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Abstract

Background: The glycemic index (Gl) reflects body responses to different carbohydrate-rich foods. Generally, it can-
not be simply predicted from the composition of the food but needs in vivo testing.

Methods: Healthy adult volunteers with normal body mass index were recruited. Each volunteer was asked to partic-
ipate in the study center twice in the first week to consume the reference glucose (50 g) and once a week thereafter
to consume the study fruit juices in a random order. The study fruit juices were Florida orange juice, Tangerine orange
juice, Blackcurrant mixed juice, and Veggie V9 orange carrot juice which were already available on the market. The
serving size of each fruit juice was calculated to provide 50 g of glycemic carbohydrate. The fasting and subsequent
venous blood samplings were obtained through the indwelling venous catheters at 0, 15, 30, 45, 60, 90, and 120 min
after the test drink consumption and immediately sent for plasma glucose and insulin. Gl and insulin indices were cal-
culated from the incremental area under the curve of postprandial glucose of the test drink divided by the reference
drink. Glycemic load (GL) was calculated from the GI multiplied by carbohydrate content in the serving size.

Results: A total of 12 volunteers participated in the study. Plasma glucose and insulin peaked at 30 min after the
drink was consumed, and then started to decline at 120 min. Tangerine orange juice had the lowest Gl (34.1 £ 18.7)
and GL (8.1 g). Veggie V9 had the highest GI (69.6 +43.3) but it was in the third GL rank (12.4 g). The insulin responses
correlated well with the Gl. Fructose to glucose ratio was inversely associated with Gl and insulin responses for all
study fruit juices. Fiber contents in the study juices did not correlate with glycemic and insulin indices.

Conclusions: The Gls of fruit juices were varied but consistently showed a positive correlation with insulin indices.
Fruit juices with low Gl are a healthier choice for people with diabetes as well as individuals who want to stay healthy
since it produces more subtle postprandial glucose and insulin responses.
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Background

The glycemic index (GI), an indicator ranking of carbo-
hydrates according to their effects on the body’s post-
prandial glycemic response, was introduced more than
2 decades ago to facilitate glycemic control in patients
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with diabetes [1]. It was described as the percentage of
incremental area under the 2-h blood glucose response
curve of a test food divided by the corresponding area
of a reference food containing the same amount of avail-
able carbohydrate (i.e. 50 grams (g) of glucose). The gly-
cemic load (GL) was introduced more recently and is a
product of GI multiplied by the amount of total available
carbohydrates in a serving [2]. Since then, research has
been extended to the role of a diet producing a low glyce-
mic response (i.e. low GI and GL) in the prevention and
management of metabolic syndrome [3], risk for type 2
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diabetes [4], overweight and obesity [5], cardiovascular
disease [6], and many other health problems, such as can-
cer [7] and age-related macular degeneration [8].

At present, we cannot predict GI value from specific
type or amount of carbohydrate sources, dietary fiber or
sugar content unless the response of physiological test-
ing was done [1]. In 1997, a committee of experts was
brought together by the Food and Agriculture Organiza-
tion (FAO) of the United Nations and the World Health
Organization (WHO) to review the available research
that showed the importance of carbohydrates in human
nutrition and health [9]. The committee endorsed the use
of the GI method for classifying carbohydrate-rich foods
and recommended that GI values of food should be used
in conjunction with the information about the food com-
position to guide people in selecting healthy foods, espe-
cially those that contain carbohydrates. To promote good
health, the committee advocated the consumption of a
predominant carbohydrate diet (>55% of energy from
carbohydrate), with the bulk of carbohydrate-containing
foods being rich in non-starch polysaccharides with a
low GI (i.e. 55 or lower). For practical application, the
GI is useful to rank foods by developing exchange lists
of low GI foods. Moreover, specific local foods should
be included in such lists where information is available
because there is a wide variation in GI resulting from
various intrinsic factors such as style of preparation (i.e.
cooking, heat and moisture), physical form and inherent
botanical difference of the food.

From the international table of GI and GL values
2008, low GI and GL foods contained fruit juices of vari-
ous commercial brands from Australia and Canada (e.g.
apple, orange and tomato juices). The GI and GL of these
products varied [10]. Despite being one of the largest
fruit suppliers in Asia, only a few fruits from Thailand
have had their GI values identified [11, 12]. Therefore, the
primary objective of this study was to quantify the GI and
GL values of commercially available common fruit juices
in Thailand to be included in the international GI and GL
database. The secondary objective was to assess the asso-
ciation between GI and postprandial insulin responses as
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well as its correlation with fructose to glucose ratio and
fiber content of different fruit juices.

Methods

Healthy non-obese volunteers were recruited. People
with underlying medical condition or were on medica-
tion known to affect the tolerance of glucose, had a first-
degree family history of diabetes, was a heavy smoker
and alcoholic drinker were excluded from the study. At
baseline, all participants had normal fasting plasma glu-
cose. Pregnant and lactating women were also excluded.

Composition of the study drink

Detailed compositions of the tested juices are shown in
Table 1. These study fruit juices have been available on
the market at the time of this study (the Malee Brand,
Samphran, Thailand). The available carbohydrate of the
tested juices was calculated as the sum of free sugars
(glucose, fructose, and sucrose) analyzed by High Perfor-
mance Liquid Chromatography (HPLC) method under
the standard of Association of Official Analytical Chem-
ists (AOAC) 982.14 (NFI T997). There was no maltose
or lactose presented; therefore, the result was not shown
in the table. Dietary fiber was analyzed by an in-house
method based on AOAC (2005) 985.29 (NFI 995). Both
were done at the National Food Institute of Thailand
(certified standard method by ISO IEC 17,025). Two
samples per study juice were tested and the average was
presented.

The tested juices were served in the amount that pro-
vided 50 g of glycemic carbohydrate which was equiva-
lent to 393 mL of Florida orange juice, 420 mL of
Tangerine orange juice, 428 mL of Blackcurrant mixed,
and 561 mL of Veggie V9.

Postprandial study

The volunteers were asked to fast for 12 h after their
usual evening meal, avoid exercise in the morning of the
sample collection day, and abstain from alcohol the day
before the tests were administered. At the clinic, a 24-h
dietary recall was obtained. Next, the volunteer’s weight

Table 1 Carbohydrate compositions and fiber content of the tested juices

Type of juice Total sugar Fructose (g/dL) Glucose (g/dL) Sucrose (g/dL) Dietary
(g/dL) fiber (g/
dL)
100% Florida orange juice with orange pulp and sac 12.72 546 1.79 547 037
100%Tangerine orange juice with orange sac 11.89 6.95 1.28 3.66 0.53
100% Blackcurrant mixed strawberry and red grape juice 11.67 3.86 391 390 331
Veggie V9 —orange carrot, 40% mixed fruit juice, 60% mixed 891 3.06 3.12 2.73 178

vegetable juice concentrate formula 2
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and height were recorded, and an intravenous cath-
eter was inserted into a vein at the antecubital fossa. A
fasting venous blood sample was taken, then, the par-
ticipants were served either each tested fruit juice or ref-
erence drink within 5 min. Venous blood samples were
drawn from the indwelling catheter at 15, 30, 45, 60, 90,
and 120 min after the drink was consumed and immedi-
ately sent for laboratory analyses. The appointments for
each volunteer were set to be at least one week apart.
The postprandial study of 50 g glucose which was used
as a reference drink was performed twice to consider the
intra-individual variation in glycemic responses whereas
the study for 4 different fruit juices was conducted once
each in a random order. Therefore, each volunteer under-
went 6 postprandial studies over the 6-week period.

Laboratory analyses

Glucometer [Accu-check Performa test (Roche Diag-
nostic GmbH, Mannheim, Germany)] was also used to
test small amount of the venous blood to provide point
of care testing for each time points. Serum was immedi-
ately separated from the blood and stored at -20 °C until
analysis. Plasma glucose concentrations were determined
by enzymatic assay using the photometrically measured
hexokinase method (Roche Diagnostic GmbH, Ger-
many) at 0, 15, 30, 45, 60, 90, and 120 min. The insulin
was measured by Immulite commercial test kit, a solid
phase, two-site chemiluminescent immunometric assay
(Siemens medical solutions diagnostics Ltd., Gwynedd,
United Kingdom).

Calculations and statistical analysis

The incremental area under the curve (IAUC) was calcu-
lated using the trapezoid method [9]. The GI was defined
as the IAUC of the blood glucose response curve of a
tested juice which was expressed as a percentage of the
response to 50 g of glucose. All areas below the baseline
were excluded from the calculation. The IAUC of the ref-
erence food (50 g of glucose) was calculated using the
average of the 2 tests to avoid intra-subject variation of
the glucose response to the food [13]. The GI was calcu-
lated based on each participant’s result and then reported
as mean= SD from 12 participants due to inter-individ-
ual variation in glucose and insulin responses to the food.
The postprandial insulin responses were calculated in the
same manner.

The correlations between glucose and insulin vs. carbo-
hydrate composition as well as fiber content in the fruit
juices was analysed by Spearman correlation using SPSS
version 23.0 (SPSS Inc., Chicago, IL) P-value of <0.05 was
considered statistically significant.

The GL was calculated by multiplying the GI value to
the amount of carbohydrate in a serving size (i.e. 200 mL)
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to take account for the realistic amount of carbohydrate
consumed [14].

Results

A total of 12 healthy volunteers, 7 women and 5 men,
median aged 26.6 (IQR 5.8) years (range: 22—34 years)
with normal body mass index (BMI) (21.5 (4.2) kg/m?
range: 19.2-24.7 kg/m?) participated in the study. Glu-
cose solution produced a faster initial rise and a higher
peak at 30 min in venous plasma glucose than most study
juices except VeggieV9 (Fig. 1). The venous plasma glu-
cose dropped below the fasting concentration at 120 min
after the participants drank the study juices whereas
after the consumption of glucose solution, it did not fall
to baseline at 120 min. Plasma glucose at 45, 60, 90, and
120 min were significantly higher after the consump-
tion of glucose compared to the study juices. The insulin
responses showed a similar pattern with a highest peak at
30 min and a gradual decline over 120 min (Fig. 2). Nev-
ertheless, the serum insulin did not go down to baseline
at 120 min. Two participants showed abnormal glucose
responses and were excluded from the analyses. The gly-
cemic and insulin indices did not change significantly
either with or without these two participants.

The GI, insulin indices, and carbohydrate composi-
tion of the tested juices are shown in Table 2. Tangerine
orange juice has the lowest GI, followed by Florida orange
juice, Blackcurrant mixed juice, and Veggie V9. Accord-
ing to the GI classification system [10], the first two were
categorized as having low GI (<55) and the latter two
were categorized as having medium GI (56-69). Fructose
to glucose ratio showed a significant negative correlation
with GI and insulin indices by Spearman correlation Cor-
relations between fructose to glucose ratio and plasma
glucose were significant at 45 and 60 min whereas serum
insulin was significant at 90 and 120 min. Sucrose to glu-
cose ratio and fiber content did not show any significant
correlation with glycemic and insulin indices.

From Table 3, the tangerine orange juice had the low-
est GL (<10) whereas the other three juices had medium
GL (between 11 and 19) according to a GL classification
system [14].

Discussion

In general, there are inter- and intra-individual differ-
ences in the glycemic responses to dietary intake [13].
In our study, the measurement of GI values of the ref-
erence food (50 g of glucose) was performed twice and
the glycemic responses of all foods were tested in the
same participants under a standard condition to reduce
the variations [9, 13, 15]. However, besides the effect of
the foods that were tested, the preprandial glucose level
and degree of insulin resistance of the participants may
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Table 2 The glycemic and insulin indices and fructose/glucose and sucrose/glucose ratio of the tested juices
Tested juice Gl CV (%) Insulin index CV (%) Fructose: glucose  Sucrose:
ratio glucose
ratio

Florida orange juice 51.3£259 5047 534+£195 3642 3.05 3.06
Tangerine orange juice 341+£187 54.66 51.0+£259 50.82 543 2.86
Blackcurrant mixed juice 63.0£34.0 53.89 743+£29.0 38.99 0.99 1.00
Veggie V9-orange carrot 69.6+43.3 62.11 86.4+322 37.30 0.98 0.88

Data shows means +SD

CV, coefficient of variation
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Table 3 The glycemic load of the tested juices calculated from a
usual 200 mL serving size

Tested juice Gl Serving  Available GL (g9)
size (mL) carbohydrate
(@
Florida orange juice 51.3 200 254 13.0
Tangerine orange juice 341 200 238 8.1
Blackcurrant mixed juice  63.0 200 233 14.7
Veggie V9-orange carrot  69.6 200 17.8 124

Gl: glycemic index; GL: glycemic load

also affect the change of blood glucose concentration
[15]. Brouns et al. recommended using subjects who
have normal glucose tolerance for GI measurement
because the variability of their glucose responses will
be less than subjects with impaired glucose tolerance
or diabetes [16]. Therefore, 2 volunteers with abnormal
glucose tolerance were excluded for the final analysis.

To our knowledge, this is the first study that assessed
the GI values of the fruit juices in Thailand. Previous
studies have identified the GI values of some com-
mon Thai fruits [11, 12]. We postulated that the body
glycemic response after eating a tangerine [12] and
after drinking Tangerine orange juice would be dif-
ferent as demonstrated in our study. In the previous
study, after the participants ate the tangerine (50 g of
carbohydrate), the plasma glucose peaked at 60 min
then dropped below baseline at 180 min [12]. How-
ever, when the participant drank the Tangerine orange
juice, the venous plasma glucose peaked at 30 min and
decreased below the baseline at 60 min. These results
indicates that the glycemic response after drinking Tan-
gerine orange juice seems to be faster than eating a tan-
gerine resulting in its slightly higher GI of 34 compared
to 30.

Both the glycemic and insulin indices in the Veggie
V9 were the highest. Likewise, the GI value of the Tan-
gerine orange juice and its insulin index were the low-
est. The relationship between the glycemic response
and insulin response in our study was similar to the
previous reports [17, 18]. Wilson et al. reported that
normal subjects and diabetic patients consuming dif-
ferent types of cranberry juice showed the positive
correlation between insulin responses and glycemic
responses. In addition, there was another study on gly-
cemic and insulin responses of starchy foods [18]. This
study demonstrated that starchy foods also had a cor-
relation between GI and insulinemic index. Therefore,
low GI beverage or diet could improve the insulin sen-
sitivity because it gradually increase the plasma glucose
and then slow down the secretion of insulin [19], may
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reduce insulin demand [20], and decrease P-cell dys-
function [21]. Consequently, diabetic patients may have
a better blood glucose control which results in better
health.

In general, the common compositions of the fruit juices
were monosaccharide, disaccharides, and fiber contents.
The GI values cannot be precisely predicted from the
quantities or ratio of those compositions. Therefore, we
studied the GI from four types of fruit juices by examin-
ing the glycemic responses in our participants to iden-
tify the actual GI in each fruit juice. However, there were
many studies that tried to assess the correlation of the
amount of fiber intake, the glycemic responses, and the
occurrence of non-insulin-dependent diabetes mellitus
(NIDDM) [2, 22—-24]. The result was inconclusive. Some
studies showed that patients with NIDDM who con-
sumed high-fiber diets had a decrease in insulin demand
[22]. Diabetic patients who ate starchy foods with solu-
ble fibers had lower glycemic response than those who
ingested starchy foods without soluble fibers [23]. In
contrast, Jenkin et al. found that diabetic patients who
ingested fiber-rich bread, such as whole meal bread, had
the same blood glucose response compared to those who
ingested white bread with low fiber contents [24]. Indeed,
according to the international table of GI and GL values,
the GI of these 2 types of bread are similarly high (74 and
75) despite the fact that the fiber content was much dif-
ferent [10]. Our study results also showed that there was
no correlation between the fiber amounts and GI in the
study fruit juices. Hence, we confirm that the amount of
fiber contents in the fruit juices cannot predict GI value.

Since GI value of fructose is 20 which is lower than
GI value of glucose [1], thus the postprandial blood glu-
cose response may decrease when small amount of oral
fructose is consumed [25]. Fructose causes the smallest
increase in postprandial plasma glucose, postprandial
glucose area, and serum insulin level when compared to
other types of carbohydrate in healthy subjects and type
2 diabetic patients [26]. Therefore, we tested the hypoth-
esis that fructose to glucose ratio could have a negative
correlation with glycemic and insulin response. Tan-
gerine orange juice had the highest fructose to glucose
ratio while it had the lowest GI and GL in our study. The
postprandial glucose is reduced after consuming fructose
because it raises hepatic glucose uptake and decreases
hepatic glucose output which results in lower postpran-
dial glycemia [25]. The consumption of fructose is helpful
in lowering serum glucose, insulin response, and gluco-
suria compared to dextrose and sucrose when given alone
or as a component of a meal [27]. Moore et al. demon-
strated that type 2 diabetic patients had an improvement
in glucose tolerance when they consumed a small dose
of fructose (7.5 g of fructose) which enhanced the net
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hepatic glucose uptake [28]. In contrast, Le et al. reported
that healthy people consuming moderate amounts of
fructose over 4 weeks had an increase in plasma triglyc-
eride [29]. Furthermore, increased fructose consump-
tion caused non-alcoholic fatty liver disease (NAFLD)
in animals by increasing the fat mass and obesity [30],
dyslipidemia [30], and induced insulin resistance as well
as metabolic syndrome [31]. Moreover, human obser-
vational studies showed that there was a link between
increased intake of fructose-containing beverages and
accumulation of visceral adipose tissue [32] and intrahe-
patic lipids [33]. Hepatic lipid accumulation in the con-
text of NAFLD is often associated with hepatic insulin
resistance [34], and a crucial risk factor for type 2 dia-
betes [35]. There are many groups of researchers that
have shown the benefits and risks of fructose inges-
tion as mentioned above; therefore, despite increasing
the fructose to glucose ratio could lower GI of the fruit
juice, we cannot recommend the fructose substitution in
beverages.

The amount of carbohydrate intake is also an important
factor in predicting body glycemic response. Since the GI
may not definitely represent the amount of carbohydrate
intake, thus the concept of GL has been used to show the
amount of carbohydrate per usual serving size [14]. The
GL is classified as low (<10 g), medium (>10-<20 g),
and high (>20 g) [14]. Dietary GL might be useful to pre-
dict risk of type 2 diabetes [36]. According to our study
results, we found that Florida orange juice had a low GI
but medium GL due to a high carbohydrate per serving
size. On the other hand, Veggie V9 had the highest GI in
this study, but it was classified as medium GL because it
had a low carbohydrate per serving size. These examples
showed that the beverages low in GI do not necessarily
had low GL. Therefore, consumers should consider both
aspects simultaneously when choosing a healthier drink.

Conclusions

Fruit juices, including the fruit juices tested in this study,
are generally classified to have low to medium GI val-
ues. The glycemic indices of all fruit juices correlated
well with in vivo insulin indices. Hence, fruit juices with
low GI and GL could be advantageous compared to their
higher GI and GL counterparts in terms of healthier
insulin responses. However, GI or GL cannot be used as
a sole indicator for ‘healthy food’ selection. Other com-
position such as protein, fat, fiber, and micronutrients
should also be considered.
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