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Figure 1. Synsepalum dulcificum (miracle fruit) in natural form (A) and 
granulated form (B).  

Table 1. Study participants 
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Objectives:
Postirradiation gustatory dysfunction (PIGD), which may 
cause malnutrition, is common in patients with head/neck 
cancer undergoing radiation therapy (XRT). Synsepalum 
dulcificum (miracle fruit) changes taste transduction 
mechanisms of certain substances. This investigation 
addresses whether S. dulcificum can improve PIGD and 
result in weight augmentation in head/neck cancer patients.

Study Design:
Double blind randomized prospective clinical trial.

Methods:
Sixteen patients meeting criteria were separated into 2 
groups based on timing after XRT. In a double-blind 
randomized fashion, patients were assigned miracle fruit or 
placebo. A series of taste batteries/questionnaires were 
performed. Patients were given a 1-month supply of test 
substance. We measured pre- and posttrial weight.

Results:
Fifty-six percent of patients subjectively reported that sweet 
tastes were most adversely affected by XRT; however, 
objectively all patients correctly identified sweet tastes while
approximately one-third of patients answered sour, umami, or 
bitter tastes incorrectly. The majority of patients in both 
groups had a positive response to sour tastes with S. 
dulcificum when compared to placebo (not statistically 
significant). Weight gain was slightly greater in group two with
S. dulcificum when compared to placebo (not statistically 
significant). Inter-group analyses did not yield significant 
differences. 

Conclusions:
In the treatment of PIGD, S. dulcificum may be an effective 
treatment for patients with sour dysfunction but may not be 
effective in augmenting weight. It appears to work similarly in 
irradiation patients regardless of time after radiation. A larger 
N may help to obtain more significant findings. 

B.

Figure 3. Have you lost the desire to eat 
certain foods because of a change in your 
taste after you received radiation therapy? 

Figure 4. Which of your five major 
taste qualities has been most 
affected by radiation therapy? 

Figure 5. Objective measure of the five major 
taste qualities

Figure 6. Group I analysis of response to 
miracle fruit

Figure 7. Group II analysis of response to 
miracle fruit

Figure 8. Inter-group analysis of 
weight gain

Figure 2. End of study questionnaire

An astounding 75% of patients with head and neck cancer undergoing radiation 
therapy complain of taste dysfunction broadly termed “post-irradiation gustatory 
dysfunction”, which can include hypogeusia (partial taste loss), ageuisia
(complete taste loss), and/ or dysgeusia (distorted taste).6,12 While post-
irradiation gustatory dysfunction is often transient, gradually returning to near-
normal levels within 6-12 months after radiation therapy, some patients may 
retain residual hypogeusia or dysgeuisa permanently.4,5,16,17 According to one 
study, taste dysfunction has the greatest impact on a patient’s quality of life.13

Additionally, it has been well established that post-irradiation gustatory 
dysfunction is a contributing factor to malnutrition in patients who may already be 
cachectic from head and neck cancer and its treatment.1,3,4,5 Malnutrition 
coupled with its effects, such as a decreased immune system and poor healing 
and recovery, has been associated with an increased mortality rate.4,14,15 

Recalling that radiation predominantly imparts cell death via damage to DNA, 
proliferative cell populations in addition to the cancer, such as taste cells, are 
most sensitive to its effects.  Taste thresholds begin to increase when patients 
are treated with as little as 2-4 Gy.16 Radiation doses between 10-40 Gy result in 
either complete taste bud destruction or at least a 30-50% reduction of taste cell 
volume.23 Thus, the number of taste buds that degenerate is directly 
proportional to the size of the radiation dose.3 Several studies compare the 
impact that radiation therapy has on patients’ ability to identify the basic taste 
qualities.   One study concluded that bitter and salty tastes were severely 
impacted by radiation therapy while sweet and sour tastes were more robust.4,22

Another study performed four years later by the same investigator, Mossman, 
reported that bitter and acidic flavors were more severely impacted by radiation 
therapy than were salty and sweet flavors.5,12 It is worth stressing again, that 
while post-irradiation gustatory dysfunction is often transient, some patients may 
retain residual hypogeusia or dysgeuisa permanently.4,5,16,17  Although radiation 
therapy has a profound impact on taste, what if there was a way to improve or 
mask post-irradiation gustatory dysfunction?            

Synsepalum dulcificum, known more commonly as the “miracle fruit", may be the 
answer to this question.  This fruit was first discovered in the early 18th century in 
West Africa by a French cartographer and navigator named Reynaud Des 
Marchais; however, it was not until Dr. William Freeman Daniell, a British Army 
surgeon and botanist stationed at an outpost in West Africa, published an article 
in the Pharmaceutical Journal, Vol. Xl in 1852, that the miracle fruit and its 
effects were popularized.27 The miracle fruit, when ripened, is a small tasteless 
red fruit measuring approximately 1.5 cm in length and 8 mm in width (Figure 
1A).  Although its exact mechanism of action remains uncertain, its active 
substance (found in the pulp of the fruit), miraculin, is a glycoprotein, which 
according to Göran Hellekant, a miraculin researcher and professor of 
physiology and pharmacology at the University of Minnesota, changes the 
structure of taste cells.30 The taste transduction mechanisms of taste cells are 
thus altered with changes in shape such that sour and bitter pathways are 
transformed into sweet pathways “tricking” the brain into thinking sour and bitter 
foods actually taste sweet.   On average, this sensation lasts between 30 
minutes and 2 hours.27 This ability of the miracle fruit can have profound 
implications in post-irradiated head and neck cancer patients exhibiting residual 
taste dysfunction.

Thus, this investigation will address whether Synsepalum dulcificum can improve 
or mask post-irradiation gustatory dysfunction and aid in nutritional augmentation 
in head and neck cancer patients.  

A.

Full IRB approval was obtained prior to starting this double-blind 
randomized prospective clinical trial. 

Two groups of patients were studied.  Group one included those patients 
who were in an early post-irradiation period (2-4 months post-irradiation) 
such that miraculin’s effects could be studied prior to peak taste recovery, 
which usually occurs between 6-12 months.  Group two included those 
patients who were in a late post-irradiation period (6 months or later) 
such that miraculin’s effects could be studied during peak taste recovery.

Inclusion Criteria:
Patients: over the age of 18 years, with cancers limited to head and neck 
region, receiving a minimum of 54 Gy

Exclusion Criteria:
Documented anosmia, recipient of nutrition via feeding tube, recipient of 
radiation therapy to the nasal cavity or ethmoid areas, resection of more 
than 50% of oral tongue, patients with known lesions of cranial nerves 
VII, IX, or X, documented allergy to red dye #40

Selected patients (Table 1) had a baseline weight checked and then took 
a pre-testing questionnaire.  Afterwards, they underwent baseline taste 
testing using a taste quality battery, received the test substance, 
participated in random taste testing using a taste quality battery, and 
performed a post-tasting questionnaire.  

Patients were given an ample one-month supply (30 teaspoons) of the 
test substance with instructions on use. At the end of one month, the 
patient returned to the clinic, had a weight check, the amount of 
remaining test substance was calculated, patients completed an end of 
study questionnaire (Figure 2), and patients were informed of whether 
they were given the placebo or the miracle fruit. .

Test substances: Red dyed Sugar (Domino granulated sugar combined 
with Betty Crocker red dye #40 "Classic Gel Food Colors" and distilled 
water) vs. miracle fruit granules (Figure 1B; obtained from 
www.miraclefruitusa.com) -- given in ¼ teaspoon doses.  

Test substances looked identical in appearance thus allowing for the 
blinding of the investigator as well as the patient.  A random numerical 
number was assigned to plastic zip bags containing 1 teaspoon of the 
test substance.  A separate database was used to store the actual test 
substance identity of each bag based on number.  Each patient was 
randomly assigned a bag of test substance, the number on the bag was 
used as the identifying number during testing for future analysis using the 
database.  
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Eighty-eight percent of patients reported that they lost the desire to eat certain foods 
because of a change in taste after radiation therapy.

Fifty-six percent of patients subjectively reported that sweet tastes were most 
adversely affected by XRT (Figure 4); however, objectively all patients correctly 
identified sweet tastes while approximately one-third of patients answered sour, 
umami, or bitter tastes incorrectly (Figure 5). 

The majority of patients in both groups had a positive response to sour tastes with S. 
dulcificum when compared to placebo (not statistically significant).  Positive 
response is defined as a substance tasting better after application of the miracle fruit 
and resulting in the desire to eat more foods of that taste quality if access to the test 
substance were granted.   See Figures 6 & 7. 

Only six patients (out of eighteen) stated in the end of study questionnaire that they 
ate more foods than they would have otherwise had they not been given the test 
substance.  Miracle fruit was administered to five of these six patients.

Fifty-seven percent of patients who received the miracle fruit assumed they had 
placebo when asked at the end of the study prior to un-blinding while eighty-three 
percent of patients who received the placebo assumed they, in fact, had the 
placebo.

Weight gain was slightly greater in group two with S. dulcificum when compared to 
placebo (2 lbs. vs. 1.75 lbs., respectively -- not statistically significant), but weight 
gain was slightly greater in group one with placebo when compared to miracle fruit   
(3 lbs. vs. 1.67 lbs., respectively -- not statistically significant). Inter-group analyses 
did not yield significant differences (Figure 8).

At this time the data suggest that while there is no significant difference in PIGD 
between groups, the miracle fruit may be effective in treating PIGD of sour tastes.  It 
appears that the miracle fruit may work similarly in irradiated patients regardless of 
time after radiation. Moreover, the data suggest that there is no significant change in 
weight with use of the miracle fruit.

The low N of this study is a weakness that cannot be ignored.  Efforts are being 
made to continue enrollment and participation in the study.


