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ABSTRACT: Coffee consumption has been linked to a low risk of metabolic syndrome. However, evidence supporting its
anti-hyperglycaemic and anti-hyperlipidaemic activities remain poorly defined. The ultrasound-assisted extraction (UAE)
technique has been shown to achieve high yields of bioactive compounds in coffee, with preserved functionality. The goal
of the present study was to determine the effect of various coffee roasting extracts using UAE on their anti-hyperglycaemic
and anti-hyperlipidaemic properties. We examined o-amylase and a-glucosidase, micelle size, micelle solubility, and pan-
creatic lipase activities. Coffee roasting degrees were classified as light coffee (LC), medium coffee (MC), and dark coffee
(DC). We showed that DC at 80°C for 10 min, 40°C for 20 min, and 20°C for 20 min has a high potency to inhibit o-am-
ylase, o-glucosidase, and pancreatic lipase activities by 33.79+3.25%, 19.68+1.43%, and 36.63=1.58%, respectively. LC
enhanced cholesterol micelle size and suppressed cholesterol micelle solubility, which suggests that coffee roasting may

enhance anti-hyperglycaemic and anti-hyperlipidaemic activities.
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INTRODUCTION

Currently, the prevalence of metabolic syndrome is rising
worldwide. Metabolic syndrome is a group of several ab-
normalities, including hypertension, dyslipidaemia, obe-
sity, hyperinsulinaemia, and hyperglycaemia, which are
associated with cardiovascular disease and type 2 diabe-
tes mellitus (Alberti et al., 2009). The first approach to
manage metabolic syndrome is lifestyle modification,
weight control, and physical activity, whereas medication
is considered secondary (Grundy et al., 2004). The ad-
verse effects of medication are often unpredictable and
may result from drug therapy. Thus, alternative medi-
cations have gained attention, especially dietary supple-
ments, vitamins, and herbal medicines (Nelson and Per-
rone, 2000). Several natural products, such as green tea
catechins, Tiliacora triandra (Colebr.) Diels, Spirogyra ne-

glecta, and o-cyclodextrin, have been suggested due to
their lipid-lowering properties (Furune et al., 2014;
Duangjai et al., 2016; Kobayashi and Ikeda, 2017; Duang-
jai and Saokaew, 2019), whereas berries, blueberries,
black currants, and blue honeysuckle fruits have been rec-
ommended for hyperglycaemia-lowering effects (Castro-
Acosta et al., 2016; Zhang et al., 2019).
Anthocyanin-rich plants have a low risk of inducing
hyperlipidaemia since they inhibit pancreatic lipase and
cholesterol esterase activities, and decrease cholesterol
absorption by interfering with micellar solubility of cho-
lesterol and micelle formation (Chamnansilpa et al.,
2020). Additionally, anthocyanin can suppress increases
in postprandial glucose levels by inhibiting carbohydrate-
hydrolysing enzymes, o-amylase, and o-glucosidase
(Gowd et al., 2017). Indeed, diets rich in polyphenols are
associated with a low risk of cardiovascular disease and
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are recommended as an alternative treatment of dyslipi-
daemia (Annuzzi et al., 2014).

Polyphenolic extracts from vegetables may contribute
to the management of hyperglycaemia, hyperlipidaemia,
and hypertension through targeting o-amylase, o-gluco-
sidase, pancreatic lipase, renin, and angiotensin-convert-
ing enzymes (Sultana et al., 2020). Virtual screening and
molecular docking have revealed the potential of poly-
phenols to regulate carbohydrate metabolism and hyper-
glycaemia, in which caffeic acid, curcumin, cyanidin, daid-
zein, epicatechin, eriodyctiol, ferulic acid, hesperetin, nar-
ingenin, pinoresinol, quercetin, resveratrol, and syringic
acid inhibit a-glucosidase activity, while catechin, hespe-
retin, kaempferol, silibinin, and pelargonidin inhibit o-
amylase (Rasouli et al., 2017).

Coffee green bean and coffee roasting are powerful
sources of bioactive ingredients, especially polyphenols,
such as caffeine, chlorogenic acid, diterpenes, and trig-
onelline (Hu et al., 2019). Dietary polyphenols possess
various biological properties, including antioxidant, anti-
apoptotic, anti-ageing, anticarcinogenic, anti-inflamma-
tory, anti-atherosclerosis, and cardiovascular protective
properties (Han et al.,, 2007). Previous studies have
shown the ability of coffee consumption to lower the
risk of obesity, metabolic syndrome, and type 2 diabetes
(Nordestgaard et al., 2015; Shang et al., 2016). However,
the role of different roasting degrees on the anti-hyper-
glycaemic and anti-hyperlipidaemic activities of coffee re-
mains less evident. The ultrasound-assisted extraction
(UAE) technique has been proposed as a green extrac-
tion technique for food and natural products that results
in higher yields of bioactive compounds. This technique
should accelerate the extraction process and preserve
the functionality of bioactive compounds (Chemat et al.,
2017; Quintero Quiroz et al., 2019; Kumar et al., 2021).

This study investigated the effect of different coffee
roasting degrees on anti-hyperglycaemic and anti-hyper-
lipidaemic properties using UAE conditions. Anti-hyper-
glycaemic effects were examined by evaluating o-amylase
and o-glucosidase inhibitory activities, while anti-hyper-
lipidaemic activity was measured by determining particle
sizes of cholesterol micelles, micellar solubility of choles-
terol, and pancreatic lipase activity.

MATERIALS AND METHODS

Chemicals

3,5-Dinitro salicylic acid (DNS), p-nitrophenyl butyrate
(p-NPB), acarbose, a-amylase, a-glucosidase, ethylene-
diaminetetraacetic acid (EDTA), 3-(N-morpholino) pro-
panesulfonic acid (MOPS), 4-nitrophenyl-D-glucopyrano-
side (pNPG) pancreatic lipase (type II, from porcine pan-
creas) phosphatidylcholine, cholesterol, and sodium tau-

rocholate were purchased from Sigma-Aldrich Co. (St.
Louis, MO, USA). All other chemical reagents used in
this study were of analytical grade.

Plant material

Coffee beans were obtained from the Chao-Thai-Pukao
Factory (Chiang Mai, Thailand). The voucher number of
the coffee tree was NU003806 and it was deposited in
the PNU herbarium of the Faculty of Biology, Naresuan
University, Phitsanulok, Thailand. Different coffee roast-
ing degrees were prepared using variations of roasting
time and temperature (10~20 min and 176.7~232.2°C,
respectively), and classified as light coffee (LC), medium
coffee (MC), and dark coffee (DC). Roasted coffee beans
were extracted with water (1:5; w/v) by using an ultra-
sonic bath operating at 35 kHz at 80°C for 5, 10, and 20
min. Obtained extracts were dried using a freeze dryer
(CoolSafe 110-4 Pro, LaboGene™, Allered, Denmark).
The coffee roasts extracts (LC, MC, and DC) were stored
at —20°C.

In vitro antidiabetic activity

o-Amylase inhibitor activity assays: o-Amylase inhibition ac-
tivity assay was carried out according to previous studies
(Caraway, 1959; Kazeem et al., 2013), with minor modi-
fications. A total of 100 uL of o-amylase was pre-incu-
bated with 50 pL of coffee roast extracts (5 mg/mL) or
acarbose (200 pM) at 37°C for 10 min. Then, 100 pL of
starch (2 mg/mL) was added to initiate the reaction, and
reactions were incubated at 37°C for 20 min. Reactions
were terminated by adding 100 pL of 1% DNS, boiled
for 5 min, and the absorbance was measured at 540 nm.
o-amylase inhibition activity was calculated as a percent-
age of the control.

oGlucosidase inhibitor activity assays: o-Glucosidase inhibi-
tion activity assays were examined using the method by
Quan et al. (2019), with slight modifications. Coffee roast
extracts (5 mg/mL) or acarbose (2 mM) were pre-incu-
bated with a-glucosidase solution [in 0.1 M potassium
phosphate buffer (pH 7.0)] at 37°C for 15 min. Then,
100 puL of pNPG (400 uM) was added to initiate the reac-
tion, and the reaction was incubated at 37°C for 40 min.
Finally, Na,COs (0.1 M) was added to terminate the re-
action and the absorbance was measured at 405 nm. In-
hibition was expressed as a percentage of control.

In vitro lipid absorption

Solubility studies of cholesterol micelles: Cholesterol micelle
solutions were prepared according to the method of
Kirana et al. (2005), with slight modification. Micelle sol-
utions contained phosphatidylcholine (0.6 mM), choles-
terol (1 mM), and sodium taurocholate (1 mM). Coffee
roast extracts (100 pg/mL) were added to the micelle sol-
utions for 3 h. Solutions were filtered using a 0.22 um



340

filter, and the concentration of cholesterol in the filtrate
was calculated as cholesterol micellar solubility using
cholesterol assay kits.

Determination of cholesterol micelles particle sizes: Particle
sizes of cholesterol micelles were determined according
to the method of Kirana et al. (2005), with minor modi-
fication. Cholesterol micellar solutions were prepared
from phosphatidylcholine, cholesterol, and sodium taur-
ocholate, as per previous studies (Yamanashi et al., 2007;
Duangjai et al., 2016). Coffee roast extracts (100 ug/mlL)
were incubated with cholesterol micellar solutions at
37°C for 3 h, and particle sizes were determined using a
particle size analyzer.

Pancreatic lipase inhibition assays: Pancreatic lipase inhibi-
tion studies were conducted according to the method of
Kim et al. (2007), with slight modifications. Lipase ac-
tivity was measured using p-NPB as a substrate. Porcine
pancreatic lipase enzymes were prepared by reconstitut-
ing lipase in a buffer containing 10 mM MOPS and 1
mM EDTA (pH 6.8) with 100 mM Tris-HCL and 5 mM
CaCl, (pH 7.0). Coftee roast extracts (2.5 mg/mL) or or-
listat (50 uM) were incubated with the enzyme solution
at 37°C for 15 min. Then, 10 mM p-NPB in dimethyl for-
mamide was added and the reaction was incubated at
37°C for 30 min. Hydrolysis of p-NPB to p-nitrophenol
was measured at an absorbance 405 nm. Inhibition of
pancreatic lipase was calculated according to the follow-
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ing formula:

% pancreatic lipase inhibition=

[Absorbance control) — Absorbance sample) ] <100

Absorbance control)

Statistical analyses

Data were presented as meanz=standard error of the
mean (SEM). Evaluation of statistical significance was
performed using paired two-tailed Student’s t-tests, with
P<0.05 considered statistically significant.

RESULTS

Effect of coffee roasting on antidiabetic activity

To investigate the effect of coffee roasting using UAE on
anti-hyperglycaemic properties, we examined inhibition
of a-amylase and a-glucosidase activities. First, we deter-
mined inhibition of a-amylase by coffee roasted at vari-
ous extraction temperature (20°C, 40°C, and 80°C) for
various times (5, 10, and 20 min) (Fig. 1). At 5 mg/mL,
LC, MC, and DC have potential to inhibit a-amylase ac-
tivity, with strong inhibitory activities dependent on the
extraction temperature and time. DC showed more po-
tent inhibitory activity on a-amylase than both LC and
MC. LC at 20°C for 5 min, 40°C for 5 min, and 80°C for
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Fig. 1. Inhibition of the three types of coffee roasts against
o-amylase activity. Light coffee (LC), medium coffee (MC), and
dark coffee (DC) at 5 mg/mL were used. Acarbose (200 uM)
was used as a standard inhibitor. Data show mean+SEM
(n=3). Significant differences vs. the control at */P<0.05,
**P<0.01, and ***P<0.001.
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10 min, inhibited a-amylase by 31.04+7.59%, 26.16=+
1.91%, and 28.03+0.88%, respectively. In comparison,
MC at 80°C for 10 min inhibited a-amylase by 7.95+
1.96%. Interestingly, DC at 80°C for 10 min demon-
strated the highest inhibitory effect on o-amylase (33.79
+3.25%); however, DC exhibited lower activities than
acarbose. Acarbose at 200 uM (0.13 mg/mL) (the pos-
itive control) inhibited a-amylase by 85.33+6.94%. This
indicates that coffee roasting, especially DC, may inhibit
o-amylase activity.

Next, we observed the effect of roasting coffee at dif-
ferent extraction temperatures and times on a-glucosi-
dase activity, as shown in Fig. 2. DC at 40°C for 20 min
strongly inhibited a-glucosidase activity (19.68+1.43%),
whereas LC at 20°C for 20 min, and DC at both 80°C for
10 min and 20°C for 20 min only slightly inhibited a-glu-
cosidase activity (by 16.67%+4.15%, 15.37+3.04%, and
16.96+0.71%, respectively). Acarbose at 200 uM (1.29
mg/mL) inhibited o-glucosidase activity by 71.47+1.03%.
These data suggest that the different extraction temper-
atures and times of roasted coffee affects the inhibition
of a-glucosidase activity and, possibly, hyperglycaemia.

Effect of coffee roasting on anti-hyperlipidaemic activity

To assess the effect of coffee roasting at different extrac-
tion temperatures and times by UAE on anti-hyperlipi-
daemic activity, cholesterol micelle formation was esti-
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mated. First, the effect of coffee roasting on the size of
cholesterol-mixed micelles was measured. All coffee
roasting conditions increased particle sizes of the mi-
celles compared with the control, with greater effects
shown for LC than MC and DC (Fig. 3). The size of con-
trol cholesterol-mixed micelles was 124.98+6.40 nm,
whereas the particle size with LC were 381.96~1,372.67
nm, with MC were 362.00~609.62 nm, and with DC
were 280.92~416.52 nm. Remarkably, all extraction
conditions of LC were effective in enhancing cholesterol
micelle size, especially at 20°C for 5 min and 10 min
(particles sizes of 1,372.67+194.30 nm and 1,197.50+
53.19 nm, respectively). These data indicate that roasted
coffee may have anti-hyperlipidaemic properties, acting
via increasing the particle sizes of cholesterol micelles
that influence cholesterol absorption.

Next, we assessed the effect of coffee roasting on cho-
lesterol micelle solubility. Coffee roasting suppressed the
solubility of cholesterol micelles (Fig. 4). LC and MC in-
hibited cholesterol micelle solubility to a greater extent
than DC. LC suppressed solubility by 8.63 ~14.24%, MC
by 7.17~15.43%, and DC by 4.80~8.45%. Interestingly,
LC at 20°C for 20 min and MC at 40°C for 10 min re-
duced solubility by 14.24+2.05% and 15.44+1.07%, re-
spectively. These data suggest that roasted coffee may
have anti-hyperlipidaemic properties, acting via decreas-
ing cholesterol micelle solubility, which inhibits choles-
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Fig. 2. Inhibition of the three types of coffee roasts against
o-glucosidase activity. Light coffee (LC), medium coffee (MC),
and dark coffee (DC) at 5 mg/mL were used. Acarbose (2 mM)
was used as a standard inhibitor. Data show mean+SEM
(n=3). Significant differences vs. the control at *P<0.05,
**p<0.01, and ***P<0.001.
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Fig. 3. Effect of the three types of coffee roasts on micelle sizes. Light coffee (LC), medium coffee (MC), and dark coffee (DC)
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Hl 5 min J 20 min Hl 5min J 20 min Hl 5 min J 20 min
A E 10 min B E 10 min Cc E 10 min
2 254 Light coffee 2 251 Medium coffee > 254 Dark coffee
B= 3= =
£ 3£ 20- 2 £ 204
= 8 s 8 8
© (]
3% 3% 191 3% 151
S L L .
ET ET ET L "
S5 55 ¢ 55 %71 - .
Q= [ o=
w2 B2 5 w2 5
S E SE S
N = e
O o 0- &) 0-
20 40 80 20 40 80 20 40 80

Temperature (°C)

Temperature (°C)

Temperature (°C)

Fig. 4. Inhibition of cholesterol micellar solubility by the three types of coffee roasts. Light coffee (LC), medium coffee (MC), and
dark coffee (DC) at 100 pug/mL were incubated with cholesterol micelle solutions. Data are presented as a % of the control and
show mean+SEM (n=3). Significant differences vs. the control at */~<0.05, **/~<0.01, and ***/<0.001.

terol absorption.

Finally, we determined the effect of coffee roasting on
pancreatic lipase activity. At 2.5 mg/mL, roasting inhib-
ited pancreatic lipase activity of coffee (Fig. 5). DC in-
hibited the activity of pancreatic lipase to a greater extent

than MC and LC. DC inhibited pancreatic lipase by 23.94

~36.63%, MC by 23.51~29.26%, and LC by 20.39~
27.43%. Interestingly, DC at 20°C for 20 min showed the
highest ability to inhibit pancreatic lipase activity (36.63
+1.58%). Orlistat at 50 pM was used as a positive con-
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Fig. 5. Effect of the three types of coffee roasts on inhibition of pancreatic lipase activity. Orlistat was used as a positive control.
Light coffee (LC), medium coffee (MC), and dark coffee (DC) (2.5 mg/mL) at extraction times 5, 10, and 20 min or orlistat (50
uM) were incubated with pancreatic lipase and p-NPB, and p-nitrophenol production was measured. Data are presented as a
% of the control and show mean EM (n=3). Significant differences vs. the control at *P<0.05, **P<0.01, and ***P<0.001.

trol, and inhibited pancreatic lipase activity by 75.57+
0.42%. These data suggest that roasted coffee may inhib-
it lipid digestion and demonstate anti-hyperlipidaemic
effects via inhibiting pancreatic lipase activity.

DISCUSSION

UAE is a recognized technique for the extraction of phe-
nolic compounds from plants for use in food composi-
tion. This study investigated the effects of coffee roast-
ing with different roasting degrees using UAE on anti-
hyperglycaemic and anti-hyperlipidaemic activities. We
evaluated the effect of roasted coffee on a-amylase and
o-glucosidase inhibition, cholesterol micelle size, micel-
lar solubility of cholesterol, and pancreatic lipase activity.
During coffee roasting, coffee beans undergo many re-
actions that alter their chemical and physical composi-
tions, and change the physiological effects of coffee
(Pittia et al., 2001; Noor Aliah et al., 2015; Choi et al.,
2018). We analyzed coffee roasted to light, medium, and
dark degrees. a-Amylase and o-glucosidase may be in-
volved in carbohydrate digestion, glucose uptake, and
regulating blood sugar levels. Inhibition of o-amylase and
o-glucosidase are therapeutic approaches against hyper-
glycaemia (van de Laar et al., 2005; Gulati et al., 2012).
Our results indicated that roasted coffee (LC, MC, and
DC) has potential effects against hyperglycaemia by in-
hibiting a-amylase and o-glucosidase activities, with the
greatest inhibitory activity shown for DC. Our findings
are consistent with previous studies showing that the
degree of coffee roasting affects a-glucosidase activity
(i.e., very dark roasted coffee extracts are more effective
than dark and medium coffee extracts) (Alongi and
Anese, 2018). However, while we showed that medium
roasted coffee exhibited higher o-glucosidase inhibitory
activity, in a previous study no differences were shown

among coffees roasted to different degrees (Alongi et al.,
2021). The biological properties depend on the balance
of the compounds formed and degraded during the roast-
ing process (Vignoli et al., 2014). It was possible that al-
tering functional properties of roasting is associated with
changes to the bioactive compounds of coffee during
roasting. In addition, activity depended on the extraction
temperature and time of UAE. In another study, extrac-
tion parameters were suggested to alter anti-hypergly-
caemic activities, in which optimum conditions (temper-
ature, time, and v/w ratio) were more effective in creat-
ing coffee that inhibits a-amylase and a-glucosidase ac-
tivities (Liu et al., 2015). Other studies have demon-
strated that extraction temperature affects the chemical
compositions and capabilities of carbohydrate digestion-
related lipase inhibitory activities of extracts (Chen et al.,
2016; Liu et al., 2017).

To clarify the effect of coffee roasting using UAE on
anti-hyperlipidaemic ability, disturbance of cholesterol
micelle formation and pancreatic lipase activity was ex-
amined. Pancreatic lipase plays a crucial role in lipid di-
gestion, and pancreatic lipase inhibition reduces lipid ab-
sorption and blood lipid levels (Liu et al., 2020). In addi-
tion, cholesterol-mixed micelles play a vital role in en-
hancing intestinal lipid absorption (Woollett et al,
2006). Thus, inhibition of enzymes involved in lipid di-
gestion and/or interference of cholesterol micelle forma-
tion may reduce the risk of developing anti-hyperlipidae-
mia. Our results indicate that roasting coffee induces an-
ti-hyperlipidaemic properties by increasing micelle size
and suppressing micelle solubility. LC increased particle
size to a greater extent than both MC and DC, and both
LC and MC inhibited cholesterol micelle solubility to a
greater extent than DC. Coffee exhibited a hypocholes-
terolaemic effect as their soluble fibers and lipid content
reduced cholesterol solubility, which affected the capacity
to sequester bile salts from the micelle solution and ag-
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gregate to bigger sizes (Coreta-Gomes et al., 2020). Fur-
thermore, roasting coffee induced anti-hyperlipidaemic
effects on inhibiting lipid digestion, with DC reduced
pancreatic lipase activity to a greater extent than MC and
LC. Indeed, coffee polyphenols have been shown to sup-
press postprandial hyperglycaemia, hyperinsulinaemia,
and hyperlipidaemia by inhibiting maltase, sucrase, and
pancreatic lipase activities (Murase et al., 2012).

In conclusion, the findings of this study show that cof-
fee roasted to different degrees using UAE possess anti-
hyperglycaemic and anti-hyperlipidaemic properties via
inhibition of a-amylase, o-glucosidase, and pancreatic li-
pase activities, and disturbing the particle size and sol-
ubility of cholesterol micelles. DC showed the highest
inhibitory activity on a-amylase, o-glucosidase, and pan-
creatic lipase, whereas LC showed the greatest ability to
interfere with micelle formation. This study is helpful for
understanding the impact of extraction processes (tem-
perature and time) and the resultant roasting degree on
biological processes. Our study provided evidence of the
optimal conditions of UAE for coffee roasting for its po-
tential use as dietary supplement for treatment and pre-
vention of hyperglycaemic and hyperlipidaemic. Howev-
er, these results were obtained in in vitro studies, and fur-
ther studies on cells and/or in vivo animal models are
required.
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