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Grapefruit consumption improves vitamin C
status in periodontitis patients 
H. Staudte,1 B. W. Sigusch2 and E. Glockmann3

Objective Previous studies demonstrate a relationship between a lack 
of vitamin C and increased risk of periodontal disease. In the present
study we examine the vitamin C plasma levels and inflammatory
measures in periodontitis patients before and after the consumption 
of grapefruit. 
Subjects and methods Fifty-eight patients with chronic periodontitis
were assigned to the test group (non-smokers n=21, smokers n=17) and
a diseased control group (non-smokers n=11, smokers n=9).
Furthermore, 22 healthy subjects were recruited to compare vitamin C
plasma levels between periodontally diseased and healthy subjects.
Clinical evaluations, including plaque index (PI), sulcus bleeding index
(SBI), probing pocket depths (PPD) and plasma vitamin C levels, were
performed at baseline, and after two weeks of grapefruit consumption.
Results At baseline, we observed significantly reduced plasma vitamin C
levels in the test group and diseased controls in comparison with the
healthy controls. On principle, smokers showed lower levels of vitamin C
(mean 0.39±0.17 mg dl-1) than non-smokers (mean 0.56±0.29 mg dl-1).
After grapefruit consumption, the mean plasma vitamin C levels rose
significantly in the test group compared to the diseased controls (non-
smokers: 0.87±0.39 mg dl-1, smokers: 0.74±0.30 mg dl-1). Furthermore
the SBI was reduced in the test group (non-smokers: from 1.68±0.6 to
1.05±0.6, p<0.001), whereas PI and PPD were unaffected.
Conclusion The present results show that periodontitis patients are
characterised by plasma vitamin C levels below the normal range,
especially in smokers. The intake of grapefruit leads to an increase in
plasma vitamin C levels and improves sulcus bleeding scores. Longer
term studies are necessary to determine whether other periodontal
outcomes improve with such supplementation especially in smokers. 

INTRODUCTION
Periodontal disease is an inflammatory disorder that leads to tis-
sue damage and bone loss as a result of complex interactions
between pathogenic bacteria and the host’s immune response.
The majority of periodontal treatment modalities attempt to
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arrest the progression of periodontal destruction in order to
avoid tooth loss. But there are some situations when periodontal
therapy is not effective despite the provision of proper treatment.
Therefore, periodontal research should attempt to identify back-
ground factors that may explain the response to therapy.
Systemic factors such as a balanced nutrition or nutritional 
supplementation have not been thoroughly evaluated in 
periodontal research, although reports of the possible effects of
nutrient deficiency and supplementation have appeared early in
the periodontal literature.1-4

The relationship between vitamin C and periodontal disease has
been of interest ever since it was observed that people with vitamin
C deficiencies have loose teeth and red swollen gingiva. Former
studies have dealt with the effect of vitamin C supplementation in
the treatment of periodontitis.1,5,6 But there are no relevant studies
evaluating increased vitamin C consumption as part of a vitamin C
rich fruit diet.

It is known that vitamin C is involved in the synthesis of inter-
cellular substances and collagen fibres of various forms of connec-
tive tissues, for example tendinous and fascial tissue and the
matrix of calcified tissues such as alveolar bone and teeth. There-
fore it is possible that an insufficient vitamin C supply could
aggravate established periodontitis.7 Unlike most animals, humans
are unable to synthesise vitamin C and must rely upon dietary
intake to provide for their physiological needs. Being water-solu-
ble, vitamin C is not retained well in the body and requires a con-
tinuous intake to maintain an adequate bodily pool. 

In industrialised countries, inadequate dietary vitamin C intake
is no longer considered a public health priority. But recently inves-
tigators observed inadequate vitamin C intakes in the general pop-
ulation and described the consequences for human health.8,9

Nishida et al.9 demonstrated, that a decreased vitamin C intake is a
contributing risk factor for periodontal disease, especially in
smokers. Numerous epidemiological studies have shown that
smokers have a higher prevalence and severity of periodontitis
when compared to non-smokers.10-12 The components of tobacco
smoke influence directly the periodontal tissue and the immuno-
logical and inflammatory processes.13,14

The aim of this longitudinal, single-blinded randomised study
was to evaluate the effects of increasing vitamin C intake through
natural dietary sources upon measures of periodontal inflamma-
tion in periodontitis patients (smokers and non-smokers) before
and after the consumption of two grapefruits per day. 

 Shows that periodontitis patients, especially smokers, have significantly lower plasma
vitamin C levels than healthy subjects.

 Vitamin C is involved in immunological functions which make it relevant for periodontal
therapy and prevention.

 This study shows that the recommendation of vitamin C rich foods could support the
management of periodontal disease. 
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MATERIAL AND METHODS
Patient selection
Fifty-eight patients (mean age of 45.0 ranging from 22–75 years
old), 21 males and 37 females, with chronic periodontitis were
consecutively selected from the dental clinic population of the
Friedrich Schiller University of Jena, Conservative Dentistry,
Department of Periodontology. All patients were systemically
healthy and none had received antibiotics, dietary supplements
or undergone periodontal treatment in the previous six months.
Thirty-eight patients (mean age of 45.3), 21 non-smokers and 17
smokers, were allocated to the test group, in which their diet was
supplemented with two grapefruits daily for a period of two
weeks. The grapefruits were acquired in the supermarket and all
fruits had an approximate weight of 300g. Patients were
instructed about the storage (cool and dark) and the consump-
tion time (after a main meal) of the grapefruits. Furthermore, we
recommended that the patients rinsed with water or milk, but did
not perform toothbrushing after the grapefruit consumption to
avoid enamel erosions. 

The remaining subjects formed a diseased control group of 20
patients (mean age of 44.7), nine non-smokers and 11 smokers,
who did not consume grapefruits. During the test period the
patients received no periodontal therapy or professional 
cleaning. 

The smoking history was checked according to a standardised
questionaire. Former smokers who had quit smoking were excluded.

All smokers were cigarette smokers with a median cigarette con-
sumption of 20 cigarettes a day. 

Furthermore, 22 subjects (mean age of 42.0, ranging from
24–65), eight males and 14 females, with a clinically healthy peri-
odontium were used to compare the vitamin C plasma levels
between healthy and periodontally diseased subjects. The study
design is shown in Figure 1.

Informed consent was obtained from all subjects and the study
was approved by the Ethic Committee of the Friedrich Schiller 
University of Jena.

Clinical examinations
At baseline the clinical evaluation of all study participants 
(test group, diseased controls and healthy controls) were carried
out to characterise their periodontal conditions. Clinical meas-
urements consisted of plaque index,15 sulcus bleeding index,16

and probing pocket depths. All teeth were evaluated at six sites
per tooth.

Probing pocket depth (PPD) was assessed with a 15 mm 
periodontal probe (UNC-PC15) to the nearest mm. All data describ-
ing the clinical characteristics were collected by the same examiner,
who was blinded with respect to the group membership of 
the participants. 

Plasma vitamin C levels
Venous blood samples were obtained from each subject between

Table 1

Test group Diseased controls Healthy controls

Non smokers Smokers Non smokers Smokers p-values Non smokers

n = 21 n = 17 n = 9 n = 11 n = 22

PI (BL) 0.61 ± 0.5 0.54 ± 0.3 0.56 ± 0.3 0.55 ± 0.3 0.168 0.20 ± 0.2*

ranges 0.10-1.52 0.22-1.03 0.25-0.87 0.20-0.91 0.23-0.78

PI (AGC) 0.46 ± 0.3 0.67 ± 0.2 0.52 ± 0.4 0.06 ± 0.2 0.187 -
ranges 0.15-0.78 0.37-0.97 0.10-0.99 0.34-0.97

SBI (BL) 1.68 ± 0.6 1.76 ± 0.7 1.64 ± 0.54 1.70 ± 0.52 0.183 0
ranges 1.02-3.09 1.06-2.70 0.99-2.20 1.10-2.31

SBI (AGC) 1.05 ± 0.6* 1.22 ± 0.3 1.67 ± 0.5 1.68 ± 0.6 0.032 -
ranges 0.41-1.67 0.90-1.62 1.17-2.19 1.04-2.30

PPD (BL) 5.4 ± 0.62 5.8 ± 0.73 5.6 ± 0.70 5.8 ± 1.00 0.071 1.8 ± 0.4
ranges 3.72-6.02 4.78-6.53 4.62-6.42 4.63-6.80 1.23-2.42

PPD (AGC) 5.3 ± 0.60 5.8 ± 0.72 5.7 ± 0.70 5.7 ± 0.8 0.165 -
ranges 3.69-5.98 4.81-6.52 4.43-6.45 4.71-6.61

Study population
n = 80

Test group
� n=38 (mean age: 45.3)
� 21 non smokers and 17 smokers
� manifested periodontitis
� grapefruit consumption for 2 weeks

Diseased controls
� n=20 (mean age 44.7)
� 9 non smokers and 11 smokers
� manifested periodontitis
� no grapefruit consumption 

Healthy controls
� n=22 (mean age 42.0)
� non smokers
� clinically healthy periodontium
� no grapefruit consumption 

Table 1: Descriptive clinical measures for the test and control groups at baseline (BL) and after grapefruit consumption (AGC). Means ± SD, ranges and p-values
(differences between test group and diseased controls; Mann-Whitney U-test). *p<0.05  Wilcoxon-test (differences between BL and AGC for PI and SBI and
paired t-tests for PPD). 

Fig. 1  Study design
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of smoking habit of the participants (Figs 3 and 4). In 
non-smokers the mean values rose significantly from 0.56 mg dl-1

to 0.87 mg dl-1 (p<0.001; Fig. 3). The smoking patients showed a
significant increase from 0.39 mg dl-1 to 0.74 mg dl-1 (p<0.05; Fig.
3), but they were unable to attain the same plasma levels as non-
smokers. In the diseased controls (no grapefruit consumption) the
ascorbic acid levels did not change significantly (Fig. 2). Re-
assessment of the percentage of each group falling within the nor-
mal range for vitamin C showed a better vitamin C supply after
grapefruit consumption. Forty-eight per cent of the non-smokers
attained plasma levels of > 0.8 mg dl-1 (Fig. 4).

DISCUSSION
There are many studies that have examined the association of
vitamin C with periodontal disease.1-7 One of the important roles
of vitamin C in metabolic function is collagen synthesis, partic-
ularly in the course of wound healing. This is relevant for the
maintenance of oral tissues such as the periodontal ligament, the
formation of bone matrix and the integrity of blood vessel walls. 

The present study examined plasma vitamin C levels in peri-
odontitis patients. At baseline, the periodontitis patients showed
significantly lower plasma levels than healthy controls (with no
signs of gingivitis or periodontitis). According to Nakamoto et al.2

vitamin C deficiency is a conditioning factor in the development of
gingivitis. Changes in the periodontal tissues associated with 
vitamin C deficiency have been described as oedema, haemor-
rhage, osteoporosis of alveolar bone, tooth mobility and alter-
ations of ligament fibres. 

Furthermore we observed significant differences in plasma
ascorbic acid levels between non-smokers and smokers. While
12% of smokers showed plasma levels below 0.2 mg dl-1 indicating
severe vitamin C deficiency, only 5% of non-smokers had levels
below this value (Fig. 4). These results are consistent with the

8:00-12:00 AM at baseline and after the observation period. The
blood was collected into vacuum tubes containing EDTA. Within
one hour the plasma was separated by centrifugation (4000 rpm
min-1 for 10 min). Samples were stored at –80°C for a maximum
of two weeks. Vitamin C levels were determined by a photomet-
rical method as described by Terada et al.17 This method is based
on the oxidation of ascorbic acid (AA) to dehydroascorbic acid
(DAA) in a copper-catalyzed reaction. The addition of 2.4-dini-
trophenylhydrazine is necessary for the photometric measure-
ment. Reference values are shown in Table 2. Plasma levels
below 0.65 mg dl-1 indicate a marginal deficiency without clear
clinical symptoms. Plasma levels below 0.2 mg dl-1 lead to scor-
butic symptoms. Vitamin C plasma levels over 0.8 mg dl-1 may
help to prevent the development of cardiovascular diseases and
cancer.18,19

Statistical analysis
Descriptive statistics (means of subject means) were used for
mean plaque and bleeding indices and for probing pocket depths.
Between group differences were examined using the Mann-
Whitney U test and longitudinal changes within individual
patients were analysed by paired t-test for probing pocket depth
and vitamin C levels and by Wilcoxon sign rank test for indices.  

RESULTS
Clinical examinations
Table 1 provides a summary of the clinical characteristics in the
test group, the diseased controls and the healthy controls. At
baseline, there were no significant differences between the
plaque index, sulcus bleeding index and probing pocket depths
for test subjects and diseased controls. Data stratification for
smoking status revealed no differences for any clinical measures
between non-smokers and smokers (Table 1). The PI was signif-
icantly different between the periodontitis patients and the
healthy controls (p<0.05). 

Grapefruit consumption had no significant influence on PI or
PPD (Table 1), but SBI scores were reduced in the test group after
the intervention period (AGC). The reduction was only significant
for the non-smokers. 

Plasma vitamin C levels 
At the initial examination the majority of the periodontitis
patients had plasma ascorbic acid levels below the normal range
and the values of the healthy controls (Table 2 and Fig. 2). The
periodontitis patients (test group and diseased controls) showed
mean levels of 0.47 and 0.49 mg dl-1, while the healthy subjects
expressed mean levels of 1.07 mg dl-1 (p<0.01). The comparison
between non-smokers and smokers showed about 29% lower
levels in smokers at baseline (Fig. 3). 

Plasma ascorbic acid levels reflect the vitamin C supply to the
tissues of an individual subject. Using the reference values for plas-
ma vitamin C we compared each patient with the vitamin C supply
reference level (severe undersupplied, undersupplied, normal sup-
plied, optimal supplied; Table 2) and ascertained the percentage
that fell into each category. At baseline in periodontally diseased
non-smokers 71% of the patients were undersupplied and 5% were
severely undersupplied with vitamin C (Fig. 4). Only 24% of the non
smoking patients showed a ‘sufficient’ vitamin C supply. In the
periodontally diseased smokers we identified 88% as undersupplied
and 12% as severely undersupplied with vitamin C. None of the
smoking patients had plasma ascorbic acid levels within the normal
range. In the healthy controls no participant was undersupplied
with vitamin C. The healthy subjects showed mean 
values > 0.8 mg dl-1, which indicated an optimal supply (Fig. 2). 

The consumption of grapefruit over two weeks increased 
the ascorbic acid plasma levels in the test group independently 

Table 2

Vitamin C plasma levels Classification

< 0.2 mg/dl severe undersupplied - scorbutic symptoms
0.2-0.65 mg/dl undersupplied        - unspecific symptoms
0.65-0.8 mg/dl normal supplied       - no clinical symptoms

> 0.8 mg/dl optimal supplied      - prevention of cancer 
and cardiovascular diseases
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Table 2  Reference values for plasma vitamin C levels.

Fig. 2  Plasma ascorbic acid levels at baseline (BL) and after grapefruit
consumption (AGC), comparison between periodontitis patients and healthy
controls. **p<0.05 paired t- test (differences between BL and AGC) ; * p<0.01
Mann Whitney u-test (differences between test group and healthy controls BL).
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recent findings of Nishida et al.9 who observed that smokers had a
lower dietary vitamin C intake when compared with non-smokers.
The authors presumed that smokers, for this reason, had a signifi-
cantly greater incidence of periodontal disease. On the other hand
the consumption of cigarettes could decrease the vitamin C pool
within the body. Cigarette smoke is known to contain numerous
reactive oxygen species causing tissue damage through a variety
of mechanisms, including stimulation of proinflammatory
cytokine release by monocytes and macrophages. Vitamin C is
known as one of several compounds that form part of the body’s
antioxidant defence system. It has been reported that vitamin C
directly neutralises free radicals, scavenges hydroxyl radicals
which mediate tissue damage, and suppresses macrophage secre-
tion of superoxide anions. The inverse relationship between smok-
ing and plasma vitamin C levels is well reported, even for passive
smoking.20 Schectman et al.21 suggested that smokers need more
vitamin C to reach the same plasma levels as non-smokers. Vegeta-
bles and fruits serve as primary contributors to total vitamin C
intake,22 whereas dietary supplements of vitamin C and other
antioxidants have failed to demonstrate consistent therapeutic
benefits,23 therefore grapefruit was choosen to influence vitamin C

status. Furthermore, the integration of grapefruit in the diet is easy
as the fruit is available to everyone. One grapefruit contains
approximately 92.5 mg vitamin C.24 Thus two grapefruit per day
supply approximately 185 mg vitamin C in addition to other
micronutrients. A recent report suggests that women should con-
sume 75 mg of vitamin C and men 90 mg daily. With two grape-
fruits per day the vitamin C intake in our test group increased
above recommended values. The improved vitamin C intake led to
increased plasma ascorbic acid levels after the intervention period
of two weeks in the test group. However, the levels attained by
smokers were still lower than those of non-smokers. One further
study dealt also with the consumption of citrus fruits, especially
oranges, to improve the oral health in children.4 The authors also
measured increased plasma ascorbic acid levels after a daily con-
sumption of three oranges. However, any comparison with our
results is difficult, because the study population were children
without periodontitis. 

The influence of grapefruit consumption on clinical periodontal
parameters was also investigated. Our results demonstrate that
grapefruit consumption did not significantly influence plaque
accumulation. Dilley et al.4 also observed no effect on the plaque
indices after the consumption of three oranges per day in children.
Further studies observed positive effects of apple consumption on
plaque accumulation.25,26 The authors presumed that the fibrous
texture of apples acts like a toothbrush during the act of chewing.
But it is well known that appropriate hygienic measures can 
significantly reduce plaque levels.27

Probing pocket depths were not influenced by the grapefruit
consumption in our study. A recent study tested the effect of 
a nutritional supplement (vitamin tablets) on the pocket formation
in periodontitis patients.28 After 60 days of vitamin tablet applica-
tion the pocket depths were reported to be significantly reduced.
However, our study test period was too short for such effects to 
be expected and it is most likely that antioxidant effects on peri-
odontal inflammation act in a preventative manner, rather than 
by improved healing. The shorter-term effects on gingival 
bleeding are more likely structural due to ascorbates role in 
collagen metabolism.

We observed a significant reduction of the sulcus bleeding index
after grapefruit consumption. The main cause for this effect seems
likely to be the improved vitamin C supply as this was the only
intervention. Vitamin C plays an essential role in the collagen syn-
thesis. It acts as a co-factor for proline and lysine-hydroxylases and
influences gene transcription.29,30 A deficient collagen production
causes a higher permeability of gingival tissue, which was observed
in vitamin C deficient individuals. Legott et al.5 also found that
vitamin C supplementation of 250 mg d-1 leads to decreased bleed-
ing scores, which may be related to the role of vitamin C in main-
taining the microvasculature structure within the sulcus. Another
mechanism of vitamin C or other compounds in grapefruit could be
based on antioxidant effects. Phagocytes produce reactive oxygen
species (ROS) as part of their antibacterial function in response to
infection with periodontopathogenic bacteria. Recent studies have
shown that periodontitis subjects produce excess ROS in what is
though to be a hyper-inflammatory response.31 Furthermore, stud-
ies have demonstrated compromised antioxidant defence systems
in the plasma and crevicular fluid of periodontitis subjects, relative
to controls.32,33 Grapefruit consumption may serve to increase the
antioxidant defence system of the oral tissues and reduce 
periodontal inflammation in this manner.

In conclusion, the results of this study demonstrate that peri-
odontitis patients have reduced plasma ascorbic acid levels, espe-
cially if they smoke. The consumption of two grapefruit per day
improved vitamin C supply significantly and had positive effects on
gingival bleeding. Increased dietary intake of vitamin C rich foods
may be useful as an adjunctive measure in the management of peri-
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Fig. 3  Plasma ascorbic acid levels at baseline (BL) and after grapefruit
consumption (AGC); comparison between periodontally diseased non-smokers
and smokers (only test group). **p<0.05  paired t- test (differences between
BL and AGC).
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odontal disease. Further studies are required over more protracted
periods of time and using vitamin C as an adjunt to traditional non-
surgical therapy in further randomised controlled trials.
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