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ABSTRACT 23 

Glucagon-like peptide-1 (GLP-1) plays an important role in 24 

glucose homeostasis. Evidence is emerging that dietary bioactive 25 

phytochemicals such as polyphenols can increase GLP-1 26 

concentration in vivo. Spices are rich in polyphenols and have oro-27 

sensory properties, both of which can increase GLP-1 secretion. 28 

We therefore investigated the effects of mixed spices intake on 29 

postprandial GLP-1 concentration. Using a randomised, controlled, 30 

dose-response crossover trial in 20 young, healthy, Chinese men, 31 

volunteers were served white rice with 3 doses of curry made with 32 

mixed spices and vegetables. These test meals were isocaloric and 33 

macronutrient matched. Plasma total GLP-1 concentrations were 34 

measured before (baseline) and for up to 3 h after the consumption 35 

of test meals. We found a significant dose dependent increase in 36 

total AUC of plasma GLP-1 concentrations, adjusted for baseline, 37 

with increasing mixed spice doses [adjusted mean (± SEM) of 38 

10568.3±1267.9, 12391.8±1333.94 and 13905.1±1267.6 pg ml-39 

1.min for Dose 0 Control, Dose 1 Curry and Dose 2 Curry 40 

respectively  ( p=0.019)]. Consumption of polyphenol rich mixed 41 

spices and vegetables can therefore increase in vivo GLP-1 42 

concentration.   43 

 44 
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 47 

INTRODUCTION 48 

In recent years, there has been a growing interest in the role of 49 

endogenous glucagon-like peptide-1 (GLP-1) levels to improve 50 

glucose homeostasis. GLP-1 improves carbohydrate metabolism in 51 

response to food intake via several mechanism including decrease 52 

in gastric emptying rate, suppression of appetite, increase in 53 

glucose stimulated insulin secretion (GSIS), increase in tissue 54 

uptake of glucose, inhibition of glucagon, decrease in hepatic 55 

gluconeogenesis, increased activation of adenosine 56 

monophosphate-activated protein kinase (AMPK), etc. (1, 2) GLP-1 57 

is an incretin hormone which is released mainly by the L-cells of 58 

intestines, principally via various nutrient sensing pathways (3). 59 

Several macronutrients, their breakdown products and dietary 60 

bioactive components can modulate endogenous GLP-1 61 

secretion.(4) Dietary polyphenols in particular have been shown to 62 

increase GLP-1 concentrations in vivo by stimulating GLP-1 63 

secretion and/or inhibiting DPP4 (dipeptidyl peptidase 4),  64 

involved in the hydrolysis of GLP-1, (5) although majority of these 65 

studies to date have been either in vitro cell culture studies or in 66 

vivo animal studies. Various spices and base vegetables used in 67 
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curries provide rich sources of polyphenols, particularly within the 68 

Asian diet. (6) We, therefore, investigated acute postprandial effects 69 

of 3 distinct doses of curry recipe, made with polyphenol rich 70 

mixed spices and base vegetables such as onions, garlic and ginger, 71 

when eaten together with a portion of white rice on plasma GLP-1 72 

concentration.  73 

 74 

METHODS 75 

The study population consisted of 20 healthy, non-smoking 76 

Chinese men, aged 23.7 ± 2.4 years and BMI 23.1 ± 2.3 kg m-2. 77 

Volunteers were excluded if they were smokers, suffered from any 78 

metabolic, cardiovascular, liver or kidney dysfunctions, had fasting 79 

blood glucose ≥ 6.0 mmol/L, resting blood pressure ≥ 140/90 mm 80 

Hg, waist circumference > 90 cm, were allergic to study foods or 81 

commonly used food ingredients, were taking any prescribed 82 

medications or dietary supplements likely to interfere with study 83 

endpoints or had alcohol consumption ≥ 12 units per week. This 84 

was a 3-way randomised crossover trial which had been registered 85 

on the clinicaltrials.gov (Identifier No. NCT02599272). The 86 

randomization was carried out using an online randomization 87 

generator (www.randomizer.org). The study was approved by the 88 

Domain Specific Research Board (DSRB) ethics committee, 89 

Singapore (Reference: C/2015/00729). All volunteers provided 90 

http://www.randomizer.org/
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their written informed consent prior to joining the study. The 91 

volunteers consumed the test meals for breakfast, after an 92 

overnight fast, consisting of either non-curry, Dose 0 Control 93 

(D0C), or Dose 1 Curry (D1C) or Dose 2 Curry (D2C) treatments. 94 

D0C meal was composed of 180 g low polyphenol mixed 95 

vegetables made up of tomato puree and peeled eggplant (Solanum 96 

melongena), with no (0 g) spices,  D1C meal consisted of an Indian 97 

curry dish made with 6 g of mixed spices plus 90 g curry base 98 

vegetables made up of tomato puree, onions, garlic and ginger (in 99 

the ratio 5:2:1:1), balanced for total vegetables content using 90 g 100 

of peeled eggplant (low in polyphenols), and D2C meal consisted 101 

of 12 g mixed spices plus 180 g curry base vegetables made up of 102 

tomato puree, onions, garlic and ginger (in the same ratio as D1C). 103 

The mixed spices preparations for D1C and D2C were identical 104 

and were prepared by thoroughly mixing dried powders of 105 

different spices consisting of turmeric, coriander seeds, cumin 106 

seeds (all Everest Spices, India), dried Indian gooseberry (‘amla’, 107 

emblica officinalis, Ramdev Spices, India), cayenne pepper 108 

(Robertson’s, South Africa), cinnamon (McCormick’s, USA) and 109 

clove (Robertson’s, South Africa) and were mixed in the ratio of  110 

8:4:4:4:2:1:1 respectively. The recipe, proportions and amounts of 111 

spices used were typically used to prepare Indian curries and the 112 

study was deliberately undertaken in a Chinese population who 113 
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would not usually consume large amounts of Indian curries, 114 

thereby avoiding any potential residual effects due to habituation. 115 

The test meal recipes were assessed for acceptability in a small 116 

pilot study prior to the start of the study (independent sample 117 

population, data now shown) and the final recipe were modified to 118 

increase preference and palatability. Test meals were consumed 119 

with a portion of white rice, providing a total of approximately 100 120 

g available carbohydrates each and were balanced for total energy, 121 

protein, fat and dietary fiber contents. The composition of the test 122 

meals administered during the study can be found in the online 123 

Supplementary Table 1.  Blood samples were obtained via an 124 

intravenous cannula collected at baseline (0 h) and at regular 125 

intervals for up to 3 h following the test meal consumption (0.5 h, 126 

1 h, 1.5 h, 2 h, 2.5 h, 3 h) in 2 ml K2 EDTA vacutainer tube (BD, 127 

USA) pre-treated with cOmplete™, Mini, EDTA-free protease 128 

inhibitor cocktail tablet (Roche, Switzerland), stored cool on ice 129 

and were centrifuged within 45 min of collection at 1500 x g for 10 130 

min at 4°C. Plasma samples were then immediately stored at -80°C 131 

until analyses. Luminex® bead-based multiplex assays, based on 132 

Luminex® xMAP® technology, were used to measure total GLP-1 133 

concentration in plasma according to manufacturer’s protocol 134 

(ProcartaPlex, Thermo Fisher Scientific). Plasma samples were 135 

analysed by independent researchers who were blinded to the order 136 
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of randomisation. The intra- and inter - batch CV for the GLP-1 137 

analyses were 6.7% and 11.1% respectively. When the baseline 138 

GLP-1 concentrations had been below the limit of detection (<1.0 139 

pg/ml), this was assumed to be 0 pg/ml.  140 

The areas under the curve (AUC) were calculated using the 141 

trapezoid rule. Statistical analyses were performed using SPSS, 142 

version 23 (IBM Inc, USA). Total AUC data were square root 143 

transformed to achieve normal distribution. Using mixed effects 144 

model, with ‘dose’ as fixed effects and the corresponding baseline 145 

(fasting) values as covariates, we determined the dose-response in 146 

the total AUC of postprandial GLP-1 concentrations.   Post-hoc 147 

pairwise comparisons, using Bonferroni corrections, were used to 148 

compare differences in total AUCs between various doses.    149 

 150 

RESULTS  151 

20 volunteers completed the study of whom 17 participated in all 152 

three study sessions (Doses 0, 1 and 2) and 3 volunteers 153 

participated only in the two mandatory sessions (Doses 0 and 2). 154 

The baseline (fasting) GLP-1 concentrations for each individual 155 

who have taken part in the study along with the coefficient of 156 

variation across the 3 doses are shown in the online Supplementary 157 

Table 2. There were no significant differences in baseline (fasting) 158 

GLP-1 concentrations between the various treatments. The mean 159 
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plasma GLP-1 concentrations at each time point for the three curry 160 

doses are shown in Figure 1A. The total AUC of postprandial 161 

GLP-1 concentrations for each individual during each of the 3 162 

separate curry doses are shown in Figure 1B. We found a 163 

significant dose-dependent increase in the adjusted mean total 164 

AUC of total GLP-1 concentrations during the immediate 3 h 165 

postprandial period, mean (± SEM) 10568.3±1267.9, 166 

12391.8±1333.94 and 13905.1±1267.6 pg ml-1.min for D0C, D1C 167 

and D2C respectively  (p=0.019). The adjusted mean total AUCs 168 

for total GLP-1 concentration during D1C and D2C were 169 

approximately 17% and 32% higher respectively as compared to 170 

that during D0C.  171 

 172 

DISCUSSION 173 

To our best knowledge, this is the first dose-response study in 174 

healthy volunteers, investigating effects polyphenol rich foods on 175 

in vivo GLP-1 concentration, using a robust study design, 176 

controlling for energy, macronutrients and total vegetable contents 177 

of the test meals. The test meals were found to be acceptable and 178 

there were no aversions or discomfort upon consumption of the test 179 

meals.  The increases in the plasma GLP-1 concentrations in 180 

response to increasing curry doses were principally evident during 181 

the first hour of postprandial measurement, possibly indicating 182 
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increased secretion of GLP-1 rather than an inhibition of its in vivo 183 

hydrolysis. A similar study with an isocaloric Paleolithic diet rich 184 

in dietary fiber and phytonutrients but matched for protein, fat and 185 

available carbohydrates also found an increase in plasma GLP-1 186 

concentration. (7) In support of our study findings, another study in 187 

healthy subjects found that adding 1 g and 3 g of cinnamon to rice 188 

pudding increased plasma GLP-1 concentrations at the 3 g dose.(8) 189 

While in our study we only used 0.25 g and 0.5 g cinnamon for 190 

D1C and D2C respectively, the other spices and/or base vegetables 191 

likely to have also contributed to the increased plasma GLP-1 192 

concentration. In fact, curcumin found in the spice turmeric has 193 

been independently shown to stimulate GLP-1 secretion both in 194 

intestinal GLUTag cells (9) and after oral intake of curcumin in rats. 195 

(10) However, both these studies used supra-physiologic doses of 196 

curcumin rather than what can be achieved using dietary doses of 197 

turmeric. Thus, our study demonstrated a potentially important role 198 

for polyphenol containing spice(s), at dietary doses, to increase 199 

GLP-1 concentrations in vivo, which is likely to benefit glucose 200 

homeostasis. This effect needs to be further explored using larger, 201 

longer term studies and the relative contributions of individual 202 

spices responsible for this effect remains to be determined.  203 

 204 
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Figure 1 258 

Figure 1A: Mean (±SEM) plasma total GLP-1 concentration over 3 259 

h measurement period. ** (p<0.01), * (p<0.05) indicates 260 

significant linear dose effect at specific time points, using mixed 261 

effects models, adjusting for baseline (fasting) GLP-1 as covariate. 262 

Differently labelled letters indicate significant differences (p<0.05) 263 

between various doses upon pairwise comparisons, adjusting for 264 

multiple comparisons using Bonferrini corrections. Figure 1B: 265 

Total AUC of plasma GLP-1 concentration for each individual 266 

during 3 doses of curry intake. X –Mean (±SEM) for 3 doses, 267 

adjusted for baseline. Differently labelled alphabets indicate 268 

significant difference (p<0.05) between doses, using mixed effects 269 

models.  D0C, Dose 0 Control; D1C, Dose 1 Curry; D2C, Dose 2 270 

Curry. 271 



 

 
Figure 1B. 



Supplementary Table 1: Energy and macronutrient composition of test meals based on the nutrient 

information panel of the food ingredients 

 Dose 0 Curry Dose 1 Curry  Dose 2 Curry 

Calories (kcal) 602 606 607 

Carbohydrate (g) 99 99 100 

Protein (g) 10 10 10 

Fat (g) 19 19 19 

Fibre (g) 7 6 6 

 

 

Supplementary Table 2: Baseline (fasting) GLP-1 concentration for individual volunteers who 

participated in the study 

Volunteer # Dose 0 (pg ml-1) Dose 1 (pg ml-1) Dose 2 (pg ml-1) % CV 

1 26.9 19.32 21.78 17.06 
2 38.6 59.92 26.25 40.95 

3 17.31 37.02 15.56 51.15 

4 19.07 10.47 12.14 32.82 

5 35.89 28.86 15.05 39.86 

6 0* 7.47 12.03 33.07 

7 39.8 121.04 75.81 51.60 

8 9.49 13.21 14.29 20.42 

9 55.02 35.2 48.01 21.81 

10 44.8 - 174.29 83.59 

11 9.58 - 6.89 23.10 

12 30.44 25.32 36.02 17.49 

13 18.71 23.95 22 12.29 

14 0* 1.96 8 85.76 

15 20.28 - 3.87 96.10 

16 12.41 14.66 13.18 8.52 

17 163.92 107.67 136.76 20.67 

18 20.78 36.61 58.65 49.17 

19 49.19 33.97 30.84 25.83 

20 33.4 31.2 32.39 3.41 

* Assumed to be 0 pg ml-1 since this was under the limit of detection. % CV – Percentage coefficient of 

variation.  
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