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Abstract
The prevalence of diabetes is rapidly increasing according to recent
epidemiology. Researchers have found various natural alternatives that are effective in

glucose regulation and glycemic control for diabetes treatment and prevention. One of

the most widely studied plants with potential properties in blood glucose reduction in
human is Guar gum (Fairchild, Cardiff Metropolitan University, United Kingdom,.

There is another plant, chia seed, that also has potential in decreasing blood glucose
(Lee, University of Toronto, Canada) but its application in this field still has not been

widely studied. The purpose of this study was to compare the effect of chia seed with
guar gum on postprandial glucose level. The experiment was conducted in 21 healthy,
non-diabetic subjects with randomized, double-blind controlled design. The subjects
were screened for non-diabetic medical condition (Fasting Blood Glucose <125 mg/dL)
prior to experiment. Subjects were randomly given glucose solution consisted of 75
grams of glucose with drinking water, or with guar gum, or with chia seed. Blood

glucose samples were collected before intervention and at 30, 60, 90, 120 minutes after
ingestion. The results of this study was that chia seed did not affect postprandial glucose

levels at any time points compared to control and guar gum according to one-way
ANOVA test (p>0.05). In conclusion, the consumption of chia seed may not aid in
postprandial glycemic control.

Keywords: Chia seedSalvia hispanica/ Guar gum,Cyamopsis tetragonolobus
OGTT /Non-diabetes

Introduction

Due to the rise of globalization, Thai people have changed their lifestyle and
diet towards Western culture. On daily basis, 90« of Thai people had high fat diet, 50%
eating snacks, 31% drinking soft drinks, 14+ having fast food, 11.2% preferring sweet
dishes and 45.1% eating food cooked at high temperature; i.e., grilled, deep fried, and
roasted food (National Statistical Office, 2013). These inappropriate diet, especially high
consumption of carbohydrates, generates oxidative stress and advanced glycation end
products (AGEs) which alters protein structure, changes its bioavailability, as well as
affects its ability in chemical signaling and their functional reserve. As a consequence,

body regulation of homeostasis is imbalanced causing health problems such as
cardiovascular disease, metabolic syndrome, and diabetes.

Diabetes is a disease with unusual high blood glucose as body cannot produce
or utilize insulin which is hormone produced by pancreas. Improper or untreated

diabetes can result in cellular damage, cardiovascular disease, retinopathy, and
neuropathy. It was predicted to be the seventh cause of death in the world by 2030

(World Health Organization, 2015). In Thailand, diabetes prevalence according to the



International Diabetes Federation (IDF) was increased by 7.40% in 2012 compared to
previous years. Type 2 diabetes is more commonly found than type 1 diabetes as 90+ of
diabetic patients are suffered from type 2 diabetes, raised from 171 million people in
2000 to 346 million people in 2011 (World Health Organization, 2006; 2011).

Nowadays lifestyle of people in general is more occupied by their work,
striking to survive and to live the more convenient life in this world of competition. As
a result, people have overlooked and forgotten to take care of their health which
increase risk factors of type 2 diabetes; including being overweight or obese, physical
inactivity, and having diet with high fat, high sugar and low fiber diet.

Type 2 diabetic patients have experienced negative effects on well-being not
only physically, but also mentally and financially as for the long-term medication
throughout their lifetime. Therefore, natural remedy together with lifestyle change and
diet management have become another option alongside with conventional medicine in
preventing or delaying the onset and decreasing mortality rate of type 2 diabetes (Sluik,
2014).

: Increasing dietary fiber and unsaturated fatty acid consumption from natural
sources improved glucose homeostasis, insulin sensitivity, and reduce blood glucose in
diabetic patients (Weickert, 2005; Bodinham, 2012; Wirstrém , 2013). Guar gum is one
of the dietary fiber that has been widely used in scientific researches for glucose
regulation (Blackburn, 1984; Torsdottir, 1989; Fairchild, 1996; Sierra, 2001; Dall-Alba,
2013). Moreover, Salvia hispanica L. (chia seed), which composes of both dietary fiber
and unsaturated fatty acid, has been clinically studied regarding to its effect on the
reduction of blood glucose (Lee, 2009; Choleva, 2011; Sung, 2015). These two natural
alternatives have potential health benefits not only in promoting better blood glucose
regulation, but also in preventing the incidence of type 2 diabetes. However, effects of
these two natural sources on blood glucose control have never been clinically studied
in comparison.

Consequently, in order to improve existing medication and develop new
effective treatments, this study aimed to determine the comparative effects of guar gum
and chia seed by co-ingestion with meal on blood glucose level in healthy, non-diabetic
Thai subjects.

Objective
The objective of this study was to compare the effects between guar gum and
chia seed on postprandial glycemic levels.

Scope of Study
This study aimed to evaluate the effects of guar gum and chia seed, as well as
compare their influences on postprandial blood glucose levels in healthy, non-diabetic

21 volunteers aged between 20-45 years at local medical station in Nongno Village,
Muang District, Saraburi, Thailand. The duration period of this study was one and a half
month from February 2016 to April 2016.



After fasting blood glucose was measured, each subject was randomly
assigned to consume glucose solution (30% weight; 75 grams of glucose in 250 ml of

water) with or without intervention which were either 25 grams of guar gum or of chia
seed. Then postprandial blood glucose levels were measured at 30, 60, 90, and 120
minutes as a total measurement of 5 times.

The purpose of this study was to identify treatment to the existing medications
in prevention or delay of diabetes incidence, and alleviation of its symptoms.

Literature Review

Type 2 Diabetes mellitus is a chronic disease that is characterized by
abnormally high level of blood glucose due to the impaired pancreatic secretion of
insulin and insulin resistance. It can be diagnosed using Fasting Plasma Blood Glucose

test, glycated hemoglobin (HbAlc) test, Oral Glucose Tolerance Test (OGTT), and
Urine Glucose Test. Patients diagnosed with diabetes have blood glucose level higher
than 125 mg/dL.

Oral Glucose Tolerance Test is the monitoring of how body reacts to glucose
by comparing blood glucose levels before ingestion of 75 grams of glucose and at every
15-30 minutes after administration until reaching 2-hour period in total. Blood glucose

sample that are collected after meal ingestion is called postprandial glucose.
Postprandial glucose level from 7.8 to 11.1 mmol/L indicates the sign of impaired
glucose tolerance, while postprandial glycemic level more than 11.1 mmol/L is
diagnosed as diabetes.

As the prevalence of diabetes has been rising rapidly and modern treatment
such as oral drugs and insulin injection cause unwanted side effects, researchers have
discovered natural method of prevention and treatment of diabetes. One of the plants

that have potential effect on blood glucose reduction is guar gum. Guar gum is
endosperm of guar beans, milled to produce off-white powder. It is water soluble fiber
with low glycemic index. It was claimed to reduce postprandial glucose levels at 60
minutes after ingestion in healthy subjects who took 50 grams of glucose with 6.3 grams
of guar gum by slowing glucose absorption in small intestine (Dall-Alba, 2013).

There is also another natural alternative apart from guar gum that was newly
discovered its influence on blood glucose which is chia seed. Chia seed is flowering
plant in mint family, originally found in South America. It is known as < The Running
Food as it was used by the ancient warriors and runners to keep their body hydrated
and energized. It was scientifically claimed to be able to increase plasma alpha-linolenic
acid (ALA) level, and reduce postprandial glucose levels and triglycerides in subjects
who took 24 grams of chia seed incorporated with meal consisting of 50 grams of
glucose (Vuksan, 2010).

Although there were several researches monitoring the effect of these food
nutrients on blood glucose levels and other metabolic factors, still there was none of
them studying the comparative effect of chia seed and guar gum on postprandial glucose



levels. Therefore, this study aimed to find out which one of them has better effects in
reducing postprandial plasma glycemic levels in healthy, non-diabetic subjects.

Materials and Method

The experimental design of this study was randomized, double- blinded
controlled of 21 healthy subjects. Prior to the clinical trial, the participants were
screened according to non-diabetic status (fasting Blood Sugar < 125 mg/dL). Subjects
were randomly given glucose solution consisted of 75 grams of glucose with drinking
water as control, or with 25 grams of guar gum, or with 25 grams of chia seed. Capillary
blood samples from the participants were collected by finger pricking with single-use
lancets and a portable glucose-monitoring device for blood glucose measurement before
ingestion and before and at 30, 60, 90, 120 minutes after intervention as a total
measurement of 5 times -0, 30, 60, 90, 120).

For statistical analysis, the comparison of postprandial glucose levels within
group at different time point were analyzed by repeated measure ANOVA and among
three groups at same time of determination were analyzed by one-way ANOVA test.
The results were presented as means = SD with a statistical significance level defined
asp <0.05.

Results

The postprandial glucose levels of Control group, Guar gum group, and Chia
seed group were measured at several time points and statistically analyzed within each
group at different time points using one-way ANOVA as shown in Table 1-3.

Table 1 Blood glucose levels of subjects taking glucose with drinking water (control)
before (t=0y and 30 minutes (t=30), 60 minutes (t=60), 90 minutes (t-90), 120 minutes
(=120 after ingestion

Blood Glucose Blood Glucose
Time Levels img/dL,) Time Levels img/dL,) df p-value
X SD X SD
t=0 8471 732 t=30 161.29 1653 6 <0.001+
=60 15443 2529 6 <0.001+
=90 13743 2228 6 <0.001+
=120 12143 26.53 6 0.011+
t=30 161.29 1653  t-60 15443 25.29 6 0464
=90 13743 2228 6 0.065
=120 12143 26.53 6 0.029+
t=60 15443 2529  t90 13743 2228 6 0114
t=120 12143 2653 6 0.038+
t=90 13743 2228  t-120 12143 2653 6 0.020+

= significant difference at p =0.05



After 120 minutes, blood glucose levels of subjects who consumed glucose
with drinking water were shown in Table 1. By comparing with before ingestion (t=0),

the postprandial glucose levels of subjects in this group at 30, 60, 90, and 120 minutes
were significantly reduced according to one-way ANOVA test (p<0.05).

Table 2 Blood glucose levels of subjects taking glucose with guar gum before t-0)and
30 minutes (t=30), 60 minutes (t=60), 90 minutes (t=90), 120 minutes (t=120) after
ingestion

Blood Glucose Blood Glucose
Time Levels (mg/dL,) Time Levels (mg/dL,) df p-value
X SD X SD
t-0 83.57 461 =30 14914 1651 6 <0.001~
=60 18257 2754 6 <0.001+
=90 184.29 2741 6 <0.001+
=120 15171 24.30 6 <0.001~
=30 14914 1651  t-60 18257 2754 6 <0.001~
=90 184.29 2741 6 0.002+
t=120 15171 24.30 6 0.692
=60 18257 2754 190 184.29 2741 6 0814
t=120 15171 24.30 6 0.014+
t=90 184.29 2741  t=120 15171 24.30 6 <0.001+

= significant difference at p =0.05

Blood glucose levels of subjects consuming glucose with guar gum were
analyzed as shown in Table 2. It was seen that the postprandial glucose levels at 30, 60,
90, and 120 minutes after administration compared to those measured before taking
solution were significantly decreased according to one-way ANOVA test (p<0.05).

According to Table 3, it appeared that postprandial glucose levels of subjects
who ingested glucose with chia seed at 30, 60, 90, and 120 minutes after consuming
were significantly lower compared to blood glucose levels measured before ingestion.

The comparison was analyzed using one-way ANOVA test (p<0.05).



Table 3 Blood glucose levels of subjects taking glucose with chia seed before (t-0) and
30 minutes (t=30), 60 minutes (t=60), 90 minutes (t=90), 120 minutes (t=120) after
ingestion

Blood Glucose Blood Glucose
Time Levels img/dL,) Time Levels (mg/dL,) df p-value
X SD X SD
t=0 87.29 6.87 =30 14829 1345 6 <0.001~
=60 161.14 25.08 6 <0.001+
t=90 14757 28.56 6 <0.001+
=120 119.86 27.78 6 0.027+
=30 14829 1345  t-60 161.14 25.08 6 0.044+
t=90 14757 28.56 6 0929
t=120 119.86 27.78 6 0.026+
=60 161.14 2508  t-90 14757 2856 6 0.082
t=120 119.86 27.78 6 0.007+
t=90 14757 2856  t=120 119.86 27.78 6 0.003+

= significant difference at p =0.05

The comparison of postprandial glucose levels of Control group, Guar gum
group, and Chia seed group were analyzed at each time points using one-way ANOVA

as shown in Table 4-8.

Table 4 Postprandial glucose levels among subjects before taking glucose with
drinking water (control), guar gum, and chia seed -0

Blood Glucose Blood Glucose df value
Group Levels mg/dL) Group Levels ing/dL,) b-
X SD X SD
Control 84.71 277  Guargum 8357 174 6 07274

Chiaseed 8729 260 6 0614~
Guar gum 8357 174  Chiaseed 8729 260 6  0174%

A p-value from one-way ANOVA

Before taking glucose with intervention, it was appeared that there was no
significant difference in blood glucose levels among subjects taking drinking water
control), guar gum, and chia seed based on one-way ANOVA test at p<0.05 (Table 4.

After taking intervention for 30 minutes, subjects taking guar gum and chia
seed had lower blood glucose levels compared to control. However, there was no
statistically significant difference on postprandial glucose levels among three groups
according to one-way ANOVA test at p<0.05 (Table 5.



Table 5 Postprandial glucose levels among subjects after taking glucose with drinking
water (control), guar gum, and chia seed for 30 minutes =30)

Blood Glucose G Blood Glucose df value
Group Levels mg/dL) roup Levels img/dL,) b-
X SD X SD
Control 16129 625  Guargum 14914 624 6 02717

Chiaseed 14829 508 6 0218~
Guargum 14914 624  Chiaseed 14829 508 6 0933
A . p-value from one-way ANOVA

Blood glucose level of control group at 60 minutes decreased but postprandial
glucose levels of Guar gum group and Chia seed group slightly rose and higher,
compared to control group. Still, there was no statistically significant difference on

postprandial glucose levels among three groups according to one-way ANOVA test at
p<0.05 (Table 6.

Table 6 Postprandial glucose levels among subjects after taking glucose with drinking
water (control), guar gum, and chia seed for 60 minutes t-60)

Blood Glucose Blood Glucose

Group Levels img/dL,) Group Levels img/dL,) df p-value
X SD X SD

Control 15443 956  Guargum 18257 1041 6  0.098"

Chia seed 16114 948 6 0.6824
Guargum 18257 1041  Chia seed 161.14 948 6  0225%
A . p-value from one-way ANOVA

Table 7 Postprandial glucose levels among subjects after taking glucose with drinking
water (control), guar gum, and chia seed for 90 minutes t=90)

Blood Glucose Blood Glucose
Group Levels (mg/dL,) Group Levels (mg/dL,) df  p-value
X SD X SD

Control 13743 842 Guar gum 184.29 10.36 6 0016+~
Chiaseed 14757 1080 6 02544

Guar gum 18429 1036  Chiaseed 14757  10.80 6 00947
A p-value from one-way ANOVA
= significant difference at p < 0.05

At 90 minutes, blood glucose level of control group continued to drop slightly
while the postprandial glucose level of Chia seed group started to fall gradually.

However, postprandial blood glucose level of Guar gum group still rose to its peak. At

this point, the difference of average postprandial glycemic levels between control group
and Guar gum group was statistically significant (p = 0.016), but the differences were



subtle between control group compared to Chia seed group, and Guar gum group
compared to Chia seed group based on one-way ANOVA test at p<0.05 (Table 7).

Table 8 Postprandial glucose levels among subjects after taking glucose with drinking
water (control), guar gum, and chia seed for 120 minutes t=120)

Blood Glucose Blood Glucose

Group Levels img/dL,) Group Levels (mg/dL,) df  p-value
X SD X SD

Control 12143 1003 Guargum 15171 919 6 00674

Chia seed 11986 1050 6 0.900%
Guar gum 15171 919 Chia seed 119.86 1050 6 0.147A

A p-value from one-way ANOVA

Blood glucose level of Guar gum group began to fall at 120 minutes which was
more than control group and Chia seed group. The postprandial blood glucose level of
subjects who took chia seed at t=120 was continually decreased, shown to be lower than
the postprandial glycemic level of subjects taking drinking water. However, it appeared

that there was no statistically significant difference among three groups based on
one-way ANOVA test at p<0.05 (Table 8).

The postprandial glucose levels of control group, Guar gum group, and Chia
seed group at several determination points of time were illustrated in Figure 1. The
significant difference was found at 90 minutes after taking intervention between
subjects who took drinking water (control)and subjects who took guar gum.

220 *
200
180
160
140
120 —&— Control
100 —a— Chia seed
80 Guar gum
60
40
20

0 Time (minutes)
0 30 60 90 120

Blood Glucose Levels (mg/dL)

«. significant difference at p = 0.016 between control group and Guar gum group

Figure 1 Postprandial glucose levels at time of determination



Discussion

The results of this study differed from those reported by Fairchild (1995) who
claimed that there was significant reduction in postprandial glucose levels at 60 minutes
in subjects ingesting 50 grams of glucose incorporated with 6.3 grams of guar gum
compared to drinking water as control (Fairchild, 1995). Moreover, the results of this
clinical trial also differed from those found by Lee (2009) who observed the significant
decrease in postprandial glycemic levels at 60 minutes in subjects taking 24 grams of
chia seed baked into white bread which corresponded to 50 grams of glucose in total
(Lee, 2009). In those studies, researchers conducted experiments using 50 grams of
glucose as the researchers claimed that it was manageable amount of glucose for a
healthy young person, while 75 grams of glucose was used in this study based on
regulations of Oral Glucose Tolerance Test which was probably too high for the guar
gum and chia seed (Vuksan, 2010, to cope with and leading to an insignificant effect of
postprandial glucose levels compared to control.

However, this study indicated similar results regarding to chia seed as those
reported by Nieman (2012) who claimed that there was no significant effects on blood
glucose levels in subjects who took 25 grams of chia seed per day for 10 weeks as the
subjects kept their normal diet (Nieman, 2012), and those reported by Sung (2015) who
indicated that blood glucose levels of subjects taking 87 grams of chia seed per day for
5 weeks with their normal diet were not significantly affected (Sung, 2015).

Lastly, in this study, there was significant difference in blood glucose of guar
gum group compared to control at 90 minutes in which guar gum group had higher
blood glucose level. It might be due to hidden implication involved with other metabolic
factors; including, high cholesterol, high levels of triglyceride, family history that also
influence on blood glucose and body glucose regulation. Therefore, I recommend
considering these factors in recruitment criteria.

Conclusion
The consumption of chia seed incorporated with meal did not affect
postprandial glycemic levels in healthy, non-diabetic subjects.
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