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A clinical trial was conducted in order to prove the efficacy of a solution containing 50 gA of plantain flour 
and 3.5 g/l of sodium chloride (NaC1) for the rehydration of children with acute diarrheal diseases. 121 
children were given WHO-ORS (Group A) and 117 a plantain flour-based solution (Group B). Rehydration 
was successful in 85.9% in Group A and 88.0% in Group B (p = 0.634). Rehydration was completed in 
5.28 h (SD 1.99) in Group A and in 4.88 h (SD 2.1 1) in Group B (p = 0.132). The average solution intake for 
rehydration was 24.56mllkgh (SD 10.12) in Group A and 21.17ml/kg/h (SD 9.35) in Group B 
0, = 0.00782). The mean stool output during rehydration was 8.45gkgh (SD 9.72) in Group A and 
4.69 g/kg/h (SD 4.98) in Group B (p = 0.00053). Decrease in blood levels of sodium and potassium occurred 
in some children in group B. The plantain flour-based solution proved effective for the treatment of 
dehydration due to acute diarrheal diseases and should be considered as an alternative when standard 
WHO-ORS is not available. 0 Dehydration, diarrhea, oral rehydration, plantain Jour 
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Diarrheal diseases are among the major causes of morbidity 
and mortality in children of developing countries (1). 

Despite success obtained by the World Health Organiza- 
tion (WHO) Program for the Control of Diarrheal Diseases 
(CDD) and the confirmation of ORS formula as an effective 
remedy, limitations in its availability and use are still 
evident. Geographic, cultural and economic limitations 
affect the availability of ORS especially among rural and 
Indian communities. Despite its advantages, ORS does 
not reduce the volume of stool loss or the duration of 
diarrhea, which is the primary concern of both parents and 
health workers when dealing with children with diarrheal 
diseases. 

The search for an improved solution has lead to studies 
with aminoacids, rice and other cereals, maltodextrines, 
hydrolysed proteins, low osmolarity solutions, and short 
polymers of glucose (2-13). 

Study background 
Colombian culture has used plantain as a basis for home- 
made medicines for the treatment of diarrhea under the 
belief of having “antidiarrheal properties”. 

In the Indian communities of Antioquia, one of Colom- 
bia’s largest provinces, diarrheal diseases stand among 
the first causes of morbimortality in children, while the 
availability and use of ORS solution is low (14). Several 

different varieties of plantains (musa sp.) are available all 
year round and have become the nutritional staple of these 
Indian groups. 

In 1991, a biochemical study was performed on four 
varieties of green plantain, in order to obtain a solution 
prepared with native community resources for the preven- 
tion and treatment of dehydration. There are 83.3g of 
glucose and 3.7 g of protein with low contents of electro- 
lytes in lOOg of plantain flour. Once hydrolysed, these 
proteins produce the following amino acids: glycine, 
lysine, leucine, glutamic acid, valine, phenyl alanine, 
tryptophan, aspartic acid, histidine, arginine and alanine 
(15). 

The following homemade recipe for a plantain flour- 
based solution was standardized in this study using green 
hart6n plantain (musa paradisiaca): the peel of the plantain 
is removed. The plantain is cut it into very thin slices, dried 
in the sun and powdered in a home mill. Fifty grams of the 
plantain flour are added to 1100 ml of water and 3.5 g of 
sodium chloride, mixed and then boiled for 12min. The 
mean osmolarity (n = 16) of the solution was 134.37 
mOsml/l (SD 12.32). 

Objective 
The objective of the present clinical trial was to prove 
whether a homemade plantain flour-based solution could 
be an effective and safe alternative for the prevention and 
treatment of dehydration. 
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Material and methods 
The study was conducted in the Oral Rehydration Service 
at the San Vicente de Paul University Hospital in Medellin, 
Colombia. Two hundred and thirty-eight patients were 
studied (149M, 89F), ranging between 4 months and 5 y 
of age. who presented mild to moderate dehydration due to 
diarrheal disease of less than 14 days from onset (acute 
diarrhea), and had no other severe clinical findings or 
diseases associated with sepsis, pneumonia, or meningitis. 
The hydration state on admission was established accord- 
ing to the clinical criteria of the WHO Program for the 
Control of Diarrheal Diseases (CDD) (16). 

Upon obtaining parental consent, eligible patients were 
randomly assigned to one of the two study groups, using 
permutation blocks of variable length. One hundred and 
twenty-one patients were included in Group A, which 
received standard WHO-ORS solution and 117 in Group 
B, which received plantain flour-based solution. 

Group A patients were given the ORS solution formula 
recommended by WHO, which contains 90 mmol/l sodium, 
80mmoVl chloride, 2OmmolA potassium and 10mmoVl 
citrate, with an osmolarity of 3 11 mOsm/l. Group B patients 
were given a plantain flour-based solution prepared according 
to the above recipe. 

The composition of the solution was controlled twice a 
week by measuring the sodium and potassium levels in the 
mixture. The mean concentration of sodium was 60.52 mmoV 
1 (SD 8.87) and that of potassium 9.32 mmoH (SD 1.4). 

All patients were evaluated by a physician and nurse 
upon admission and followed up until rehydration or fail- 
ure of oral rehydrating therapy was declared. Children were 
weighed on admission and at the end of the rehydration 
session. The state of hydration, physical findings of the 
children, the amount of oral solution received, stool output, 
and losses due to vomiting and urine were recorded hourly. 
Stool output was quantified by using previously weighed 
disposable diapers, urine loss by using collecting bags, and 
loss due to vomiting by using previously weighed absorb- 
ent napkins. Blood samples were obtained for sodium 
and potassium levels on admission and at the end of the 
rehydration session. 

Fecal specimens were collected for bacterial agents, 
Rotavirus, ova and cysts of protozoa. 

Patients were removed from the study because of 
parental request or failure of the rehydration therapy. Fail- 
ure was declared when: (i) Rehydration was not obtained 
within a maximum period of 9 h; or (ii) there was no 
improvement in the state of hydration within the first 4 h. 

The protocol was studied and approved by the Ethics 
Committee at San Vicente de Paul University Hospital 

Sample size was determined by Pocock equation 
(17), which is used when no difference between the two 
therapies is to be proven. 

Statistical analysis 
Descriptive statistics of variables and independence tests 

were calculated with a 5% significance level using x 2  and 
Snedecor F distributions, in version 6.0 EPI INFO and 
EPIDAT. Stargraphics 5.0 was used for variance analysis 
procedures on totally randomized Tukey’s designs for 
the selected variables according to the objectives. The 
Snedecor F, normal and t distribution tests was also used 
for these procedures. The Bonferroni correction was made 
for multiple comparisons. 

Results 
No statistically significant differences were obtained 
between both groups of patients according to their char- 
acteristics on admission or the infectious agents identified 
(Table 1). Rehydration was successful in 104 patients 
(85.9%) in Group A, and 103 patients (88%) in group R 
(p = 0.634). 

The use of nasogastric probes was similar in both groups 
and the major indication for their use was the refusal of oral 
solution intake. 

Weight gain and the time required for rehydration 
were similar in both groups ( p  = 0.8581 andp = 0.132, 
respectively) (Table 2). 

The volume of solution required for rehydration was 
significantly less in group B ( p  = 0.0001) (Table 2). 

The average stool output during rehydration was 
quantified for 98 children in group A and 106 in group B, 
being 8.45 g k g h  (SD 9.72) for children in Group A and 
4.69 g/kg/h (SD 4.98) for those in Group B ( p  = 0.00782) 
(Table 2). 

The total stool output during rehydration was 44.72 gkg  
(SD 49.56) in Group A and 22.56 gkg  (SD 26.85) in Group 
B ( p  = 0.000081) (Table 2). 

The average stool frequency during rehydration was 
3.62 (SD 2.74) in Group A and 2.47 (SD 2.26) in Group 
B ( p  = 0.000474) (Table 2). 

No statistically significant differences were obtained for 
urinary elimination or vomit output. 

There were no statistically significant differences in 
average blood levels of sodium on admission. Potassium 
blood levels were significantly lower in group B on 
admission ( p  = 0.0155682) (Table 4). 

Admission and final blood levels of sodium did not 
show statistically significant differences in Group A 
(p = 0.25824). Sodium blood levels in group B decreased 
in a statistically significant manner (p = 0.000008) 
(Table 3). Ten patients who had normal sodium blood 
levels on admission (average of 134.4mmoVI, SD 2.37) 
presented levels below normal (average of 128.80, SD 4.10) 
upon rehydration. These patients did not present clini- 
cal symptoms of hyponatremia and showed satisfactory 
evolution. 

Average blood levels of potassium of children in group 
B decreased in a non statistically significant manner 
( p  = 0.20565). Eleven children who had potassium 
levels within low but normal values upon admission (aver- 
age of 3.87 mmol/l, SD 0.29) showed values below normal 
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Table 1. Patient characteristics on admission 

Statistic P WHO-ORS Plantain flour-based formula 

No. of patients 121 117 
Mean age (months) 12.9 (6.7) 15.5 (9.9) 
Sex 

Male 77 (63.6%) 72 (61.5%) 
Female 44 (36.4%) 45 (38.5%) 

Weight (kg) 8.3 (1.8) 8.7 (2.3) 
Duration of diarrhea (days) 3.8 (2.3) 3.8 (2.7) 
Average stool frequency 24 h previous 11.3 (7.2) 11.0 (8.6) 
Blood in stool 8 (6.6%) 18 (15.3%) 
Vomiting 107 (88.4%) 105 (89.7%) 
Fever 53 (43.8%) 60 (51.2%) 
Weight-to-height 95.7 (10.6) 95.2 (11.6) 
Salmonella enteritidis 21/100 10/105 
Shigella sp. moo 4/105 
Rotavirus 44184 35/85 

Values are mean (SE) or number (%). 
* x2 test; ** F statistic. ***Fisher exact test. 
Bonferroni correction 0.05/12 = 0.004. 

upon rehydration (average of 3.28mmol/l, SD 0.19), 
although no symptoms of hypokalemia were found. 

Discussion 
The purpose of this study was to prove whether a plantain 
flour-based formula prepared according to a home recipe 
could be as effective as standard oral rehydration solution 
for the correction of dehydration produced by acute diar- 
rheal disease. From a clinical viewpoint, the plantain flour- 
based formula seems to be quite effective. The probability 
of success or failure for rehydration, the time required 
for rehydration, and weight gain were similar for both 
solutions. The most important finding was the decrease in 
diarrheal volume. Stool output was practically halved. 

Table 2. Results obtained for WHO-ORS and plantain flour-based formula. 

0.30* 

0.11* 

2.18** 
o.oo** 
0.06** 
4.70* 
0.10* 
2.44* 
0.10** 
5.88* 

2.13* 
*** 

0.954 

0.738 

0.140 
0.95 1 
0.799 
0.030 
0.745 
0.295 
0.751 
0.015 
0.20 
0.144 

Table 4 summarizes the categories of clinical studies 
performed solutions other than WHO-ORS. 

Secretory diarrhea such as cholera may benefit from 
solutions such as rice-based ORS possibly because of its 
high starch concentration, which is over twice that of 
glucose concentration in standard ORS. This glucose is 
freed slowly upon starch digestion in the intestinal lumen, 
allowing the absorption of the sodlum present in the 
solution and part of that secreted. This mechanism favors 
the reabsorption of water in the intestinal tract. 

This advantage is not maintained when there is structural 
compromise of the intestinal mucosa, which impairs 
carbohydrate digestion and glucose absorption. Solution 
osmolarity seems to be fundamental in these cases. Low 
osmolarity ORS contain lower concentrations of sodium 
and glucose although maintaing a sodium:glucose ratio 

Plantain flour-based 
WHO-ORS formula 

(n = 117) (n = 117) 

Average SD Average SD F P 

Weight gain (g) 427.28 249.4 421.61 229.91 0.03 0.858 
Percent weight gain (gkg) 4.94 2.7 4.79 2.60 0.25 0.616 
Time (h) for rehydration 5.28 1.99 4.88 2.11 2.33 0.132 
Solution intake during 24.56 10.12 21.17 9.35 7.19 0.007 

rehydration (mVkg/h) 

rehydration (ml/kg) 

rehydration (g/kg/h)* 

rehydration (g/kg)* 

Total solution intake during 128.03 63.05 98.88 49.55 15.65 o.Ooo1 

Stool output during 8.45 9.72 4.69 4.98 12.39 0.0005 

Total stool output during 44.71 49.97 22.56 26.85 16.17 O.ooo08 

*Stool output and urine volume during rehydration therapy was measured for 98 children in the standard ORS group and in 106 children in the plantain 
flour-based formula group. 



ACTA PIEDIATR 86 I I997 1 

Tubie 3 Plasma sodium and pota\,ium {slues 

WHO-ORS 
( 1 1  = 116) 

Plantain flour-hased formula 
(n = 112) 

Average SD Average SD F P 

Initial ha 
Final N a  
Initial K 
Final K 

139.3 7.93 137.7 7.52 2.35 0.126 
138.2 6.42 133.6 5.14 36.02 0.000008 

4.16 0.8 1 3.91 0.76 5.92 0.015682 
4.22 0.74 3.78 0.79 19.02 0.0000 19 

Ranges of sodium and potassium concentration 

# Q # 5% x 2  I’ 

Initial Na 
< 120 mmol/l 
1 20- I49 mmol/l 
> 149 mmolil 

.< I20 mmol/l 
120- I49 mmol/l 
> 149 mmol/l 

< 3.5 nimolfl 
3.5-5.49 mmol/l 
> 5.JO mmolil 

i 3.5 mmolil 
3.5-5.49 rnrno/l 
1 5.49 mmoM 

Final Na 

Initial K 

Final K 

13 11.2 
89 76.7 
14 12.1 

6 5.2 
104 89.6 

6 5.2 

27 23.5 
83 72.2 

5 4.3 

24 20.9 
89 77.4 

2 1.7 

10 
94 

8 

15 
97 
0 

33 
76 
3 

40 
70 
2 

8.9 2.09 0.3508 
83.9 

7.2 

13.4 10.03 0.0066 
86.6 
0.0 

28.4 1.37 0.5044 
67.9 

2.7 

35.7 6.23 0.0443 
62.5 

1.8 

similar to that found in the standard solution. Their 
osmolluity is approximately 240 mOsm/l; previous studies 
suggest they are better than standard ORS in the treatment 
of non-choleric diarrhea (9- 11). 

The decrease of stool output in those children who 
received the plantain flour-based solution could be related 
to its low osmolarity or the amino acids contained in the 
plantain, which might facilitate the coupled transportation 

Tuhlr 4. Xltemati\e\ from standard ORS 

Solutions Composition Effects 

Rice-ORS (21 

ORS Nit11 other foods (3-5) 

ORS wi th  amino acid7 (6-7) 

ORS with maltodextnnes (7)  

ORS with hydroly\cd proteins ( 8 )  

Lou o\molarity ORS (9- I 1  ) 

ORS ~ i t h  short polymers of 

Rice uatcr without electrolytes 
gluco\e i 12 13) 

115, 16) 

50-80 g of rice flour plus electrolytes similar 
to those found in standard solution. 

50-80 g of other starches plus electrolytes similar 
to those found in standard solution. 

Glycine, alanine and gluytamine, either as solitary 
amino acids or as di- or tripeptides. instead of 
glucose. with glucose or combined with 
different proportions of glucose or maltodextrines 
plus other electrolytes used in  ORS. 

those found in standard ORS. 

electrolytes similar to those found in standard 
ORS 

Lower osmolarity. 

electrolytes and osmolarity as ORS. 

saccharose. 

5Og of maltodextrines plus electrolyte similar to 

Hydrolysed proteins plus maltodextrines, plus 

Less sodium and glucose than standard ORS. 

More calories with similar concentrations of 

Few studies. 5Og of rice flour with or without 

More effective in cholera patients. Did not show 
advantages over standard ORS in patients with 
not choleric diarrhea 

No advantages over standard ORS. Few studies 

No advantages over ORS on non-choleric diarrhea, no 
advantages over Rice-ORS in cholera. More 
expensive. 

No advantages over ORS 

No advantages over ORS 

More effective in patients with non choleric diarrhea. 

Less stool output in children with high output 
diarrhea and allows higher weight gain. 

Hyponatremic and hypokalemic risks. Less stool 
output in children with high output diarrhea. 
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of sodium. Other plantain components might have an 
antidiarrheic effect. 

Although the concentration of sodium in the solution 
was close to 60mmol/l, a decrease in blood levels of 
sodium was observed in some children, although no 
clinical consequences were apparent. 

Average blood concentrations of potassium I d  not 
decrease significantly although some children showed 
levels below normal. The concentration of potassium in 
the solution is lower than that of standard ORS but higher 
than that of most home made solutions. Some studies have 
used rice-based solutions, which have very low potassium 
concentrations, for the treatment of dehydration, apparently 
without complications (18, 19). 

The study “Liquids readily available at home for the 
prevention of dehydration” performed in Medellin, 
Colombia identified 70 different home recipes using 
several varieties of plantain (20). 

The reduction in stool output sparks up interest in the 
popular belief that plantain has “antidiarrheal” effects and 
poses the need to develop studies in which the quanti- 
fication of stool output is performed for a long enough 
period to prove the existence of an antidiarrheal effect. 
Such studies should be performed with a solution contain- 
ing the plantain flour based solution and electrolytes in 
standard concentrations. 
Acknowledgments.-This study was sponsored by the Instituto Colom- 
biano para el Desarrollo de la Ciencia y la Tecnologia, Francisco Jose de 
Caldas, Colciencias of Colombia and the Universidad de Antioquia in 
Medellin, Colombia. We thank Mr Hugo Grisales for his expert statistical 
assistance and Carlos Palacio, Gustavo Uribe, Luz Noreiia, Adriana 
Giraldo, Claudia Y e p ,  Yusbleidy de 10s Rios, Carlos Guzmh, Ludy 
Jaimes, Eneida Galeano, Sol VBlez, Diana Mojica, Luz Mazo, Luz Zapata, 
Angela Ruiz, Lina Zuleta: physicians and nurses who were directly 
involved in the study, Ms. Nancy Agudelo and Carmen Zapata for their 
laboratory assistance, Dr Fernando Montoya of the Universidad de Antio- 
quia and Mr Cristopher Drasbek of the Pan American Health Organization 
for their review of the manuscript and helpful comments. 

References 
1. Claeson M, Merson MH. Global progress in the control of diarrheal 

diseases. Pediatr Infect Dis J 1990; 60: 605-13 
2. Gore SM, Fontaine 0, Pierce NF. Impact of rice based oral rehydra- 

tion solution on stool output and duration of diarrhoea: meta-analysis 
of 13 clinical trials. Br Med J 1992; 304: 287-91 

3.  Kenya PR, Odongo HW, Oundo G, et al. Cereal based oral rehydra- 
tion solutions. Arch Dis Child. 1989; 64: 1032-5 

4. Bhan MK, Ghai OP, Khoshoo V, et al. Efficacy of mung bean (lentil) 

and pop rice based rehydration solutions in comparison with the 
standard glucose electrolyte solution. J Pediatr Gatroenterol Nutr 
1987; 6: 392-9 

5. Alam AN, Sarker SA, Molla AM, Rahaman MM, Greenouch WB. 
Hydrolysed wheat based oral rehydration solution for acute diarrhoea. 
Arch Dis Child 1987; 62: 440-4 

6. The international study group on improved ORS. Impact of glycine- 
containing ORS solutions on stool out and duration of diarrhoea: a 
meta-analysis of seven clinical trials. Bull WHO 1991; 69: 541 -8 

7. Bhan MK, Mahalanabis D, Fontaine 0, Pierce NF. Clinical trials of 
improved oral rehydration salt formulations: a review. Bull WHO 

8. Sack RB, Castrellon J, Della Sera E, et al. Hydrolyzed lactalbumin- 
based oral rehydration solution for acute diarrhoea in infants. Acta 
Pediatr. 1994; 83: 819-24 

9. El-Mougi M, E l - m a d  N, Hendaw A, Hassan M, Amer A, Fontaine 0, 
Pierce NF. Is a low-osmolarity ORS solution more efficacious than 
standard WHO-ORS solution? J Pediatr Gastroenterol Nutr 1994; 19: 
83-6 

10. International Study Group on Reduced Osmolarity ORS solutions. 
Multicentre evaluation of reduced-osmolarity oral rehydration salts 
solution. Lancet 1995; 345: 282-5 

11. Santosham M, Fayad I, Zikri MA, Hussein A, Amponsah A, Duggan 
C, et al. A double-blind clinical trial comparing World Health Organ- 
ization oral rehydration solution with a reduced osmolarity solution 
containing equal amounts of sodium and glucose. J Pediatr 1996; 128: 
45-51 

12. Lebenthal E, Khin-Maung-U, Khin-Myat-Tun, Tin-Nu-Swe, Thein- 
Thein-Myint, Jirapinyo P, et al. High-calorie, rice derived, short- 
chain, glucose polymer-based oral rehydration solution in acute 
watery diarrhea. Acta Pediatr 1995; 84: 165-72 

13. Lebenthal E, Khin-Maung-U, Rolson DDK, Khin-Myat-Tun, Tin-Nu- 
Swe, Thein-Thein Myint, et al. Tbermophilic amylase-digested rice- 
electrolyte solution in the treatment of acute diarrhea in children. 
Pediatrics 1995; 95: 198-202 

14. Alcaraz G ,  Arias MM, Gdlvez A. SituaciQ de salud maternoinfantil 
en asentamientos Embera. Dabeiba 1985-1986. Colciencias, Uni- 
versidad de Antioquia, Medellin, 1988 

15. Alcaraz G. Solucidn de rehidratacidn oral preparada con harina 
de plltano. Estudio bioquimico. Universidad de Antioquia, FES, 
Medellin, 1991 

16. World Health Organization Programme for Control of Diarrhoea1 
Diseases. Readings on Diarrhoea. Student Manual. Geneva: WHO, 
1990 (WHO/CDD/SER/90.13) 

17. Pocock SJ. Cinical trials. A practical approach. London: John Wiley 
& Sons, 1987: 125-44 

18. MehtaMN, Suhramaiam S. Comparison of rice water, rice electrolyte 
solution, and glucose electrolyte solution in the management of 
infantile diarrhoea. Lancet 1986: 1: 843-5 

19. Martinez H, Calva JJ, Mota F, Posadas L, Bross D. Eficacia de una 
bebida a base de arroz en el manejo de la deshidratacidn por diarrea 
aguda en niiios. Bol Med Hosp Infant Mex 1991; 48: 544-53 

20. Bernal C, Caiiarte D, Gutiirrez EL. Liquidos disponibles en el hogar 
para prevenir la deshidratacibn. Bol Med Hosp Infant Mix 1994; 5 1: 
7-14 

1994; 72: 945-55 

Received Oct. 31, 1996. Accepted in revised form June 12, 1997 


