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THE USE OF' WASTE 11ANANAS FOR SWJNE FEED 

Introduction 

Iléctor Clavijo* 
Jerome H. Maner** 

The continually rising demand for food needed to feed an ever-increasing 

humllll population makes it imperative, if hunger is to be overcome and pre

vented, to utilize every availab\e food resource in the most efficient mllllne r 

possible. Within tropical environments there a re many feedstuffs that could contrib

ute greatly to increased protein production if properly utilized in agriculture . Reject 

bananas are exemplary of this unrealized potential. 

The banlllla belongs to tbe genus Musa, comprising thirty-two or more distinct 

species and at least one hundred subspecies. The standard varieties of bananas 

handled in the trade belong to M. sapientum L. (Gros Michel) and M. cavendishii 

(Caven<ljsh). The plantain (~paradisiaca L.), a starchy, cooking banana, is used 

locally but seldom enters into international trade. 

Although bananas and plantains are grown l argely for export and domestic human 

consumption , large qua ntities of thi s fruit are available for livestock feed . At the 

packing plants in areas of commercial banana produc tion, the bananas tha t are too 

small or too large, slightly br uised, with off color spots, orare not in an optimal 

s tage of maturity for shipping, a r e r e jected for export. The " r eject" or waste ba

nanas along with smaller quantities of farm produced ba nanas and pl antains constitutc 

a good source of carbohydrates for livestock. 

* 

It is cstimated that a world total of more than 28 mi llion metric tons of bananas is 
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produced :mnually. Of tlús p1·oduction, more th:m (\j percent i s produced in Latin 

America, ~5 perccnt in lhc f a¡· East and 7 pcrc<.'nt in Afr il'a . ThC' exactquantity of 

the total production availablc fo1· livestoek fl·etl is not known. Depcnding upon season, 

s upply , dem:md and p<.'culiariti l'S of the markct, the total a mount :wailable for uses 

not related to human eonsumption m ay represen! as mueh as 50 p<.'rc<.'nt of total pro

duction within a country or region. This large percentagc of unmarketable fruit prob

ably represents an extreme present on\ y under \'ery poor marketing conditions and a 

figure of 25 to 30 perccnt wou Id probably better r epresent the tru <.' quant ity . Data fr om 

Costa Ri ca (1963) indieate that only 68 percent of all fruit produccd is marketed. The 

r emainder could be used fo r home consumption and for livestock feed. E\·en if only 

~O percent of the worl d proruction wcrc available for livestock feed, thi s would r ep

resen! more than 5. 5 mili ion metric tons of f resh bananas or approximately 1.1 to 

1. 3 núllion metric tons of air-dried material. 

Thc frcsh wholc banana with the peeling contains approximately 80 percent water 

and 20 percent dry matte r; this las t figure represents l. O percent protein , 1. O per

cent fiber, O. 2 percent fat, l. O percent ash and 16 . 8 percent nitrogen-free- cxtract 

(Maner, 1970). The c rude fibe r of whole bananas cons ists of 60 percent lignin, 25 

percent ccllulos e and 15 percent hemicellulose. The 1i.pe pulp contains O. 50 percent 

lignin, O. 21 percent cellulose and 0.12 pcrcent he micellulose (von Loesecke, 1950). 

Although the more commonly grown commercial vari eties of bananas , Gros Michel 

and Cavendish, conform to this generalized chcmical compos ition, locally grown 

bananas and plantains vary in their c he mi ca\ make-up (Bressani ~!!.!.:, 1961) . 

Fresh Bananas 

The banana can be utili zed fres h oras a dricd meal . The degree of ripcness of 

fresh bananas great\Y affcct s thc results obtained when thi s fruit serves as thc majar 

source of e ne rgy in g rowing-finis hing swine rations. Ecuadorian studies (He rnandez 

and Maner, unpublis hed data)have clea rly de mons tratc d t hat the pig will cons ume daily , 

large quantities (8 . 85 kg) of ba nanas if they are al lowed to ripen befare th<.'y are fed 

(Tablc 1); however if they a re fed g r ccn, in combination with a 30 perccnt protein sup

plemcnt, thc pig will voluntarilv consume onl y :¡bout 50 percent (8 . 85 ~ 4.25 k~ per 

rlay) as much grel'n bananas as r ipc bananas . Thcsc anim:~ l s partially compcnsate for 

thi s n ·c u <·t·d h:man:• cons umplion hy in cre:~si ng lhl'i r intakc of pt·otein s upplemcnt. 

_..¡_ 



Table l. Performance of g ¡·owing- fini s hing: pigs fcd ripc, v; rcen ot· cookcd 
a / 

g r een bananas -

Avg daily gain, kg 

Avg daily feed, kg 

Bananas, kg 
e / 

Supplement, kg -

Total dry feed, kg 

Feed/ gain 

2 
30c;f Protci n 

Ri 

0. 56y 

8 . 85x 

O. 71x 

2 .4 8x 

4.44y 

3 4 
SuEElement .¡ Bananas 

Cooked-
G1·een r e en 

0.4Gz 0.50z 

4.25z 6 . 20y 

1. 0-tz o. ssY 
1. 89y 2. 13x 

4 .16y 4 . 26y 

.2_/ He rnández and Mane r ( 1965). Unpubli s hed data . Eighteen pigs per treatmcnt 
in two r e plications of nine pigs per group. Avg initial weight 28 . 5 kg. Each 
group r e moved from experi ment when obtained a1·er agc wcight of 92 . O kg . 

¿ / Mcans in the same line with differe nt superscripts a r e s ignificantly differcnt 
( p < 0.05 ) . 

~/ 30 perce nt protein supplement composed of fi s hmeal , cottonseed mcal, maizC', 
vitamins,minerals and antibiotics. 

The net r esult of an overconsumption of protcin suppl e ment and a Jow consumption 

of green bananas was to depress daily cons umption of air-dried feed which r eruced 

the growth rate . 

Cooking thc g reen bananas significantly improved both banana consumption and 

pig performance ; however, even this process failed to improve the performance of 

thc pigs to thc lcvel obtained whcn ripe bananas we r e fed. 

Viteri ,!j_ ~ (unpubli s hc d data ) de monstr ated that whe n grou ps of g r owing pigs 

were fed equal faily quantitics of either ripc or grccn bananas along with a controlled 

qu:mtity of protein supplem~·nt, thc growth ratc a nd e fficicncy o[ feed convc r s ion ob

tained we r e almost identical for bolh g r oups (Tablc 2). Complem cntar y s ludics 

(Clavijo and Manc1·, unpubli s hcd dala; Vitc r i :md 1\tan~·r, unpubl ishcd elata) ha1·c 

s hown that thc lc·v<'l of cons umption of ripc and g r ccn b:manas i s associnted bnsi c all~· 

wi th diffcrcnccs in lhc palalabi lily of thesc two fo t·ms of prcscutnlion. Tht'SL' dal a 

wcrc confirmcd by Cla1·ijo :md Manc r (1!17:1) who s how<'d thal l he cligl's lion (•ot-fficknl>< 

of ~rC'C'n ami l'ÍPl ' lmn:m:ts :n·c• nol rliffl't'Pnl. 



Table 2 . Performance of growing pigs fcd cqual quantities of cithcr grecn 

o r ripc bananas21 

b 1 Treatment Paramete r s -
Ri pe bananas Green bananas 

Inilial weight, kg 

Final we lght, kg 

Avg daily gain, kg 

Avg daily banana, kg 

Avg daily concentrate, kg 

F d/ . e/ ee gam-

31.9 

61.1 

.463 

2.96 

l. 05 

3.55 

_2./ Vite ri, Oliva and Mane r (1971), unpublished data. 

__E_/ The parameters are not significantly different (P;:. O. 05) . 

...5;_! Feed/gain expressed on 10 percent moisture basis. 

32.1 

60.3 

.449 

2.72 

l. 05 

3. 55 

The diffe r ence in palatability between ripe and green bananas is immediately 

obvious to the consumcr. The green banana is dry and bitter to the taste while the 

ripe banana is more moist and sweeter . Palatability depends on the chemical com¡xr 

sition of the fruit. Many chemical changcs occur within thc banana during the rip

ening process and these greatly affect palatability . 

One feature of the unripened banana is its strongly astringent taste. This l aste 

is the result, in part, of the presence of tannins in thc fruit. It has been suggested 

that the total amount of tannins in bananas remains practically constant wring rip

ening. Thc loss or reductlon of astr ingence is associatcd with a changc in thc statc 

or chemical form of the tannins (von Loeseckc, 1950). They suggest that tannins 

cxist in thc banana in two for ms: 1) "fr ee" or active tannins which impart a strong 

hitter last e lo the fruit and 2) "bou nd tannins" or "vegctablc tannates" which are 

insoluble and s upposedly incrt.and which havc littlc or no effect on palatability. 

During the ripcning proccss, th<.• lcvcl of free tannin dccrcases bccausc thc tannins 

are slowly bound in an insoluble for·m . Thc l eve! of free or active tannin is much 
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hi~he~ in the peel than in the pulp but both are significantly reduced by the time the 

fruit has matured to the "eating-ripe" stage (Table 3 ) (von Loesecke , 1950) . Sincc 

that quantity of tannins is greater in the peel, thc r eduction in active tannin is much 

greater than in the pulp. 

Altbough the water content of the pulp is inc re ased during the 10 to 11 days r e

quired for the banana to ripen to the eating stage, the most conspicuous change in 

the maturation of the banana is the conversion of starch to sugar (Table 4) (Stratton 

and von Loesecke, 1930). During ripening there is a decline in starch content anda 

correspanding increase in sugar content. There is a gra¡bal shift in the carbohydrate 

fraction from almost all starch to almost all sugar. In the banana, 10 to 11 days are 

reqi.ured for this shift . Because of respiration ne eds there is a small but definite 

decrease in total carbohydrates in all varieties ruring ripening. 

Table 3. 

Days 

o 
1 

2 

3 

4 

5 

6 

í 

8 

9 

10 

11 

Changes in amount of "active" tannin in the pulp and peel of 

bananas during the ripening procesa e xpressed as units per 

100 grams of ti s sue ¿/ 

Fruit Pulp Pe el 
Condition 

Green 7. 36 40. 5 

Green 8.01 34 . 0 

Green 7.57 28.3 

Green 4.30 25.4 

Green 5.02 25.9 

Coloring 4.30 16 .5 

Coloring 3. 87 18 .1 

Coloring 1. 95 11.2 

Eating-ripe 2. 84 4. 6 

Eating-ripe 1.99 4.7 

Over-ripe 2.00 4.5 

Over-rlpe 1. 32 3. 5 

..!./ von Loeseckc , 1950. 
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Tablc 4. Changl'S in lhl: starch, SU¡!at' ancl total carbohyrlratr contcnt of 

banana a nd plantain pulp durintr thc ripcning procC'Ss cxpr essed 
a/ 

as perccntage of frcsh pulp-

Varíety 
Number of ripening days 

o 3 5 7 9 11 14 17 

Gros Michel 

Starch 20.65 12. 85 6.00 2.93 1. 73 l. 21 

Total sugars 0.86 7.66 13.76 16 . 85 16 . 87 17.91 

Total carbohydrates 21.51 20.49 19.72 19.78 18.60 19.62 

Planta in 

Starch 32.20 31.68 30 . 90 30.48 28.52 20.17 11.69 6.] 

Total sugars 0.82 0.85 1.02 0.92 3. 84 9. 78 18. 89 21.1 

Total carbohydrates 33.02 32.53 31.92 31.40 32. 36 29.95 30.58 27. ~ 

.2.../ Stratton, F.C. and von Loesecke, H. W., 1930 . 

The majoríty of the s ugars prese nt i s in the form of sucrosc , g lucose and fruc

tose; maltose has been ídentífíed in trace amounts . The predomínant s uga r in bananas 

is su e rose, sorne of which ís hydrolyzed to glucose and fructosc (Table 5) (von Loesccke , 

1950). Glucose accounts for approximately SR percent of the total reducing s ugar s 

present and fructose for about 42 percent. 

The carbohydrate values of the banana peel are muc h s mallcr in magnitude than 

those of the pulp bul their changes from starch to s ugars fo llow a pattern similar lo 

that de monstrated for thc pulp. 

Ripe bananas which are very pal atablc and r e:ldily cons umed by the pig are fcd 

whole wilh the peeling. Whe n offercd fres h, ripe, whole han:1nas, the pig will firsl 

consume the banana púlp leaving much of thc pccl. If the quantity offe t·ed is in cxcess 

of its daily capacity, it will tend to consume more pulp and less peel. llow<'vcr, if lh<' 

total daily quantity offered is controllcd, it will consume both pu lp and pcel. 

Xhc low protcin :1ml high mois turc contcnt prcscnt in the banana requires that 3 

s uppl<·mcnta l source of both protc in and cncr gy as wel l ns vit:-~mins and mineral s be 

-~-



Table 5. Average distribution of s ugars in the banana at vari ous stages 

of ripeness of Gros Michel bananas 2._/ 

P ercentage of fr esh pulp P er cent age of tot al sugars 

Days Color Glucose F ructos e Sue r o se Glucose Fructose Sucrose 

o Gr een 2. 24 1.45 7.65 19 .24 12.46 68 . 30 

3 Very slightly g r ee n 3. 09 2.50 10.61 19.07 15.43 65 . 49 

6 Gr een tip 3.99 2.75 12.00 21. 29 14.67 64 . 03 

9 Slightly speckled 4.21 3. 24 12.08 21. 56 16 . 59 61. 85 

2,./ Adapted from von L oesecke, 1950. 

supplied. Seve r a! studies have been conducted t.~ determine the voluntary consumption 

p~tterns and performance of growing-flnishin¡ pigs and lactating ~ows fed ri pe bananas 

a nd pr otein suppl ement cootain\ng vary\~ \evel s of crude protein. 

One su eh study (Callee et ~. 1970) indlcated that the a ve r a¡e daily gain of growing

flnishing pigs fed whole ripe bananas to stlmul ate appettte was stgnificantly improved 

(770 ~ 660 g) when a 30 pe r cent protein supplement was supplied instead of a 40 per

cent protein suppl ement (Table 6). The impr ovement in gain was assumed to be the 

effect of the increased daily consum ption of metabolizable energy. 

Although the level of protein s upplement consumed daily does not vary greatly 

during the e ntlre period d growi~ and finishin¡¡, as the pig incr eases in size and 

weight, there ls a marked inc r ease in daily voluntary cons umption of ripe bananas. 

This c hange In the daily consumption patte rn is espec iall y evident w ring the firs t two 

to three weeka of the feedi ng per iod and may be associated not only with the need to 

adapt to changes in l aste but al so to the need to develop a g r eater stomach capacity wi th 

which to handle the high moistur e feed . 

When allowed a voluntary choice of the qua ntity or'both ripe bana nas and e ither 

a 30 o r 40 percent prote in supple me nt, the pig will cons ume a die t dur·ing the g r owing

fini s hing period that contai ns 12 . -1 to 13. 0 perce nt c rude prote !n. From the r esull s 

of a number of s tudies it is cvident lhat an a\·e r age of 8 . O lo 8 . 8 kg pe r da y of ripe 

bananas is nll thnt thc ~ r·ow il\g-fini s hing pig will consume . T he youn~ pig (~.3-:lO kg-l 

- 9 -



Table 6. P e rformance of groWing-fini s hing pigs fed ripe bananas and 

either a 30 or -10 perccnt protein s upplemcnt f r ee choice¿_/ 

Treatments 
Parameters~../ Control Bananas + Suppleme nt 

1 2 

Protein in concentrate , % 16 30 

Avg daily gain, kg..s_/ 0. 87x 0.77Y 

Avg daily fres h bananas, kg 8 .29 

Avg daily bananas, kg, D. M • ....2./ 1.84 

Avg daily supplement, kg 0. 82x 

Total feed, ~_E_/ 2.64 2.66 

F eed/gain 3.04x 3.47x 

Protein in ~re consumed, % 16.0 12.4 

~_/ Calles et _al., (1970). 

~/ Means in the same line With diff ' rent supersc ripts ar e s ignificantly 
different (P< 0. 05 ). 

3 

40 

0. 66 z 

8 . 85 

1.97 

0. 62Y 

2.59 

3.92Y 

13.0 

E...) Seventy-two pigs, 4 replications of 6 pigs pe r tre atment . Avg initial 
weight 23.2 kg, avg final weight 90.1 kg. 

U Bananas and total feed express ed on 10 percent moisture basis. 

will consume as little as 5 to 6 kg of ripe bananas per day, and it appe ars that thc 

finishing pig approaching m arkct wc ight will not cons ume mor e th::m 10 to 11 kg daily. 

r:ccaus e of thi s inadequ ate level of banana cons u mption, whcn a 40 pe r cent protein 

supplemcnt i s fed cnergy bccomcs l imiting. T hc inc reascd consum ption (i'20 ~ 620 g) 

of a 30 pc rcc nt protein s upplc mcut whi ch supplics mor e c;~ rbohydrate and le s s protcin 

c;~ lo ri cs partially corrccts thc cncrgy dcfi c ic ncy . 

Latcr s tudics madc al thc s amc s tation (Cl ;~vi j o, 1!172) also s how(•d that no furthc r 

improvcm l'nt in pi~ pc rform;~ncc or cffi cic ncy of f('(•d ulil ization was obtainc d by us ing 

- lll-



a 20 percent protein supplcment to replace the 30 percent supplement when ripe bananas 

were fed ( Table 7). 

Although pig performance was similar when either thc 20 or 30 percent protein su¡r 

plement was fed w.ith bananas, the leve! of supplement consumption was increased and 

the daily consumption of bananas was reduced when the 20 percent supplement was used. 

Under practica! feeding conditions the recommended lcvel of protein in the supplement 

Will depend u pon price relationships of bananas, proteins and grains or grain substitutes . 

Locally available energy sources such as maiie, sorghum, rice bran, sugar and molasses 

can be efficiently used as energy sources for supplement preparation and dilution. 

Fresh bananas can be used efficiently for sows during &estation. During this pericxl 

the daily feed is controlled to meet the needs of the sow and maximum feed consump

tion is not required; therefore, either green or ripe bananas can be utilized. Clavijo 

~_& •. (1971) fed gestating sows, maintained on pasture, a ration of ripe bananas and 

protein supplement and compared the performance of these sows to similar sows fed 

Table 7. Comparison of 20 and 30 percent protein supplcments for 

growing-finishing pigs fed supplement and ripe bananas 

free-choice..!./ 

b 1 Parameters-

Avg daily gain, kg 

Avg daily consum¡:tion of · 
fr~sh bananas, kg 

Avg daily consum¡:tion of 
s upplemcnt, kg 

Feed/gain-~-< 

::_.../ Clavijo, 1972 • 

16% protein 

Treatments 
Bananas + Suppleinents 
20% protein 30% protein 

.61Y 

5.97Y 

.2 . ./ Means in the s ame row Without a cornmon s upC!'S('ript a •·e s ig-nifi ('anlly 
different from c ach other ( P<: O. 05 ). 

s._/ Fecd/g ain cxprcsscd on lO pcrcent moisture h:1 s is . 

-11-



a basal 16 percent protein diet based on maize, wheat, wheat bran, alfalfa mea! and 

fishmeal. · Thc control sows wc r c fcd 1. 5 kg of fced per day from the day of brecding 

until the 76th day of gestation. During the remainder of the gestat!on period and until 

Lhe sows werc moved to farrowing crates (76th to llOth day) daily feed was incrcased 

to 2.0 kg per day. 

. The sows receiving bananas were fed 4. 5 kg of ripe bananas and 600 g of a 40 per

cent protetn supplement per day frorn the day of breeding until the 76 th day of gestation. 

The ration was then altered to supply 6.0 kg of bananas and 800 g of supplernent from 

day 76 until the llOth day of gestatfon. The supplement employed was cornposed of 

55.44 percent fishmeal, 20 pereent maize, 12.34 percent alfalfa me al, 2. 82 percent 

bone meal and 9.4 pereent vitamins, mtnerala and salt premix. 

The reproductive performance of both groups of sows was not different. The number, 

weight and vigor of the pigs were simil ar for both treatment groups (Table 8) . Sowa 

from both treatment groups entered the farrowing crates in good condition. Tbe banana 

fed sows gaincd an aver age of 11 kg more wcight during gestation than tbe sows fed 

tbe control dict. After farrowing no differE>nces in pig livability or performance were 

observed. 

Contrary to the limitad daily feed intake requi red for good performance by the 

gestating sow, the lactating sow must consume 5 to 6 kg of good quallty air-dMed 

fecd if s be is to meet tbe nutrient demanda for maintenance and milk secretion. If 

an equivalent quantlty of dry matter were suppl!ed by rresh bananas and supplement, 

a sow would be required to consume at l east 20 kg of bananas and 2. o kg of a 40 per

cent supplement per day . This quantity appcars to be greate r tban tbe sow's physical 

capacity. 

Clavijo and Maner (1971) fed ripe bananas and a 40 perce nt protein supplement 

to lactating sows in tbe tropical banana zone of Ecuador and reported srnalle r and 

llghter litters when the sow's rations were based on ripe bananas (Table 9) . The 

control sows voluntarily consumed an average of 3. 66 kg per day of a 16 percent 

grain-supplement diet. The test sows were fed a mixture of bananas and supplement. 

In order to provide a 16 percent diet, the proportion of supplernent to ripe banan¡¡s 

was l. O kg of supplement to 11 kg of bananas. The sows were allowed voluntary con

s umption of the mixture and consumed an ave rage of 1. 02 kg of s upplement and 11. 22 

kg of bananas per day. Because of the inability _of the sow Lo consume adequate fresh 

-12-
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Table 8. Pe rformance of gestating sows fecl a di c t bascd qn ripP ban::ma 

and a -1 0 per cent prolein supplc mcnt .J!../ 

b / 
Parameters -

Avg daily concentra te , kg 

Avg daily fresh bananas , kg 

Avg daily feed, kg..s_/ 

Avg da ily e ructe protein, kg 

Avg No. of pigs pe r litter 

Avg pig we ight at birth, kg 

Avg daily sow gain 1-100 day , 

~/ Clavijo ~ al . (1971 ) • 

kg 

Control 
16% 

1. 66 

1. 66 

8 . 9 

l. 22 

26 .08Y 

Treatme nts 
Bananas 1 

Suppl e me nt 

0 . 67 

5 . 00 

1. 67 

• 318X 

8 . 4 

1. 26 

.. .!2./ Means in the same line with differ ent superscripts are significantly 
diffe r ent (Pe: 0.05). 

s./ Calculated on basis of approximatel y 10 perccnt moisturc . 

bananas lo m cet he r ene rgy needs a nd also because of the e xt remely laxative effect 

observed when the sow consumes a ration conta ining 14 to 15 kg of ripe bananas, f resh 

bananas are not generally r ecommended as the major ene r gy source for the l actating 

sow. 

Fresh pl antai ns a r e s imilar to bananas in appearance, but their c hemícal compo

sition is somewhat d iffer cnt. They ha ve a highe r dry matte r content which is princ i

pally represented by n 10 to 12 pe t·cent inct·ease in thc leve) of carbohydratcs in the 

plantain. On the bns is of the ir c hemical ana lys is , s imilnr or bclt cr t·csults tha n 

those obtained wi th bann nns mighl be cxpcclcd; howcvcr, r esults from s tudi t-s in 

Ecuador (Clavi jo, 1972)
1 
whcrc plantains wcrc compnrcd to bannnas (Tablc 10), sccm 

lo indicalc lhat thc pe rformance of ~rowing-fini shing pigs fcd plnnt nins w:1 s inferior 

lo lhal of s imilar g r oups of pigs fcd bnnanas . 

Thc rcason for thc s lowcr ratc of g rowth, Jowcr \cvcl of pl antain eons umpÍion 

and depresscd fpcd cffi cicncy is not t·c:Jdily :-~pp:n·cnt. hut m ay h:-~n• ht•<• n a!<soci :-t led 

- 1:1-



Tabll' 9. Performance of lactating suws fed l'ither a complete concentr;~te 
a 1 

or ripe bananas plus a prote in supplemC'nt...!.. 

ParametersJ!../ 
Treatments 

Control Banana+ 
SuEElement 

Avg pigs per litter, No. R. 5 8 .7 

A VIl, weight at blrth, kg l. 31 l. 24 

Avg pigs wcaned, No. 6 .3x 5.9Y 

Mortalit'y, % 26.4 30.3 

Avg daily concentrate, kg 3 .66 l. 02 

Avg daily cons. fresh banana, kg 11.22 

Avg daily proteln consumption, kg .586 .520 

Weight loss of sows, kg 9 .5X 11.3Y 

2-i Clavijo and Maner (1971 ) • 

J!../ Means in same line with different superscript are significantly 
düferent (P <O. 05 ) • 

with the chemical stage of ripeness. As is s hown in Table 4, six to eight days longer 

are required for the plantain as compared with bananas to reach an ideal stage of 

ripe ness . After 10 to 12 ripening days , only about one-third of the plantain starch 

has been converted to sugars whereas almost 90 pe rcent of the banana carbohydrate 

at that time is in the form of sugar. If a similar pattern exists for the contents of 

tannins, then the low performance as well as reduccd voluntary consumption of 

plantains might be explained. 

Dried Bananas 

lt is dtfficult to dry ri pc bananas and plantains ; however, thc green fru!t of both 

dries readi ly in thc sun or in drying ovens. Once dried, the banana sllces are ground 

to form grccn banana mcal. Banana mea! preparcd from whole , unpee lcd grecn 

bananas s houlrl contnin :JpproximatC'Iv 12 pcrccnt moisture, 4. 3 pc~cent protcin , 2. f! 

. ' 
~ 



Table 10 . Comparison of ripe bananas and plantains as the principie 

source of energy in diets for growing-finis hing pigs~/ 

Treatments 2 3 

b/ ~/ Criteria-

1 
Control 

diet 
30% Protein Suppleme nt 
banana plautain 

Avg daily gain, kg ,46x 

Avg banana cons. per day, kg 3.8x 

Avg cons. concentrate per day, kg l. 26y 

Feed/gain..!!../ 4.39y 

L_l Clavijo, 1972 • 

. 2 . ./ Ten pigs per treatment in two r eplications of five pigs per group. 
Average initial weight 11.0 kg. 

L l Means in the same line with differe nt superscript are s ignificantly 
düferent (P< o. 05) . 

. !! . ./ Feed/gain expressed on 10 percent moisture basis . 

• .J3y 

2.4Y 

1.25y 

4.69z 

per cent fat, 2.0 fibcr, 4.3 percent ash and 74.1 percent nit rogen-free- extract. 

Plant ain mea! from whole , unpee led green plantains s hould contain approximately 

10.0 percent moisture, 4. 3 oe r cent protein, l. O percent fat, 6.2 percent fibe r, 

4. 5 percent ash and 74. O pe r cent nitroge n- free- extract. 

Celleri et al.(l971) uscd dricd green banana m eal as a subs titute for grain t o 

s upply o, 25, 50 or 75 pcr cent of the total diet for growing-fini s hing pigs . The 

protein of the 16 pe r cent protcin dicts was s upplicd by a combination of fi s hrncnl and 

cottonseed meal. As s hown in Table 11, each increase in leve! of dricd banana mea! 

in the diet causcd a s mall but significant linear r eduction in average daily ¡!;ain, and 

a linear inc r ease in daily feed intake and in feed r equircd pcr unit of ~ain. 

Similar s tudies (Oliva , 1970 and Oliva ct .!!!,: . 1971) c mpl oycd O, 1 2, 2 1, :w anrl 

4H per ccnt banana mea! and confirm<'fl th<' rrcviouR finrlin~s . Althou~h rl:1il~· h •t•cl 
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imak<' was intTt'a::wd. a l111car rll'pl'l'::is ion 111 both ~I'0\\1h ancit.•ffieienc.l of fccd con-

l'<'rsion """ obs<'n ed . 

Th<' r<'ason for th is litwar depre5sion in pig pt.•t-formance , when inen~ asing 

len•ls of banana mt.•al ¡·epl:lc<'d g rain, was clucicbl<'cl in s tudies by Clavijo and :\I::tnt1· 

(19i3 \. Th <' ¡·esults of these studi<'s t Tablc 12\ clca!'ly dcmonst1·ated that al though 

the fr<'s h ri pc ancl green bananas wcrc equal in both digestible and mctabolizahle 

<'lll' l'I!Y as \l'rJS green banana mea!, th<' le,·cJ of mc tabolizablc cncrgy of al! thesc 

ty¡ws of prescntation is inferior to that of maize ¡3200 ~ 3~00 kcal/kg of dry 

mattc 1·) . 

Thcse s tudies furthcr showed that ripc banana s will not dry at 6o • c but because 

of thc sugar content must be dried nt a hlghc r temperature . Whc n treated in ttús 

Tablc 11. Performance of growing- finis hing pigs fed diet s containing 

1·arying le\'cl s of green banana mea! 

Treatments 1 2 3 4 5 

Celle ri et al . 1 
1971...!!.1 

Lcvel of green banana mea! , ~ o 25 50 75 

A1·g days to sl aughter, No.-~/ 119 121 124 128 

Avg daily gajn, k e / g - .67 . 65 .63 . 61 

Avg daily feed , kg 2.45 2.54 2 . 54 2 . 55 

Fced/gai~/ 3.66 :1 . 88 4 . 04 4. 19 

Oliva et al . 1 
1971..2_/ 

Lcvel of banana m e al, % o 12 24 36 48 

Days on tria! , No. S . ../ 126 126 12il 131 143 

Avg daily gain, 
e / kg - .62 . 60 • (il . 59 .54 

Avg dail y fecd, kg 2.62 2 . 59 2. 78 2 . 7,8 2.H2 

Fecd/gain.s._/ 4. 24 4 . 35 4.:16 4 . 4!l 5. 2:1 

!!_./ Adapted from Cclleri, Oliva and Mancr (1\J71 who utili z t.•d a dchydrall'ol. 
commcrcia l banana mea! pellc ts. 

~/ Arl:'lptecl from Oliva, Vitel'i, Cnl l<>s ancl Maner t l !l71) whn util iz C'cl sun 
d r il'd, ¡_: rt ·¡·n bananas s li cL•s for pt·Pparing m¡·:d. 

,. 1 SJ~IIolll' : lll1 l illl':OI' l'l' ,; p<HlSl' 11' ..._ II ,O.'i ). 

_ ,¡;_ 



manner, dry matter, nutrient and energy digestibility is severcly redu ccd . 

Two experiments with gestating sows (Oliva ct .J!!:, unpublished data) providc 

evidence to show that banana mea! can supply at lcast 40 percent of the total dict 

without affecting reproductive performance of the sow (Table 13). Sow weight gains, 

post-partum weight losses , and pig numbers and weight were not cliffcrent whcn fed 

either the 16 percent protein control diet based on grain or a s imil ar t est in which 

40 percent green banana m ea] substituted for an equal quantity of grain. 

Dried green banana meal can also be used to supply at least 50 percent of the 

diet of lactating sows. Studies by Ecuadorian workers (Viteri ~ .!!!J, unpublished 

data, and Celleri ~ al., unpublished data) indicatc that the performance of both 

sows and their offspring is !)Ot different whether they are fed a contr ol 16 percent 

protein, lactation die t based on maize, wheat and fishmeal or a test diet in whic h 

50 percent of the maize was replaced by a similar level of banana rneal (Table 14) . 

Both groups of sows consumed a similar level of total diet. In doing so, the banana 

meal fed sows consumed less diges tible e nergy and, as a conscquence. lost an avcr-

Table 12. Coefficients of digestibility and digesti ble and metabolizable 
a / e nergy values of fresh and dried ripe and green bananas-

Digestibility 
Fresh Me al 

ripe green ripe green 

Dry matter, % 84.25 76. 93 50.52 83.63 

Protein, % -42. 65 - 102.00 -126.61 3.38 

Crude fiber, % 78.01 56. 98 - 39.40 78.35 

Ether extract, % 32 .40 - 24. 87 24. 50 22.09 

Nitrogen-free extract , % 92. -1 3 92.7-1 HR.GO 92.51 

Total digestible nutricnts, % ~l. 51 83.1 3 57 . :19 :-l0.9-l 

Digestible e nergy, k cal /kg D.M . 31H 3199 1703 3207 

Metabolizllble energy, kcal/kg D. M. 2967 31-l l 1520 :1173 

.JLI Clavijo 11nd Mancr, 1973. 
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Hcpn:xludivc pcrformanet' of ~cstating sows fcd dielti 

cont:lining ~rcen banana meal with peeling Lf 

1 2 
Control -10'1 Banana Meal 

Sow wcight gain (1-110 days ) , kg H. 3 -10.0 

Post- partum welght loss, kg 26.3 27 . 6 

A vg pigs born per litter, No. ll . 9 9.0 

Avg pig weight at birth, kg 1. 4 1.4 

¿_! Clavija, 1972 . 

J!./ Means not different (P:::>O. 05). 

age of 7. 6 kg body weight ca eh du ring the 56- day 1 actation whi le thc control sows 

gained an average of 2. 1 kg . 

These studies provide info t·mati on to indicate that frcsh bananas can adequately 

providc thc major source of c nergy for pigs during the growing-finis hing and gesta

tion periods of thc life- cycl e if propcrly s upple me nted. llowevcr , bccause of the 

high moistu re content whic h prcvents adequate energy consumption, it is not recom

mended as thc solc sourcc of cnergy for l aclating sows . 

The poor palatability of f resh gr een bananas, which significantly limits daily 

consumption , prevcnts the effi cient use of green fruit in swinc r ations. Banana mea! 

is prepar ed from the green fruit. Howevcr, because of its lowe r content of metab

oli ·,:-·¡le e ne r gy as comparcd to gra ins for which it is substituted, it supports a lowet· 

1 evel of pig performance . 

Summary 

Rcjcct o t· wastc bananas (Mus a sapienlum L. ) whi c h contain an average of 20 

pcrccnt dry matte r , l. O percent c rude protein. l. O percent fibcr, O. 17 pcrccnt fa t. 

O. Ox pct·ce nt calc ium and 0. 28 percent phosphorus, hnn~ bccn uscd to proYide thc 

-H 



Table 14. P e rformance of l actating sows fed diets containing gr een 

banana meal with peelings.!.../ 

Treatments 1 2 

. J2.l 
Control 50- 53% 

Critena diet Banana Me al 

Numbe r of sows 24 24 

Avg number of pigs per litter, No. 9.2 9.5 

Avg birth weight, kg 1.1 1.1 

A vg number of pigs weaned, No . 7.1 7. 3 

Avg weight at weaning, kg 11. 5 11.4 

A vg sow gain, kg 2.1x - 7.6y 

Avg daily feed intake, kg 5.8 5.8 

.A,/ Clavijo, 1972. 

~ Means in the same line with differ e nt superscript s are s ignificantly 
different (P < O. 05). 

major source of die tary ene rgy for swine during the e nti re life-cycle. Properly 

supplemented with protein, vitamins and minerals, fresh ripe bananas can be used 

during all phases of the life- cycle of the pig except during lactation at which time 

the sow, because of limited gastrointestinal capacity, will not consume adequate 

quantities of fresh bananas to meet her energy needs. Because of bitte r taste and 

p<><r palatability, which significantly limit daily intake, fr esh gr een bananas should not 

be fed if maximum voluntary cons umption is required . Since r ipe bananas have poor 

drying character istics. banana mcal was prepared from green bananas . Meal pre

pared in this manner can be used to supply up to 75 percent of the pigs' dict. During 

the growing-finishing period each increase in banana me al substitution for maiz.c is 

associated with a small linear depression in growth ratc and feed convcrsion cffi

ciency . This depression in performance results from lhe rcduccd daily consump

tion of metabolizable encrgy which is only 3200 kcal/kg dry matte r for bananas as 

compar ed to 3800 kcal /kg for maize. Performance cqual to that obtained with control 

diets based on cereal grains has beco obtained du r ing gcstation and lactntion whC'n 

banana mcal r cplaccs up to 50 pcrcent of thc dict. 
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