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Background, specification and in vitro bioactivity of extracts used for intervention 

1. Mulberry fruit extract (MFE) and Mulberry leaf extract (MLE)

The nature and sources of mulberry extracts, and the supporting evidence for their (in vitro and clinical) bio-efficacy and putative active constituents and mechanisms, have been widely reported (1). MFE and MLE are primarily used and standardized as sources of 1-deoxynojirimycin (DNJ), a known α-glucosidase inhibitor, although they contain additional iminosugars and other constituents with potentially relevant biological activity (2, 3). Efficacy of DNJ and mulberry (especially leaf) extracts for reducing PPG and PPI is supported by a relatively large published body of in vitro, animal and human clinical studies (3-6).  
The MFE and MLE (batch No. MF-DC-KQ and M0232060, respectively, Draco Natural Products Inc. USA) used in clinical testing contained 0.5% (w/w) and 0.8% (w/w) DNJ, respectively, as determined by high performance liquid chromatography with an evaporative light scattering detector. The in vitro efficacy of both extracts was assessed in an alpha-glucosidase assay by using p-nitrophenyl-alpha- glucopyranoside as the substrate. Acarbose was tested as positive control with an IC50 of 11.8 μg/mL. Both MFE and MLE showed potent inhibitory activities against alpha-glucosidase, with IC50 values of 2.6 and 2.9 μg/ml, respectively.
The MFE was also tested in a Caco-2 GLUT2 glucose transporter assay using radiolabelled 2-deoxyglucose as substrate. MFE inhibited GLUT2-mediated glucose uptake with an IC50 of 1.5 mg/ml (assuming the extract did not contain any D-glucose). Pure DNJ did not inhibit GLUT2 glucose transport at concentrations ranging from 0.5-5 µM. Phloridzin (IC50 for SGLT1 ~0.3 µM = 0.13 mg/l), phloretin (IC50 for GLUT2 ~80 µM = 22 mg/l) and dapagliflozin (IC50 for SGLT1 ~0.5 µM = 0.2 mg/l) were used as positive controls in all assays

2. Apple extract (AE)

The AE (Appl’in, Batch No. 31083006, Diana Naturals, France) used in clinical testing was derived from apple press cakes (7, 8) and contained >80% total polyphenols (catechin equivalents) and >5% Phloridzin (phlorizin). Phloridzin is known to inhibit SGLT1 and has shown clinical efficacy for PPG lowering (9). In addition, AE may also exhibit putative GLUT transporter inhibition, including possible GLUT2 inhibition derived from other components as well as in vivo hydrolysis of phloridzin (via lactase phloridzin hydrolase) to its aglycone phloretin (9, 10). There are limited human clinical data supporting the potential PPG-lowering efficacy of the AE. This includes published and unpublished evidence on the AE used here (7, 11) and mixed data for effects on PPG and PPI from studies using AEs with a different composition (12, 13). 
The in vitro efficacy of AE was assayed in a polarised Caco-2 glucose transport assay at both low (5mM, 15 min) and high (25mM, 30 min) glucose concentrations. Phloridzin and phloretin were tested as positive controls, for low glucose (predominantly SGLT1-driven transport) and high glucose (predominantly GLUT2-driven transport) respectively. Evidence of SGLT1 inhibition was defined as >20% inhibition at 5mM glucose and ≤20% inhibition at 25mM glucose, and GLUT2 inhibition as >20% inhibition at both 5mM & 25mM glucose. See Mohammad et al. (14) for additional details.

Phloridzin (300uM), Phloretin (150uM) & AE (400 ug/ml) demonstrated 52%, 84% & 60% inhibition of glucose transport respectively under low glucose conditions and 8%, 76% & 63% inhibition of glucose transport respectively under high glucose conditions.  
AE was furthermore tested in vitro for SGLT1 and GLUT2 inhibitory properties using a Caco-2 cell intestinal glucose uptake model and radiolabelled glucose analogues as substrates. AE at 0.2 mg/ml inhibited 90% of SGLT1 activity with an IC50 of 0.45 mg/ml for GLUT2 inhibition (assuming the AE did not contain D-glucose). Phloridzin (IC50 SGLT1 ~0.3 µM = 0.13 mg/l), phloretin (IC50 GLUT2 ~80 µM = 22 mg/l) and dapagliflozin (IC50 SGLT1 ~0.5 µM = 0.2 mg/l) were used as positive controls in all assays. The AE results are indicative of the presence of both SGLT1 and GLUT2 inhibitors within the extract.

3. White Bean Extract (WBE)

Extracts of white bean (Phaseolus vulgaris) are widely sold commercially as food supplements and ingredients with claims of efficacy as an inhibitor of starch digestion. The α-amylase inhibitory activity is attributed in many literature sources to ‘phaseolamin’, a term variously applied to one or more lectins or other (glyco)proteins (15-17). However, in other literature a clear distinction is made between phaseolamin (suggested to be a storage protein) and the lectin-like α-amylase inhibitors (18, 19). While WBE has well-known in vitro α-amylase inhibitor activity, the lack of clarity on the nature and terminology of the functional agent in WBE means different commercial materials are standardized for α-amylase inhibitor activity (15) rather than a specific chemical profile. Several studies have reported efficacy of  different WBE sources and doses for PPG-lowering, although the wider body of data on WBE conveys inconsistent physiological effects (19-26). This may reflect the different compositions and study designs, small study populations, but also uncontrolled trials or trials using WBE within a combination of treatments.   
The in vitro activity of WBE (StarchLite, Ingredia International, France, batch No. 9547/SO) was evaluated on both porcine and human pancreatic alpha-amylase assays by using alpha-(2-Chloro-4- nitrophenyl)-beta-1,4-galactopyranosylmaltoside as a substrate. Acarbose was tested as the positive control with IC50 values of 1.1 μg/ml and 1.4 μg/ml against porcine and human alpha-amylase, respectively. WBE showed limited water solubility (<1 mg/ml) and relatively low inhibition of alpha-amylase from both human and porcine pancreas (less than 10% inhibition at 200 μg/ml).

4. Elderberry Extract (EE)

EE was selected as a concentrated food-grade source of cyanidin-3-glycoside (C3G). Flavonoid glycosides in general and CSG specifically have been reported to be (possibly selective) SGLT1 inhibitors with mixed evidence for efficacy in reducing PPG (27-29). An anthocyanin-rich extract of elderberry has also been reported to have some α-glucosidase inhibitory activity (30). To our knowledge, EE or its putative active C3G have never been directly tested for PPG-lowering efficacy. However, in a study of the effects of acute and repeated elderberry juice consumption on blood lipids, Murkovic et al. (31) incidentally reported no changes in blood glucose levels. 
EE Powder (Batch No. L11IC03896, BerryPharma AG, Germany) used in clinical testing contained 29.08% Anthocyanins (expressed as C3G equivalents). EE was tested in the polarised Caco-2 glucose transport assay as described above for AE, and with the same controls. EE (200ug/ml) demonstrated 22% and 17% inhibition of glucose transport respectively under low and high glucose conditions.  The EE results are indicative of SGLT1 inhibition.

5. Turmeric (TE)

TE was selected as a source of curcuminoids, which have been shown to reduce glucose absorption in rats, an effect presumed due to GLUT2 inhibitor activity (32). Lin and Chen (33) reported that curcumin blocked hepatic GLUT2 expression and membrane translocation. There are few clinical data on the PPG effects of turmeric, TE or curcuminoids. Despite promising results in animals, Wickenberg et al. (34) reported that 6 g turmeric (approximately 200-300 mg curcuminoids) had no effect on PPG following a 75 g glucose load, while significantly increasing insulin responses. Zanzer et al (35) reported significant effects of a TE on early PPG timepoints, but not on the AUC over 2 or 3 hours. An insulinogenic effect has been suggested by in vitro work with pancreatic beta cells (36). In addition to positive evidence from animal research, sustained use of high-dose curcuminoids (300 mg/d, about 6-8 g turmeric) has also been reported to improve several markers of glucose metabolism in diabetic humans (37, 38). However, those authors generally suggest post-absorptive targets rather than a gut-mediated PPG-lowering effect as the underlying mechanism. 
The TE (Curcumin C3 Complex, batch No. C110439, Sabinsa Europe GmbH, Germany) used in clinical testing contained >95% total curcuminoids & >70% curcumin. The in vitro efficacy of curcumin extract was assayed in a polarised Caco-2 glucose transport assay as described above for AE, and with the same controls.  TE (300uM) demonstrated 68% and 70% inhibition of glucose transport respectively under low and high glucose conditions.  The TE results are indicative of GLUT2 inhibition.

6. Combinations of AE+TE and of EE+TE

These combinations were included based on observations that combinations of extracts primarily inhibiting the SGLT1 (AE, EE) and GLUT2 (TE) transporters together may have significant added functionality for slowing rates of glucose uptake (39-41).  
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Table S1. Inclusion and exclusion criteria.
Subjects who met the following criteria could be included in the study:
1. [bookmark: _Toc57103537][bookmark: _Toc250455725][bookmark: _Toc301887755]Willing and able to give consent to participate in the study in writing
2. Age >20 and <50 yr
3. Body Mass Index (BMI) >18 and <25 kg/m2
4. Lactase deficient as indicated by screening test (see methods)
5. Volunteer apparently healthy [No medical conditions which might affect study measurement, as judged by study physician or measured by questionnaire, and/or assessed by haematology, blood chemistry and urinalysis]
6. Willing to comply to study protocol
7. Agree to be informed by study physician about medically-relevant personal test results 
8. Willing to refrain from drinking alcohol the day of and one day before blood withdrawals
9. Fasting blood glucose value >3.4 and <6.1 mmol/ litre (62-110 mg/dl)
10. Haemoglobin level within normal reference range as judged by the research physician
11. Literate

Subjects who met any of the following criteria were excluded from the study:
1. Employee of Unilever, Hindustan Lever, or Lambda Therapeutics Research
2. Participated in any other biomedical study within 3 months before screening visit day for this study and/or participating in any other biomedical study during the study period
3. Alcohol intake > 120 ml/week
4. On a medically prescribed/slimming diet
5. Work in night shifts (between 23.00 and 6.00 hrs) in the week preceding or during the study
6. Use of any medication including traditional medicines, vitamins or tonics which might interfere with study measurements, as judged by the PI and/or study physician?
7. Engaging in intense exercise >10h/week? (defined as exercise which induces sweating and causes sufficient breathlessness to limit conversation)
8. Reported weight loss/gain >10% of body weight in the 6 months preceding screening
9. Blood donation within 2 months prior to screening visit
10. Evidence of drug abuse based on urine analysis
11. Allergy to any food or cosmetics
12. Smoking or consumption of tobacco in any form, and/or was smoking or consuming tobacco in any form within 6 months preceding the study and/or smoking or consuming tobacco in any form, during the study
13. Pregnant or planning pregnancy during the study period
14. Lactating or has been lactating within 6 weeks before pre-study investigation and/or during the study period



Table S2. Time and event schedule for volunteers
Screening Visit 1
Age, identity and literacy proof
1st informed consent form (for screening)
Weight, height, physical examination and medical history
Alcohol breath and drug abuse test
Urine pregnancy test 
Blood sampling (8 ml for fasting blood glucose and other screening tests)
Lunch

Screening Visit 2
Verification of identify 
Instructions for lactose intolerance test
Lactose Intolerance test:
Baseline breath hydrogen (2 consecutive readings)	
Lactose intake (25 gm in 250 ml water)
Breath hydrogen measurement (30, 60, 90, 120 min after lactose)
2nd informed consent form (ICF-2, for study participation of lactose intolerant subjects)
Instructions for subsequent steps

Intervention Visits (Visits 3 to 7; each visit 2 days plus day 3 telephone follow-up)

Day 1 (Check-in day)
Arrive on site ~17:00 
Verification of identity
Health and compliance check
Alcohol breath test
Pregnancy test 
Allocation to wards
Dinner with standardized meals* (20:00-21.00 hr)

Day 2 (Treatment day)
Baseline urine and dipstick for glucose (within -60 minutes)
Questionnaire on 24 hr history stool consistency & frequency (-45 Minutes)
Baseline gastrointestinal symptoms questionnaire (-35 Minutes)
Baseline breath hrdrogen test (-20 minutes)
Fasting blood samples (2 samples at -15 to 0 min)
Test product intake (0 to +15 min)
Blood sampling (+15, 30, 45, 60, 90, 120, and 180 min)
Breath hydrogen test (+65, 125, 185, 245, 305, 365, and 425 min)
GI symptom questionnaire (+130, 250, 370 Minutes)
Collect and test for glucosuria on all spontaneously voided urine samples
Instruction to subjects for wash out period and for next visit
Questionnaire on stool consistency & frequency during test day (+440 min)
Collect mandatory urine sample for glucosuria test
Provide illustrated stool chart to refer to in Day 3 telephone call
Check-out from the facility

Day 3 (Telephone call only)
Questionnaire on stool consistency & quantity

*Subjects were provided with a standardized dinner to consume between 20.00 and 21.00 on the evening preceding all five treatment days. The actual quantity of food consumed by each subject prior to their initial treatment visit was recorded, and on subsequent visits, the same quantity of this identical meal was served to the subject. Subjects were not permitted to take any other food or beverage, except water, after dinner, until the test meal was provided after baseline samples were taken in the morning of each treatment day.   


Figure S1: Overview of subjects screened, randomized and entering the study
Screened 
N=253

Excluded based on other inclusion and exclusion criteria N=71



Invited for lactose intolerance test 
N=182


Excluded on negative lactose intolerance test
N=46


Successfully screened N=136 


Excluded by lot 
N=63


Randomly invited for participation N=73


Dropped out before start of study N=1


Randomized to study N=72





[bookmark: _Hlk42186747]Table S3: Number of subjects randomized to and completing treatment visits for each extract and the control product. All subjects were randomized to a sequence consisting of the control product and 4 of the 8 extracts. AE, EE, MFE, MFE, MLE, TE, WBE are extracts of apple, elderberry, mulberry fruit, mulberry leaf, turmeric, and white bean, respectively.

	Treatment
	Number of subjects randomized to treatment
	
Number of subjects completing treatment

	AE
	37
	33

	EE
	35
	30

	MFE
	37
	34

	MLE
	37
	33

	TE
	37
	33

	AE + TE
	35
	30

	EE + TE
	35
	31

	WBE
	35
	31

	Control product
	72
	65

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



