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ABSTRACT

Emerging evidence suggests that a high postprandial glucose level in
plasma or blood is an important factor for the etiology of non-
communicable disorders like the metabolic syndrome, diabetes,
obesity and cardiovascular disease. A high sugar content of the food
naturally increases the postprandial glucose level. However, quite a
few studies provided proof in the past that the physical properties like
viscosity, temperature, and water content of the food we consume also
may influence the level of this parameter. The aim of this study is to
give a narrative review of present findings that showed the physical
properties of consumed food influenced the postprandial glucose
level.

The online databases Medline, Pubmed, Google Scholar and Hinari
have been searched for publications on “plasma glucose” and
“temperature” or “viscosity” or “solubility” or “water content”. All
articles dealing with the influence on the postprandial glucose level in
the blood have been included. Articles written in a language we could
not understand or without a proper translation into English have been
excluded.

In general, most available studies showed that the physical properties
temperature, viscosity, and water content of consumed food influenced
the postprandial glucose. An increased temperature, increased
viscosity and decreased water content of the food is generally
associated with a higher postprandial glucose level in blood or plasma
after consumption. Further detailed studies in both preclinical as well
as clinical trials should be considered to obtain more detailed results
regarding this.

Keywords: Postprandial glucose, temperature, viscosity, water, food

esmed.org/MRA /index.php /mra/article /view /3739 1



https://esmed.org/MRA/index.php/mra/article/view/3739
https://doi.org/10.18103/mra.v11i4.3739
https://doi.org/10.18103/mra.v11i4.3739
https://doi.org/10.18103/mra.v11i4.3739
https://doi.org/10.18103/mra.v11i4.3739
mailto:robbert.bipat@uvs.edu
mailto:robbert.bipat@gmail.com
https://esmed.org/MRA/mra
https://esmed.org/

Medical
Research
Archives

Introduction

The postprandial glucose (PPG) is the level
of glucose in plasma or blood after a meal'.
Accumulating clinical and epidemiologic evidence
progressively shows that high postprandial blood or
plasma glucose levels determine HbA1c levels? and
possibly play an important role in the development
of chronic disorders like obesity3, Diabetes mellitus
type 2 2 and cardiovascular disorders4¢ as well as
the complications associated with diabetes5-8. These
disorders are among the top 5 causes of or risk
factors for death worldwide®10, It is therefore
important fo prevent high PPG levels and
consequently reduce its detrimental impact on the
health condition and associated rise in morbidity
and mortality1.12,

Several factors may influence the
postprandial glucose level in blood or plasma
among which are pre-meal glucose level in the
blood or plasma'3, the degree of insulin reaction on
the meal'# and most importantly the total amount of
complex and simple sugars consumed’s. All these
are biological or chemical factors's. Until now,
except for viscosity, little attention is paid to
physical factors of the food that may be of
influence on the PPG level. The absorption of
glucose in the gut depends on the rate of digestion
of complex sugars and disaccharides in the gut and
the absorption with the aid of GLUT or SGLT
transporters. The digestion of the sugars is an
enzymatic activity, and the transporters also show
enzyme-like dynamics. One of the enzyme involved
in the digestion of disaccharides to the
monosaccharide glucose is a-glucosidase. This
enzyme and the SGLT transporters are located on
the apical membrane of the epithelial lining of the
jejunum, while the glut transporters are located on
the basolateral side.

Based on the abovementioned biological
structure and functions, we can derive that in
addition to the luminal concentration of glucose in
the lumen of the jejunum, physical factors that
influence the presentation of the sugars to the apical
surface of the intestines will also play a role in the
absorption of glucose and hence influence the PPG
level in blood or plasma. Support for this hypothesis
can be found in the following. The optimum
temperature for isolated a-glucosidases from
nature vary between 40 and 65 degrees Celsius'7-
19, which is way above our core body temperature,
meaning that an increase in temperature in the
normal range within the intestines will increase the
activity of the enzyme and consequently accelerate
the production of glucose from disaccharides at the
luminal membrane. In  addition to the
abovementioned conditions, proper presentation of
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the saccharides and glucose to the enzymes and
transporters is essential for the absorption of
glucose?0, This is improved when the food is in a
more aqueous solution compared to more viscous
jelly-like structures. Thus, the solution in which the
food is consumed as well as its water or fat content
will play a role in the digestion and absorption of
the sugars.

The aim of the present study was to find
evidence in previously published results that hints
towards an effect of the abovementioned physical
factors of food on the postprandial glucose. For this
purpose, we reviewed relevant databases.

Methods

We searched the Medline, PubMed,
Google scholar and HINARI databases for
publications containing “plasma glucose AND food
temperature”, “plasma glucose AND water”, and
“plasma glucose AND viscosity”. All results as well
as relevant references they contained, were
meticulously evaluated for their content by two
investigators. We excluded publications in another
language than English and with no detailed
descriptions of the methods and results. Finally we
described the main findings in the next section.

Results and discussion
The effect of food and environmental temperature on
the PPG

We found only a few studies that
investigated the effects of temperature of food on
the PPG. Nevertheless, solid experimental results
show that the PPG in plasma was significantly
higher when healthy elderly subjects consumed a
glucose solution of 75g/300mL at a temperature of
50 degrees Celsius compared to 5 degrees?!.
Undoubtedly this was based on a lower absorption
rate of glucose. In addition, several studies showed
that consumption of hot potatoes led to a
significantly higher plasma glucose compared to the
cooled product?2-24, In another study investigators
found that hot water immersion of the body for at
least 45 minutes at 39 degrees Celsius increased
the PPG compared to persons being in an ambient
temperature of about 23 degrees?s. Similarly
healthy young men and pregnant women showed
an increased glucose level during an oral glucose
tolerance test at high environmental temperatures
compared to lower ambient temperatures2627, In
these cases, we may assume that the high ambient
temperature increased the core temperature of the
body and possibly also the interstitial space of the
intestines and thus the food consumed. However,
investigators ascribed the higher glucose level to a
higher blood flow in arm vessels at high ambient
temperatures28.2°. Apart from these, it seems that
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little or no studies investigated the effect of
temperature of food in the intestines on the PPG.

The effect of viscosity of food on the PPG

There is abundant evidence that a higher
viscosity of the food components leads to a lower
PPG?30-32, A meta-analysis showed that starch with
a high amylose content caused significant reductions
in postprandial glucose and insulin levels33. In
addition, soluble dietary fibers reduced the
absorption rate of glucose after the consumption of
a high carbohydrate load possibly through high
viscosity properties34. Moreover, numerous studies
showed that the amylose and fiber content of food
lowered the PPG33.35-38, A higher viscosity of food
was also favorable for the glucose metabolism
(lower insulin and GIP release, and lower desire for
food accompanied by a higher degree of fulness),
although a slightly higher PPG was found compared
to a standard viscosity product in healthy young
subjects3®. Another study with limited data showed
that when proteins and vegetables were consumed
first, the PPG was significantly lower than when they
were consumed after bread and orange juice first
40, The proteins and vegetables supposedly have a
higher viscosity than bread and orange juice4'-43, In
rats it was found that infusion of high viscosity
cellulose in the small intestines showed a lower
plasma glucose compared to low viscosity fibers44,
Finally, a high viscosity of the food also delays
gastric emptying3945, which may itself reduce the
PPGH6.

The effect of water content and solubility of food on
the PPG

Only a few studies evaluated the effect of
water content on the PPG. A relatively recent report
showed that individuals who consumed a sweet
snack along with water had a faster and higher
increase of blood glucose compared to those who
consumed the snack alone4’. Obviously, the water
did not add any sugar to the snack, and it must be
the change of physical properties that induced the
higher PPG. Two older studies already concluded
that adding water to a meal increased the glucose
response in both healthy and diabetic subjects4849,
and concluded that the associated faster gastric
emptying was responsible for the observations.
Investigators recently reported that intrameal
consumption of fluid led to a significantly more
occurrence  of both general and abdominal
obesity30. However, the previously mentioned study
with rats showing a lower plasma glucose with a
high viscosity cellulose did not find an effect of
water content on the plasma glucose44.
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Summary and conclusion

In the present study we searched for studies
that have evaluated the effect of physical
properties like temperature, viscosity, and water
content of food on the PPG in blood or plasma. We
found only a handful studies that investigated the
influence of (intestinal) temperature or water
content of food on the PPG in plasma or blood.
However, the scanty available evidence
unanimously concludes that a higher temperature of
ingested food or liquids as well as high ambient
temperatures increase the plasma glucose
compared to lower temperatures2!232426, |n
addition, the few available studies also showed that
the PPG increased when food was consumed with
an extra amount of water47-4%. On the contrary a
respectable number of studies showed that an
increased viscosity of the food reduces the PPG
level.

Based on these findings we can conclude
that the physical factors temperature, viscosity and
water content of food may increase the PPG apart
from the amount of sugar already present. It is
therefore recommended that these factors are also
considered when prescribing diets for patients
suffering from Diabetes or Obesity. Furthermore,
applying techniques to increase the viscosity or
reduce the water content of processed food may
decrease their potential to increase the PPG
levels5'52, Eventually, decreasing the amount of
water consumed with meals or the temperature of
food and beverages may be beneficial for the
glucose metabolism. In this case we should pay
attention to the consumption of sugary hot
beverages, which pass the stomach fast and are
readily available to intestinal digestion and
absorption shortly after consumption. In summary,
the PPG depends on a more complex interplay of
biological, chemical, and physical factors. It is
therefore difficult to assess food for their potential
diabetes or obesity inducing properties. Future
research on these aspects is surely warranted. Who
knows, maybe it is better to have the iced rather
than the hot version of coffee with cream and sugar.
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