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We, Dutch Mill Group, would like to
see Thai people being healthy, happy
and living regularly in healthy lifestyle, in
order to build immunity for themselves and
also toprotect themselves from chronic
non-communicable diseases (NCDs), which
is a disease caused by having faulty
lifestyle with the incorrect activities and
imbalance nutrition intake. We have
committed to drive product innovation
of quality dairy foods to serve Thai
people for better nutrition. We continue
to support The Thai Congress of Nutrition
for many years consecutively, focusing
on sharing knowledge and nutritional
better
understanding of healthy diets and

research to audiences for
proper nutrition for health and wellness.

This Journal of Health & Nutrition
Focus provides interesting articles about
milk, soy milk and probiotic microorganisms,
all of which are beneficial to the
health of the consumers. We would
like to thanks all the doctors, nutritionists,
academics and experts tfeams from
many leading educational institutions
and hospitals for their times to prepare
this great artficle. We hope that it will

be useful to you all readers.

Your sincerely,
Dutch Mill Group
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Nutrition during the early life has an impact
on growth and development of infants and
young children, which occur rapidly during this
period. Moreover, dafa from recent studies show
that nutrition and dietary intake during the
infrauterine life, infancy and toddler period have
an influence on the risk of non-communicable
diseases (NCDs) in the adult life, such as metabolic
syndrome, diabetes, hypertension, and obesi’ry],
which are the major health problems worldwide.
Therefore, nutrition and dietary infake in infants
and young children should be emphasized to
prevent nutrient deficiency, malnutrition and
overnutrition during this critical period. Providing
good nutrition in early life affects both short
term and long ferm health outcome of infants

onvq,young children.
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ereos’r milk is the standard of nutrition for
World  Health
recommended exclusive breastfeeding from birth

infants. Organization  has
to 6 months of life, and continue breastfeeding
with appropriate complementary food unfil the
age of 2 years or beyondz. Breast milk contains
adequate and suitable nutfrients and non nutrient
compounds, which provides appropriate growth
and development for infanfs. After 6 months
of life, complementary food is important as
the additional source of nutrients and energy
to breast mik, and as the feeding development
from liquid diet to solid food in the next year
of life. Young children are able to eatf food
similar to adult food and their feeding skills
are more developed. Proper nutrition and good
feeding development makes the appropriate
growth and development of infants and young
children, and establishes good eating habit in
the future.

Breast milk

Breast milk is natural and most suitable for

infants.  Breast milk confains macronutrients
including protein, carbohydrate and fat, which
provides energy intake and many health benefits
to infants. In addition, breast mik also has
vitamins and minerals in the amount matched
to the infant requirement. Beyond the nutrients
which are need for growth of infants, breast
milk also contains non nutrient compounds
which support good health and development,
such as growth factors, immunologic factors,

hormones, enzymes and oligosaccharides.
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Regarding the breast milk compounds, the
nature creates the most presentable diet for
infants and difficult to imitate. Breastfed infants
have good health and proper growth, not
gain too low or too much weight, and decrease
risk of overweight and obesity during the
Breast milk has the amount
to the
requirement. Many studies reported that receiving

childhood period.
of protein which mafches infant
more protein from infant formula during the
early life causes infants to have more fat mass
and have more risk of overweight and obesiTyM.
Breastfed infants have lower risk of illness such
as respiratory tract infection, oftitis media and
intestinal fract infection than the infants who
were not fed with breast milk’. Free from illness
provides more opportunity for infants to effectively
learn and develop their skills. Breastfed infants
have good development and cognitive function.
Many studies showed that breastfed infantfs
had higher score from developmental or cognitive
test compared to infant fed by formula®’
Breast milk contains many essentfial nutrients
and compounds involving brain development,
and nursing can stimulate infant development-
via skin-fo-skin contact and latch on. Further-
more, data from many studies in different
countries showed that breastfeeding had pos-
itive correlation with development, intelligence
quotients (IQ), and emotional quotients (EQ)
when the |nfcn‘rs grew up lm‘o"rhe childhood
period. BeS[deS ’rher& wcs\o p. ) ‘ﬂYe correlation
of breosffee@mg and educom@n Ievel and

monthly incomes durlng ’fhe odul'r life’®
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The benefit of breastfeeding is not only
health during infancy and childhood period,
but also long term health effect. From the
World Health
breastfeeding has health benefits in the adult

report  of Organization,
life. Data from a meta-analysis found that

breastfeeding reduced 1 mmHg in systolic
blood pressure, 34% in risk of type 2 diabetes,
and 24% in risk of obesh‘yg . These data indicates that
brecstfeeding can provide long tferm health
benefits, and reduces risk of non communicable

diseases (NCDs) in adult life.
Complementary feeding

For healthy infants af the age of 6 months
require more nutfrienfs and energy, has more
feeding ability while some nutfrient concentrations
in breast milk is gradually decreased. Therefore,
complementary food has important roles as
the source of nufrients and energy provided
to infants, and to stimulate infant feeding
development. Complementary food is the dief,
apart from breast mik and infant formula,
given to infants in order to provide adequate
nutrition for growth and fo assist infants in
adapting the food intfake from liquid diet fo
semisolid diet and family food, and to promote
normal feeding development in infants'™'". Thus,
complementary food does not only play a
role in nutritional aspects, but also the feeding
development for infants.
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Complementary food consist of various
food groups as the family food, but different
in cooking process, the amount and texfure
of food. Carbohydrate (rice, starch), protein

ega).
cooking  oils

(meat, vegetables, fruits, as well as
should be the

complementary food. The diversity of food in

included in

each food groups is recommended in order
tfo provide adequate nufrient and energy
support for infants. The appearance and fexture
of complementary food change by the infants’
ability of chewing and swallowing. Begin with
pureed with fine fexture at the age of 6
months, to the rough texture similar to family
food af the age of 1 year. Complementary
food should be given according to the infant
development. Infants aged 8-10 months have
ability to handle small things, they should be
encouraged to handle the handle the small
pieces of food to their mouths, as called
“finger food”. Infants aged 10-12 months have
better fine motor skill and eye-hand coordination,
they can use the spoon to pick up the food
mouths.

info  their Seasoning should not be

added to the complementary food. Infants
should perceive the natural taste of food, and
promote good eating habit in the future.
Interaction between caregivers and infants
during the feeding fime is very important.
Feeding infants according to hunger and satiety
cues makes infants well cooperate in the
feeding process. Force feeding and unsatisfactory
environment during the meal fime generates
unpleasant experience of feeding to infanfs.
This may lead to feeding difficulty during the

toddler periodm.
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Inappropriate complementary feeding, including
improper quality and quantity of foods, and
poor interaction between caregivers and infants
during meal time cause nutritional problems in
infants such as nutrient deficiency, malnutrition,
overnutrition or feeding behavior problems'o‘m‘.
hese nutritional problems may affect infant

development and cognitive function.
Foods and nutritive snacks

The diet for children at the age of 1 year
is similar to adult. Children should receive 3
meals of food and 2 meals of nutritive snacks
daily. Food for children consists of 5 food
groups, including rice/starch, meat or eggs.
vegetables, fruits, and fat. Children should have
numerous kinds of food in each food groups,
in order to provide variety of macro- and
micronutrients to the body”. Taste of the food
for children should not be foo sweet or salty.
Feeding discipline should be established in
young children, including feeding in proper
place and meal time. Each meal takes no
more than 30-45 minutes. Promoting young
children to have self-feeding role according
to their development makes them enjoy and
cooperafe in feeding.

In addition tfo 3 meals of food, nutritive
snacks and milk are the important source of
energy and nufrients for young children. Because
of the small gastric capacity in young children,
it cannot contains huge volume of food in a
big meal. Therefore, nutritive snacks and milk
play role as the additional source of energy
and nutrients. Timing of snacks and milk should

be between the big meals, 2-3 hours in interval.
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Nutrition in the early period of life is very important. The significance of infant and young
child feeding is not only providing the nutfrients and energy for growth, but also promoting the
feeding development in infants and young children. Exclusive breastfeeding is recommended
during the first 6 months of life, then, appropriate complementary food should be introduced
and continued breastfeeding. From 1 year old, the food should be similar to adult and nutritive
snacks should be added to provide adequate nufrition. Good interaction between caregivers
and infants or young children promotes the good eating habit, and help them fo develop their
feeding skill. Providing complete nutrition for infanfs and young children makes proper growth

and good development and cognitive function. Furthermore, this will provide good health out-
come in their future.
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Milk : The Perfect Food
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Milk is a white liquid produced by mammals. It contains essential nutrients for new born
animals. Therefore, milk is one of the most important foods for all population for ages. Cow's
milk is nutritious and good for health and widely consumed. Milk protfein is composed of eighty
percent of casein and the others are whey proteins. Milk protein has high quality equal to
meat protein. It is also a good source of some essenfial amino acids. Most of carbohydrate
in milk is lactose, which is a disaccharide sugar. Sixty-five percent of fatty acids in milk are
saturated fafty acids; thirty percent of them are monounsaturated fatty acids, and the rest are
polyunsaturated fatty acids. Milk is a source of thiamin (vitamin B1), riboflavin (vitamin B2) and
cobalamin (vitamin B12). Moreover, it contains small amount of vitamin A, B3, B5, Bé, folate,
C, and D. The major mineral in milk is calcium, which is essential for building and maintaining
bone and teeth during childhood and adolescent. It also contains phosphorus, potassium,

magnesium, selenium, iron, and copper.
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There are several commercial milk and milk
products such as milk, filled milk, flavored milk,
drinking yoghurt, condensed milk, and milk
power, Mik can be classified info 3 groups
by milk fat content:

° Whole milk or fresh milk contains at
least 3.2% milk fat, and it can be labeled as
100% cow’s milk.

° Low fat milk is milk whose fat is partially
separated. It contains 0.1-3.2% milk fart.

° Skimmed milk is mik whose fat is
separated to obtain less than 0.1% milk fat.

Low fat and skimmed milk are suitable for
elderly, and people with health concerns such
as obesity hypercholesterolemia or hyperlipidemia.

Nutrients of these three milk types of milk
are concluded in Table 1.
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Table 1 Nutrients of 1 cup of pasteurized whole milk, low fat milk and skimmed milk

(200 mL)’
Protein Fat Carbohydrate| Calcium Thiamin Riboflavin
(9) (9) (9) (mg) (mg) (mg)
Whole milk 6.22 7.56 (12%)* 10.42 (3%) 206 (26%) 0.08 (5%) 0.42 (30%)
Low fat milk 7.60 3.22 (5%) 11.96 (4%) 268 (34%) 0.12 (8%) 0.52 (31%)
Skimmed
ilk 8.38 0.22 (0%) 11.88 (4%) 298 (37%) 0.12 (8%) 0.66 (39%)
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Percent Thai Recommended Daily Intakes for population over 6 years of age are

Health benefits of milk

Milk is nutritious food for everyone, and
numerous studies reported its health benefits,
which can be summarized as follows:

1. Milkk helps building and maintaining bone
strength and reduces risk of osteoporosis

Milk is an excellent source of calcium,
casein peptides and protein. Fifty-eight studies
showed a positive correlation between milk
and dairy products consumption and bone
infegrity in  children and young adulfs. In
addition, the adequate calcium consumption
reduces risk of os’reoporosism.
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Proteins are more safiating than carbohydrate
or fat. Therefore, consumption of milk may
stave off hunger for long fime and therefore
reduce food intake. Moreover, drinking/eating
milk or dairy products before main meal was
reported to reduce blood glucose responseA.
3. Milk may help in weight control

Calcium in milk plays a vital role in the
regulation of energy metabolism. High calcium
diet inhibits adipocyte lipid accumulation and
weight gain during the overconsumption of an
energy-dense diet. It also increases lipolysis and
preserves thermogenesis in caloric restriction”.
4, Milk may help reducing risk of colorectal
cancer

A large pooled analysis of dafta from 5
countries showed that consumption of milk
more than 250 g/day could reduce risk of
developing colorectal cancer by 15%, compared
with those who consumed less than 70g/day.
Calcium can prevent cancer by binding with
secondary bile acids and ionized fatty acids,
thus reducing their proliferative effects in the
colonic epithelium and increase apoptosis of
transformed  cells’.

5. Milk may help reducing blood pressure

Clinical frials and reports during 2004-2009
concluded that milk consumption, particularly
low fat milk, may reduce blood pressure and
risk  of due to its

hypertension unique

micronutrients including vitamin D, calcium,

potassium, phosphorus and bioactive
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Summary
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Humans need nutrients to promote health. Milk is suitable for everyone and has abundant
nutrients that are essential for body. Therefore, milk was selected to be one of food in Thai
food based dietary guild line. Ministry of public health has recommended milk consumption for
Thais. Children should drink 2-3 glasses of milk daily for their growth and adults should drink 1-2
glasses daily fo reduce risk of osteoporosis. People with hypercholesterolemia or hyperlipidemia
should drink low fat or skimmed milk. People who are lactose intolerant can drink drinking
yoghurt or eat yoghurt instead of milk. In addition to milk, consumption of all five food groups
and regular exercise are also important for maintaining a healthy life.
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Yogurt : A Global
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Staple Food

A staple food, or staple, is a food that is
consumed regularly (every day or every meal)
and offen enough fo provide a significant
proportion of calorie requirements. Staples vary
from time to time and place to place. Early
agricultural civilizations valued staples that can
grow in the local places and be stored for
long periods of time. The majority of staples
are obtained from cereal grains (e.g., wheat
in the U.S.A., barley in Ethiopia, rye in Europe,
maize in sub-Saharan Africa (SSA) and U.S.A.
or rice in Asia), or starchy tubers, or root
vegetables (e.g., potatoes in Europe, yams
in  African, taro in Asia and Africa , arrowroot

in Caribbean or cassava in Nigeria).
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Ofther staples include pulses (dried legumes

in Africa and Asia), sago in Indonesia, fruits
(breadfruit in Oceania and plantains in Africa),
sorghum in Asia and Africa, fish in Alaska and
Canada and meat in Siberia”. In recent years,
advanced technology in agriculture, food process,
and fransportation have improve availability of
food. The original staple of a community can
be replaced by new staples. For example,
south pacific island countries mainly consumed
faro but after 1970 forty percent of the
population have preferred cereals. The main
reasons for this change varied from, plantation
suitability and economic situatfion to personal
taste.

From the perspective of health and nutrition,
the above-mentioned staples mainly supply one
of the three organic macronutrients; carbohydrates,
proteins and fats. The majority are main sources
of dietary carbohydrafes. Meat and fish are
main sources proteins, and in some of their
portions or types include fats. If any nation,
especially poor countries, consume only their
staples, the people may be malnourished
because they lack macronutrients”. In addition,
micronutrients (e.g., iron, zinc, calcium, provitamin
A carotenoids, ascorbic acid, tocopherol and

ofher nutrients and health-promoting factors)
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in such staples are of insufficient quantity,
especially for people at high risk such as
resource-poor women, infants and children”".
Biofortification of staple crops (e.g..

% and staple products

through
nutritional genomicsy’
(e.g.. through nutritional vacuum impregnc’riona'18
extrusion’, osmosis” and mixingm) are necessary
and beneficial.

Because of their key impact on global
health and well being micro-nutrients have
become a main focus. Aftention has been
drawn to the bioactivity of photochemicals,
vitamins, minerals and human  microbiota”.
Studies suggest a link between human microbiota
and health. These studies show the existence
of vest number of microorganism in and on
the human body (more than three fold the
number of human cel)”. These results lead to
a potential solutions for human health improvement.
Advanced technology will help us comprehend
the complex ecosystem between our microbiota
and our cells in order to personalize nufrition

in the future.
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Has the fime come for a community to

have YOGURT as a staple of choice?

CERTAINLY! Yogurt is potentially a perfect
choice worldwide as a good source of various
macro- and micro-nutrients. Many countries
(e.g., Mediterranean areas (Turkey, Greece,
[taly, France and Arabic cultures), Russia and
Brazil have adopted yogurt as a daily consumed
food or a sfoplem. A dynamic growth of yogurt
consumption is obvious in many countries (e.g.,
China, US.A., Japan, Germany and France).
Reasons for popularity of yogurt are addressed
as good health benefits, convenience, variety
and taste”.

Interesting examples of the potential health benefits

of yogurt are as follows:

e [actobacillus delbrueckii ssp. bulgaricus and
Streptococcus salivarius ssp. thermophilus with
probiotic properties help improve gastro-intestinal
sysfems%'g. A large number of lactic acid
bacteria in yogurt can survive the detrimental
impact of gastric and bile secretions italics

and i’rolicsm, and deliver enzymes and other

. . 16,10
intestines

beneficial substances into the
However, some studies show that S. thermophiles
and L. delbrueckii is not found in the feces
of people consuming at least one yogurt per
day for two weeks'.

e [. qacidophilus, L. casei and Bifidobacterium
bifidum were found fto modify the intestinal
environment by decreasing potentially defrimental

resident microbiota {e.g.,

9.16.19

enzymes of the
B-glucuronidase and nitroreductase
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e Recently, other bacteria, with specific
health-promoting properties (e.g., lactobacilli or
bifidobacteria), have been combined with the
yogurt starters'”.

o Autodigestion of lactose by the [B-galactosidase
of endogenous lactic acid bacteria resulted
in reduction symptoms of lactose intolerance.
e Daily consumpftion of yogurt significantly
reduced the level of Enferobacteriaceae
(pathogen) in feces as well as increasing
B-galactosidase  activity in  relation to the
Bifidobacterium populafion, which can be
considered beneficial to consumers".

e Availability of casein proteins 5, amino acids
and other nutrients (e.g.. sugar, calcium and
vi’romins)a.

e Yogurt has low Gl (Glycemic index)'.

e Yogurt fats and proteins likely lengthen the
gastric emptying and absorption process. This
supports Gl lowering effec:‘rs”'28 such as reduction of
Gl of white rice and com flakes” when they
are eafen, prior fo or affer plain yogurt.
However, it is noted that dairy products also
potfentially induce excessive insulin secretion”;
therefore, they may not be suitable for specific

groups.




References

1. Alexander, J.S., Meenakshib, J.V., Penelope, N., Sachdeve,
H.P.S. and Zulfiga A.B. 2005. Analyzing the Health Benefits
of Biofortified Staple Crops by Means of the Disability—Ad-
justed Life Years Approach: a Handbook Focusing on lron,
Zinc and Vitamin A. Harvestplus Technical Monographs.

2. Arion K., Kristina M., Chia-Chi C., Kathy L., and Michael
M. 2009. Saturated Fatty Acid-Mediated Inflammation and
Insulin Resistance in Adipose Tissue: Mechanisms of Action
and Implications. The American Institute of Nutrition.139(1): 1-4

3. Boonsupthip, W. 2016. Vacuum Impregnation in Food.
Kasetsart University Press. Bangkok Thailand.

4, Campo R., Bravo D., Canfon R., Ruiz-Garbajo-
sa P., Garcia-Albiach R., Montesi-Libois A., Yuste F.J.,
Abraira V. and Baquero F. 2005. Scarce evidence of
yogurt lactic acid bacteria in human feces affer daily
yogurt consumption by healthy volunteers. Applied and
Environmental Microbiology. 71: 547—549.

5. Chabance, B. Marteau, P., Rambaud, J.C., Migliore-Samour,
D., Boynard, M., Perofin, P., Guillet, R., Jolis, P. and
Fiat AM. 1998. Casein peptide release and passage to
the blood in humans during digestion of milk or yogurt.
Biochimie. 80(2): 155-16

6. Cummings J.H. and Macfarlane G.1. 1991. The control
and consequences of bacterial fermentation in the human
colon. Journal of Applied Microbiology. 70(6): 443-459,

7. Dean, D.P. 1999. Nutritional Genomics: Manipulating
Plant Micronutrients to Improve Human Health. Science.
285(5426): 375-379

8. Diego, M., Zimmermann, M.B., Muthayya, S., Thankachan,
P.. Lee, T.C., Kurpad, AV. and Hurrell, R. 2006. Extruded
rice forfified with micronized ground ferric pyrophosphate
reduces iron deficiency in Indian schoolchildren. American
Society for Clinical Nutritfion. 84(4): 822-829

9. Dora M.B., Emilina D.S., Ginka I.F.Zhelyazko 1.S., Ertan
F.A. 1998. Production of Amino Acids by Yogurt Bacteria.
Biotechnology Progress. 14(6):963-965.

10. Elise, A., Claude, A., Violain, R., Lionel, R.G., Pascale,
L., Male'ne, S., Pilar, G., Yvonne, D., Catherine, J. and
Joe |.D. 2007. Composition and metabolism of the intestinal

oo Healtha(

Nutrition Focus

microbiofa in consumers and non-consumers of yogurt,
British Journal of Nutrition. 97: 126—133

11. Jennie, B.M.Scott, D., Alan, B. and David, C. 2007.
The glycemic index and cardiovascular disease risk. Current
Atherosclerosis Reports. 9(6): 479-485.

12. Laparra, J.M., Sanz, Y., 2010. Inferactions of gut micro-
biota with functional food components and nufraceuticals.
Nutfraceuticals and Functional Foods. 61(3): 219-225.

13. Nestel, P., Howarth, E.B.J. V. Meenakshi, and Wolfgang
P. 2006. Biofortification of Staple Food Crops. American
Society for Nutrition. 136(4): 1064-1067.

14, Martin, J., Sean, S., Sarah, Y., Karthik, K., Ravi S.,
Nihar S., Joshua O., Erica S., Zhengyuan W., George
M. W. and Makedonka M. 2012. Genomes to Deter-
mine Composition and Species Prevalence in Microbial
Communities. Optimizing Read Mapping to Reference. 7(6).

15, Mark K. and Mercola. 2014. Yogurt are health, and
which are best avoided. Natural Health Website.

16. Marteau, P & Rambaud, JC. 1993. Potential of using
lactic acid bacteria for therapy and immunomodulation
in man. FEMS Microb Rev 12, 207—220

17. Mater, D.D.G, Bretigny, L, Firmesse, O, Flores, MJ,
Mogenet, A, Bresson, JL & Corthier, G (2005) Streptococcus
thermophilus and Lactobacillus delbrueckii subsp. bulgaricus
survive gastrointestinal fransit of healthy volunteers consuming
yogurt, FEMS Microbiol Left 250, 185—187

18. Mee-ngerm, B., Lee, S.J., Choachamnan, J., and Boon-
supthip, W. 2014. Penetration of juice into rice through
vacuum drying. LWT-Food Science and Technology 57(2):
640-647.

19. Oozeer, R, Goupil-Feuilerat, N, Alpert, CA, van de
Guchte, M, Anba, J, Mengaud, J & Corthier, G (2002)
Lactobacillus casei is able to survive and inifiate protein
synthesis during its fransit in the digestive tract of human
flora-associated mice. Appl Environ Microbiol 68, 3570—3574

20. Park, K.B. and Oh, SH. 2007. Production of yogurt
with enhanced levels of gamma-aminobutyric acid and
valuable nutrients using lactic acid bacteria and germinated
soybean extract. Bioresource Technology. 98(8): 1675-1679.



21. Pascal Leterme. 2002. Recommendations by health
organizations for pulse consumption. British Journal of Nu-
frition. 88(3): 239-242,

22, Penelope, N., Howarth, E.B., Meenakshi, J.V. and
Wolfgang, P. 2006. Biofortification of Staple Food Crops.
American Society for Nutrition. 136(4): 1064-1067.

23. Rooult  Wack, AL (1994). Recent advances in the
osmotic dehydration of foods. Trends in Food Science and
Technology. 5(8): 255-260.

24. Ridvan. C., Gul, B.G., Vildan, T., Sedat, D., Omer, A.
and Ahmet, K. 2015. Microorganisms and their inferac-
tion with human body. TAF Preventive Medicine Bulletfin.
14(3):272-278.

25. Riggio O., Angeloni, S. , Ciuffa, L., Nicolini, G., Attili,
AF., Albanese, C. and Merli, M. 2003. Malnutrition is not
related fo alterations in energy balance in patients with
stable liver cirrhosis. British Journal of Nufrition. 22(6): 563—559

26. Shortt, C. 1999. The probiotic century: historical and
current perspectives. Trends Food Sci Tech 10, 411—417

27. Stein, A., Meenakshi, J.V., Qaim, M., Nestel, P., Sachdev,
H.P.S., Bhutta, ZA. 2005. Analyzing the health benefits of
biofortified staple crops by means of the disability-adjusted
life years approach: a handbook focusing on iron, zinc
and vitamin A. International Food Policy Research Institute
(IFPRI) and International Centfer for Tropical Agriculture
(CIAT), Washington, D.C. and Cali.

28. Sukiyama M., A C Tang, Y Wakaki and W Koyama. 2003.
Glycemic index of single and mixed meal foods among
common Japanese foods with white rice as a reference
food. European Journal of Clinical Nufrition. 57. 743—752

29. Tanya, Y., Federico, E\Y., Mark J.M., Indi, T., Maria, G.D.,
Monica, C., Magda, M., Glida, H., Robert, N., Andrey P.A.,
Andrew . C.H., Barbara, W., JensR., Justin, K., Gregory,
J.C., Catherine, AL, Christian , L, Jose, C.C., Dan, K.,
Rob, K. and Jeffrey I1.G. 2012. Human gut microbiome
viewed across age and geography. Natfure. 486: 222-227.

30. Waldbauer,G.P., Randy, W., Cohen and S. Friedman.
1984. Self-Selection of an Optimal Nutfrient Mix from De-
fined Diets by Larvae of the Corn Earworm. Physiological
Zoology. 57(6): 590-597

31. Welch, R. M. and Nuir, J. 2002. Breeding Strategies
for Bioforfified Staple Plant Foods to Reduce Micronutrient
Malnutrition Globally. The American Society for Nutritional
Sciences. 132(3): 495-499

32. Wytoc, D.H. and Dipama J.A. 1988. All yogurts are
not created equal. The American Society for Clinical
Nutrition. 47(3): 454-457

Healtha o3

Nutrition Focus



389MANI1N3E A9LEARSA Aaule, ATaldu
AAIINENANARSTINT ARUANENANART
umiendauln Tnia

anu uziian 1008 Wavtlud

Assoc. Prof. Edward A. Quinto, DPAM
Department of Biological Sciences,

College of Science University of Santo Tomas
Espana, Manila 1008, Philippines

Probiotics : From Ancient Times
to Modern Era

wslulodn mnanodagaleliu

DaUNSgoUNUINANANYNUAUNMWIA:
AUMoUODISINADICIEAIBUISN ILISDIU
InsnsULRou wsluloaniDunaudaunses
WiruNabwadciownne e (Host) dousina
TudsunruRiwewo unAoudmMsanso
wadsoinaoniwslulednia:ANwnIIwoN
UunelkinawaddonanomeluwgnenFeld
oEhols

Without us ever knowing it, microbes
have played a significant role in our
health and well-being since the dawn
of fime. Probiotics are a special group
of microbes imparting beneficial effects
to their host when taken in substantial
amounts. This article explores the beneficial
effects produced by probiotics and how

they achieve them inside their hosts.
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For every 10 cells of our human body, 13
other cells are not of our own. They are
microbial: viruses, archaea, bacteria, yeasts,
molds and protozoans. Microbes enter our body
through the natural foods we eat especially
from uncooked cereals, grains, fermented
veggies and fruits. Probiotfics fravel an arduous
path through our digestive system unfil they
reach their final destination, the large infestine.
In the large intestine, they take up permanent
residence and join the largest and most complex
community of microbes in our body called
the “Microbiota”. The microbiota, considered
as a complex ecosystem by itself, functions
like a theater orchestra whose instrumentalists,
the microbes, produce music and as a whole
weaves an impressive rendition of a symphony
of health and well-being for their host. As
probiotics reaches the large infestine, they must
aftach strongly to the epithelial cells where
they grow and multiply. Commercial foods in
the supermarkets that contain added probiofics
are yoghurt, sour milk, fermented veggies and
fruits, powdered milk, filings of candies, soy
sauces and in many dairy as well as nondairy
beverages. The added presence of probiotics
in these commercial products transforms these
foods info “Functional Foods”. Incorporation of
probiofics in these foods imparts more health
values due to the biological activity of the
probiotfics in humans than just the proteins,
carbohydrates, fats and vitamins that these
foods contain. However, more potent sources
of probiotics are the pharmaceutical tablets
and capsules which can deliver much bigger
amounts of these beneficial microbes intfo our
digestive system.

Healtha(  oc

Nutrition Focus



dladag 1 Tonuce uazeniz 015 18
vhm-iﬁnmmamm‘lwaf“l,u‘[,aﬁﬂﬁam?mu@m:ﬁu
thaaluden szatlailuden nsdniay nne
llaugaeinisiineyyadasy uaznsnludiuain
ma%uiuﬁﬂmhmmmwumﬁmﬁ 2 12D) lung
ﬁmﬂﬂa’:fﬁlLLUU@:MUHTJ@%JIBJJ“H%MNEUWﬂ’J‘l_I@JJﬁ’JF;IEI’]
vaeni ananaing 50 segnuuifluaesngu Ao
nquinslulasin Fuslnauuiivingaeinglulesin
LAZNGUAILIAL Faislnauuivingaeaiilsl
Winsluledin vawandly 6 dlavi wailssy
AaAMUUANANDENTTad A sTieaangy Tu
udrasnsilAsuuaddaendsuedlnanndluinaiiu
s2AUlALBAMATRATIN WazI=AL LDL Taladinasea
svalushilu@oanlAeut lumeaty Jeuands
winaghadaaulunsmuiednuans

0.6 0:55
0.5
0.4
0.3
0.2
0.1

0
o [

-0.2
-0.3

Change, mmol/L

-0.15

Total cholesterol

Recentfly, Tonucci et al., (2015) studied
the effects of probiotics on the glycemic
control, lipid profile, inflammation, oxidative
stress and short chain fafty acids in Type
2  Diadbetic  (12D)

a double-blind, randomized, placebo-controlled

patients.  Conducting
frial, 80 volunteers were assigned into two
groups: probiotic group, consuming fermented
milk with probiotics and control group, consuming
conventional fermented milk without probiofics.
Aftfer 6 weeks, results yielded a significant
difference between groups concerning mean
changes of glycated hemoglobin, total cholesterol
and LDL-cholesterol. There is an improvement in
the blood lipid profile which is clearly shown
by the bar graph below.

0.36

-0.2
LDL-cholesterol

B Probiotics ™ Control

a ! Ao o o Ao v @ A
?]‘ﬂVl 1 m‘iammammuﬁmﬂmmmmmimmszmu‘lﬁmammmaamm uar LDL lAladlmasaanss

lufuniinlufleends veanquinslulefniafauiiauiunguaiunu Jonuce uazpAme, 2015)

Fig 1. The observed significant
LDL-cholesterol

group (Tonucci et al., 2015).
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lowering  of

the mean total cholesterol and

(bad cholesterol) of the probiofic group compared to the control
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Summary

Probiotics can also make vitamins helpful
for people and children which may have
inadequate daily infake of these vital nutrients
from their diet. These are vitamin K needed
for blood coagulafion; folic acid, essential for
pregnancy and prevents cardiovascular diseases;
biotin

cyanocobalamin required for the maturation of

needed for lipid metabolsm and
blood cells. Probiotics also produce cytokines
that modulates the activity of the immune
system. Other health benefits include reducing
the incidence and length of gastroenteritis
diarrhea; alleviation of lactose infolerance especially
useful for Asians; considerable control of blood
pressure; reducing the incidence of Helicobacter
pylori infections associated with peptic ulcers,
lowering the risk of necrotizing colitis; effective
freatment for bacteria induced vaginosis and
lastly, decreasing the incidence of colorectal

cancer.
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Indeed the health benefits that adults and children can obtain from probiotics are so numerous

and essential, there is a need to consume them regularly from many commercial food products

containing them tfo keep the diversity and vitality of our microbiota.

Reference:

1. Tonucci, LB., dos Santos, KM.O., de Oliveira, LL.,

Ribeiro, SM.R. and H.S.D. Martino. Clinical application of

probiotics in type 2 diabetes mellitus: a randomized, double-blind, placebo-controlled study. Clin Nutr. 2015 Dec 7.
pii: S0261-5614(15)00331-3. doi: 10.1016/j.clnu.2015.11.011. (Epub ahead of print)
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The Human Life Cycle of Probiotics
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Factors affecting the life cycle of probilofics
in humans

Probiofics, defined by the World Health
Organization (WHO), are ‘live microorganisms
that when administered in adequate amounts,
confer a health benefit on the host’. Like any
live microorganisms, they have a life cycle that
includes growth and eventually death. Viable
probiotics are required for health benefits but
fo remain viable in hosts, probiotics need to
survive the ftransit in the gastroinfestinal (Gl)
tract’. For most commercial probiofics  with
clinically proven efficacy, the strains used would
have been assessed for their acid and bile
folerance. In addition, it is also important that
these strains have been assessed based on
the seven criteria as listed by the European
Union (EU)B. Concomitant antibiotics in the gut

can also reduce potency of probiotics.
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Probiotic bacteria exert their effects by
fransiently adhering fo the infestinal mucosa
and eventually the strains would pass out in
the feces. Fecal recovery is useful as an
indirect measure of gut colonization. The half-life
of probiotic can vary from strain-tfo-strain but
it has been established that certain microbial
strains survive and remain detectable in stools
for up fo 4 weeks affer discontinuation of
intake™’. Survival in the host for a longer
period may require continuous intake but whether
prolonged colonization is beneficial remains
unclear. A third of probiotics are estimated to
survive in adequate numbers in order to affect
gut microbial metabolism and exert its intended
clinical responses.

Prebiotics are ‘selectively fermented ingredients
in  the

that allow specific changes, both

composition and/or activity in the
gastrointestinal microflora that confers benefits
upon host well-being and health”’. The most
studied

fructooligosaccharides (FOS), galactooligosaccharides

commonly prebiotics are  the
(GOS9), lactulose and inulin’. Given fogether,
prebiotics can enhance the gut life cycle of
probiotics. There are also external factors that
affect viability or potency of probiofics including
storage (refrigeration or shelf) and transportation.
Understanding the life cycle of probiotics is
important for dosing, effectiveness and safety

. 2
of use in humans'.
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Effectivity of probiotics in humans

The optimal effective dose at which probiotics

produce clinical benefit remains unclear’”,
Present clinical studies have utlized a minimum
daily therapeutic dose of 10° to 10° colony
forming units (CFU)Q‘WO. The duration of probiotic
therapy varies among hosts and tfargetted
therapeutic effects,”" and thus it is advisable
to be

Saccharomyces boulardii, in a review by McFarland

for probiotics tfaken  confinuously.
was shown to be cleared within 3 to 5 days
after stopping ’rheropym. Inanother situation,
the beneficial effects might stop only after 2
to 4 weeks of discontinuation”. Entecoccus
faecium strain was demonstrated fo persist in
stool 5 weeks affer probiotic infake in humans
and could persist for up to 3 months in
canines”. A meta-analysis by Rifchie et al
reported that some probiotic strains showed
significant clinical efficacy when taken for as
little as 1 week up to 240 weeks'”. Hunger
et al, suggested that probiotics should be
taken for atf least one month in those with
lower Gl symp’romsw and a longer period for

alterations of metabolic diseases.
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The probiotic preparations available in the
market include capsules, sachets, yoghurts, and
fermented milk or fruit drinks". Microbial strains
are sensitive fo external environment in particular
to oxygen, moisture and heat”. Furthermore, in
order to be viable in the gut, probiotics should
be able to tolerate gastric acid, bile and
pancreatin; adhere to mucus and/or human
epithelial cells; possess antimicrobial activity
against potentially pathogenic bacteria; reduce
pathogen surface adhesion; possess bile salt
hydrolase activity, and is resistant to spermicidesé'm'17
The European Union (EU) project on biosafety
evaluation of probiotics (PROSAFE) recommends
the following safety measures: proper identification
of microbial strain via biochemical and molecular
methods; determination of antibiotic resistance
and transfer; standard antimicrobial susceptibility
festing: in vitro assessment of virulence; and
in vivo assessment of strain pcn‘hogenicifys.

No definite recommendation on proper
fiming of probiotic consumption has been
made so far. Tompkins et al recommended
that certain strains, such as Lacfobacillus
rhamnosus, Saccharomyces cerevisiae boulardii
should be administered before a meal or just
after a fat-containing meal tfo avoid resistance
to gastric acid.”® Tripathi et al reviewed the
literatures on acid and bile tolerance of several
Bifidobacteria  species and noted that
Bifidobacterium longum survived best”. Some

Lactobacillus species are able fo survive in

environments between pH 3.7 up fo 6.0.19
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Presently, commercial products have addressed
this issue by providing more effective delivery
systems via microencapsulation, enhanced
coatings, and drying methods to enhance
strain vicbility2°. Consumption would clearly
depend on individual probiofic strain properties,

as well as, product formulation.
Safety of probiotics in humans

The US Food and Drug Administration (FDA)
defined probiotics as Generally Recognized as
Safe (GRAS)””.
commercial

However, there are many
probiotic  preparations available
with  different species strains and efficocyﬂ.
Therefore, safety assessments are strain-specific
and the GRAS status does
probiotic products per se. The Agency of

not cover dll

Healthcare Research and Quality (AHRQ) together
with the National Institutes of Health (NIH) have
reviewed in detail the existing literatures on
safety of probio‘rics%. Amid rare systematic
reporting of adverse events, the authors
concluded that present RCTs did not show an
increased risk of adverse events for children,
adults or elderiy%. No reports of adverse effects
of probiotics are observed in healthy individuals™”.
In this regard, probiotics can be theoretically
consumed in people of all ages. Common
side effects include abdominal cramps, nausea,
flotfulence and taste disturbances which are
usually observed only in the first 3 days of
consumption and may not be aftributed to
the probiotics, but excipient materials used for
production, and the addition of prebiotics
which impart such effects due to their indigestible

21,23
nature
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The most important concern
probiotic use is the risk of sepsiss. Several case
reports have been published showing a temporal
relationship between probiotics and bacterial
or fungal sepsis in certain  population
groupss, Probiotic bacteria, such as Lactobacillus
casel and Lactobacillus rhamnosus, have been
observed to cause infective endocarditis, and
liver abscess in immuno-compromised hosts™,
Several cases of fungal sepsis have been
documented in relation to Saccharomyces boulardii
in patients with central venous catheters”.
Although the exact mechanisms for bacterial
franslocation remain unknown, reports of platelet
aggregation in the probiotic strain and host
such as intestinal  mucosal

factors injury,

immunodeficiency and abnormal intestinal

flora were recognizedm'%.

Boyle et al listed the following risk factors
for sepsis that are associated with probiotic,
namely:

1. major risk factors - immunocompromised host
and premature infants;

2. minor risk factors - presence of a cenfral
venous catheter, history of cardiac valvular
disease, impaired infestinal epithelial barrier,
concomitant administration of broad spectrum
anfibiofics fo which probiotic is resistant,
administration by jejunostomy tube and probiotics
with properties of high mucosal adhesion’.
Gogineni et al adds premature infants, patients
with  chronic disease and/or debilitation as
high-risk populo’rionsm. Probiotics, though generally
safe, should be used in caution in these specific

Healtha( 33
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Another theoretical risk is the potential for
antibiotic-resistance fransfer between probiotics
and pathogenic bacteria, as a result of

chromosomal mutations or horizontal gene
transfer””’. Antibiotic resistance to vancomycin,
chloramphenicol, and erythromycin have been
identified in Lactobacillus specie527, Again, this
emphasizes the importance of appropriate regulation
with proper strain identification, in-vitro evaluation,
and antimicrobial susceptibility testing of probiotic
strains.” The EUproject on safety evaluation of
probiotic microbial strains stresses that the most
important  criterion is the identification of
fransmissible antibiotic resistance markers prior
to approval of a particular strain for product

o . 3
development and commercialization'.
Other challenges of probiotic use in humans

Another debatable issue is the effects that
antibiofics have on probiotics and vice versa.
Probiotics have been used as an adjunct to
prevent  antibiotfic-induced super—infeo’rionszs.
McFarland performed a meta-analysis on
S. boulardii and found a significant protective
effect for antibiotic-associated diarrhea’. A
systematic review by Goldenberg et al also
showed that concomitant probiotics and antibiotics
incidence of Clostridium

could reduce the

difficile-associated diseases by 64% in high-risk

po’rienfsgg.
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Factors affecting life cycle

EXTERNAL FACTORS
Probiotic strains are sensitive
to oxygen, heat, & moisture
and may affect shelf-life.*

SURVIVAL IN THE GUT
To remain viable, probiotic
formulation should tolerate

gastric acid, bile, pancreatin
adhere to mucus and/or

intestinal epithelium. &

ANTIBIOTIC INTERACTION .
Theoretical risk of decreasing antibiotic
potency and increasing antibiotic
resistance and concomitant use may
not be advisable for all probiotics.

Studies however differed in the timing of pro-

biotic administration after antibiotics. Some
patients are given probiotics within 48 hours
of antibiotic initiation up to the entirety of
antibiotic course and some up to 7 to 10
days after”. Boyanova et al recommend that
Lactobacilli probiotic strains be given at least
2 to 4 hours after the antibiotic in order fo
prevent inhibition of the antibiotic, unlike
S. boulardii which does not affect antibiotic
efﬁcocym. The co-administration of probiotic
and antibiotics may not be advisable for all
probiotfics because of the risk of horizontal
resistance fransfer and the antibiotic may also
kil the probiotic strain. Nonetheless, provided
that the probiotic product has complied with
the quality measures set by the EU, the
theorefical risks of decreasing anfibiofic efficacy
and increasing antibiotic resistance become

of less clinical significance.

Current challenges

TIMING & OPTIMAL DOSE

. Effective dose and proper timing

of consumption is strain-specific

but may consider minimum daily
dose of 106 to 10° CFU.5

Y EFFECTIVITY
Clinical benefit is transient and
depend on probiotic half-life
thus optimal duration of
therapy may vary from strain-
to-strain.*

@ SAFETY CONCERNS

Generally safe in all ages but use with
caution in premature infants, and
immunocompromised hosts. Common
side effects inciude abdominal cramps.
nausea, & taste disturbance.*?!

91 1 aquildeninanaastinuadns iuladnuaziiymnisldnelulasnludaqiiu

Figure 1 summarizes the factors affecting probiotic life cycle and current

challenges in the use of probiotics.
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Probiofics, like any live microorganisms, are affected by ex-vivo and in-vivo conditions. Much

clinical evidence has shown that probiofics can be used as a natfural intervention to alleviate

many gut disorders. Due to such promising potentials, we foresee increasing research efforts

in clinical setups to defermine the optfimal dosage and duration of therapy catering for the

varying population groups.
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The health effects of soyfoods have been rigorously
investigated for nearly three decades. More than 2,000
soy-related peer-reviewed articles are published annually.
The soybean has long been recognized as a source of
- high-quality protein and healthful faf. However, much
of the research focus on the soybean is because inde-
g ' pendent of its nufrient content there is evidence that
' soy exerts a variety of health benefits, especially related
" to the prevention of chronic disease. In many cases,
the proposed benefits of soyfoods are atfributed to their
being uniquely-rich sources of isoflavones.
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This brief review focuses on the role “of

soy in the prevention and treatment of chronicwe

disease. Background information on nutrient

content and isoflavones is also provided.
Nutrient content

The macronufrient composition of the soybean
As a
percentage of calories, the soybean is much

differs markedly from other legumes.

higher in fat (40 vs 3), moderately higher in
protein (33 vs 27) and much lower in carbohydrate
(27 vs 70).
is notable not only for the amount of protein

In regard to protein, the soybean

it provides but for the quality of the protein.
The quality of soy protein is similar to animal
protein and higher than that of nearly all
other plant proteins. The protein digestibility
corrected amino acid scores for soy protein
range from 0.9 to 1.0 depending upon the
specific soyfood in ques’rionm.

The low carbohydrate confent of the soybean
means that many traditional Asian soyfoods
are also low in carbohydrate which may make
them advantageous for people with diabetes’. Also,
much of the soybean carbohydrate is comprised
of oligosaccharides (predominately sfclchyose),d'7
which, because they are poorly digested by
infestinal enzymes, fravel to the colon where
they are able tfo sftimulate the growth of
bacteria such as bifidobacteria, that are
considered to be advantageous to the host.
For this reason the soybean oligosaccharides

i W . 8-10
are claossified as prebiotfics .
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The fat content of soybeans is comprised
10-15% 19-41%

monounsafurated and 46 to 62% poIyunso‘ruro1’re<:1.H

of approximately saturated,
The polyunsaturated fat is comprised of the
omega-6 essential fatty acid linoleic acid (563%)
and Q-linolenic acid, the essential omega-3
fatty acid (6%).
soyfoods are some of the few foods that are

The soybean and full-fat

good sources of both essential fafty acids.
Isoflavones

lsoflavones are found in many different
plant foods but among commonly consumed
foods the soybean contains uniquely rich amounts.
Each gram of soy protein in soybeans and
fraditional soyfoods is associated with approximately
3.5 mg of isoflavones”.  Mean isoflavone intake
among adults ranges from about 30 - 50 mg/
day in Japan but is less than 3 mg/day in
The

three isoflavones genistein, daidzein and glycitein

the United States, Canada and Europem'm‘m'm.

and their respective glycosides account for
approximately 50, 40 and 10%, respectively, of
the total isoflavone content of soybeonsﬂ.
Isoflavones have a chemical structure similar
to the hormone estrogen which allows them
tfo bind to both estrogen receptors (ER)-ERQ
and ERB.**

fo exert estrogen-ike effects under certain

For this reason, they are able

experimental conditions and so are referred
fo as phytoestrogens. However, whereas estrogen
binds to and activates ERO  and ERB equally,

isoflavones preferentially bind to and activate
ERBQA—W
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This difference in binding and activation between
isoflavones and estrogen is important because
the two ERs have different fissue distributions
and, when activated, can have different and
sometimes even opposite physiological effects™ " .

The preference of isoflavones for ERP is
the major reason that isoflavones are seen as
capable of having fissue-selective effects and
the reason they are claossified as selective
estrogen receptor modulators (SERMs)Sw. In
fissues that possess estrogen receptors, SERMs
exert estrogen-like effects in some cases but

no effects or antiestrogenic effects in others.
Cardiovascular disease (CVD)

Soyfoods potentially reduce risk of CVD
through multiple mechanisms.  First, soy protein
directly lowers blood cholesterol levels. Clinical
research demonstrating the hypo-cholesterolemic
effects of soy protein was first published in
1967,
recognized by the US Food and Drug Administration
(FDA) in 1999™. The FDA established 25 g/day

soy protein as the threshold intake for cholesterol

This benefit of soy protein was formally

reduction.

Since the FDA health claim was approved
more than 10 countries” have approved similar
claims including Canada, which did so in
2014,
decade or so,

Meta-analyses published over the past

have found soy protfein

statistically significantly lowers low-density-lipoprotein
(LDL)-cholesterol by approximately 4 to 6%,
When

protein

soyfoods replace animal sources of

LDL-cholesterol levels will also be
reduced because of the favorable change in
the fatty acid content of the diet”.
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Second, clinical dafta suggest soy protfein
is hypotensive. The public health benefits of
even the modest proposed hypotensive effects
of soy protein are significant. Reducing systolic
blood pressure by just 2-5 mmHg may reduce
stroke and CHD disease by 6-14% and 5-9%,
respec’rively%. Meta-analyses show that in response
tfo soy protein systolic and diastolic blood
pressure is reduced by approximately 2.5 and

43 ,47-49 .
However, in most

1.5 mmHg, respectively
studies in which blood pressure was assessed,
it was not the primary endpoint of inferest.
Therefore, additional research is needed before
about  the  blood

pressure-lowering effect of soy protein can be

definitive  conclusions
made.

Finally, in postmenopausal women, isoflavones
have been shown to improve arterial health
as measured by systemic arterial c:ompli(nnce50
and vasodilation (flow mediated dilation)”.

Bone health

In response to declining estrogen levels,
women can lose substantial amounts of bone
mass in the decade following menopause,
which markedly increases their fracture risk”. Estrogen
therapy reduces postmenopausal bone loss
and hip fracture risk by approximately one-third™,
These observations led to speculation that
because soyfoods contain isoflavones they may
promote bone health. This speculation is supported

by the results of two large Asian prospective

epidemiologic
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studies that found among women soy intake
was associated with a one-third reduction in
fracture risk™*. However, clinical studies have
produced very mixed effects of isoflavone
supplementation although a recent trial found
that isoflavones were about half as potent as
common drug used to freat osteoporosis af
increasing bone calcium confent in
postmenopausal women”.

Aside from the potential skeletal benefit of
isoflavones, certain soyfoods such as calcium-fortified
soymilk and tofu made by coagulating soymilk
with a calcium salt are excellent sources of
calcium. Despite the presence of both phytate
and oxalate in soybeans, two compounds that
inhibit mineral absorption, calcium absorption
from these products is similar fo the absorption

. 7 oy 57-59
of calcium from cow’s mik™ .

Breast cancer

It is widely recognized that breast cancer
incidence rates in soyfood-consuming countries
are much lower than in Western countries”.
Further, as Westernization of Asian cultures has
occurred, Asian breast cancer rates have
steadily increased”.  More importantly, Asian
epidemiologic studies show that higher soy
consumption is associated with an approximately
one-third reduction in breast cancer risk although
most data come from case-control not longitudinal

. 62
studies .
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However, considerable data suggest that for
soy to reduce risk consumptfion must occur
childhood ¥

and/or  adolescence
Case-control studies show higher soy intake

during
early in life (e.g., childhood and/or adolescence)
is associated with 25 fo 60% reduction in risk,
This evidence suggests as litfle as one serving
per day of a traditional soyfood is sufficient
to reduce risk.

Despite the evidence that soy consumption
reduces the developménf of breast cancer,
the estrogen-like effects of isoflavones have
raised concern that soyfoods adversely affect
the prognosis of breast cancer patients. However,
regardless of the source (soyfoods or supplements),
clinical data show that even when exposure
greatly exceeds typical Japanese intake,
isoflavones do not exert harmful effects on

. 70-77 "
breast  fissue Furthermore,  prospective

epidemiologic data show that post-diagnosis
soy intake improves prognosis. A meta-analysis
of five prospective studies, two from the United

States™”. and three from China™™ involving
over 11,000 women with breast cancer, found
soy consumption after a diagnosis of their
disease was associated  with  statistically
significant reductions in breast cancer recurrence

and morToIiTyga.
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Prostate cancer

the
commonly diagnosed cancer in men worldwide,

Prostate cancer s second most
and the fourth most commonly diagnosed
cancer overal™. As is the case for breast
cancer, prostate cancer incidence and mortality
rates vary dramatically throughout the world;
rates in Asian counfries where soyfoods are
commonly consumed are very low relative to
Western countries”. More relevant are the
Asian population sfudies showing that higher
soy consumption is associated with an approximate
50% reduction in prostate cancer risk although
most data come from case-control not longitudinal
studies™®.

Intervention studies involving prostate cancer
patients generally show that isoflavone exposure
slows the rise in prostate specific antigen (PSA)

89-92
levels

PSA is a profein produced by the
prostate gland. Although most PSA is carried
out of the body in semen, a very small amount
The PSA test

is used fo screen for prostate cancer and to

escapes info the blood sfream.

measure the efficacy of freatment. Although
long-term trials failed fo find isoflavone exposure
affects the biochemical recurrence of prostate
cancer affer radical pros’rm‘ecfomy93 or the
progression from high-grade prostatic
infraepithelial neoplasia to cancer”. the design
limitations of each study limit the implications
of the findings.
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Kidney disease

The potential kidney benefits of soy have
considerable public health significance because
of the

kidney disease, which is largely a consequence

increasing worldwide prevalence of

of the increasing prevalence of diabetes™.
There is preliminary evidence that soy protein
places less stress on the kidneys in comparison
fo other high-quality proteins, which over fime
could reduce the risk of developing renal
disease in susceptible individuals, such as those
with diabetes™”.

proposed that replacing animal protein with

More specifically, it has been

soy protfein leads to a decrease in hyperfilfration and
glomerular hypertension, with resulfant protection

recently
4

from diabetic nephropofhy%%, As

reviewed by McGraw et al.)” there
are several means by which soy protein could
benefit individuals at risk of developing kidney

disease and those with existing kidney disease.
Mental health

Depression is a commonly occurring disorder
associated with diminished quality of life and
increased morbidity and morTQIiTymO']m Strikingly,
there is an approximate two-fold female-male
disparity in the prevalence of depressionm. The
higher prevalence of depression among women
compared to men suggests that reproductive
hormones may be involved in the etfiology of
With this background in mind

the emerging evidence suggesting that isoflavones

this disease.

may function as antidepressants is particular

intriguing.
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For example, over a two-year period, an
[talian study that evaluated mood effects found
that postmenopausal women taking 54 mg/
day of the soybean isoflavone genistein showed
a decline in depressive symptoms as measured
with the Zung Self-rating Depression Scale
whereas no change occurred in the placebo
groupm. Also, a Japanese study involving
peri- and postmenopausal women, found that
a very moderate dose (25 mg/d) of isoflavones
reduced depressive symptoms as assessed by
the Hospital Anxiety and Depression Scale and
also reduced anxiety as assessed by the
Athens Insomnia Scale'™.  In contrast to the
benefit of this dose, this eight-week trial found
that a very low dose of isoflavones (12.5 mg/
day) lacked efficacy. Finally, Estrella et al.”
found that over a three-month period 100 mg/
day isoflavones reduced depressive symptoms
in clinically depressed postmenopausal women
to a similar extent as Zoloft (60 mg/day) and
Prozac (10 mg/day). In addition, the combination
of Zoloft and isoflavones resulted in a greater

reduction in symptoms than the other three

individual freatments.
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Soyfoods provide high-quality protein and healthful fat. They are also uniquely-tich
sources of isoflavones which are classified as SERMs. Soy profein directly lowers
blood LDL-cholesterol levels and may also lower blood pressure. Soy protein is an especially
good choice for individuals at risk of developing or with existing kidney disease. There is
intriguing evidence suggesting that consuming soy during childhood and/or adolescence reduces
breast cancer risk later in life. Although isoflavones are classified as phytoestrogens, clinical
data show soy does not adversely affect indicators of breast cancer risk and prospective
epidemiologic data show that post-diagnosis soy intake is associated with a reduction in
breast cancer recurrence and mortality. Although the impact of isoflavones on bone
mineral density remains to be determined, it is well established that calcium-fortified soymilk
and tofu made with a calcium salt are good sources of well-absorbed calcium. Finally,
emerging research suggests isoflavones made function as anfi-depressants.  Based on the
epidemiologic and clinical evidence a reasonable adult soyfood intake recommendation
is two servings per day.
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Black Soybean

Antioxidant and Nutrition for Health
Mondovad anschuouyadas: lla:AruANOINBUINS
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Soybean has been known as a goodsource of food since it contains
protein, fat, amino acids, and various phytochemicals, such as anthocyanins,
an important antioxidant found nafurally. There are many types of soybean,
which yellow soybean is most commonly consumed and found in the market.
However, there is one type of soybean; called black soybean, which its seed
coat color is black or dark brown, while the cotyledons can be yellow or
green in color like regular soybeans. Beside high protein content (approximately
30-40% by wt.), black soybeans contain higher protein content compared with
other beans. In addition, all essenfial amino acids are found in black soybeans
as well. From the studies, black soybeans were consumed for long period of

time as medicinal foods, especially in Asia, e.g. China, Japan, Indonesia, and

India'?.
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Overweight and obesity are serious problems

and are being widespread. These might lead
fo many ilinesses, including cardiovascular diseases,
type 2 diabetes, sleep apnea, cancer, and
stress. From the stafistics provided by World
Health Organization (WHO),

billion adults (18 years and older) were over-

more than 1.9

weight, while 600 milion people (out of 1.9
billion) were reported obese in year 2014.
Furthermore, the 42 million children overweight
or obese were found in 2013. The causes of
overweight or obesity are from an imbalance
between calories infake and expenditure, genetic,
emotion, and environment factors. Therefore,
confroling diet and changing eating habits
are easiest methods fo decrease these problemsa.
Because of high anthocyanins and protein
content in black soybeans, there are numbers
of research conducting on using anthocyanins,
proteins, and peptides (in vitro, animals and
human subjects) for exhibit antioxidant activity,
anti-inflammation, weight reduction, decreasing
fat levels in both body and blood, lowering

blood pressure and blood glucose.
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Black soybean seed coat (BSS@) is<a fich

J

source of polyphenolsfreporied o have vasious
biological effects.” Several authogs reported that
BSSC contained the greatfest levels of anthocyanins
of all pigmented soybeans. The major anthocyanins
of BSSC have been idenfified as cyanidin-3-mono-
glucoside, delphinidin-3-monoglucoside, petuni-
din-3-glucoside, and pelorgonidin-3—O—qucosideA'°.
Other minor anthocyanins, catechin-cyanidin-3-O-glu-
coside, delphinidin-3-O-galactoside, cyanidin-3-O-ga-
lactoside, and peonidin-3-O-glucoside were also
detected and identified”’. BSSC has been
shown to exhibit antioxidant activifies, anti-in-
flarnmation, anti-oxidative stress, anti-obesity,
and anti-diabetic effects because of the rich
anthocyanin content in its seed coat. The
anfioxidant properties of anthocyanins may
reduce the risk of coronary heart disease’.
(2013) reported the antioxidant

activity of the anthocyanins extracts of BSSC

Song et al

against DPPH, and ABIS radical scavenging
capacity (%) were 68.34% and 70.12%, respectively.
The BSSC extracts contained high levels of
reducing power and superoxide anion radical
scavenging oc‘rivh‘ya.

Oxidative stress reduces cell viability and
contributes to disease processes. Anthocyanins
reportedly induce infracellular antioxidant defense
systems. BSSC exfract was reported fo effectively
protect against mutagen-induced DNA damage
in Salmonella fyphimur/umq, protect human lens
epithelial cell line (HLE-B3) under H,O,-induced
oxidative stress® and prevent HPO-mediated
HepG2 cell domoge”. Oxidative stress also
plays a role in the pathogenesis of rheumatoid
arthrifis.
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Min et al. (2015) showed that anthocyanin
extracted from BSSC decreased the incidence
of arthritis, histological inflammation, cartilage
scores, and oxidative stress, reduced the levels
of proinflammatory cytokines in affected joints
of collagen-induced arthritis mice"”. Anthocyanins
from BSSC may ameliorate obesity, insulin
resistance and anti-diabetic effect. Kwon et
al. (2007) evaluated the effects of anthocyanins
extracted from BSSC on body weight, adipose
fissue weight, and serum lipids in rats fed a
high fat diet with or without anthocyanins from
BSSC. Weight gain was significantly less in the
rats on the high fat diet with black soybean
anthocyanins compared with the rafs on the
high fat diet alone”, Anthocyanin extracts from
BSSC could reduce adipose tissue mass by
acting directly on adipocytes 3T13-L1 cells via
inhibiting adipocyte differentiation”. Sato et al.
(2015) compared fatty acid composifion in
visceral and subcutaneous adipose fissues of
rats fed with high fat diets with or without
black soybean for 6 weeks'”. Black soybean
reduced saturated, monounsaturated and n-6
polyunsaturated fatty acid contfents in subcutaneous
fat. Long-chain fatty acids are involved in
regulation of inflammation. Therefore, those
reduced fatty acids may be linked to the
effects on suppressing inflammation'®,  BSSC
extract was orally administered to mice for 12
weeks and significantly decreased fat accumulation,
and the expression of lipogenesis genes suggesting
the efficacy of anthocyanin-rich black soybean
as functional food in prevention of obesity

. . . . 16
and inflammation-induced diseases .
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Nizamutdinova et al. (2009) investigated
the anti-diabetic and anti-oxidative effects of
anthocyanins from BSSC in rats with induced
diabetes. Anthocyanins significantly decreased
glucose levels and improved heart function
and also decreased the ftriglyceride levels in
blood serum in rats with induced diabetes’”.
Interestingly, they found that the observed
effects of the anthocyanins were superior to
those of glibenclamide, a drug commonly used
tfo treat type 2 diabetes in humans. Kurimoto
et al. (2013) found that BSSC extract significantly
reduced blood glucose levels and enhanced
insulin  sensifivity in type 2 diabetic mice"”.
BSSC extract improved glucose tolerance and
lessened obesity by regulating inflammatory
cytokines in mice fed high fat diet containing
extract'®, Extract of BSSC could be beneficial
for prevention of obesity and diabetes by
enhancing energy expenditure and suppressing
inflammation”. Matsukawa et al. (2015) elucidated
mechanism of the anti-diabetes effect of BSSC
extract by reduced the body and white adipose
tissue (WAT) weight of mice accompanied by
a decrease in the size of adipocytes in WAT.
313-LI cells freated with BSSC

extract were observed to differentfiafe into

Furthermore,

smaller adipocytes, increased adiponectin secretion,
decreased tumor necrosis factor-d secretion,
activation of insulin signalling and increased
(2015)
administered BSSC extractand anti-hyperlipidemic

glucose up‘rokem. Masataka et al.
agent, fenofibrate, to patients with type 2

diabetes complicated by postprandial
hyperlipidemia for 2 months to investigate on

glycemic control and lipid metabolism porome’fersm.
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The results showed that administration of the
BSSC extract alone had no effect on the
blood glucose or lipid levels, but that administration
of fenofibrate alone and fenofibrate in combination
with the BSSC extract significantly lowered their
serum triglyceride (IG) level at fasting state.
Furthermore, the percent decrease in the serum
TG level after combined administration was
significantly higher than what found in the
fenofibrate  alone.

subjects who received

Moreover, the serum LDL cholesterol
concentration, which did not decrease when
fenofibrate was administered alone, decreased
significantly when the BSSC extract and fenofibrate
were administered in combination. These resulfs
suggest that combined administration of the
BSSC extract with fenofibrate enhanced the
antihyperlipidemic action of fenofibrate, and
the results of this study demonstrated the
usefulness of the BSSC extract in clinical practice.

For proteins and peptides, Kim and others
(2007) studied on purification and idenfification
of adipogenesis inhibitory peptide from black
soybean protein hydrolysate. They found that
purified and identified ftripeptide, lle-GIn-Asn,
exhibited the inhibitory effect on adipogenesis.
Similar inhibitory effect was also shown with
the subjects using synthetic tripeptide (lle-Gln-Asn)
as wel®. Kwak and co-authors™” conducted
the research on using black soy peptide
supplement on blood glucose confrolling, weight
loss in overweight and obese, and blood
pressure and oxidative stress reduction in
hypertension patients. It was found that black
soy peptide supplement could decrease both
fasting blood glucose levels and 2-hour postload

glucose levels.
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Summary

In addition, the reduction of body mass index
(BMI) of human subjects who consumed black
soy peptide supplement was bigger than that
found in the placebo group. This BMI result
was in agreement with the study by Kim et
al. (2013)%. In hypertension patients, the black
soy peptide supplement could also decrease
both systolic blood pressure and oxidative stress
compared with placebo group. Moreover, Jung
and Kim in 2013 studied inhibitory effect of
black soybean on hepatic cholesterol accu-
they found that black
soybean improved cholesterol metabolism, and
of the

mulation in human,

decrease oxidative damage in liver

po‘rien’r527.
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Each year, overweight and obesity are increasing, which are leading to other illnesses.
Controlling diet and choosing only healthy foods should be considered by consumers. Black
soybean is an interesting choice since it is a good source of nutrients including protfein, faf,
and essential amino acids. It also contains important antioxidant which is anthocyanins. From
the studies, anthocyanins and peptides from black soybean could solve those overweight and
obesity problems.
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Epidemiologic data indicate that
women ingesting high  amounts  of
phytoestrogens, particularly as isoflavones
in soy products, have less cardiovascular
disesase than those eating Western
diefs.  Preclinical studies have found
that isoflavones have lipid-lowering effects
as well as the ability to inhibit low-density
lipoprotein oxidation. They have been
shown to normalize vascular reactivity in
estrogen-deprived primates. Phytoestrogen in
the form of dietary isoflavones, represent a
new area to explore in pursuit of nufritional
approaches to cardiovascular protection.
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Estrogen and Cardiovascular disease in women

Lissin and others (2000) reported that coronary
artery disease (CAD) is the leading cause of
death among women in developed nations,
and its incidence increases substantially after
menopause, purportedly due to the loss of
estrogen’s profection. The preclinical studies
inhibit

women,

demonstrating that estrogen could

atherosclerosis.  In postmenopausal
estrogen has favorable effects upon lipid profiles,
endothelial cell function, vascular reactivity and
hemostatic factors. From the Postmenopausal
Estrogen/Progestin Interventions Trial, convincingly
showed that women taking estrogen replacement
therapy experienced a significant decrease in
levels of low-density lipoprotein (LDL) and
lipoprotein (a) while a high-density lipoprotein
(HDL) favorably increased.

Estrogen influences vascular reactivity through
effects on smooth muscle cells as well as the
endothelium. The multiple effects of estrogen
on vasomotor responses were recently summarized
including relaxation of precontracted vessels,
inhibition of calcium entry, enhanced expression
of nifric oxide synthase, stimulation of prostacyclin
and prevention of

production myointimal

hyperplasia.
Phytoestrogens: An altemnative to estrogen?

Phytoestrogens are naturally occurring estrogens

that may have beneficial effects on the
cardiovascular systfem and may also alleviate
common illness afflicting women, such as
menopausal symptoms, osteoporosis and breast

cancer as shown in Table 1.



Table 1. Effects of Phytoestrogens in Basic, Animal and Human Studies.

Preclinical Studies
¢ Cholesterol
y DL
A Antioxidant
¢ enzymes
¢ Atherosclerotic lesions
¢ Platelet aggregation
¢ Neoplastic proliferation

¢ Bone loss

Clinical Studies
Beneficial

* Cholesterol

y LDL oxidation

¢ Perimenopausal hot flashes
¢ Cancer incidence

T Bone mineral density

Detrimental
f Breast secretions

T Proliferation of breast epithelium

Winealnsiauivaneatin  unadandn <

An lalovanlou Snuuu uaz AguAUAL urad

mlntinlaealnsiaund Ay A fuvass dmsu

lalavlanlaulu Sywauazudananiuiu Thun waes
©  aa s 4

unanUauul wazdavlwhil AguauAu

; Lo a 4
nquatseangnenidiuiuuiInianues
lalawanlau Ae Atadiu uaylafudsansivanilil
Aangsuvaaiealnaiay Wiy lwdlaigeusuiaans
wiantilnaatiuayunatadealninu Aanssuaes
¥ . ' .
RAlARUAUTUAMULTILFIUDINITLADULNZ U
ﬁq%’ummLaaimiwuﬁ%ﬁ:qimmqu,mua‘iiman
i o de o il o
waznqulansendaniiuans widlowFeuiey

There are many types of phytoestrogens, but
the major categories include isoflavones, lignans
and coumestans. Common and significant sources
of phytoestrogens are soybeans (isoflavones),
cereals and oilseeds such as flaxseed (lignans)
and alfafa sprouts (coumestans).

The most abundant active components of
isoflavones are genistein and daidzein. These
agents appear to have selective estrogenic
some fissues

actions, i.e., in they display

proestrogenic effects. Estrogenic activity is
dependent on the aoffinity of binding fo the
estrogen receptors, which is defermined by the
presence of the aromatic ring as well as

hydroxyl groups at specific sites. Compared
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Coumestrol

Enterolactone

with estradiol, genistein and daidzein bind
1,000 fimes

respectively. Nevertheless,

estrogen receptors with 100 and
less affinity, in the
quantities that can be consumed in the diet,
isoflavones can have biological effects.
Isoflavone are widely consumed by Asian
populations, predominantly in the form of soy.
The typical concentration of genistein in soy
foods is 1 to 2 mg per g of protein, and
Asians consume 20 to 80 mg of genistein per
day in the usual diet. By contrast, the average
American ingests only 1 fo 3 mg per day.
There is significant variation of isoflavone
confent between varieties of soybeans, the
particular crop, as well as the processing

method. Isoflavones are inactive molecules
when in the form of glycosides (genistein,

daidzein), but as glycosides (genistein, daidzein)

intestinal absorption is possible.
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Beneficial Cardiovascular Effects

Favorable effects of phytoestrogens on
lipid profiles, vascular reactivity, thrombosis and
cellular proliferation have been reported. In a
study of 24 healthy normo-cholesterolemic men
assigned to either a low faft soy diet or low
fat animal protein diet, no difference was
observed in total cholesterol levels, but when
patients with type Il hyperlipidemia (mean TC
409 mg/dL) were placed on high soy diets
for four weeks, the total cholesterol and LDL
decreased by 16%. These changes were attributed
fo increased LDL degradation. A later study
designed specifically to examine diets differing
only in their protein source randomly assigned
healthy men to low fat diets either 1) high in
fat 2) low in fat with soy protein, or 3) low
in fat with animal protein. Both of the low fat
diets decreased total cholesterol levels and
blood pressure compared with the high fat
diets, but the soy protein had a more potent
hypocholesterolemic effect (10% vs. 5% decline
to total cholesterol).

A meta-analysis of 38 trials of soy protein
consumption in humans revealed an improvement
in fotal cholesterol by 9% and LDL by 13%,
as well as a decrease in friglyceride levels of
10%. In these frials, the average intake of soy
was 47 g/day.
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Three theories of possible mechanisms for
the hypercholesterolemic effects of phytoestrogens
have been proposed. One explanation that
phytoestrogens cause an increase in the excretion
of bile acids and, therefore, enhance removal
of LDL. Others have proposed that phytoestrogens
initiate a hyperthyroid state, supported by the
finding in some studied of increased free thyroxine
levels after feeding soy proteins to animals.
The third and best supported mechanism of
phytoestrogen lipid-lowering is that of altered
hepatic metabolism with augmented LDL and
VLDL removal by hepatocytes. A study using
the LDL-receptor deficient mouse has provided
further support for an effect of isoflavone on
LDL receptor activity. Isoflavones may also
inhibit oxidation of LDL. Kapiotis and colleagues
observed that LDL oxidation products, assayed
as Thiobarbituric  Acid-Reactive Substances in
either cell free or endothelial cell systems, were
strongly inhibited by genistein, somewhat inhibited
by daidzein but not affected by genistin (the
glycosylated form of genistein) or control. A
frial in humans enrolling healthy volunteers
consuming three soy bars per day for two
weeks (fotal 36 mg genistein and 21 mg
daidzein per day) demonstrated a significant
amount of genistein and daidzein within the
LDL fractions, as well as a significant prolongation
of the lag time fo LDL oxidation, implying an
oxidation effect. Genistein has also been shown
fo inhibit hydrogen peroxide production and
increase the activity of antioxidant enzymes,
such as catalase, superoxide dismutase, glutathione
peroxidase and glutathione reductase.



uanmnﬁ%ﬁaﬁummmﬂ“uﬂ“qmia%’qq;m,ﬂﬂ%aaniﬂnﬁ Furthermore, genistein, and fo a lesser degree
wauleseu Tnautuiusendinannsviaaniaasuaaude  daidzein, can inhibit superoxide anion generation

gnna:ﬁu‘imﬂmiﬁmmm monocytes Susfunany by xanthine/xanthine oxidase. Atherosclerosis is

A oA o = a initiated by monocytes binding to the endothelium
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and migrating into the infimal layer to develop
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info foam cells. The adhesiveness of endothelial cells
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uaz chemokines TNUEAULAUUNITLIBUINITUYD adhesion molecules and chemokines, which
monocytes timiealasiauanatlasiun1izuaasn  promote monocyte binding. Phytoestrogens may

LA ALAILINLALTUNILUNG S LILNGY further protect against atherosclerosis by
interfering with these initial processes.

Summary
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In vitro studies of isolated vessels have examined the mechanisms of phytoestrogen-induced
vasodilation. Estradiol-17B, genistein and daidzein were all found to relox mesenteric arterial
rings of rats in a dose dependent manner. Consistent with receptor dffinity assays, estradiol
was the most potent vasodilator, followed by genistein, then daidzein. In these isolated arterial
rngs, response was independent of gender. The vasorelaxafion was endothelium-independent
and was not blocked by antagonists of nitric oxide or prostacyclin production. Soy isoflavone
extracts improve systemic arterial compliance, an indicator of atherosclerosis extent.
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Do Non-nutritive Sweeteners Cause
“Sweet Addiction”?
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Tneid w.a. 2551-2552 BIARUS msusinathcnasevaunegbdumniadaidiunema 12 Bousiciodu
TuU w.a. 2533 10uduthena 21 Bousciodu Tud w.a. 2552 (http:/wops.moph.go.th/ops/thp/
thp,/index.php) MsUSINAthcNANNNIUDIANUAUWUSAUMSAMUMSNUIMSIWUZUUODMO:ESUADWD
laurouston 2°

Sweet taste is one among the five fundamental taste modalities (i.e. sweet, salty, sour,
savory or umami and bitter. Sweet taste activates the ‘dopamine-linked reward system’ in the
brain’ and may lead to ‘sweet addiction’. Sugar beverages thus become the largest source of
added sugar in the United States”. The data from the Thailand Health Profile Report 2008-2009
indicated that the quantity of sugar intake in Thailand gradually increased from approximately
12 tsp of added sugar/day in 1990 to 21 fsp of added sugar/day in 2009 (http:/wops.moph.
go.th/ops/thp/thp/index.php). Higher intake of added sugar was also related to increased risks

»
&fﬁ» f
|

of obesity and type 2 diabetes’.
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Substitute sweeteners were used instead of
added sugar hoping that consumers could
taste the sweetness without caloric load to
decrease the risk of obesity and obesity related
diseases. However, there are some concemns
that non-nutritive sweeteners (NNS) may stimulate
the mesolimbic reward-system causing ‘sweet
addiction’. The aim of this review is fo answer
whether NNS can cause sweet addiction or
not.

Types of sweeteners”®

Sweeteners can be categorized into nutritive
and NNS. Nutritive sweeteners contfain calories
and they can be clossified info caloric
carbohydrates (monosaccharide or disaccharide)
which contain 4 kcal/g or low-caloric sugar
alcohol (polyols) which contain 2 kcal/g. NNS
contain no energy and they are referred tfo
as ‘high-intensity’ sweeteners because they are
many fimes sweeter than sucrose. NNS can
be classified into plant-based (natural) and
arfificial sweeteners. An overview of sweetener
products approved by the US-FDA is shown in

Fig.1.
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Sweetener categories

Nutritive non-nutritive
]
[ ] [ ]
caloric sugar alcqhol plant-based artifical sweetener
(low-caloric)
1 L 1 [ |
natural occuring addedsugar monosaccharide Disaccharide stevia — saccharin
fruits .
— sucrose sorbitol [ —| Isomalt luohan guo — sucralose
(fructose)
milk — —highfuctose xylitol = — Lactitol — aspatame
(lactose) corn syrup
starch || dextrose manitol (= —(  Maltitol
(maltose) — neotame
—tagave nectar
— asesulfame-K

— honey

— | maple syrup

Fig 1. Sweetener products approved by the
as safe (GI?AS)5
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US-FDA as food additives or generally recognized

Sugar alcohols (polyols)

Sugar alcohols are saccharide derivatives
obtained by replacing an aldehyde group with
a hydroxyl group. They can be classified info
Although
they contain energy, generadlly, their calories

mono-,di- and/or oligosaccharides.

per gram do not exceed 2.6 kcal/g. Because
of their limited digestion and absorption, calories
alcohols can be clossified as

from sugar

low calories.




LATUINLILNA

o v a (24 o v v =
anldauwnnfutnavinlnnesan

thanausanaaadiBinuunnenaiinnisaieiman
%qLﬂumamfvﬁﬂﬁﬂmaLmanaaaé@mﬁqaanmmn
ald#ne osmotic pressure TTULEY AMATIHAN
thanausaneseddaumiiauinnasssunAnaus
30-100% %uagjﬁumﬁmm‘imaqa

ahsiknouroudaoawaomu

anslianunulaaandny  anuvanu
pnnitimavanefosin Aeanunsaldilsun
Weadnties  Sanunsolfianuninuiigenisld
Bunuigernlaeadeauisalfludinlszsn5u
ARRALTINIIA 138NN acceptable daily intake
(AD) drutlszanunsldascludinlszaniu Fanin
estimated daily intake (EDD) aziiulAinszinm
nstBunaunisldfansivianuvanuunazata ludatia
Tufiildn EDI 1nndn ADI (n3eiT) uamedn
Tneinllanafiaz1fanslianumunlaesmdsnu
Psinnsnnauiurnfieusuiuduligten an
1umﬁmuﬁﬁm7llwqﬁﬂiium?ﬁumm?m@ﬁmﬂﬁ
anslianuvaulsznauluavinsunn anadinnsld
aslaumnuas andenuiiuaiinuztin® se
azideALevans WAL aeANENLLARZ 1A
aqﬂagﬂumiwﬁ 1

[t should be noted that sugar alcohols are
fermented at the distal intestine which leads
tfo gas formation. Moreover, sugar alcohols
may produce a laxative effect in the case
of a large amount of intake (>30 g/day). The
sweet taste of sugar alcohols may vary from
30-100% sweet as sucrose which depends on

the monosaccharide composition.
Non-nuftritive sweeteners

NNS are considered as zero-calorie sweet-
eners and are many-fimes sweeter than sucrose,
thus only small amounts of NNS are required
tfo achieve desired sweetness levels. They are
defermined as safe when the consumption
does exceed the acceptable daily intake (ADI).
In general, the estimated daily intake of each
NNS  will  not the ADI (Tablel).
However, various amounts of infake also depend

exceed

on each culfure where the consumption may
exceed the ADI’. Defails of the NNS are
summarized in Tablel.




Table 1.

as food additives or generally recognizes as safe (GRAS)

457

Summarized details of each non-nutritive sweetener approved by the FDA

*
Common Sweeter égl.. Year FDA Safety issue
brand name | than sucrose (mg/kg BW) approved
Sweet'N Low® - Increase food
Saccharin Sugar Twin® 300 times ADI: 5 mg 5 Before 1958 intake in rats
Nectar Sweet® EDE:0:1-2'mg - Bladder cancer in
rats, high dose intake only
- Change in gut microbiome?
Aspartame Equal® 160-220 times ADI: 50 mg 1981 - Contraindicate in persons
(L-aspartyl-L- NutraSweet® EDI: 0.2-4.1 mg with genetic phenylketonuria
phenylalanine Natra Taste® - avoid using in cases
methyl ester) of epilepsy
- cause dizziness, Gl side
effect, mood changes
- Change gut microbiome’
Neotame 7000-13000 ADI: 18 mg 2002 rarely use in for food processing
(N-(N-3,3- times EDI: 0.05-0.17 mg
dimethylbutyl)
-L-aspartyl)-
L-phenylalanine
-1-methyl ester)
Acesulfame-K Sunette® 200 times ADI: 15 mg 1988 - high - dose consumption
(5,6-dimethyl-1,2,3- | Sweet One® EDI: 0.2 fo 1.7 mg may cause renal toxicity
oxathiazine-4(3H)- | Swiss Sweet®
1,2,2-dioxide)
Sucralose Splenda® 600 times ADI: 15 mg 1999 - Caused migraine
(frichlorogq EDI: 0.1-2.0 mg - caution in inflammatory
lactosucrose) bowel disease 5
- Change in gut microbiome
Stevia Truvia® 250 times ADI: 4 mg 2008 - none available
(steviol glycosides, | PureVia® EDI: 1.3-34 mg

rebaudioside A,
stevioside)

Sweet Leaf®

*ADI, acceptable daily intake; **EDI,

estimated daily intake; BW, body weight
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Palatable foodsand the mesocorticolimbic reward
pathway"

The discovery of brain specific ‘pleasant’
areas starfed in 1954 by administration of
electrical stimuli to specific brain regions that elicit
persistent self-stimulation of electrical stimuti'""*
The mesolimbic pathway starts at the ventral
fegmental area (VTA), a dopamine-rich area
located in the diencephalon  which is the
main area to release dopamine (DA). The
dopaminergic axons then project primarily fo
the nucleus accumbens (NAc) in the ventral
striatum but also project to the amygdala
(AMG), lateral hypothalamus (LH) and prefrontal
cortex (PFC)".

The NAc is the main region for the reward
or aversion system. Excitation of dopamine 1
the NAc is

reinforcement behavior while the excitation of

receptor in associated  with
dopamine 2 receptor results in an opposite

effect. VIA contains dopaminergic neurons

which increase the endogenous dopamine

level atf its synapfic areas such as the NAc

(Figure2).

Fig2. The dopaminergic pathways involved in food control. Dopamine neurons in the VTA

send axonal projections to the hypothalamus, AMG, NAc and PFC. VTA, ventral tegmental

area; PFC, prefrontal corfex;

hypothalamus. (modified from reference 12)

AMG, amygdala;

NAc, nucleus accumbens; LH, lateral
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The changes in dopamine fransmission in the
NAc respond to increased appetite and
overeo‘ringm. The LH is like a hub to connect the
cortical and limbic brain sites which are involved
in organizihg and directing behavior toward
obtaining palatable food. The AMG is involved
in the internal drive motivation and the PFC
is involved with higher cognitive function,
planning and decision making. The hippocampus
has a role in organizing, forming and storing
memory.
Consumption of palatable food which
generally contains high fat/high sugar induces
an increase in DA levels in the NAc via
activation of mu-opioid receptors in the VIA",
This phenomenon is much the same as
beta-endorphin  and substances that induce
reward and reinforcement””. Thus, it is possible
that food can stimulate the brain reward
system and may cause the food addiction
which may partly explain the emerging of

obesitylé.
Can sugar activate the brain reward system?

Avena NM, et al. extensively reviewed the
effects of intermittent, excessive sugar intake
on the behavior and neurochemical responses
in animal model studies”. In summary, the
infermittent, excessive sugar infake elicited: rait
behavioral responses similar to drug addiction.
Rats fed daily intermittent sugar consumied as

much sugar in 12 h
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TNSANELLL cross-over

<

libitum-fed

24 h (bingeing)w. Naloxone or food removal

as ad animals did in
precipitated opioid withdrawal symptoms in
intermitfent sugar-fed rats (wiThdrc:1on)ma and
an abstinence of sugar in previously bingeing
sugar-fed ratfs increased 23% of press levering
for more sugar compared to non-bingeing rats
(croving)w. The author also reviewed neurochemical
similarities between drug-self administration and
intake which alter DA

receptors, opioid receptor and balance of DA

intermittent  sugar
and acetylcholine levels in the NAc in the
mesolimbic pathway. Thus, sugar is noteworthy
as a substance that releases opioids and DA
and thus might be expected to have the

potential to be addictive™”',

Will NSS consumption produce ‘pleasure’ as sugar
does?

Food reward consists of two components: gustatory
sensory (taste) and postingestive factor (calories).
Thus the sweetness with calories and sweetness
without calories may have a different man
Blackburn JR,
et al. demonstrated an increased metabolites

ner of action to the broin22'23.

homovanilic acid/DA ratio in the NAc and
striatum following consumption of food pellets
ora liquid diet but not a palatable
non-nutritive saccharin solution”. de Araujo [E,
et al. demonstrated that sucrose intake in
’rrpm5 knockout mice that could not faste
sweet sfill induced DA release in the ventral
striatum™. One cross-over design study
Health&( ¢
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that used functional MRI fo measure the signal
intensity changes in the thalamus among five
healthy, normal-weight men demonstrated signal
changes in the brain aoffer ingestion of
four stimuli: water (control), a glucose solution,
an aspartame (sweet taste, non-caloric) solution,
or a malfodextrin (non sweet carbohydrate)
solution. Only glucose ingestion resulfed in a
prolonged and significant signal decrease in
the upper hypothalamus while water, aspartame
and maltodextrin had no such effect”. In
one interesting study, fifty-five college students
rated 14 commercially available carbonated
soft drinks in ferms of sweetness and
likeability. Overall, the participants gave the
same sweetness rafing of both sugar-sweetened
beverages and artificially sweetened beverages
but the pleasantness rating was higher in the
sugar-sweetened beverages group27, These studies
raised the importance of both calories and
sweetness on the brain reward mechanism.
Thus NNS which contain no calories should not
cause ‘sweet addiction’.

Position of Academy of Nutrition and Dietetics
concludes that NSS including aspartame, saccharin
and sucralose do not affect appetite or food
infake. However, due to limited numbers of

study, long-term data are requireds.




Summary
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NNS is a good alternative way to taste ‘sweetness’ without having unwanted calories. The

sweetness from NNS does not stimulate the brain reward system as sugar does which may be

beneficial in terms of ‘sweet addiction’. Calories and sweetness are both important to determine

the hedonic effect of foods. Up to date, There are no data indicates that NNS would cause

sweet addiction; however, due to limited numbers of data, long-term data are required.
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