regarding LCS and
increases in sugar and energy intake in both
animal and human studies. In fact, in the short-
term, exposure to a sweet drink decreases desire
and intake of sweet food (Piernasetal, 2013). No
evidence has been found in connection with
conscious over-compensation for the 'calories
saved' by consumingLCS (Rogersetal, 2016).

Role of Sugar & Low Calorie Sweeteners

Studies have indicated that sugar inafood is justa
predictor of sweetness and not its energy content.
In fact most of the commonly consumed high
carbohydrate foods like grains are energy dense
foods but not sweet. On the other hand fruits like
berries which are sweet do not have high energy
content.

Table 6. Association Between Sugar Content & Energy Content of Natural Foods

Fresh fruits and berries, n=7

Roots and tubers, n=8 78

Grains, n=4 121

Some individual fruits, per 100 g

Strawberry = 5 g sugar, 33 kcal
Blueberry = 10 g sugar, 57 kcal
Grape = 16 g sugar, 67 kcal

Energy, sugar and total carbohydrate content per 100 g of some
‘natural’ (i.e., minimally processed) carbohydrate-rich foods

10.3 14.4
3.1 17.9
1.0 25.2

Source: Presentation by Prof. Peter Rogers, University of Bristol
Note: Sugar content does not predict the energy content of ‘natural’ foods

Figure 5. Association Between Consumption of LCS & Impact on Desire for Sweeteners

Effect of consuming sweet drinks on sweet and savoury food intake
- 20 ODoritos
£ B CC cooki
& 160 4 * cookies
3y 1 Cross-over design
b {— T T Participants consumed the drink with a
£ 120 - I sandwich and with the subsequently presented
3 Doritos (savoury) and chocolate chip cookies
£ (sweet)
Il 80 T
w
1]
+H 40 4 *p<.05, **p<.01, vs water
c
m
s
0
Water Diet Coke Classic Coke
Drink consumed

Source: Presentation by Prof. Peter Rogers, University of Bristol
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Appendix |
JECFAEvaluation of Intense Sweeteners(LCS)
Intense Sweeteners INS ADI Year
Acesulfame potassium 950 0-15 mg/ kg bw 1990
Advantame 969 0-5 mg/kg bw 2013
Aspartame 951 0-40 mg/kg bw 1981
Aspartame-Acesulfame potassium 962 0-40-mg/kg bw; 2000
0-15 mg/kg bw
Alitame 956 0-1 mg/kg bw 1996
Cyclamate, Calcium 952 (iii) 0-11 mg/kg bw 1982
Cyclamate, Sodium 952 (iv) 0-11 mg/kg bw 1982
Cyclamic acid 952 (i) 0-11 mg/kg bw 2009
Neotame 961 0-2 mg/kg bw 2003
Saccharin 954 0-5- mg/kg bw 1993
Saccharin, Calcium 954(ii) 0-5 mg/kg bw 1993
Saccharin, Potassium 954 (iii) 0-5 mg/kg bw 1993
Saccharin, Sodium 954 (iv) 0-5 mg/kg bw 1993
Sucralose 955 0-15 mg/kg bw 1990
Steviol glycosides 960 0-4 mg/kg bw 2008
Thaumatin 957 Not specified 1985

Source: Presentation by Dr. Ashley Roberts, Intertek
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Appendix 11
Sweetness and Calories Associated With
Low Calorie High Intensity Sweeteners(HIS)
INS Name Sweetness* Calories
(kcal/g)

950 Acesulfame K 130 - 200 0

951 Aspartame 200 4

952 Cyclamate 30-50 0

954 Saccharin 300 - 500 0

955 Sucralose 600 0

956 Alitame 2000 14

957 Thaumatin 2000 - 3000 4

960 Steviol glycosides 200 — 300 0

961 Neotame 8000 0

* Comparative value when sweetness of sucrose is 1.
¥ Sweetness: many times sweeter than sucrose (30 to 8000)

¥ Calories: practically no calorie
¥ Have properties that contribute to sensory characteristics of food

Source: Food and Sweeteners (Korin Book, 2008); Sweeteners facts (Calorie Control
Council); Alternative sweeteners (Lyn O’Brien Nabors, 2001)
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