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Abstract

B-Glucan (BG) and whey protein (WP) are two functional ingredients widely used to
maintain desirable blood glucose and weight management. However, the effect of
combining BG and WP is still not thoroughly explored. This study was aimed to determine
the effects of combining BG and WP in energy drinks on glycaemic index (GI),
palatability and acceptability. Ten females (22.0+£0.64 years old, 20.6+0.24 kg/m?)
randomly completed four trials (control drink, BG drink, WP drink and G+WP drink) in a
cross-over manner. Palatability and acceptability were measured using visual analogue
scale (VAS). Capillary blood was collected at 0 min (fasting state, baseline) and 15, 30, 60
and 120 min after the test drinks and assayed for glucose. There were no significant
differences in palatability and acceptability of test drinks compared with control
(p>0.005). The incremental area under the curve (iIAUC) for blood glucose responses
showed no significant differences between all test drinks. Time x treatment showed a
significant increased from 0 to 30 mins (peak) (p<0.005) for all test drinks. Blood glucose
response significantly (p<0.005) decreased from 30 to 120 mins for all test drinks except
control. There were no significant differences in GI of BG, WP, and PG+WP drinks
compared with control (117%, 124% and 114%, respectively). This study suggested that
drinks prepared with PG and WP were palatable and acceptable either per se or in
combination but did not significantly reduce the GI compared with control drink. In
addition, the drink prepared with PG and whey protein reduced short-term glucose but
does not affect overall glycaemic response.

1. Introduction

The glycaemic

index (GI) is

al., 2014).

defined as the Dietary fibre is defined as carbohydrate polymers

percentage of glucose response elicited by a 50 g of
available carbohydrate of a test food compared with
reference food (glucose or white bread) (Wolever, 2013;
Augustin et al., 2015). Excessive intake of carbohydrate,
fat and high GI foods associated with obesity (Cheung et
al., 2018). High GI foods rapidly increased glucose level
after a meal compared with low GI foods (Augustin et
al., 2015; Papakonstantinou et al., 2017). Hence, it is
advisable to choose low GI foods to maintain desirable
postprandial glucose response. There are many factors
that could lower GI in food such as resistant starch,
insoluble and soluble fibre content (Alminger et al.,
2008; Thondre et al., 2009; Chillo et al., 2011; Panahi et
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with ten or more monomeric units, which are not
hydrolysed by the endogenous enzymes in the small
intestine (Jones, 2014). The presence of soluble dietary
fibre such as PG reduced the glycaemic response and
hence lower GI (Panahi et al., 2014). BG is a major
constituent of the cell walls in oat and barley endosperm
(Chillo et al., 2011). A recent review by Salleh et al.
(2019) showed that BG (2.5 to 3 g) beneficially increased
perceived satiety when prepared in solid food (white
rice) and beverage (Salleh et al., 2019). BG has been
approved by the European Food Safety Authority
(EFSA) to beneficially reduce glycaemic response
(EFSA Panel, 2010). Previous studies showed that G
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prepared in muesli, snack bar, chapati and cereal
products reduced postprandial blood glucose compared
with control (Alminger et al., 2008; Granfeldt et al.,
2008; Thondre et al., 2009; Panahi et al., 2014). The
presence of soluble fibre such as PG could lower the
glucose response by increasing the stomach viscosity and
decreasing intestinal mixing (Edwards et al., 1987;
Panahi et al., 2014). Previous study showed that bread
prepared with BG significantly reduced early (30 min)
starch hydrolysis compared with control (Jalil ef al.,
2015). Thondre et al. (2009) suggested that 4 g of BG in
chapati (an Indian flatbread) reduced postprandial blood
glucose. However, the preparation of PG in a food
product or meal negatively affect the taste, palatability
and acceptability of the final products (Kim et al., 2016;
Zaremba et al., 2018). Most but not all studies showed
that BG were less palatable and acceptable (Ktari et al.,
2014; Zaremba et al., 2018). One study showed that
pasta prepared with G was palatable and acceptable
compared with control (Kim et al., 2016). However, the
presence of other food components such as WP might
reduce postprandial glucose response (Gunnerud et al.,
2013).

Previous study showed that WP beneficially reduces
postprandial glucose response (Akhavan et al., 2010;
Gunnerud et al., 2013; Zafar et al., 2013; Hutchison et
al., 2015; Schopen et al., 2015; Gizenaar et al., 2018).
WP accounts for 20% of cow milk protein and is a by-
product of cheese making (Akhavan et al., 2010). It is
rapidly digested and resulting in a quick increase in
plasma amino acid (AA) levels (Gunnerud et al., 2013).
These AAs showed insulinogenic effects and hence
attenuated postprandial blood glucose level (Akhavan et
al., 2010). However, it is still unknown whether a
combination of BG with WP might have additional
glucose-lowering effect. Previous study has shown that
the preparation of WP into a drink did not affect the taste
of the drink (Zafar et al., 2013). However, Del Giudice et
al. (2015) showed that the addition of WP into cow’s
milk reduced the palatability of the milk. Gursel ez al.
(2015) showed that 5 g WP in yoghurt increased the
palatability and acceptability compared with control.
These inconsistencies might be due to different doses
and food matrix used in each study (Salleh et al., 2019).

Food matrix is important to deliver the benefits of
both G and WP. Previous study showed liquid food
matrix is suitable for the development of functional
drinks with soluble fibres (Salleh et al., 2019). Energy
drink is defined as group of beverages used by
consumers to provide an extra boost in energy, promote
wakefulness, maintain alertness and enhancement of
mood and cognitive (Ishak et al., 2012). Juvonen et al.
(2009) showed that incorporation of 4 g of BG into a
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drink produced a significantly lower GI when compared
with drinks containing 6 g and 8 g of BG. Another study
by Giezenaar et al. (2018) showed that incorporation of
30 g WP into a drink produced significantly lower blood
glucose in both healthy males and females when
compared with control drink. Based on this evidence,
this study was aimed to determine the effects of
combining BG and WP in energy drink on glycaemic
index, palatability and acceptability.

2. Materials and methods
2.1 Study design

This was a single-blinded, crossover study with
Latin square design. Each subject was randomly assigned
with a unique code to four study drinks. Participants
were not aware of which product they received in each
trial. All test drinks have similar taste (chocolate) and
colour. Each subject received random sample for each
visit separated by three days washout period.

Ten healthy female participants were recruited from
Universiti Sultan Zainal Abidin (UniSZA), Kampus
Gong Badak, Terengganu with a mean age of 22.2 (0.06)
years old and body mass index (BMI) of 20.06 (0.24) kg/
m?. This study was approved by Universiti Sultan Zainal
Abidin Ethics Committee (UniSZA/UHREC/2018/63).
All subjects were given written informed consent before
participating in this study. Height and weight of
participants were measured using stadiometer SECA
Model 217 (SECA, Hamburg, Germany) and SECA
Clara 803 (SECA, Hamburg, Germany), respectively.
The inclusion criteria were healthy male and female,
body mass index (BMI) of 18.5-24.9 kg/m? and non-
diabetic. The exclusion criteria were overweight or
obese, diabetic, on medications or drugs that might
interfere with glucose metabolism, pregnant and
lactating mother, has food allergies to test ingredients
and smokers.

2.2 Drinks formulation

There are four types of test drinks as follow: i)
control ii) PG iii) WP iv) G + WP. All drinks were
chocolate-flavoured and containing 50 g available
carbohydrate. The amount of available carbohydrate is
achieved from the addition of simple sugar (glucolin)
into test drinks. All subjects were given 250 mL of each
test drinks during each session. Table 1 shows nutrients
composition of test drinks. BG (Oat Beta 1,3/1,4 Glucan,
Zhuhai City, China) has 80% purity meanwhile WP
(Mesotropin  Platinum Hydro Whey, Terengganu,
Malaysia) has 70% purity. All BG containing drinks
contain 4 g BG per 250 mL and all WP-containing drinks
contain 5 g WP per 250 mL.
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Table 1. Nutrients composition of test drinks (per 250 mL).

Control drink BG drink WP drink BG + WP drink
Energy (kcal) 237 255 257 275
Carbohydrate (g) 50 50 50 50
B-Glucan (g) - 4 - 4
Protein (g) 1.2 3.6 6.2 8.6
Fat (g) 3.6 3.6 3.6 3.6

BG, B-glucan, WP, whey protein
2.3 Experimental procedures

Participants were instructed to eat their dinner no
later than 10:00 pm and fast for 10 hrs prior to the
laboratory visit. Plain water was allowed during fasting
period. Participants arrived at 8:00 am and were advised
to rest for 10 mins upon arriving in the laboratory.
Glycaemic index for the test drinks in this study was
determined using the standard GI protocol (Wolever et
al., 1991). Fasting blood sample (t = 0 min, baseline)
was obtained and the test meal was given immediately.
Participants were advised to consume the meal at their
own pace within 10 to 12 mins. This time was selected
based on the pilot study. Postprandial blood was
obtained thereafter at 15, 30, 60, and 120 mins
Participants were allowed to read, use their phone or
laptop and use the toilet during the trial. Blood glucose
level was determined using Accu-Chek Performa 2
glucometer (Accu Check Performa, New South Wales,
Australia). Calibration was done using a standard
glucose strip provided by the manufacturer. The
glycaemic index was calculated according to Wolever et
al. (2008) as follow:

2.4 Palatability and acceptability test

1AUC test drinks

iAUC control drinks x 100

The palatability and acceptability of energy drinks
were measured using Adaptive Visual Analogue Scale
(AVAS) software (Marsh-Richard et al., 2009). There
was a horizontal line in the AVAS software with a score
range 0 at the left and 100 on the right. The participants
evaluated the appearance, taste, aroma, viscosity,
perceived satiety and overall acceptability of the energy
drinks. A higher score indicates a higher acceptability of
the energy drinks. The score of 0 indicates they dislike
and the score of 100 indicates they like the energy
drinks. They were explained on how to do the scoring
using AVAS before each session.

2.5 Data analysis

Data were analysed using IBM SPSS (IBM Corp.
Released 2013. IBM SPSS Statistics for Windows
version 22.0, Armonk, NY). Data are expressed as mean
and standard error of the mean (SEM) and values of
p<0.05 were considered statistically significant. The
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incremental area under the curve (iIAUC) of blood
glucose responses were calculated for each test drink and
the glycaemic index was calculated from the iAUC of
each subject. One way ANOVA was used to determine
the mean GI, palatability and acceptability. ANOVA
repeated measures was used to determine the differences
in blood glucose response at different time points.

3. Results

3.1 Sensory evaluation of test drinks

——Control —#-pG —4+—WP —4+—BG+WP

Overall accpetability

Overall palatability Aroma

Colour

Appearance

Figure 1. Sensory evaluation of four test drinks. A higher
score indicates a higher acceptability of the test drinks. BG, B-
glucan; WP, whey protein

Figure 1 shows the sensory evaluation of test drinks,
namely, taste, colour, texture, aroma, appearance, overall
palatability and overall acceptability. The taste scores
were similar between control, WP, BG and BG+WP drink
with 6.2 (0.87), 6 (0.63), 5.8 (0.60), and 6.8 (0.68),
respectively (p=0.57). Control, WP, and BG+WP drink
showed similar aroma scores with 7.4 (0.30), except for
BG drink with 7.2 (0.61) (p=0.34) The texture scores
were similar between control, G, WP and BG+WP
drinks with 7 (0.54), 6.8 (0.53), 6.8 (0.53), and 7.8
(0.36), respectively (p=0.13). The colour scores were
similar between control, G, WP and BG+WP drinks
with 8.0 (0.52), 8.2 (0.47), 7.4 (0.73) and 7.4 (0.52),
respectively (p=0.72). The appearance scores were
similar between control, G, WP and BG+WP drinks
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with 7.6 (0.40), 7.8 (0.47), 7.6 (0.58) and 7.4 (0.52),
respectively (p=0.81). The overall palatability scores
were similar between control, WP, BG+WP and PG
drinks with 7.0 (0.45), 7.2 (0.60), 7.0 (0.80), and 6.6
(0.45), respectively (p=0.08). The overall acceptability
scores were similar between control, fG, BG+WP and
WP drinks with 7.2 (0.68), 7.0 (0.45), 7.0 (0.74), and 6.8
(0.45), respectively (p=0.11).

—e—Control —=—3G —4+—WP ——BG+WP

@ 20
0 20 40 60 80
Time (min)

100 120

Figure 2(a). Perceived satiety score for all test drinks (0 to
120 mins). BG, B-glucan; PG+WP, B-glucan and whey
protein. The alphabet represents significant time x treatment
interactions (p<0.05). a: 0 vs 30 min for control drink.

3500

Q

= 3000
2500
2000

1

1500

1000

500
BG+WP

Perceived satiety score (iA

Control
Test drlnks

Figure 2(b) Incremental area under the curve for perceived
satiety score for all test drinks. BG+WP, B-glucan and whey
protein.

3.2 Perceived satiety

Figure 2(a) shows the mean perceived satiety (PS)
score for test drinks from 0 to 120 mins. There were no
significant (p>0.05) differences in the mean PS scores
for all test drinks. Both control and G drinks achieved
their PS peak at 15 mins after the consumption of the test
drink. Meanwhile, WP and fG+WP drinks achieved their
PS peak at 30 mins and 60 mins after the consumption of
the test drink. The PS scores were similar for all drinks at
2 hrs. Perceived satiety significantly (p=0.04) increased
between 0 and 30 mins for control drink. Control drink
showed a significant reduction in PS 30 mins after it was
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consumed and 15 mins after it reached its peak
(p=0.037). This suggested that PS was rapidly increased
and decreased following the control drink consumption.
However, other test drinks showed no significant time
and treatment interactions (p>0.05). Figure 2(b) shows
the iIAUC for perceived satiety score from 0 to 120 mins.
The iAUC was similar between control, PG, WP and
BG+WP drinks with 2205+581.1 mm x min, 2484+719.8
mm X min, 2266+615.5 mm x min, and 2372+804.2 mm
X min, respectively.

3.3 Prospective food consumption

Figure 3(a) shows the mean scores of prospective
food consumption for all test drinks from 0 to 120 mins.
There were no significant differences in the mean score
of prospective food consumption for all test drinks
(p=0.90). Figure 3(b) shows the iAUC for prospective
food consumption score from 0 to 120 min. The iAUC
was similar for control, BG, WP and G+WP drinks with
320.6£178.7 mm x min, 390.1£275.1 mm X min,
837.24398.5 mm X min and 186.8+113.8 mm x min,
respectively (p=0.35). There was no significant time and

—e—Control

70

—-2-BG —+—WP ——BG+WP

Prospective food consumption

0 50
Time (min)

100

Figure 3(a). Prospective food consumption score for all test
drinks (0 to 120 mins). BG, B-glucan; BG+WP, B-glucan and
whey protein.

1400
1200
1000

800
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400

200 j
0

Control

socre (IAUC)

Prospective food consumption

BG+WP
Test drinks

Figure 3(b). Incremental area under the curve for prospective
food consumption score for all test drinks. BG, B-glucan;
BG+WP, B-glucan and whey protein.
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treatment interactions (p>0.05).
3.4 Blood glucose response

Figure 4(a) shows the postprandial glucose response
of the drinks from O to 120 mins. All test drinks showed
a maximum glucose peak at 30 mins after the
consumption of the drinks. There were no significant
differences in the blood glucose response between test
drinks at 0, 15, 30, 60 and 120 mins (p=0.37). Figure 4
(b) shows the incremental area under the curve (iIAUC)
for test drinks from 0 to 120 mins. The iAUC was similar
between control, BG, WP, and BG+WP drinks with
222.2431.4 mm X min, 239422.3 mm x min, 237+20.5
mm x min, and 236£3]1 mm x min, respectively
(p=0.53). There were significant (p<0.05) time and
treatment interactions. All test drinks showed a
significant increased from 0 to 30 mins (peak) (p<0.005).
BG, WP and BG+WP drinks significantly (p<0.05)
reduced glucose response from 30 to 120 mins. BG and/
or WP drinks showed highest maximum glucose peak
but significantly (p< 0.005) reduced to baseline after 120
mins compared with control. Control and BG+WP drinks
showed significantly (p<0.005) lower glucose response
from 60 to 120 min. This suggested that blood glucose
level remained higher at 60 mins compared with baseline
for control and BG+WP drinks. Glycaemic index for
BG+WP, BG and WP drinks were 114% (0.97), 117%
(0.98) and 124% (0.98), respectively (Figure 4 (c)).
Based on the GI classification, these drinks were
categorised as high GI.

-
oo © o

Blood glucose level (mmol/L)
~
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4. Discussion

Our study shows that the addition of BG and/or WP
in energy drink did not alter the palatability and
acceptability of the drinks compared with control. In
contrast, previous studies showed that the addition of BG
and WP reduced the acceptability and palatability of the
food products, such as pasta and yoghurt (Gursel et al.,
2015; Zaremba et al., 2018). Oral-sensory exposure time
was higher for solid food due to higher eating time and
this might explain the palatability differences between
solid and liquid foods (Cassady et al., 2012). Zaremba et
al. (2018) showed that preparation of breakfast meal
(cereal and yoghurt) with 4 g of oat BG significantly
reduced the palatability of the meal compared with
control meal. However, another study showed the
preparation of Tunisian beef sausages with 0.5 g BG
concentrate significantly increased the acceptability
compared with control sausage (Ktari et al., 2014). Pasta
prepared with 2% PG rich fraction (BGRF) mushroom
powder showed higher acceptability compared with pasta
with 4% and 6% PGRF mushroom powder (Kim et al.,
2016). These results suggested that the addition of G
into various food products could alter the acceptability
and palatability in a dose-dependent manner. A lower
dose of BG can enhance the acceptability and palatability
of the food products, but the effect diminished at higher
dose (Ktari et al., 2014; Kim et al., 2016; Zaremba ef al.,
2018). The evidence has shown that BG could increase
perceived satiety. However, other food components such
as WP could give better effects when combined together
with BG.

—e—Control -G —4+—WP ——BG+WP

6
5
4
0 20 40 60 80 100 120
Time (min)

Figure 4(a). Postprandial glucose response for test drinks (0 to 120 mins). G, B-glucan; WP, whey protein. Different letters
represent significant time x treatment interactions (p<<0.05).a: 0 vs 30 mins for all drinks; b: 30 vs 120 mins for G, WP and

BG+WP drinks; c: 60 vs 120 mins for control and G+WP drink
300

junii

WP  BG+WP
Test drinks
Figure 4(b). Blood glucose responses iAUC of test drinks
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Figure 4(c). Glycaemic index of test drinks
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Gursel et al. (2015) showed the addition of 15 g WP
isolate into a yoghurt significantly reduced its flavour
compared with control yoghurt. Another study showed
that a higher dose of WP (25 g) did not alter the
palatability of the drink compared with control drink
(Zafar et al., 2013). These results suggested that the
addition of WP, even in a higher dosage, did not alter the
taste of the products. This may be attributable to the
same amount of the nutrient content of the test drinks.
All drinks were matched for their sweetness, fat and also
containing 50 g of available carbohydrate, thus the
addition of a high dose of WP did not cause any
differences in the taste of the drinks (Zafar et al., 2013).
In contrast, a study conducted by Gursel ef al. (2015) did
not match for total sugar and fat content. These factors
might have contributed to the differences observed in the
taste of the test meals. In our study, only small amount of
BG and WP used (4 g and 7 g, respectively). The
previous study showed that a lower dose of whey
increased palatability of reduced-fat ice cream compared
with control (Danesh et al., 2017). All test drinks
containing 50 g of available carbohydrate, the same
amount of fat and hence isocaloric. Hence, this could be
the reason why all test drinks showed similar palatability
and acceptability. Theoretically, satiety and sensory
characteristics of food drive food choice (Blundell et al.,
2010). Hence, our next objective was to determine the
effect of test drinks on perceived satiety.

Our study showed that both PG and WP did not
further increase perceived satiety and suppressed the
feeling of hunger compared with control. Perceived
satiety is described as the period between meals (after
food consumption) and the process occurring in that time
period (Gibbons et al., 2019). Perceived satiety is
measured through visual analogue scales (VAS), in
which participants are allowed to place a mark on a 100-
mm horizontal line to reflect the intensity of their satiety
sensation at a particular time (Gibbons et al., 2019). Our
study showed that both BG and WP increased perceived
satiety and suppressed the feeling of hunger compared
with control. Lumaga et al. (2011) showed that pG-
enriched beverages increased perceived fullness by 24%,
and subsequently reduced energy intake by 30% over 24
hrs compared with control. BG has the ability to form a
viscous solution in the gut, which underpinned the
satiety effect of BG. PG increased viscosity in the gut
when prepared into test beverage and subsequently
slowing down gastric emptying rate (Juvonen et al.,
2009). The same study showed that high-viscosity drink
slowing down gastric emptying rate compared with low-
viscosity beverage.

There is another food component such as WP that
might reduce perceived hunger and increased perceived
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satiety (Hutchison ef al., 2015; Giezenaar et al., 2018).
Mechanistically, WP stimulates the release of
cholecystokinin (CCK), peptide YY (PYY), gastric
inhibitory polypeptide (GIP) and glucagon-like peptide 1
(GLP-1) and suppress hunger hormones such as ghrelin
(Hall et al., 2003; Hutchison et al., 2015). A study
conducted by Hall et al. (2003) showed WP preload
increased GIP and GLP-1 with 6.7% and 12.7%,
respectively, compared with preload casein drink
(control). Preload WP drink increased perceived satiety
(fullness) by 22% compared with casein drink (Hall et
al., 2003). Our study showed that BG, alone or in
combination with WP had no effect on perceived satiety
compared with control drink. A study showed that
protein supplementation had lower satiating effect in
young women than men (Giezenaar ef al., 2018). This is
in line with our study, in which all participants were
young women. However, another study by Bedard et al.
(2015) showed women had greater reduction in appetite,
hunger and desire to eat score compared with men after a
Mediterranean meal (-86.1% vs -77.6% for appetite
score, -88.5% vs -80.3% for hunger score and -87.7% vs
-79.3% for desire to eat, respectively). A study by
Westerterp-Plantenga et al. (2009) also showed women
have greater changes in appetite sensation compared
with men when given a diet high in protein (30% of
energy) compared with a diet lower in protein (10% of
energy). In our study, all-female participants received a
low protein- energy drink (10% of energy). This may
explain the same perceived satiety score when compared
with control.

Previous studies showed that incorporation of PG
into various food products has beneficial effects on
perceived satiety and positively regulated glucose
response (Finocchiaro et al., 2011; Thondre et al., 2012;
Panahi et al., 2014). However, in our study, preparing
energy drinks with BG and/or WP did not significantly
reduce postprandial blood glucose response, and hence
the glycaemic index of the drinks. Theoretically, PG
gelatinized, increased gut viscosity and subsequently
delayed the glucose absorption into the blood circulation
and hence, reduced postprandial glucose response
(Panahi et al., 2014). Poppitt et al. (2007) showed that
BG reduced area under the curve (AUC) for glucose
response when prepared in solid food compared with
liquid. However, Makelainen et al. (2007) showed that 2,
4 and 6 g PG in test drinks resulted in a lower GI
compared with control drink. This contradictory result
from the previous study may be due to the presence of
added oat starch in the drink to achieve a total of 50 g of
available carbohydrate. Starch is a complex carbohydrate
that plays an important role in the development of fibre-
induced small intestine viscosity (Poppitt et al., 2007).
The presence of oat starch has an additional step in the
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digestion process as it requires amylase digestion, thus
attenuated the increase of postprandial blood glucose
(Poppitt et al., 2007). However, our study showed that
the addition of BG had no effect on blood glucose. This
may be attributable to the possibility of insufficient time
of BG to form a viscous solution within the gut. In our
study, 50 g available carbohydrate was achieved by the
addition of only simple sugar, which is rapidly digested,
hence rapid increase in the postprandial blood glucose
level. Besides BG, there is also another food component
that can reduce postprandial glucose such as WP.

As oppose to the previous study, our study showed
that WP ingestion did not significantly reduce glucose
response compared with control drink. WP is rapidly
digested and resulted in a rapid increase in amino acids
(AAs) (Akhavan ef al., 2010). These AAs, especially
branched amino acid (BCAA), such as Ileucine,
isoleucine and valine, has an insulinogenic effect
(Gunnerud et al., 2013). Thus, WP ingestion resulted in a
rapid increase in insulin, which underpinned the blood-
glucose-lowering effect of WP (Schopen et al., 2017).
Previous study showed that the addition of 30 g WP in
drink reduced glucose response in male and female
compared with control drink (Giezenaar et al., 2018). As
opposed to the previous study, our study showed that WP
ingestion did not significantly reduce glucose response
compared with control drink. This finding may be due to
the different dose of WP used. A study by Claessans et
al. (2009) showed a significant reduction in glucose after
consumption of 15 g WP hydrolysate compared with
control. The current study also using the same type of
WP hydrolysate but using a lower dose of 5 g. However,
there was no significant difference in glucose response of
the drink compared with control. These results may have
suggested that the dose used in the current study was
inadequate to produce a significant effect of WP on
glucose response. Besides, some AAs such as alanine
and glutamine are glucogenic (Engelking, 2015). These
AAs are used as a precursor to producing glucose via
gluconeogenesis, especially during a starvation state
(Engelking, 2015). Gluconeogenesis occurs mainly in
liver and kidney and using non-carbohydrate substrates,
namely glycerol, lactate, propionate and glucogenic
amino acids to form glucose-6-phosphate (G6P).
Glucose-6-phosphate will be transformed to free glucose
or glycogen (Engelking, 2015). It is estimated that amino
acids contributed about 5-7% of glucose during fed and
fasted state (Engelking, 2015). This may cause additional
glucose released into the blood circulation after the
ingestion of the WP drink. The presence of glucogenic
AA in the test drinks may be used for gluconeogenesis
and subsequently increased glucose response compared
with control drink.
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BG and WP when consumed alone, can significantly
reduce blood glucose response and can increase
perceived satiety. Thus, they become widely consumed
as it could be an effective method to reduce the
glycaemic index of food or drink. However, no evidence
of the effect of BG and WP on blood glucose response
when consumed together. This study found that
combining both fG and WP in an energy drink did not
significantly reduce blood glucose response and
glycaemic index of the drink. These findings provide
opportunities for the consumer to reconsider consuming
the intact form of PG and WP sources such as barley and
oat rather than consuming the processed one (powder
form). However, this study had several limitations,
which include limited time to conduct study. This
limitation leads to a short washout period between trials,
which may cause a carry-forward effect from previous
trial. Besides, the nutritional contents of the energy
drinks were calculated manually. This factor may cause
inaccurate nutritional contents of energy drinks
compared when determined using food analysis.

5. Conclusion

This study suggests that palatability and
acceptability of drinks prepared with BG and WP were
similar compared to the control drink. The test drinks
significantly reduced postprandial blood glucose
response compared with control. However, there was no
additional effect of adding PG with WP on perceived
satiety and GI. WP supplement (5 g per 250 mL) is high
in GI and costly, thus, there is a need to re-think about its
consumption. It is advisable to make full use of natural
sources of protein and BG such as milk and oatmeal or
barley for better glucose control. A higher dose of WP
and a combination with other soluble fibres such as guar
gum and alginate might give a better effect but this needs
to be confirmed in human study.
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