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1 Introduction
Consuming high glycemic index (GI) foods is associated with 

weight gain, insulin resistance, increased blood glucose levels, 
obesity, cardiovascular disease, retinopathy, nephropathy, and 
neuropathy (Chiu & Taylor, 2011). The GI values of foods are 
important data for the sustainability of healthy nutrition as well 
as control of diabetes. The GI classifies carbohydrate-containing 
foods according to their glycemic effect or increase in blood sugar 
after food consumption in individuals (Brand-Miller et al., 2009; 
Wiemer, 2018) as ≤55 is low, 56-69 is medium, and 70≤ is high 
(Food and Agriculture Organization, 1998). According to the 
global estimates of diabetes prevalence studies, the estimated 
number of people with diabetes is 537 million worldwide and it 
is expected to increase to 643 million by 2030 and 783 million 
by 2045 (International Diabetes Federation, 2021).

The GI of a food is influenced by factors such as botanical 
sources, food processing, free sugar content, starch fractions, 
starch-protein and starch-lipid interactions, and content 
of polyphenols (Yaman et al, 2019; Thondre, 2013). Recent 
epidemiological studies suggest that dietary polyphenols could 
be used for the prevention and treatment of type 2 diabetes 
and insulin resistance due to their anti-diabetic properties. 
Polyphenols are a heterogeneous phytochemical group containing 
phenol rings. Plant-based and fruit-based foods such as broccoli, 

onion, grapes, pears, apples, and cherries are the main sources of 
polyphenols. According to their chemical structure, polyphenols 
are divided into four groups: flavonoids, phenolic acids, stilbenes, 
and lignans. Flavones, flavonols, flavanones, isoflavones, and 
anthocyanins are in the flavonoids group while chlorogenic acid 
and ferulic acid are in the phenolic acid group (Kim et al., 2016). 
Consumption of phenolic compounds increases the activation 
of the 5’ adenosine monophosphate-activated protein kinase 
(AMPK). AMPK enhances the translocation of the glucose 
transporter (GLUT4) and provides insulin-independent cellular 
glucose uptake in the skeletal muscle and liver in individuals with 
type 2 diabetes (Kismiroğlu et al., 2020). Kobayashi et al. (2000) 
reported that green tea polyphenols such as epigallochatechin 
gallate (EGCG)–epichatechin gallate (ECG) reduce glucose 
uptake by inhibiting the Na+-dependent glucose transporter 
(SGLT) in intestinal enterocytes. The starch is composed of 
amylose and amylopectin and is broken down into maltose, 
maltotriose, and α-dextrins by α-amylase and α-glucosidase. 
Limited studies demonstrate that dietary polyphenols such as 
anthocyanins and catechins could reduce starch digestion by 
the inhibition of α-amylase and α-glucosidase (Hanhineva et al., 
2010). Studies show that rapidly digestible starch and the free 
sugar content of a food are directly related to an increase in 
the GI of that food (Englyst et al.,1996; Odenigbo et al., 2012).
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Abstract
The purpose of this study was to investigate the effects of different polyphenol-rich herbal teas on reducing the in vitro starch 
digestibility of white bread and evaluation of predicted glycemic indexes. Generally, except for the goji berry treatment, all 
herbal teas reduced the starch digestibility and predicted glycemic index of white bread. Compared to untreated white bread, 
the rapidly digestible starch levels were decreased by 10% and 12% in the turmeric tea treatment. In addition, hydrolysis indexes 
were decreased by 12% and 10% in the black tea treatment compared to untreated white bread. The turmeric treatment on 
white bread reduced the predicted glycemic index more than other teas. It is thought that the curcumin in turmeric has more 
inhibitory effects on α-amylase activity than other teas. We also demonstrated that dietary polyphenols such as anthocyanins 
and catechins found in herbal teas might reduce starch digestion by inhibiting α-amylase and α-glucosidase thereby lowering 
the glycemic index of foods.
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Practical Application: When we evaluate the effects of polyphenol-rich herbal teas treatment on the quality of starch fractions, 
overall, the black tea, cinnamon, goji berry, blueberry, cranberry, and rosehip were increased the starch fractions quality. We 
revealed that dietary polyphenols such as anthocyanins and catechins found in herbal teas could reduce the starch digestion by 
the inhibition of α-amylase and α- glucosidase resulting in lowering of the GI of foodstuffs. Overall, consumption of the herbal 
teas made of colored berries, turmeric, and cinnamon may contribute to lowering the glycemic index of foods.
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The Food and Agriculture Organization (1998) and International 
Organization for Standardization (2008) has standardized the 
analysis of GI values of foods using in vivo methods. FAO/WHO 
1998 has now been extended to the international standard “ISO 
26642:2010 specifies a method for the determination of the glycemic 
index (GI) of carbohydrates in foods”. However, in vivo human or 
animal studies have time-consuming, cost, and ethical difficulties. 
Hence, alternatively, in vitro methods have been used extensively for 
the determination of the GI of foods (Çatak, 2019; Kamstrup et al., 
2017). The basis of the in vitro GI method is to compare the starch 
digestibility of the test sample with white bread in a specified time. 
The GI of the foods is determined using the hydrolysis index (HI) 
value in the formula developed by Goñi et al. (1996).

In many studies, the GI of foods is determined using in 
vitro methods. Some studies show the starch hydrolysis rate 
may also decrease in the presence of phenolic compounds in 
a food. The purpose of this study was to investigate the effects 
of different polyphenol-rich herbal teas on reducing the in 
vitro starch digestibility of white bread, on the quality of starch 
fractions, and to evaluate the in vitro GI.

2 Materials and methods
2.1 Materials

Methanol, ethanol, potassium hydroxide (KOH), sodium acetate, 
pepsin (from porcine gastric mucosa, 250 U/mL), pancreatin (from 
porcine pancreas, 8 × USP specifications), and guar gum were obtained 
from Sigma-Aldrich Co., LLC. (St. Louis, MO, USA). Invertase 
(from yeast, 300 U/mL), thermostable α-amylase (from Bacillus 
licheniformis, 3000 U/mL), amyloglucosidase (from Aspergillus 
niger, 3330 U/mL), and glucose oxidase-peroxidase (GOPOD) 
regent were purchased from Megazyme (Wicklow, Ireland).

2.2 Sampling

In this study, ten different polyphenol-rich herbal teas 
consumed in Turkey were obtained from different spice shops 
in Istanbul, Turkey (Table 1).

2.3 Starch analysis

The starch amount of white bread was determined by the 
Goñi et al. (1996) method with some modifications. First, 0.1 g 
white bread was weighed into a 50 mL falcon tube and treated 
with 0.2 mL aqueous ethanol (80%, v/v) to ensure dispersion. 
Then, 2 mL KOH (2 M) solution was added and mixed with 
a magnetic bar (5 × 15 mm) for 10 min in an ice/water bath. 
After that, 8 mL sodium acetate (1 M) solution (pH 3.8) was 
added. Thermostable α-amylase and amyloglucosidase (0.1 mL) 
enzymes were added to initiate starch hydrolysis. The reaction 
was conducted at 50 °C for 30 min. The final volume of the 
hydrolyzed solution was completed with deionized water and 
centrifuged at 8000 x g, for 5 min. After this stage, 0.1 mL 
centrifuged liquid sample was treated with 3.0 mL GOPOD 
solution in a 10 mL glass tube in a water bath at 50 °C for 30 min. 
The absorbance of the sample at 510 nm was measured using 
the UV spectrophotometer (UV-1280, Shimadzu).

2.4 In vitro starch digestibility and predicted glycemic index

In vitro starch digestibility of the white bread treated with 
polyphenol-rich herbal teas was measured using the method 
of Englyst et al. (1992) with some modifications. Gastric and 
intestinal enzymes for digestion were prepared as follows.

Enzyme Solution 1 (Pepsin/Guar Gum Solution): 0.5 g 
pepsin and 0.5 g guar gum were dissolved in a 100 mL volumetric 
flask with 0.05 N HCl solution. The final volume was completed 
with 0.05 N HCl.

Enzyme Solution 2 (pancreatin (136 mg/mL), amyloglucosidase 
(13.4 U/mL), and invertase (25.43 U/mL) for one sample): For 
one sample, 680 mg pancreatin was dissolved in a 50 mL falcon 
tube with 4 ml deionized water. Then, it was centrifuged at 
3000 rpm for 10 min and the residue was discarded. After that, 
67 U amyloglucosidase and 127.15 U invertase were added to 
the centrifuged pancreatin liquid sample and the volume was 
completed to 5 mL with deionized water.

In vitro starch digestibility

We used herbal teas in grounded teabag form, the teabags 
were brewed, and 4 mL of brewed herbal tea was used for 1 g of 
white bread (Pekcan et al., 2016). The duration of tea brewing was 
10 min, and the temperature of the water was 100 °C (Ilyasoğlu 
& Arpa Zemzemoğlu, 2021).

In this study, each polyphenol-rich herbal tea was treated 
with 1 g homogenized white bread in a 250 mL Erlenmeyer 
flask. Then, the digestion was started with the addition of 5 mL 
deionized water and 10 mL Enzyme Solution 1. The mixture was 
incubated at 37 °C in a shaking water bath (175 strokes/min) 
for 30 min for protein hydrolysis. Next, 5.0 mL sodium acetate 
solution (0.5 M) was added and the pH was adjusted to 5.2. After 
this stage, Enzyme Solution 2 (5 mL) was added and the volume 
was completed to 50 mL with deionized water and incubated at 
37 °C in a shaking water bath. During the incubation, 0.5 mL 
of liquid sample was taken at 20, 30, 60, 90, and 120 min and 
transferred into a 10 mL glass tube. The solution was held for 
5 min in a boiling water bath to complete denaturation of the 

Table 1. Effects of different herbal teas on in vitro starch digestibility 
and starch fractions.

Tea treatment RDS
g/100 g

SDS
g/100 g

RS
g/100 g

Green Tea 21.2 ± 0.3a 24.7 ± 0.1bc 10.7 ± 0.1e

Turmeric 17.6 ± 0.2f 20.9 ± 0.1g 18.3 ± 0.3a

Ginger 18.5 ± 0.3cde 26.4 ± 0.2a 11.8 ± 0.3d

Black Tea 17.2 ± 0.2f 24.0 ± 0.2d 15.4 ± 0.3b

Cinnamon 18.2 ± 0.2e 24.5 ± 0.3c 14.0 ± 0.5c

Goji berry 18.9 ± 0.2bcd 23.7 ± 0.2de 14.1 ± 0.1c

Elderberry 18.4 ± 0.2cde 26.3 ± 0.1a 11.9 ± 0.4d

Blueberry 18.7 ± 0.1cde 22.8 ± 0.2f 15.1 ± 0.6b

Rosehip 18.3 ± 0.2de 23.8 ± 0.1d 14.6 ± 0.1bc

Cranberry 19.0 ± 0.3bc 23.3 ± 0.2e 14.4 ± 0.4bc

White Bread 19.5 ± 0.2b 25.1 ± 0.2b 12.1 ± 0.4d

Values refer to the mean ± standard deviation (n = 3). The different letters in the same 
column indicate that there are statistical differences between the applications (ANOVA, 
p < 0.05, Tukey’s test).
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digestive enzymes. The liquid sample was transferred into a 15 mL 
falcon tube and the volume was completed to 5 mL followed by 
centrifuged at 8000 x g for 10 min. Finally, the glucose content 
was measured as in the starch determination.

The starch fractions were determined as follows:

 RDS: rapidly digestible starch is defined as the starch 
digested in 20 min

 SDS: slowly digestible starch is defined as the starch digested 
in between 20 and 120 min

 RS: resistant starch RS = TS – (RDS + SDS)

 TS: total starch, TS = TG x 0.9

 TG: Total glucose

The predicted glycemic index (pGI) was calculated from the 
HI values of each sample. HI was determined by dividing the 
area under the hydrolysis curve for WB treated with each tea 
by the area obtained for WB. The pGI was calculated using the 
formula described by Goñi et al. (1996): pGI = 39.21 + 0.803HI.

2.5 Statistical analysis

All analyses were performed three times, and the mean 
value was used. Significant differences between the applications 
were statistically evaluated using one-way analysis of variance 
(ANOVA; p <0.05, Tukey’s test). GraphPad Prism software (San 
Diego, CA, USA) was used to determine significant differences 
between groups by ANOVA. When a significant (p < .05) main 
effect was found, mean values were further analyzed using 
Tukey’s Multiple Range Test comparison.

3 Results and discussion
3.1 Starch fractions

In this study, the effects of polyphenol-rich herbal teas on 
the amount of RDS, SDS, and RS in white bread (WB) were 
investigated. The amount of RDS, SDS, and RS are shown in 
Table  1 and ranged from 17.6 to 21.2 g/100 g, from 20.9 to 

26.4 g/100 g, and from 10.7 to 18.3 g/100 g in WB treated 
with different herbal teas, respectively. The starch value of 
white bread is 56.7 ± 0.3 g/100 g. RDS is defined as the starch 
digested in 20 min. The lowest amount of RDS was detected 
in WB treated with turmeric while the highest amount was 
detected in WB treated with green tea. Lower amounts of RDS 
were also detected in the WB treated with ginger, cinnamon, 
elderberry, blueberry, and rosehip compared with non-treated 
WB. However, there was no difference between the goji berry 
and cranberry treated and non-treated WB. SDS is defined 
as the starch digested in between 20 and 120 min. The lowest 
amount of SDS was detected in WB treated with turmeric while 
the highest amount was detected in WB treated with ginger and 
elderberry compared with non-treated WB. Lower amounts of 
SDS were detected in the WB treated with black tea, cinnamon, 
goji berry, cranberry, and rosehip compared with non-treated 
WB. However, there was no statistical difference between the 
WB treated with green tea and non-treated WB in the amount 
of SDS. RS is defined as the difference between the total starch 
and the amount of starch digested within 120 min. The highest 
amount of RS was detected in WB treated with turmeric while 
the lowest amount was detected in WB treated with green tea. 
Higher amounts of RS were also detected in the WB treated 
with black tea, cinnamon, goji berry, blueberry, cranberry, and 
rosehip compared with non-treated WB. However, there was 
no statistical difference between the WB treated with ginger 
and elderberry and non-treated WB in the amount of RS. 
When we evaluated the effects of polyphenol-rich herbal tea 
treatment on the quality of starch fractions, overall, the green 
tea, ginger, and elderberry treatments showed no effect on the 
starch fraction quality.

The ratio of starch digestion levels of WB treated with different 
herbal teas from the initial starch digestion to 120 min is shown 
in Table 2. The lowest starch digestion ratio was detected in 
the WB treated with turmeric and black tea by 31.1 and 30.5% 
at 20 min, respectively. On the other hand, the highest ratio 
at 20 min was detected in the WB treated with green tea by 
37.6%. The WB treated with green tea showed the highest starch 
digestion (81.5%) compared with non-treated WB (79.0%) at 
120 min. The lowest starch digestion was detected in the WB 

Table 2. The starch digestion ratio levels from the initial time (0 min) to 120 min.

Tea treatment 20’ 30’ 60’ 90’ 120’
Green Tea 37.6 ± 0.5 a 39.0 ± 0.4 bc 47.7 ± 0.5 d 61.0 ± 0.3 f 81.5 ± 0.5 a

Turmeric 31.1 ± 0.4 fg 37.7 ± 0.2 de 48.6 ± 0.9 d 59.1 ± 0.4 g 68.1 ± 0.3 f

Ginger 32.8 ± 0.4 cde 39.2 ± 0.5 bc 53.9 ± 0.3 b 66.6 ± 0.3 b 79.6 ± 0.2 b

Black Tea 30.5 ± 0.3 g 38.5 ± 0.3 cde 48.3 ± 0.4 d 63.9 ± 0.4 d 73.1 ± 0.4 e

Cinnamon 32.2 ± 0.4 ef 38.7 ± 0.4 bcd 53.9 ± 0.3 b 67.5 ± 0.4 b 75.7 ± 0.4 c

Goji berry 33.4 ± 0.3 bcd 40.0 ± 0.4 ab 56.4 ± 0.3 a 67.4 ± 0.4 b 75.5 ± 0.3 c

Elderberry 32.7 ± 0.3 cde 37.7 ± 0.4 e 53.7 ± 0.5 b 67.1 ± 0.7 b 79.3 ± 0.8 b

Blueberry 33.2 ± 0.2 cde 39.2 ± 0.4 bc 53.4 ± 0.2 bc 62.5 ± 0.2 e 73.6 ± 0.5 de

Rosehip 32.4 ± 0.3 de 38.1 ± 0.3 cde 52.1 ± 0.3 c 62.0 ± 0.5 ef 74.6 ± 0.4 cd

Cranberry 33.6 ± 0.5 bc 39.2 ± 0.4 bc 52.8 ± 0.3 bc 70.9 ± 0.3 a 74.9 ± 0.3 c

Bread 34.6 ± 0.4 b 40.8 ± 0.3 a 57.5 ± 0.6 a 65.2 ± 0.3 c 79.0 ± 0.4 b

Values refer to the mean ± standard deviation (n = 3). The different letters in the same column indicate that there are statistical differences between the applications (ANOVA, p < 0.05, 
Tukey’s test).
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treated with turmeric and black tea both at 20 and 120 min 
(Figure 1). When we evaluated the effects of herbal teas on the 
WB, both turmeric and black tea showed low digestion ratios 
at 20 and 120 min.

Hydrolysis index and estimated glycemic index

The HI of the WB treated with herbal teas was calculated 
by comparing the area under the hydrolysis curve (0 to 90 min) 
from WB treated with herbal teas to the area of non-treated WB 
(reference sample). The GI of the WB treated with herbal teas was 
calculated using the empirical formula proposed by Goñi et al. 
(1996). The estimated GI of WB was 94.6 when the HI of WB 
was accepted as 100 in the formula. The hydrolysis curves for 
the WB treated with different herbal teas are shown in Figure 1.

Calculated HI and pGI values of the WB treated with 
different herbal teas are shown in Table 3. The HI of the WB 
treated with different herbal teas ranged from 88.3 (turmeric) 
to 99.1 (goji berry). As seen, except for the WB treated with goji 

berry, the WB treated with different teas showed lower HI than 
the non-treated WB. When we compared the effects of different 
herbal teas on the HI of WB, treatment with turmeric, green 
tea, rosehip, and black tea reduced the HI of WB more than the 
other teas. The pGI of the WB treated with different herbal teas 
ranged from 88.2 to 94.1. Turmeric and black tea treatments on 
WB reduced the pGI of WB more than other teas. Generally, 
except for the goji berry treatment, all herbal teas had the effect 
of reducing the pGI of WB. The estimated GI of the WB treated 
with the different teas was lower than that of non-treated WB 
(p ˂0.05), except for the goji berry treatment.

When we evaluated the association between the RDS and 
HI, the amount of RDS was decreased by the treatments of black 
tea and turmeric and the HI of white bread was also decreased. 
The amount of RS was increased by the treatments with black 
tea and turmeric while the HI of white bread was decreased. 
There is no statistical association between the ratio of SDS and 
HI of WB. Interestingly, we found a correlation between the 
RDS and HI in the WB treated with herbal teas except for green 
tea treatment. The RDS level of the WB treated with green tea 
was higher than that of non-treated WB. Although the green 
tea treatment increased the RDS level of the WB, the treatment 
decreased the level of HI. For instance, the levels of the RDS and 
HI in the turmeric and black tea treatments compared with the 
control were reduced by 10 and 12%, and 12 and 10%, respectively. 
The green tea treatment decreased both the RS level and HI of 
WB compared with non-treated WB. Some studies show that 
RDS, SDS, and RS content may decrease the GI (Hodge et al., 
2004; Zhang & Hamaker, 2009) however, in our study, only the 
amount of RDS and RS content affected the GI.

The foods high in available carbohydrates increase postprandial 
hyperglycemia and hyperinsulinemia. Studies demonstrate that 
consuming high glycemic indexed foods induces insulin resistance, 
obesity, and type 2 diabetes. For this reason, it is advised to consume 
low glycemic indexed foods for the control of hyperglycemia 
(Ludwig, 2002). The starch in WB is composed of amylose and 
amylopectin fractions. The main enzymes that play a role in 
the digestion of dietary starch are α-amylase and α-glucosidase. 
The α-amylase is secreted by the pancreas and digests the starch 
into maltose, maltotriose, and α-dextrins. The final digestion of 
these residues is achieved with α-glucosidase and it hydrolyses 
the α-1,4-bound glucose residues into free glucose. The glucose is 
taken into the enterocytes and transferred into circulation by the 
vena portal (Hanhineva et al., 2010; Koh et al., 2010). The foods 
containing dietary polyphenols such as anthocyanins, catechins, 
flavanones, flavonols, flavones, and isoflavones may reduce 
carbohydrate digestion by inhibiting α-amylase and α-glucosidase 
in the small intestine. The inhibitory effects of some polyphenols 
from strawberries, raspberries, blackcurrants, and blueberries on the 
activity of α-amylase and α-glucosidase were demonstrated using 
in vitro studies. The Na+-dependent SGLT1 glucose transporter 
in the enterocytes may be inhibited by some polyphenols such as 
chlorogenic, quercetin, and tea catechins (Hanhineva et al., 2010).

Turmeric contains curcumin and its analogs such as 
demethoxycurcumin and bisdemethoxycurcumin. Curcumin 
has anti-inflammatory, anti-cancer, and anti-diabetic properties 
(Aggarwal et al., 2003). The polyphenol concentration of turmeric 

Table 3. Hydrolysis index (HI) and predicted glycemic index (pGI) of 
WB treated with different herbal teas.

Tea treatment HI pGI
Green Tea 91.4 ± 0.9ef 89.9 ± 0.2ef

Turmeric 88.3 ± 1.2g 88.2 ± 0.5g

Ginger 96.4 ± 0.8cd 92.7 ± 0.4cd

Black Tea 90.0 ± 0.8fg 89.1 ± 0.3fg

Cinnamon 96.4 ± 0.8cd 92.6 ± 0.4cd

Goji berry 99.1 ± 0.7ab 94.1 ± 0.4ab

Elderberry 95.6 ± 0.8cd 92.2 ± 0.3cd

Blueberry 94.7 ± 0.6d 91.7 ± 0.3d

Rosehip 92.6 ± 0.7e 90.6 ± 0.2e

Cranberry 97.4 ± 0.8bc 93.2 ± 0.3bc

Bread 100.0 ± 0.9a 94.6 ± 0.5a

Values refer to the mean ± standard deviation (n = 3). The different letters in the same 
column indicate that there are statistical differences between the applications (ANOVA, 
p < 0.05, Tukey’s test).

Figure 1. In vitro starch hydrolysis rate of white bread (WB) treated 
with turmeric and black tea.
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(57.7 μg/g) is approximately fivefold higher than that of curcumin 
and powdered turmeric has a higher antioxidant activity than 
pure curcumin (Račková et al., 2009). Najafian (2015) studied 
the inhibitory effects of curcumin on α-amylase activity in rats. 
The blood glucose and insulin levels were decreased with the 
administration of curcumin in both healthy and diabetic rats. 
It is thought in that study that less glucose was liberated from 
the starch by the inhibitory effects of curcumin. As seen from 
our study, turmeric treatment decreased both the RDS and SDS 
levels and HI of WB and increased the RS level compared with 
non-treated WB. Thus, turmeric treatment on WB induced a 
greater effect on the pGI of WB compared with other teas.

Berries contain high amounts of polyphenols such as pro- or 
anthocyanins, flavonols, and phenolic acids. Consumption of 
fruit containing anthocyanins reduces cardiovascular diseases 
and diabetic complications. In a clinical study, sucrose was orally 
administered with appropriate amounts of polyphenols (bilberries, 
blackcurrants, cranberries, and strawberries) and the plasma 
glucose levels were decreased compared to the control group. It is 
thought that the sucrose digestion enzymes were delayed by the 
polyphenols (Törrönen et al., 2010; Wilson et al., 2008). Colored 
berries contain high amounts of cyanidin-3-glucoside anthocyanin, 
which has important antioxidant activities (Ding et al., 2006). 
Elderberry contains an important amount of antioxidant flavonols 
and phenolic acids such as Quercetin 3-O-rutinoside, p-coumaric 
acid, chlorogenic, and chlorogenic acids and cyanidin derivatives 
(Loizzo et al., 2016). According to the literature, cranberries have 
higher antioxidant activity than blueberries because they contain 
a higher amount of anthocyanins than blueberries. In addition, 
the cranberry contains approximately tenfold higher Cyanidin-3-
O-glucoside than the blueberry (Diaconeasa et al., 2019). As seen 
from the colored berries (goji berry, blueberry, cranberry, and 
elderberry), except for the goji berry treatment, the RDS and HI 
values of WB were decreased while the RS values of WB were 
increased compared with non-treated WB. Thus, overall, berry 
treatment reduced the estimated GI of WB.

When comparing the antioxidant activities between the goji berry 
and blueberry, the blueberry has about twofold more antioxidant 
activity (19.36 mmol Fe2+/kg) than the goji berry. The goji berry 
contains some Cinnamic acids (Chlorogenic acid, Coumaric acid, 
and Ferulic acid) and some mono-terpenes but does not contain 
flavonols such as quercetin derivatives (Donno et al., 2015). Thus, 
the antioxidant properties of the goji berry are less than other berries. 
We also demonstrated in our study that treatment of WB with the 
goji berry did not change the HI or pGI of WB. It is thought that 
goji berry treatment does not affect the digestive enzymes.

In a clinical study on diabetic rats, administration of appropriate 
amounts of polyphenol-rich cinnamon extracts, which mainly 
contain procyanidin oligomers, cinnamic acid, and cinnamaldehyde, 
regulates blood glucose levels (Krishnakumar  et  al., 2014). 
In another clinical study, it was demonstrated that cinnamon 
proanthocyanidins may regulate the insulin signaling pathways 
and blood glucose levels (Qin et al., 2010). As seen from our 
study, the cinnamon treatment decreased both the RDS and SDS 
levels and HI of WB but increased the RS level compared with 
non-treated WB. Thus, cinnamon treatment of WB reduced the 
pGI of WB compared with non-treated WB.

Matsumoto et al. (1993) studied the effects of tea catechins on 
the digestion of starch and sucrose in rats. Tea catechins administered 
orally to rats inhibited the activity of amylase and sucrase reducing 
the digestion of starch and sucrose. As a result, the increase of plasma 
glucose levels was suppressed by tea catechins. It was also indicated 
that flavonols, theaflavins, and gallate esters inhibit α-amylase 
activity. The tea catechins such as theaflavins inhibit sucrase and 
maltase less than anthocyanidins (Williamson, 2013). Compared to 
green tea, black tea has more theaflavins. In a study on rats, it was 
assumed that theaflavins have more anti-hyperglycemic effects than 
catechins because theaflavins had more inhibitory effects on maltase 
(Matsui et al., 2007). We also demonstrated that when comparing 
the RDS, SDS, and RS values between the black tea and green tea 
treatments, the black tea treatment on WB showed better quality 
starch fractions than the green tea treatment. However, when we 
compared the HI values, there was no statistical difference between 
the WB treated with green tea and black tea.

4 Conclusion
Consuming high GI foods is associated with obesity, insulin 

resistance, and diabetic complications. Epidemiological studies 
suggest that dietary polyphenols could be used for the prevention 
and treatment of type 2 diabetes due to their anti-diabetic 
properties. In the present study, we also demonstrated that 
dietary polyphenols such as anthocyanins and catechins found 
in herbal teas could reduce starch digestion by the inhibition 
of α-amylase and α-glucosidase resulting in lowering the GI of 
foods. When we evaluated the effects of polyphenol-rich herbal 
tea treatment on the quality of starch fractions, overall, the black 
tea, cinnamon, goji berry, blueberry, cranberry, and rosehip 
increased the starch fraction quality. The turmeric treatment 
decreased both the RDS and SDS levels and HI of WB and 
increased the RS level compared with non-treated WB. Thus, 
turmeric treatment on WB has a greater effect reducing the pGI 
of WB compared with other teas. It is thought that curcumin 
in turmeric has more inhibitory effects on α-amylase activity. 
When we compare the RDS, SDS, and RS values between the 
black tea and green tea treatments, the black tea treatment 
on WB showed a better quality starch fraction than the green 
tea treatment. This may be because the black tea has a higher 
amount of theaflavins than green tea. Generally, except for the 
goji berry treatment, all herbal teas had the effect of reducing 
the starch digestibility and pGI of WB. Thus, consumption of 
herbal teas made from colored berries, turmeric, and cinnamon 
may contribute to reducing the GI of foods. Our study also has 
limitations. Though this study includes high-quality results, the 
study is an in vitro study. Therefore, the current results of the 
study need to be supported by in vivo studies.
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