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This study examines the effect of moderate intake of red wine, tannic acid, or ethanol during a meal in type 2 diabetic patients 
and the influence of tannic acid on the digestibility of starch by ~-amylase. Thirty non-insulin-dependent diabetes mellitus 
(NIDDM) patients aged 53 -+ 6 years were studied (in vivo study) 10 of whom received red wine (200 mL), 10 tannic acid (150 
mg), and 10 ethanol (16 g) with their midday meal (600 calories, 65 g carbohydrate, 20 g lipid, and 34 g protein). All patients 
were tested on two occasions (water or placebo vwine,  alcohol, or tannic acid). The influence of tannic acid (0.25, 0.5, and 1 
mg) on the digestibility of starch (100 mg) by ~-amylase (100 U) was tested in vitro by sequential incubation at 37°C (in vitro 
study). The maximum glucose excursion after lunch was 2.6 -+ 0.8 mmol/L at 90 minutes (T90) for water and 1.8 -+ 0.9 mmol/L 
at T90 for red wine taken with the meal. The values at T60 and T90 were significant (P < .01). Comparable results were 
obtained with tannic acid alone (nonalcoholic component of wine): the maximum glucose excursion after lunch was 2.76 -+ 0.9 
mmol/L at T120 for placebo and 1.97 _+ 0.9 mmol/L at T90 for tannic acid (P < .01); no difference in glucose and insulin 
excursion was observed between water and ethanol. No interaction between tannic acid and starch was observed in the in 
vitro experiments, although after preincubation of ~-amylase with tannic acid, digestion was slowed in a dose-dependent 
manner (6.1 -+ 1.1 minutes for 0.25 mg tannic acid and 13.1 -+ 1.59 minutes for 1 mg tannic acid}. Drinking red wine with a meal 
did not increase blood glucose in NIDDM patients, and led to a slight decrease in some instances. The effect appeared to be 
mediated by the nonalcoholic compounds in wine such as tannic acid. Ethanol itself had no effect on plasma glucose or insulin 
levels. 
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A LCOHOL CONSUMPTION plays an important role in 
many societies and constitutes a normal part of meals in 

many countries. It accounts for 4% to 6% of the total energy 
intake in most Western countries, 1-3 which has implications for 
the management of patients with diabetes mellitus. It is widely 
recognized that excessive or long-term intake of large amounts 
of alcohol has adverse effects (weight gain, hypertriacylglycer- 
olemia, and hepatic cirrhosis). In France, most alcohol is 
consumed in the form of red wine taken regularly with meals. 

The effects of ethanol on carbohydrate metabolism are 
complex. When administered to individuals whose glycogen 
stores have been depleted by fasting, ethanol can lead to severe 
hypoglycemia, primarily by reducing hepatic glucose produc- 
tion via inhibition of gluconeogenesis. 4'5 However, the effects of 
ethanol in fed individuals are less well understood. Ethanol has 
been associated with reduced, 6 improved, 7.s or unchanged 9,1° 
glucose tolerance. In diabetic patients, alcohol can have both 
hypoglycemic and hyperglycemic effects. Ethanol enhances 
glucose-stimulated insulin secretion in healthy individuals and 
patients with type 2 diabetes I°,u and reduces gluconeogenesis 
in the liver. 5,J2 On the other hand, alcohol causes peripheral 
insulin resistance by reducing both glucose oxidation and 
storage) TM In diabetic patients, hypoglycemic effects 15,16 or no 
effect on blood glucose 17 have been reported after consumption 
of alcohol. It should be noted that with binge drinking, dietary 
adherence is generally poor and it is often unclear whether the 
hypoglycemia is due to skipping meals or to the direct effect of 
alcohol. 

Investigations on the effects of ethanol on glucose tolerance 
and insulin secretion have produced conflicting results. In most 
studies, large quantities of ethanol were administered and the 
effects on the tolerance to glucose ingested in the morning after 
an overnight fast were assessed. This is not readily comparable 
to the normal modes of ingestion of alcoholic beverages, which 
are themselves complex mixtures of ethanol with other sub- 
stances such as tannic acid and procianidol. It is thus possible 
that red wine may have different effects versus the equivalent 

quantity of pure ethanol. Among the various constituents of red 
wine, one class represented by phenolic compounds including 
tannic acid and procianidol has been singled ont. Procianidols 
are widely distributed in plant foods and beverages such as red 
wine. In the grape, some are free in the cell-soluble fraction, 
although the majority are bound to the cell wall. Benzoic acid 
and flavone form the basic structures of tannic acid, which can 
be divided into different groups including flavones, flavonoids, 
and anthocyanidins. 18-I9 The combination of these molecules 
constitute the tannins that characterize the various types of 
wine. They are known to impair protein digestibility due to their 
ability to bind and precipitate proteins 2°-°-z and to reduce the 
activity of digestive enzymes. 23 The inhibition of digestive 
enzymes affects the digestibility and absorption of dietary 
constituents such as starch 24,25 and lipids. 26,27 

In view of the clinical and social implications of "normal" 
ingestion of alcoholic beverages, we investigated the acute 
effects of red wine, tannic acid, or ethanol on the postprandial 
excursion in blood glucose levels in type 2 diabetic patients. In a 
controlled design, we examined the effect of moderate intake of 
red wine, tannic acid, or ethanol during the midday meal. The 
effect of tannic acid on c~-amylase activity was also measured in 
vitro. 

SUBJECTS AND METHODS 

In Vivo Study 

Patwnts. Thirty men with non-insulin-dependent diabetes mellitus 
(NIDDM) participated in the study. The patients were aged 53 _+ 6 years 
(range, 42 to 63); the body mass index was 27 _+ 2 kg/m 2 (range. 24 to 
31), and the duration of diabetes was 10 +- 5 years. Patients continued 
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taking their usual treatment: three were treated by diet alone, five with 
biguanides and diet, four with sulfamides and diet, and the other 18 with 

diet, sulfamides, and biguanides. None of the patients received insulin. 
and all medication was taken normally, including the day of the study. 

The patients were split into three groups of 10: red wine group, tannic 
acid group, and ethanol group. All participants had evidence of 

endogenous insulin production with postprandial serum C-peptide 

levels higher than 2.4 ng/mL. None of the participants had a history of 
liver disease or alcohol abuse. The patients were in fairly good diabeuc 

control as indicated by a hemoglobin Alc level of 7.9% -+ 0.50% (range, 
7.2% to 9.1%; reference range, 4% to 6%). None of the patients had any 
significant chronic microvascular complications (except background 
retinopathy) were receiving treatment apart from diabetes therapy. 

All patients provided informed consent after the nature, purpose, and 
potential risks of the study were explained. The study procedure was 
approved by the Ethics Committee of our institution. 

Study design. The study was performed in the metabolic ward of 

our hospital, and the patients reclined in bed throughout the test. The 
test started at 12:30 PM, but every patient received an identical typical 
French breakfast at 7:30 AM (70 g bread, 20 g butter. 120 mL milk, and 
coffee). 

Procedure 1: red wine group. Ten patients were tested twice in 
random order with or without red wine during a test meal eaten in 20 

minutes. A minimum of 2 days were allowed between the wine and 
control tests (water), which were performed under identical conditions. 
The patients reclined in bed throughout the test. and the same meal was 
served at 12:30 P~ (100 g tomatoes, 80 g beef, 120 g pasta. 100 g green 
beans, 20 g cheese, 150 g orange, 50 g bread, 5 g sunflower oil, and 5 g 
butter, totaling 600 calories with 65 g carbohydrate, 20 g lipid, and 34 g 
protein). Two glasses (200 mL) of wine or water were given during the 
meal. Red wine was obtained from the Institut National de Recherche 

Agronomique (INRA), and the water was mineral water. 
A catheter for blood sampling was placed in a peripheral vein and 

kept patent by a slow infusion of normal saline. A heated blanket (55°C) 
was used for blood arterialization, and blood samples for determination 

of plasma glucose and insulin were taken 15 minutes before the start of 
the meal (time = 0 minutes [TO]), 15 minutes after, and at 30-minute 
intervals over the subsequent 5 hours. 

Procedure 2: tanmc acid group. Ten other patients were tested 
twice in random order with or w~thout 150 mg tanmc acid or placebo. 
Tannic acid was obtained from the Centre d'Exprrimentation Pharma- 

ceutique (Ldognam France) and was prepared in a 150-rag capsule at 
our hospital dispensary. The dose of 150 mg was chosen to approximate 
that supplied by two glasses of INRA red wine as recommended by the 
Oenologic Institut that usually controls wine tannic acid composition 
with the Bate-Smith reaction (tannic transformation into cyanidine), z8 

An identical procedure to that already described was used: two glasses 
of water were consumed for both tests, and the capsules were taken 
during the middle of the meal. 

Procedure 3: ethanol group. The last 10 patients were also tested 
twice in random order with or without ethanol (16 g; equivalent to the 
ethanol content of 200 mL INRA red wine) diluted m 200 mL water. The 
patients received a meal and procedure identical to that described in 
procedure 1. 

Analyticalprocedure. Plasma glucose was determined by a glucose 
oxidase method using an automated procedure. 29 The serum insulin 
level was measured by radioimmunoassay (Pharmacia, Uppsala, Swe- 
den). 

Results are expressed as the mean -+ SD and were subjected to 
ANOVA. Blood glucose and serum insulin responses are expressed as 
increments above the fasting levels. 

In Vitro Study 

The digestibility of starch by c~-amylase in the presence or absence of 
tannin was tested. We also examined the capacity for cross-linking 
between tannin and starch or e~-amylase. 

Materials. et-Amylase (REF A0521, 790 U/mg) was purchased 
from Sigma Laboratories (Paris, France). Tannin was obtained from the 
Centre d'Exprrimentation Pharmaceutique, and cornstarch was ob- 
tained from the INRA. 

Procedure. a-Amylase was constituted at a concentration of 100 
U/mL in saline, starch at 500 mg in 100 mL physiological saline, and 
tannin at 250 rag/L, pH 6.9. Two sets of experiments were performed 
(10 replicates per experiment). 

In the first set (starch-tannin interaction), starch was preincubated 
with tannin and then a-amylase was added. Starch (100 mg, 20 mL of 
the solution) was incubated for 5 minutes at 37°C with 0.25, 0.5, or 1 
mg tannin, and then 100 U c~-amylase (1 mL of the solution) was added. 
Three minutes later, starch degradation was evaluated by testing with 
iodine every minute until total degradation. 3° 

In the second set (amylase-tannin interaction), a-amylase was 
preincubated with tannin and then starch was added, e~-Amylase 100 U 
was incubated with 0.25, 0.50, or 1 mg tannin for 5 minutes at 37°C and 
then 100 mg starch was added. Starch degradation was evaluated 3 
minutes later and then every minute until total degradation. 

RESULTS 

In Vivo Study 

All  pat ients  adhered  well  to the schedule  and  c o n s u m e d  the 

entire meal .  There  were no s ignif icant  di f ferences  in fas t ing  

s e rum levels  o f  g lucose  or insul in,  and  no ethanol  was  

detectable in the  fas t ing  blood samples .  No  adverse  effects  were 

observed  dur ing  water,  wine,  ethanol,  or tannic  acid tests,  and  

mea l  tolerance was  comparab le  in all patients.  None  experi-  

enced  nausea  or vomi t ing ,  and there were  no reports  o f  f lushing 

dur ing  the study. 

Procedure 1: wine versus water test. The  m a x i m u m  glu- 

cose  excurs ion  after the  start o f  the  mea l  was  2.6 -+ 0.8 m m o l / L  

at Tg0  for water  and  1.8 -+ 0.9 m m o l / L  at T90  for red wine.  Red  

wine taken dur ing  the mea l  reduced  the  b lood g lucose  excurs ion  

(Fig 1). The  dif ferences  were statist ically s ignif icant  at T60  and  

T90  (P < .01). No  differences  were  observed  for insul in  levels  

be tween  the two tests  at any t ime  (Fig 2). 

Procedure 2: tannic acid versus placebo test. The  maxi -  

m u m  glucose  excurs ion  was  2.76 -+ 0.9 m m o l / L  at T120  with 

p lacebo and  1.97 + 0.9 m m o l / L  at T90  wi th  tannic  acid (Fig 3). 

The  difference was  statist ically s ignif icant  (P  < .01). No  differ- 

ences  were observed  for insul in  levels  be tween  the tannic  acid 

and placebo tests (Fig 4). 

Procedure 3: meal taken with or without 24 g ethanol. No 

difference was  observed  in the b lood g lucose  excurs ion  or 

p l a s m a  insul in  level be tween  the mea ls  with and  wi thout  

e thanol  (Table 1). 

In Vitro Study: Starch Digestibility 

Incubat ion  o f  t ann in  wi th  s tarch before the act ion o f  c~-amy- 

lase had  no inf luence on the  digest ibi l i ty o f  s tarch at the 

concent ra t ions  o f  t ann in  tested. However ,  w h e n  tannin  was  

incubated  with c~-amylase before the  action on starch, the starch 

took longer  to be comple te ly  d iges ted  ( +  6.1 -+ 1.1 minu te  at 

0.25 mg,  +10 .1  + 1.1 minu te  at 0.5 mg ,  and +13 .1  _+ 1.59 
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Fig 1. Glucose excursion after lunch with water intake (0) or red 
wine intake (©). *P < .01. 

minute at 1 mg tannin). Tannin was thus assumed to interact 
with o~-amylase. 

DISCUSSION 

Alcohol has been found to induce hypoglycemia in normal 
and insulin-dependent diabetic patients, 31,32 which is attributed 
to an inhibition of gluconeogenesis in the liver. 13 This effect is 
more pronounced when the liver is glycogen-depleted. 31 But in 
short-term studies, moderate doses have been found either to 
reduce slightly 7,~7 or not to affect 33 the blood glucose response 

in NIDDM patients. Unequivocal dietary advice therefore 
cannot be given to such patients. Furthermore, the addition of 
alcohol to beverages 34 appears to have a different effect versus 
alcohol taken in the form of wine. 35 It should be kept in mind 
that drinking red wine is part of the way of life in France, and so 
needs to be taken into account in dietary recommendations. 
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Fig 3. Glucose excursion after lunch with placebo intake (0) or 150 
mg tannic acid intake (©). *P < .01. 

The present study was designed to compare the effect of red 
wine, water, and tannic acid (a nonalcoholic component of red 
wine) on the postprandial glycemic excursion. The patients 
received identical food in the different tests, although the total 
energy load was increased by the added wine or ethanol (120 
calories). The amount and quality of food were equivalent to a 
normal meal, and a realistic amount of wine (200 mL) or 
ethanol equivalent was supplied. 

We found that red wine taken during the meal induced a 
smaller increase in blood glucose versus the same meal 
accompanied by an equivalent amount of water, with no 
statistically significant effect on plasma insulin levels, Compa- 
rable results were obtained after prandial consumption of 150 
mg tannic acid, one of the nonalcoholic constituents of wine, 
while ethanol (alcoholic compound) was without effect on the 
plasma levels of glucose or insulin. 

The in vitro study showed no interaction of tannic acid with 
starch but an interaction of (x-amylase activity after preincuba- 
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Table 1. Blood Glucose (mmol/L) and Plasma Insulin (l~U/mL) Excursion During a Meal With and Without Ethanol 

Parameter TO T30 T60 T90 T120 T150 T180 T240 T300 

Glucose excurs ion 

Water 0 1.5 ± 0.4 2.6 +- 0.4 2.7 _+ 0.6 2.2 -+ 0.5 1,3 ± 0.3 0.9 +_ 0.4 0.3 -+ 0.3 0.2 +- 0.3 

Ethanol 0 1.3 -+ 0.3 2.4 +- 0.4 2.8 +_ 0,5 2.4 - 0,6 1.4 + 0.3 1 _+ 0.3 0.2 ± 0,2 0.1 ± 0.3 

Insulin excurs ion 

Water 0 5.9 ± 1.3 10.6 _+ 1.2 12.2 _+ 1.8 10.8 ± 1,3 9.8 ± 1.6 8,4 + 1.6 5.3 ± 0.8 5.2 -+ 1.3 

Ethanol 0 6 +- 1.2 8.6 -+ 1.9 12.7 _+ 1.3 10.4 ± 2.2 10.7 ± 2 8.9 ± 2.3 6.4 ± 1.9 6 ± 1.4 

tion of the enzyme with a tannic mixture. This effect may have 
been due to degradation or inhibition of the enzyme. It is 
possible that we used rather high concentrations of tannic acid 
in the in vitro study, as the intraluminal concentrations are not 
known in man. However, the concentrations we used were in 
line with those used in the food industry. The starch did not 
appear to bind with tannic acid during the in vitro study, but 
perhaps this is due to the very short incubation (5 minutes). 

Many studies have demonstrated the hypoglycemic effect of 
alcohol intake, but in all cases, the subjects were in the 
postabsorptive state and large amounts of alcohol were ingested 
(1 g/kg 32 or 0.75 g/kg intravenously over 30 minutes14). Some 

investigators have suggested an alcohol-augmented, glucose- 
induced secretion of insulin, 1° although the consensus view is 
an inhibition of hepatic glucose output. 5,I~- 

We did not observe any difference for the increase in insulin 
secretion after ingestion of 200 mL red wine or 16 g ethanol 
with the meal, although Christiansen et al34 demonstrated that 
the addition of 0.25 or 54 mL alcohol/L to 500 mL nonalcoholic 
beer led to a dose-dependent stimulation of insulin secretion in 
NIDDM patients. 

In our study, a lower postprandial increase in blood glucose 
was observed after red wine intake, but it should be noted that 
our patients were not fasted and the amount of alcohol ingested 
(200 mL red wine = 16 g alcohol) was low. A direct alcohol 
effect was considered unlikely, and 16 g ethanol was without 
effect. Interestingly, we found that one of the nonalcoholic 
constituents of red wine had a comparable effect to that 
observed with red wine. It was thus thought that the glycemic 
effect may have been due to the tannic acid fraction of the wine. 
Tannic acids are plant derivatives, and their effects may be akin 
to those of fiber. 36 Fibers are known to affect glucose tolerance 

and interact with digestive enzymes. Our in vitro results 
indicated an interaction with c~-amylase, which has been found 
by other invest igatorsS Phenolic constituents and tannins 
(polyphenols) are known to impair the utilization of proteins in 
animal and human diets, due to their ability to bind with and 
precipitate protein. Tannins also inhibit digestive enzymes such 
as trypsin and a-amylase. 23 Deshpande and Salunkhe 37 showed 

that tannic acid and catechin interact with various starches and 
increase their resistance to the action of c~-amylase. 

A normal intake of red wine during a meal is unlikely to 
induce a bout of hypoglycemia, as the glycemic effect of red 
wine appears to depend on tannic acid and not on alcohol, and 
tannic acids are not known to be insulin secretagogues. The 
difference observed had no clinical significance, and there does 
not appear to be any scientific justification for avoiding red wine 
taken in moderation with meals. 

The nonalcoholic components of red wine may have other 
effects. Whitehead et aP 8 have shown that ingestion of 300 mL 
red wine led to an 18% increase in the serum antioxidant 
capacity after 1 hour, whereas white wine, which has a lower 
content of nonalcoholic compounds, led to only a 4% increase. 
Frankel et al39 showed that the phenolic substances in Califor- 
nian red wine protected low-density lipoprotein from peroxida- 
tion. 

In the long term, the energy content of wine must be taken 
into account and the potential effects on body weight, especially 
in overweight and obese NIDDM patients, should not be 
overlooked. 
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