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ABSTRACT
Background: Ginger rhizomes (rich in gingerols, shogaols, paradols
and zingerone) have been used in Asia for the treatment of asthma,
diabetes, and pain, and have shown potent anti‑inflammatory attributes.
Common spices such as Cinnamon (including cinnamic aldehyde and
cinnamyl aldehydeis) are used in food and many studies have focused
on its anti‑inflammatory components. Intense exercise can result in an
inflammatory response to cell damage and also muscle soreness. The
efficacy of dietary ginger and cinnamon as anti‑inflammatory agents and
their effectiveness in reducing muscle soreness has been investigated in
limited studies on humans. Therefore, we have studied the effects of
dietary ginger and cinnamon on inflammation and muscle soreness in
Iranian female taekwondo players.
Methods: Sixty healthy, trained women, aged 13-25 years, were
enrolled in the six‑week investigation and randomly categorized into
three groups (cinnamon, ginger or placebo) and received 3 g of ginger,
cinnamon or placebo powder each day, depending on the group they
belonged to. The IL‑6 level and Likert Scale of Muscle Soreness were
evaluated at the beginning and the end of the study and compared
among the groups.
Results: Forty‑nine of the participants completed the six‑week
intervention. There were no significant changes in the IL‑6 cinnamon
and ginger group when compared with the placebo group, whereas,
there was a significant fall in muscle soreness in the cinnamon group
and placebo (P < 0.1) and ginger group and placebo (P < 0.01).
Conclusions: Administration of ginger and cinnamon in athlete
women for six weeks did not show any significant change in the IL‑6
level, but showed a decrease in muscle soreness in the cinnamon and
ginger groups.
Keywords: Athletes, cinnamon, ginger, inflammation, muscle soreness

INTRODUCTION
Zingiber officinale—ginger—has been used in Asia and tropical
countries for the treatment of asthma, diabetes, nausea, and pain,
and it is classified by the Food and Drug Administration (FDA)
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as a food additive.[1,2] Several constituents of
ginger, especially gingerols and shogaols, paradols,
and zingerone, have demonstrated potent
anti‑inflammatory properties in vitro, through the
inhibition of cyclooxygenase 1 and 2,[3‑5] blocking
of leukotriene synthesis,[6‑8] and decreasing the
cytokine gene TNF‑α and IL‑6 expression.[9] This
pharmacological property distinguishes ginger from
non‑steroidal anti‑inflammatory drugs.[6]
On the other hand, Cinnamon, the brown
bark of the cinnamon tree, is commonly used as
a spice and flavoring agent for the preparation of
many foods. It was used as a medicine for many
years, as well.[10,11] Many nutrients including
manganese, dietary fiber, iron, and calcium, occur
in cinnamon. Furthermore, it contains three major
compounds, cinnamaldehyde, cinnamyl acetate,
and cinnamyl alcohol, too.[11,12] Several studies
show that the cinnamon extract treatment decreases
the mRNA expression of the inflammatory
factors [interleukin (IL) 1β, IL6, and TNF‑α],[13]
and it is able to promote pro‑inflammatory gene
expression in RAW macrophages,[14] Furthermore,
oral administration of the cinnamon extract
inhibited development and progression of
inflammation by inhibiting expression of COX‑2
and pro‑inflammatory cytokines (IL‑1β, IFN‑γ, and
TNF‑α), while enhancing IL‑10 levels.[15]
Strenuous Physical exercise can be regarded
as a model of physical stress. Many clinical
stressors (e.g., surgery, trauma, burn, sepsis)
induce a pattern of hormonal and immunological
responses that have a similarity to those of
exercise.[16] Several studies have demonstrated
increases in mRNA expression for inflammatory
cytokines following exercise,[17] as also an increase
in IL‑1 and TNF‑α production.[18,19] Functionally,
the cytokines play an important role in initiating
the inflammatory response to cell damage. This
has been the heightened study of the damage that
occurs in the early stages of exposure to eccentric
exercise and is commonly referred to as delayed
onset muscle soreness (DOMS).[20] Although
multiple practices exist for the treatment of
DOMS, few have scientific support. The suggested
treatments for DOMS are numerous and include
pharmaceuticals, herbal remedies, stretching,
massage, nutritional supplements, and many more,
but DOMS is particularly prevalent in resistance
training.[21]

Therefore, in this study, we investigated the
effects of 3 g of dietary ginger or cinnamon on
muscle soreness and the serum level of IL‑6.

METHODS
We conducted a randomized, double‑blind,
placebo‑controlled clinical study involving 60
apparently healthy, well‑trained, martial art
females (aged 13-25 years), who had exercised
at least thrice weekly for three years. Following
a health‑screening questionnaire, all volunteers
provided a written, informed consent. The
Committee on Human Research at the University
of Isfahan approved the study protocol. Subject
eligibility was determined by a history and
physical examination. Exclusion criteria included
the existence of pathologies interfering with the
immune function (i.e., inflammatory diseases),
pregnancy or lactation, and participants who
avoided taking anti‑inflammatory medication,
therapies, and additional nutritional supplements
during the study. Blood samples were obtained
from all subjects 24 hours after specific resistance
exercise for the competitive season, a seven‑point
Likert scale of muscle soreness[22,23] was obtained
at 24‑hour intervals up to 46 hours post exercise at
the baseline and after intervention. The treatment
order was determined by an online randomization
program (http://www.randomization.com).
Participants consumed 3 g of ginger powder,
cinnamon powder or placebo per day with any
food, depending on their groups, for a duration of
eight weeks. The participants were strongly advised
to maintain regular dietary habits and avoid taking
additional protein or any supplements for the
duration of the study. In an attempt to control the
diet, the participants were asked to record their food
intake every two weeks of the trial, four times. The
serum IL‑6 levels were determined using the method
described by the Boste human IL‑6 ELISA kit.
Statistical analysis
The results are presented as a mean ± standard
error. One‑way multivariate analysis of covariance
(MANCOVA) controlling was used for the
pre‑test differences, followed by Dennett’s post hoc
comparison for multiple comparisons between
the groups. Within group comparisons were done
using the paired samples t‑test. On account of the
non‑normality of the studied variables (positive
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skewed distribution), a logarithmic transformation
was done and homogeneity of the covariance
matrix was tested via the Box’M statistics. Analyses
were performed with the SPSS version 16 (SPSS
Inc, Chicago, IL) statistical package.

RESULTS
Sixty subjects were recruited, with a
median (range) age of 19 (13-25) years. Forty‑nine
of them completed the six‑week intervention.
Withdrawal from the study was considered
as non‑compliance of the study. General
mean ± SD for all study samples for age (years),
weight (kg), and body mass index (BMI, kg/m2)
was (17.58 ± 3.6), (53.32 ± 8.35), and (20.49 ± 2.94),
respectively. Table 1 presents these variables for
each studied group. There are no statistically
significant differences between groups in terms of
basic characteristics.
Table 2 illustrates the estimated average intake of
some nutrients, before and during the intervention
study. There are no statistically significant
differences between and within groups in the
indicated nutrients.
The multivariate analysis of covariance
(ANCOVA) result showed a significant difference
among the studied groups in terms of study
variables (Wilk’s λ =0.261, F = 3.467; P < 0.05).
The mean plasma levels of IL‑6 and the average
data of the muscle soreness, before and after
intervention, are shown in Table 3. There were
significant falls (paired t‑test) in IL‑6, in the cinnamon
Table 1: Basic characteristics of the participants in the
studied groups
Group
Age
Control
Cinnamon
Ginger
Weight
Control
Cinnamon
Ginger
BMI
Control
Cinnamon
Ginger
BMI=Body mass index
S 20

Mean(± SD)
16.82±0.8
18.33±1.18
16.76±0.8
50.78±6.88
52.13±7.10
55.29±9.90
19.8±0.5
20.2±0.6
21.3±0.97

group (P < 0.01) and ginger group (P < 0.001),
and a significant decrease in muscle soreness in
the ginger group (P < 0.001), whereas, there were
no significant differences in IL‑6 between all
groups (P < 0.1). There was, however, a significant
reduction in muscle soreness in the cinnamon
group and placebo (P < 0.1) and ginger group and
placebo (P < 0.01).
Pre‑ and post changes in IL‑6 for group 1 and
control were not statistically significant at P < 0.05
and for group 3 they were decreased but were not
Table 2: Estimated average intake of some nutrients,
before and during ingestion of placebo (Q), ginger (G),
cinnamon (C)
Group
Kcal
Control
Cinnamon
Ginger
Carbohydrate
Control
Cinnamon
Ginger
Fat
Control
Cinnamon
Ginger
Iron
Control
Cinnamon
Ginger
Zinc
Control
Cinnamon
Ginger
Vitamin E
Control
Cinnamon
Ginger
Vitamin A
Control
Cinnamon
Ginger
Vitamin C
Control
Cinnamon
Ginger

Mean(± SD).
before

Mean(± SD).
during

1740±168
1839±173
2098±178

1800±100
1686±107
1727±110

260±24
238±25
310±25

244±98
214±69
256±75

58±10
77±10
69±10

87±6.1
74±6.5
81±6.7

11.7±2.1
12.8±2.2
13.7±2.3

9.8±0.74
9.8±0.79
9.11±0.8

6.9±0.86
7.50±0.88
8.1±0.91

7.8±0.5
6.4±0.5
6.4±0.5

2.63±0.79
1.75±0.81
4.5±0.83

5.07±1.3
4.3±1.3
5.7±1.4

274±95
484±97
406±100

295±334
459±356
967±366

105±15
124±16
116±17

109±16
125±16
113±15
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Table 3: Plasma concentrations of the inflammatory
marker and muscle soreness before and after ingestion of
placebo (Q), ginger (G), cinnamon (C)
Group

IL‑6
(Mean±SE)

Q
Pre
Post

C
Pre
Post

G
Pre
Post

16.95±7.6
17.00±2.5
t= −007
(P<.995)
48.60±33
22.1±3.1
t= −4.24
(P<0.01)
21±0.12
8.5±0.15
t= −4.521
(P<0.001)

Muscle.soreness
P value

1.00*

1.00**

1.00***

(Mean±SE)
1.78±1.27
1.57±1.34
t= −4.24
(P<0.041)
1.00±0.25
1.52±0.25
t=2.10
(P=0.23)
1.62±0.17
0.67±0.23
t= −8.47
(P<0.001)

P value

0.000*

0.037**

0.5***

*Significant differences between Q and G, **Significant
differences between C and Q, ***Significant differences
between G and C, IL=Interleukin

statistically significant at P < 0.05. There were no
significant changes in the between‑group analysis in
interleukin 6 (P < 0.5, f = 1.989). However, pre‑ and
post changes in muscle soreness were marginally
significant for groups 2 and 3 (P < 0.05). The test
between subjects revealed that there were significant
falls for muscle soreness (P < 0.05, f = 188.867).

placebo.[27] Considerable evidence supported the
anti‑inflammatory properties of ginger for several
constituents, especially gingerols, shogaols, paradols,
and zingerones, through decreased cytokine gene
TNF‑α and IL‑6 expression[9] and inhibition of
cyclooxygenase 1 and 2.[3‑5,28,29] These established
biological actions suggest that ingested ginger could
block the increase in IL‑6 and pain.
On the other hand, we found that there were
no significant differences in IL‑6 between all the
groups (P < 0.1), which could be explained by the
dose of ginger and cinnamon that was not large
enough for the assessment time frame and the
number of participants in this study, to produce
meaningful effects in IL‑6 between groups. However,
there was a significant reduction in muscle soreness
in the cinnamon group and placebo (P < 0.5) and
ginger group and placebo (P < 0.01).

CONCLUSION
In summary, the present investigation
demonstrated that six weeks of 3 g dietary ginger
and cinnamon, on consecutive days, reduced the
plasma levels of IL‑6 caused by eccentric exercise
in female martial athletes, and 3 g of ginger also
effectively reduced muscle soreness, but this
finding was not supported by 3 g of cinnamon
consumption.
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