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Abstract
Cinnamon and vinegar or acetic acid were reported to reduce the postprandial blood glucose
response. We hypothesized that the combination of these substances might result in an additive
effect. Therefore, we determined the 2-hour postprandial blood glucose and satiety response to a milk
rice meal supplemented with either cinnamon or acetic acid on their own or in combination. Subjects
(n = 27) consumed the meal on 4 occasions as either pure (control trial), with 4 g cinnamon, 28 mmol
acetic acid, or the combination of cinnamon + acetic acid. Blood glucose and satiety were assessed
before eating and 15, 30, 45, 60, 90, and 120 minutes postprandially. At 15 minutes, the combination
of cinnamon + acetic acid resulted in a significantly reduced blood glucose concentration compared
with the control meal (P = .021). The incremental area under the blood glucose response curve over
120 minutes did, however, not differ between the trials (P = .539). The satiety score of the
cinnamon + acetic acid trial was significantly higher than that in the control trial at 15 (P = .024) and
30 minutes (P = .024), but the incremental area under the curve of the satiety response did not differ
(P = .116) between the trials. In conclusion, the significant effect of the combination of cinnamon and
acetic acid on blood glucose and satiety immediately after meal intake indicated an additive effect of
the 2 substances. Whether larger doses of cinnamon and acetic acid may result in a more substantial
additive effect on blood glucose or satiety remains to be investigated.
© 2009 Elsevier Inc. All rights reserved.
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1. Introduction
Currently, there is a rapid rise in the prevalence of obesity
and diseases related to impaired glucose tolerance and insulin
resistance, involving rising public health costs associated with
these diseases [1,2]. The quality and quantity of the diet may
have an influence on blood glucose regulation [3], and a
parameter that classifies foods according to their blood glucose
rising potential is the glycemic index [4]. There is growing
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evidence that diets with a reduced glycemic index and
glycemic load may be beneficial in the prevention and
treatment of several diseases such as insulin resistance,
diabetes, and coronary heart disease [5-8]. Next to the quality
of the carbohydrate fraction per se, other macronutrients, food
ingredients, or food processing [9-11] as well as lifestyle
factors such as physical activity [12,13] may influence the
postprandial glycemic response.
For example, it has been shown that mixing cinnamon
(Cinnamomum cassia) into a meal significantly reduced the
postprandial blood glucose response [14,15], probably by
influencing insulin receptor phosphorylation [16] and by
reducing gastric emptying rate [14]. Next to the acute effects
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of cinnamon, it has also been shown that the administration
of a cinnamon supplementation over 2 to 6 weeks reduced
fasting blood glucose in type 2 diabetic subjects [17] and
postprandial glucose tolerance and insulin sensitivity in
healthy sedentary men and women [18]. A blood glucose–
lowering effect has also been reported when vinegar or acetic
acid was added to foods, both in animal [19] and human
[20,21] experiments. This effect has been explained with a
delayed gastric emptying [22].
So far, the influence of cinnamon and vinegar or acetic
acid on blood glucose or satiety has only been investigated in
isolation. We hypothesized that the combination of these
substances might result in a combined or additive effect.
Therefore, this study aimed to investigate whether the
combination of cinnamon and acetic acid might result in an
additive blood glucose–lowering or satiety-enhancing effect
compared with the isolated substances. Insight into potential
additive or combined effects on blood glucose and satiety
could provide useful information for the treatment and
prevention of diabetes or impaired blood glucose tolerance.
2. Methods and materials
2.1. Subjects
Nine men and 18 women participated in this study. All 27
participants were non-smokers and apparently healthy
(subjects were not aware of any metabolic disorder as
assessed by questionnaire). Mean age, body mass index and
fasting blood glucose were 26 ± 6 and 25 ± 6 years (mean ±
SD), 23.8 ± 1.6 and 21.3 ± 2.2 kg∙m-2, 4.5 ± 0.3 and 4.5 ± 0.2
mmol∙L−1 for men and women, respectively. The study was
approved by the ethical committee of the ETH Zurich and all
subjects gave written informed consent.
2.2. Study design
Each subject completed 4 trials in a randomized order. In
each trial, the subjects received 1 of the 4 test meals, which
consisted either of the control meal, the control meal with 4 g
cinnamon (C cassia; Gewürzmühle Brecht GmbH, Eggenstein, Germany), the control meal with 28 mmol (1.68 g)
acetic acid (Fluka Chemie GmbH, Buchs, Switzerland), or
the control meal with 4 g cinnamon + 28 mmol acetic acid.
The 4 tests had to take place within 4 weeks and with a
minimal gap of 2 days between the tests [23,24].
The control meal consisted of 194 g vanilla milk rice
(Milchreis Vanille; Migros, Zurich, Switzerland) and 33 g
glucose (C*DEX 02001; Cerestar, Castelmassa, Italy)
dissolved in 300 mL water. This control meal provided
75 g carbohydrates, 5 g fat, and 7 g protein. The acetic acid
was dissolved in the glucose drink, whereas the cinnamon
was mixed into the milk rice. The glucose drink was divided
into three 100-mL portions, which had to be drunk before, in
the middle, and after consumption of the milk rice. Another
100 mL of pure water was consumed at the end of the
test meal.

2.3. Blood glucose testing
The pretest standardization was done individually [23,25].
Regularly exercising subjects were allowed to exercise the day
before a test, but the exercise had to be replicated before the
other tests and no exercise was allowed after dinner. Subjects
were asked to consume a carbohydrate-rich meal of their
choice for dinner, but again, the meal had to be replicated
before the other tests. The dinner had to be consumed before 10
PM, and cinnamon and vinegar or foods containing cinnamon
were not allowed before and after the pretest dinner [15].
Subjects arrived in the laboratory in the morning after an
overnight fast of at least 10 hours. First, the pretest
standardization was checked by questionnaire. After fasting
capillary blood sampling had been taken by the finger prick
method, the test meal was served. After this, blood samples
were taken at 15, 30, 45, 60, 90, and 120 minutes after the
fasting blood sample [23]. Each blood sample was taken in
duplicate and analyzed with an amperiometric glucose
analyzer (BIOSEN C_line; EKF-diagnostic GmbH, Barleben, Germany). The average of the duplicate measurement
was used for further calculations. The average coefficient of
variation of the duplicate measurement was 1.6%. Satiety
was assessed by a 20-ary satiety rating scale [26] at the same
time points when blood glucose was measured. Subjects
were given a blank scale at every time point without access
to the ratings of the previous time point or trial.
2.4. Statistical analyses
Subject number was estimated using a SD of the variability
of the blood glucose incremental area under the curve (IAUC) of
approximately 20% [13,24]. Twenty-four subjects were
required to achieve a statistical power of 80% (P = .05, 2sided) to detect an effect size of 12%, which is slightly less than
the effect size as reported by Solomon and Blannin [15]. This
included also a power of greater than 80% to detect an effect size
as reported for acetic acid or vinegar [22,27]. To compensate for
dropouts, we increased the number of subjects slightly.
Therewith our study included more subjects than any other
cinnamon, acetic acid, or vinegar study [14,15,19,21,22,27,28].
The incremental area under the blood glucose and satiety curve
(IAUC) was calculated geometrically, ignoring areas below the
fasting value [23]. Statistical analyses was performed with SAS
for windows (version 9.1; SAS Institute Inc, Cary, NC) using
mixed model analysis of variance (2-factorial) for repeated
measures, with Bonferroni correction, and with a random
subject effect. Data are presented as mean ± SE, unless
otherwise stated. Values of P b .05 were considered to indicate
statistical significance.

3. Results and discussion
3.1. Blood glucose
The IAUC of the blood glucose did not differ between the
trials (main effect of cinnamon: F = 2.78, P = .100; main
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effect of acetic acid: F = 0.35, P = .554; interaction
cinnamon * acetic acid: F b 0.01, P = .978). However, there
were main effects of cinnamon (F = 11.3, P = .001) and
acetic acid (F = 4.07, P = .047) on the blood glucose at
15 minutes (Fig. 1). The interaction cinnamon * acetic acid
was not significant (F b 0.01, P = .978). There was a
significant difference (post hoc, P = .002) between the
control trial (6.44 ± 0.17 mmol·L−1) and the cinnamon +
acetic acid trial (5.80 ± 0.15 mmol·L−1).
One difference between our study and the ones reported in
the literature is the cinnamon dose. Hlebowicz et al [14] and
Solomon and Blannin [15] reported significantly reduced
blood glucose IAUC by adding 6 and 5 g of cinnamon to a rice
pudding and a glucose drink, respectively. We used 4 g
because the effects with 6 and 5 g seemed quite significant, and
it was tempting to assume that 4 g would also work and would
certainly be easier to use under real-life circumstances. In
particular, 6 g is quite a large amount of cinnamon compared
with the quantity generally used in real life. However, recently,
it has been shown that 1 and 3 g of cinnamon did not influence
blood glucose [28], whereas insulin was still affected.
Therefore, considering all available data, one may now
conclude that 1 to 4 g of cinnamon is not a sufficient dose to
reduce the blood glucose IAUC [14,15,28].
Apart from the total amount of cinnamon, one may also
compare the carbohydrate/cinnamon ratio because the blood
glucose–lowering power might be related to the blood
glucose increase. The rice puddings used in the studies of
Hlebowicz et al [14,28] provided 48 g of carbohydrates by
using 1, 3, or 6 g of cinnamon, resulting in a carbohydrate/
cinnamon ratio of 48, 16, and 8. Solomon and Blannin [15]
provided 5 g of cinnamon together with a 75-g oral glucose
tolerance test, resulting in a ratio of 15. The ratio in our study
was 19. Obviously, the studies with the lowest ratio [14,15]
were the ones with a significant outcome, with the blood
glucose–lowering effect of cinnamon clearly being largest in
the study by Hlebowicz et al [14] with a ratio of 8. This

Fig. 1. Blood glucose and its IAUC for the control (Con), cinnamon (C),
acetic acid (A), and the combined cinnamon + acetic acid (C + A) trial. The
IAUC was calculated geometrically, ignoring areas below the fasting value
[23]. Statistical analysis was performed with SAS for windows using mixed
model analysis of variance for repeated measures, with Bonferroni
correction, and with a random subject effect. Data are presented as mean ±
SE. Values of P b .05 were considered to indicate statistical significance.
*Significant difference (P = .002) between Con and C + A.
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indicates the existence of a dose-response effect and suggests
a carbohydrate/cinnamon ratio of approximately 15 or lower
to achieve a significant blood glucose–lowering effect.
In contrast to other studies [21,22,27], we did not see an
effect of acetic acid on blood glucose. We used 1.68 g
(28 mmol) of acetic acid together with 75 g of carbohydrates,
resulting in a carbohydrate/acetic acid ratio of 45. Brighenti et
al [27] and Liljeberg and Bjorck [22] observed a significantly
reduced blood glucose IAUC by adding 1.02 and 1.08 (17 and
18 mmol) of acetic acid to white bread providing 50 g of
carbohydrates, resulting in a ratio of 49 and 46, respectively.
The only study with different doses of acetic acid or vinegar
within the same study is the one by Ostman et al [21], and
reduced blood glucose was observed 30 minutes postprandially when 1.08, 1.38, or 1.68 g (18, 23, or 28 mmol) acetic
acid provided as vinegar was added to white bread providing
50 g of carbohydrates. Ebihara and Nakajima [19] reported no
effect of 3.0 g (50 mmol) acetic acid on the blood glucose
IAUC added to a 50-g sucrose drink, although the blood
glucose peak was delayed with vinegar. Consequently, and in
contrast to cinnamon, there did not seem to be an evident dose
effect. Because the glycemic index and therewith the
glycemic potential of the different test meals (white bread
or sucrose drink) is about the same [29], the most apparent
difference between the studies was the food matrix with
which the acetic acid or vinegar was ingested; for example,
the white bread also contains protein, some few fat, and
dietary fibers and micronutrients. Sucrose provides 50% of
the carbohydrate load as fructose. However, to our knowledge, there is no evident explanation as to why acetic acid
might work more or less in different contexts. Further studies
addressing this issue may bring more insights.
3.2. Satiety
The integrated area under the satiety response did not
differ (main effect of cinnamon: F = 0.74, P = .393; main
effect of acetic acid: F = 3.55, P = .064; interaction
cinnamon * acetic acid: F b 0.01, P = .959) between the trials
(Fig. 2). At 15 minutes, there was a main effect of cinnamon
(F = 4.73, P = .033) on satiety scores with a significant
difference (post hoc, P = .026) between the cinnamon +
acetic acid trial (satiety score, 13.7 ± 0.7) compared with the
control trial (12.8 ± 0.7). The main effect of acetic acid (F =
3.90, P = .052) and the interaction cinnamon * acetic acid
(F = 0.04, P = .849) was not significant. At 30 minutes, there
were main effects of cinnamon (F = 4.19, P = .044) and
acetic acid (F = 7.77, P = .007) with a significant difference
(post hoc, P = .006) between the cinnamon + acetic acid trial
(satiety score, 13.1 ± 0.5) compared with the control trial
(12.8 ± 0.7). The interaction cinnamon * acetic acid was not
significant (F = 0.3, P = .585).
Satiety was significantly increased 15 and 30 minutes
postprandially in the cinnamon + acetic acid trial compared
with the control trial, whereas the isolated cinnamon and
acetic acid trial did not differ from any other trial at any time
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Fig. 2. Satiety and its IAUC for the control (Con), cinnamon (C), acetic acid
(A), and the combined cinnamon + acetic acid (C + A) trial. The IAUC was
calculated geometrically, ignoring areas below the fasting value [23]. Statistical
analysis was performed with SAS for windows using mixed model analysis of
variance for repeated measures, with Bonferroni correction, and with a random
subject effect. Data are presented as mean ± SE. Values of P b .05 were
considered to indicate statistical significance. *Significant difference (P = .026
and P = .006 at 15 and 30 minutes) between Con and C + A.

indicate that the carbohydrate/cinnamon ratio might be a
factor determining the blood glucose–lowering potential of
cinnamon. Certainly, the conclusion about the influence and
interaction of cinnamon and acetic acid on blood glucose and
satiety is limited by the fact that we could detect only small
effects in our study. Whether larger doses of cinnamon and
acetic acid may result in a more substantial effect on their
own and consequently also in a more substantial additive
effect, which results in more significant and relevant effects
on the blood glucose or satiety IAUC, needs to be
determined in further studies.
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point. Ostman et al [21] reported increased satiety when
acetic acid was added as vinegar to white bread. Regarding
cinnamon, Hlebowicz et al [14,28] did not find any effect on
satiety with either 1, 3, or 6 g of cinnamon, corresponding
with the results of our study. Whether the different food
matrix played a role regarding the satiety outcome with acetic
acid remains speculative. Interestingly, the effect on satiety
15 minutes postprandially in the combined cinnamon + acetic
acid trial might indicate a potential combined effect.
Furthermore, there might be a trend for an increased satiety
IAUC in the combined trial. However, as subjective satiety
can also be influenced by food liking or palatability [30], the
satiety outcome should be interpreted with caution. We did
not assess palatability, and it cannot be excluded that the
different meal versions were more or less palatable to each
individual subject.
The glucostatic theory suggests that increased blood
glucose values are associated with increased satiety, at least
in the short term [31]. Accordingly, we would rather expect
reduced satiety in the combined cinnamon + acetic acid trial.
However, satiety is influenced by a myriad of signals
[32,33]. Therefore, it is questionable whether the slightly
lower blood glucose rise from 0 to 15 minutes had any
relevant influence on satiety. As we observed rather
increased satiety in the cinnamon + acetic acid trial, the
glucostatic effect might not have played a dominant role.
In conclusion, 4 g of cinnamon or 28 mmol (1.68 g) of
acetic acid had no effect on blood glucose IAUC. However,
there was a slight but significant reduction of blood glucose
and satiety 15 minutes after meal ingestion and on satiety at
30 minutes when cinnamon and acetic acid were combined.
The absence of an interaction effect indicates that the 2
substances work independently and may produce an additive
effect when used in combination. The absent effect of
cinnamon on its own in comparison to other studies
[14,15,28] may be explained by the carbohydrate/cinnamon
ratio. Together with the results of others [14,15,28], our data
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