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TIIE USE OF WASTE BA NANAS FOR SWINE FEED 

Introduction 

II~ctor C1 avijo• 
Jer ome H. Mancr"" 

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

human population makes it imper ative, if hunge r i s to be over come and pre

vented, to utilize every available food resource in the most e ffic ient manner 

possible . Within tropical environments there are many feedstuffs that could contrib

ute v eat\y to increased protein production if properl y utilized in agrículture . Reject 

bananas are exemplary of this unrealized potential. 

The banana belongs to the genus Musa, comprising thirty-two or more distinct 

species and at least one hundred subspectes. The st andard varieties of ba nanas 

handled in tbe trade bel ong to M. sapientum L. (Gros Michel) and M. cavendishii 

(Cavencysh). The planta in (M. paradisiaca L.), a starchy , cooking banana, is u se d 

locally but seldom enters into inte rnational trade . 

Although bananas and pl antains are grown l ar gely for export and domestic human 

cons umption, large quantities of this fruit ar e available for livestock feed . At the 

packing plants in areas of commercial banana production, the bananas that are t oo 

s mall or too large, slightly bruised, with off color spot s , orare not in an optimal 

stage of maturity for s hipping, are r ejected for export. The "reject' ' o r waste ba

nanas along with s maller quantities of fa rm produced bananas and pl antains constitute 

a good source of carbohydrates for livestock. 

* 

~· 

It is cstimated that a world total of more than 28 million metric tons of bananas i s 

Director Swine P r ogr11m , INIA P, Santo Domingo, Ecuador . 

Coorclinatot«'tnte rnational Swinc Impr ovemcnt Pr~ram, Cent ro Inte rnacional 
de Agricultura Tropical , Apnrtado A<'reo (;7-1 3, Cali, Colombia . 
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¡woduced :mnua lly. Of thi s p1·oduction, morC' th:m ¡;j pen·cnt is produccd in L atin 

AmC'r·ica, ~5 pC'rcent in the F a•· East and 1 perccnt in Af1·ica. TIH' exactquantity of 

the tot:-~1 produ ction :-~vailabl C' for Ji\·estock fecd is not known. Depending upon season , 

s upply, dem:md :-~nd pcculiaritics of thc mr~rkl't, thc tota l :-~mount available for uses 

not related to human consumption may rcpr C'sent as much as 50 perccnt of total pro

duction within :1 eountry or rcgion. Thi s largc percentagc of unmarketable fruit prob

ably rcpresents :m extremC' prC'sent only under very poor marketing conditions and a 

figure of 25 to 30 percent wou Id probably bctter represe n! thc true quantity. Data from 

Costa Rica (1963) indicate that only 68 percent of all fruit produced is marketed. The 

remainder could be used for home consumption and for livestock feed. E\'cn if only 

20 percent of the world produ ction were available for livestock feed, this would re¡r

resent more than 5. 5 million metric tons of fresh bananas or approximately 1.1 to 

l. 3 mili ion me trie tons of ai r - dried material. 

The fresh whole banana with the peeling contains approximately 80 percent water 

and 20 percent dry matter; this last figure r epresents l. O percent protein, l. O per

eent fiber, 0.2 percent fat, 1.0 percent ash and 16.8 percent nitrogen-free-extract 

(Maner, 1970). The crude fiber of whole bananas eonsists of 60 percent lignin, 25 

percent cellulose and 15 percent hemicellulose. The ripe pulp contains O. 50 percent 

lignin, O. 21 percent cellulose and 0.12 percent hemicellulose (von Loesecke, 1950). 

Although the more commonly grown commercial varieties of bananas , Gros 1\'l.ichel 

and Cavendish, conform to thi s generalized chemical composition, locally grown 

bananas and plantains vary in thcir chemical make-up (Dressani et al., 1961). 

Fresh Bananas 

The banana can be utilized fresh or as a dricd mea!. The degree of ripencss of 

fresh bananas greatly affects the results obtained when this fruit serves as thc major 

source of energy in growing-finishing swine •·ations . Eeuadorian studies (llernandez 

and Maner, unpublis hed data)have clearly demonstratcd that the pig will consume daily, 

lar gc quantities (8 . 85 kg) of bananas if they :1rc allowed to ripen beforc thC'y are fed 

(Table 1); however if they are fed green, in combination with a 30 percent protein sup

plcme nt, thc pig will voluntarily consume only ahout 50 perccnt (8 .85 .Y,! 4. 2!:i kg per 

<!ay) as mueh grt'C'n bananas ns ripc bananas . Thcsc animals partially eompcnsate fo r 

thi s rt·<lJ<·<·d hanan:t consumption hy incrcasi ng thcir intakC' of protC'in supplCm<'nt . 
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Tabl<' l. Pct-fot·m:mct• uf ~rowillSl:-finishin¡! pi¡!S fed rip<' . g rccn or l'Ooked 
a/ 

green bananas -

2 3 4 
3oc¡ P t·otci n Su221e m e nt . Bana nas 

Cooked-
Ri JC Gr cen r e en 

Avg daily gain, kg- 0 . 5(iy 0 . 4Gz o.:.o z 

Avg da ily feed, kg 

Bananas , kg ti . ll5x 4. 25z 
,. 

G. zo· 
e / 

Supplement, kg - 0 . 71x 1. 04z O. BRY 

Total dry feed, kg 2 . 31x 2 . 4~/ 1. 89y 2 .1 3)( 

Feed /gain 3 . 41x 4 . 44y 4 . 16y 4 . 2Gy 

...J!I ll ernández and Manc r (1965) . Unpubli shed data . Eightcen pigs pc r trcatmC'nt 
in two r epllcat ions of nine pigs pe r g r oup. Avg in itia l wc ight 2 . 5 kg . Ench 
group r e moved from experi m ent when obtaincd n,·eragc wcight of 92 . O kg . 

~/ Means in the samc linc with di ffe r cnt superscripts a r e signHicnntl~· differcnt 
( p < 0. 05 ) . 

_s¿/ 30 percent protein supple ment composed of fl shmeal, cottonsecd mc nl, mnii.C', 
vi tamins ,mincr als nnd antibiolics . 

The nct result of an ove r cons umption of pr otein s upplcment and a low consumpti on 

of g r een bananas was to depress daily cons umption of air- dried feed whlch r cduced 

the growth r atc . 

Cooking the grccn bananas s ignificantly improved both banana consumption and 

pig perfo r mance; howcver, even this p r ocess failed to i mprove the performance of 

thc pigs to thc l eve! obtaincd whc n ri pe bananas we rc fed. 

Vite r i et .&- (unpubli s hcd d:~la ) dcmonstrntcd th:~t when g r oups of growing pigs 

werc fed equal faily quantitics of cithcr r ipc or grccn bnnanas along wllh a cont roll cd 

quantity of p ro tcin supplcme nt, thc growth r alt• :md c ffie icncy of ft•C'd convc r sion ob

tai nc d wcrt• al most idcntica l fo r both groups (Tahlc 2 ) . Complcmcnt:~ry studics 

(Clavi jo :~nd Manc t·, unpubli s hcd data ; Vilt•t·i and l\1ancr, unpubli shed dat nl ha\'t' 

s hown thnl t he l cvd of consumplion of r ip<• :m d g1·ccn han:mns is assol'i nt ed bnsi cnll~· 

with di ffcrcnccs i n t hc p:~l:tt auility ofth~·st· two fo• ·ms uf prcscntntion . Thesc data 

wen· confirmcd by CJn,·ijo nncl M:~nct· (1 \17:l l whn s howc>rl that thl' cügest inn t'odfickut>< 

ol l! t'l'<'n and ¡·ipt• hanan:ts :11'(' not di fft •t·<•nt. 
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Tnblc 2. Performance of growing pigs fcd cqual quantities of eilher grecn 
. ,_ a 1 

or npe uananas-

Parameters..E_/ Treatment 

Ripe bananas Creen bananas 

lnilial weight, kg 

Final weight, kg 

Avg daily gain, kg 

Avg daily banana, kg 

Avg daily concentrate, kg 

. e/ 
Feed/gam-

31.9 

61.1 

.463 

2.96 

l. 05 

3.55 

¿ / Viteri, Oliva and Maner (1971), unpublished data • 

... .2/ The parameters are not significantly different (P:>- O. 05) . 

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

32.1 

60.3 

.449 

2. 72 

l. 05 

3.55 

The difference in palatability between ripe and green bananas is immediately 

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

ripe banana is more moist and sweeter. Palatability depends on the chemical campo

sitian of the fruit. Many chemical changes occur within the banana during the rip

ening process and these greatly affect palatability. 

One feature of the unripened banana is its s trongly astringent laste . This laste 

is the result, in part, of the presen ce of tannins in the frult. lt has been s uggested 

that the total amount of tannins in bananas rem ains praclically constant during rip

eni ng. The loss or reduction of astringence is associated with a change in the stat c 

or chemical form of the tannins (von Loesecke, 1950). They suggesl that tannins 

exist in the banana in two forms: 1) "free" or active tannins which impnrt a strong 

bitter taste to the fruit and 2) "bound lannins" or "vegetablc lannates" which are 

insoluble and supposedly inert.and whi ch havc littlc or no effcct on palatability. 

During the ripcning proecss, thc leve] of free tannin decreascs beC'ause the tannins 

are s lowly bouml in an insoluble form. Thc !Pvel of free or active tannin is much 
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hip:her in the pcel than in the pul p but both are sign ificn.ntly t·cduccd b\· thc t ime llw 

fruil has matu red to thc "eating-ripe" stagc (Tablc 3 ) (von Locscckc, 1950) . SinCl' 

that qu:mtily of tannins is g reatcr in the peel, thc rcduction in acti\·c tannin is muc h 

¡n-eate r than in the pulp. 

Although the water cont,¿nt o{ the pulp i s incr eased during thc 10 to 11 days re

quired for the banana to r i pen to the eating s tage , the most conspicuous change in 

the maturation of the banana is the conver sion of s tarc h to s ugar (Table 4) (Stratton 

and von Loesecke, 1930). During ripening the r e is a decline in s tarc h content and a 

corresponding inc r ease in s ugar content. There is a gracilal shift in t he carbohydrate 

fraction from almos t all s tarch to almost all sugar . In the ba nana, 10 to 11 days a r e 

required fo r this shift. Because of r espiration needs the re is a s m all but definíte 

decrease in total car bohydrates in all varieties cii ring ripening. 

T.able 3. 

Days 

o 

1 

2 

3 

4 

5 

6 

i 

8 

9 

l O 

11 

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

bananas during the ripe ning process cxpressed as units pe r 

100 grams of tissue 2../ 

Fruit Pulp Pe el 
Condition 

Creen 7.36 40 . 5 

Cree n 8 .01 34.0 

Creen 7. 57 28. 3 

Creen 4 . 30 25. 4 

Creen 5 . 02 25.9 

Coloring 4. 30 16 . 5 

Colo ring 3 . rl 7 18.1 

Colo ring 1.95 11. 2 

Eating-ripc 2. /l-1 -1 . 6 

Eating- ripe J. 99 -1 .7 

Ovcr-ripe 2 . 00 4. 5 

Ovcr-rl pe 1. 32 3 e ·" 

2../ von Locscckc , 1950. 
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Table 4. Changcs in the starch, s ugar and total carbohydratc cuntent of 

banana :md plantain pulp during thc ripening pr ocess expressed 
a / 

as per centage of fresh pulp-

Variety 
NÚmbe r of ripening days 

o 3 5 7 9 11 14 1 

Gros Michel 

Starch 20.65 12. 85 6.00 2.93 l. 73 1.21 

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 

Plantain 

Starch 32.20 31.68 30 .90 30.48 28 .52 20.17 11.69 6. 

T otal s ugars 0.82 0.85 1.02 0.92 3.84 9. 78 18 . 89 21. 

Total carbohydrates 33. 02 32.53 31.92 31.40 32.36 29 .95 30 . 58 27. 

~j Stratton, F.C. and von Loesecke , H. W., 1930 . 

The majority of the sugars present is in the form uf sucrose, glucose and fruc

tose; maltose has been identified in t race amounts. The predominant s ugar in bananas 

is sucrose, sorne of which is hydrolyzed to glucose and fructose (Table 5) (von Loesecke, 

1950). Glucose accounts for approximately 58 percent of the total reducing sugar s 

present and fructose for about 42 percent. 

The carbohydrate values of the banana peel ar e much smallcr in magnitude t han 

those of the pulp but thei r c hanges from starch to sugars follow a pattern similar to 

that demonstrated for thc pulp. 

R ipe bananas which are ve ry pal atab lc and rcadily consumed by the pig are fc d 

whole with the peeling. When offercd fres h, ripe, whole hananas, the pig will first 

consume the banana pÚlp leaving much of thc pecl. lf the quantity offer ed is in cxcess 

of its daily capacity, it will tend to consume more pulp and l ess peel. Howcver, if thc 

total daily qu antity offe red is controlled, it will, cons ume both pulp and peel. 

Thc low protcin and high moisturc contcnt p.rcscnt i n the banann requircs that n 

s uppiPmcntal s ource of both protcin and cncrgy as wC'll as 'itamins and rninerals be 
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Table 5. Average distributlon of sugars in ~he banana at various stages 

of ripeness of Gros Michel bananas 2./ 

Perc entage of fresh pulp Perce ntage of total sugars 

Oays Color Glucose Fructose Suero se Glucose Fr uctose Sucrose 

o Oreen 2.24 1.45 7 . 65 19.24 12.46 68 .30 

3 Very slightly green 3 . 09 2.50 10. 61 19.07 15.43 65.49 

6 Or een tip 3.99 2. 75 12 . 00 21.29 14.67 64.03 

9 Slightly speckl ed 4. 21 3. 24 12. 08 21.56 16.59 61 . 85 

~ Adaptad from von Loesecke, 1950. 

sup¡iled. Several studies have been conducted t... determine the voluntary consumption 

patterns and performance of growing- finishing pigs and lactating sows fed ri pe bananas 

and protein supplement containing varying levels of crude protein. 

One such study (Calles~ .!!J., 1970) indtcated that the aver~e daily gain of growing

finlshing ptgs fed whole ripe bananas to stimulate appetite was stgnific antly improved 

(770!! 660 g) when a 30 percent proteln supplement was supplied instead of a 40 per-
, . . - -

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

effect of the increased daily consumption of metabolizable energy, 

Although the level of protein supplement coosumed daily does not vary greatly 

durlng the entire period d. growing and finishlni, as the pig increases In stze and 

weight, there is a marked increase in daily voluntary consumption of rlpe bananas. 

This change ~ the daily consumption pattern is especlally evtdent ihring the flrst two 

to .three weeks of the feeding perlod and may be associated not only with the need to 

adapt to change s in tsste but also to the need to develop a greater stomach capacity with 

which to handl.e t he high molsture feed . 

When aUowed a voluntary choice of tbe quantity of both ripe bananas and either 

a ~O or 40 per cent protein supplement, the pig will consume a diet during the growing

fin ishing period that contains 12.4 to 13. O percent crude protein. From the r esulta 

of a number of ·studies it is evident that an aver age of 8. O to 8 . 8 kg per day of ripe 

bananas is all that the gro~ing-fini s hing pig will cons ume . The young pig (25-30 kg) 
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Table G. P crformm1ce of gt·owing-fi ni shi ng pigs fecl r i pe bananas ancl 

e ither a 30 or 10 per cent p r otci n su pplement free c hoice¿_/ 

Treatments 
b/ P aramete r s - Control Bananas + Su ppl e me nt 

1 2 

Protein in concentrate , % 16 30 

Avg d aily g ain, kg~/ 0 . 87x O. 77Y 

Avg daily fresh bananas , kg 8 .29 

Avg daily bananas , kg, D.M.-2./ 1. 84 

Avg daily s upple m ent, kg 0 . 82x 

Total feed, kg-2/ 2.64 2.66 

Feed/ gain 3.04x 3.47x 

Prote in in núxture cons umed, % 16 . 0 1 2.4 

~../ Calles ~ .aJ.., (1970) . 

2 .. ./ Means in the sam e line with different supe r scr ipts ar e s ignificantly 
diffe rent (P< 0. 05 ). 

3 

40 

0 . 66 z 

8 . 85 

1.97 

0.62Y 

2 . 59 

3.92Y 

13 . 0 

!:...../ Seve nty-two pigs , 4 r eplications oí 6 p igs pe r t reatme nt. Avg initial 
we ight 2 3. 2 kg, avg final weight 90.1 kg • 

. s!.../ Bananas and total feed expressed on 10 percent m oi s ture basi s . 

will cons ume as little as 5 to 6 kg of ri pe bananas per da y , and it appears that the 

fini s hing pig appr oaching mar kct we ight wi 11 not cons ume mo r e than 10 to 11 kg daily . 

l'ccause of thi s inadcquate l eve! of banana cons u mption , whcn a 40 pcrcent pr olein 

supple ment is fed cncrgy bccomes l imiting . T hc incre asccl consumpt ion (!320 ~ 620 g) 

of a 30 pcrccnt protc in su ppl e mc nt whic h supplics mor e C:lrhohyclrate and less protei n 

calo r ics p:trti :tlly cort·cets thc cnc r gy dcfi ci<'ncy . 

L atc r stud ics modc :.tl lhc s a mc s tation (Cl avijo , Hl72 ) al so s howcd that no fu r ther 

improvemt·nt in pi!-( ¡w rfo r·mnnt·¡• o r cffic icncy o f fPcd util ization was obt aincd by usi ng 
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a 20 perccnl protein supplcmcnt lo replace thc 30 perccnl supplcment whcn r ipc bananas 

wcre fed {Table 7). 

Although pig pe rformance was s imilar whcn eithe r the 20 or 30 pcrcent protci n su ¡~ 

ple ment was fe d with bananas , the Jevel of s upple ment consumption was increascd and 

the daily cons urnption of bananas was rcduced whcn the 20 per ccnt s upplc ment was used. 

Under practica! feeding conditions the r ecommended leve) of prote in in the s upplement 

will depend upon pri ce r el ationships of bananas, prote ins and grains or gr ain substitu tes . 

Locally availabl e energy sources such as maize , sorghum, rice bran, s ugar and mol asses 

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

Fresh bananas can be u sed efficiently for sows during gestation. During thi s period 

the daily feed is controlled to rneet the nee ds of the sow and maximum feed consump

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

~...!!!· ·(19 71) fed gestating sows, maintained on pasture, a ration of ri pe bananas and 

protein s upplement a nd compared the performance of these sows to simil ar sows fed 

Table 7. Comparison of 20 and 30 perce nt protein s upplements for 

growing-finishi~ pigs fed supplement and ripe bananas 

fre~choice..!./ 

b 1 
Parameters-

A vg daily gain, kg 

Avg daily consumption of 
frP.sh bananas, kg 

Avg daily cons umption of 
supplement, kg 

e 1 
Feed/gafn-

;:.__! Cl avija , 1 H72 , 

Treatments 
Bananas + Supplem ents 

16% protein 20% protein 30% protein 

. l)lY 

.2 ... ./ Means in the sarne row without a cornrnon supcrs c ript ar·c si!{nificantly 
different from cach other ( P < O. 05) . 

!::..._/ Fecd/g:lin cxpr css<'<l on 10 percent moisturT has i s . 
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a basal 16 percent protein diet based on maize, wheat, wheat bran, alfalfa meal and 

fishmeal. The control sows were fed l. 5 kg of feed per day from the day o{ breeding 

until the 76th day of gestation. Ourlng the remainder of the gestation period and until 

the sows were moved to farrowing crates (76th to llOth day) daily feed was increased 

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 protein supplement per day from the day of breeding until the 76th day of gestation. 

The ration was then altered to supply 6.0 kg of bananas and 800 g of su ppl ement from 

day 76 until the llOtb day of gestation. Tbe supplement employed was composed of 

55.44 percent ftshmeal, 20 percent maize, 12.34 percent alfalfa meal, 2.82 percent 

bone meal and 9.4 percent vttamlns, minerals and salt premix. 

·"" -
Tbe reproductive performance of both groups of sows was not different. The number, 

weight and vigor of the pigs were siuúlar for both treatment groups (Table 8). Sows 

from botb treatment groups entered the farrowing crates in good condition. The banana 

fed sows gained an average of 11 kg more weigbt during gestation tban the sows fed 

the control diet. After farrowing no differences in pig livability or performance were 

observed. 

Contrary to the limited daily feed intake required for good performance by the 

gestati~ sow, the lactating sow must consume 5 to 6 kg of good quallty air-drled 

feed tf she ts to meet the nutrtent demanda for maintenance and mUk aecretion. If 

an equivalent quantlty of dry matter were supplied by fresh bananas and supplement, 

a sow would be required to consume at least 20 kg eL bananas and 2. O kg of a 40 per

cent supplement per day . This quantity appears to be greater than the sow's physical 

capactty. 

Clavtjo and Maner (1971) fcd ripe bananas and a 40 percent protein supplement 

to lactating sows in the tropical banana zone of Ecuador and reported smaller and 

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

control sows voluntarily consumed an average of 3.66 kg per day of a 16 percent 

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

In order to provide a 16 percent diet, the proportion of supplement to ripe bananas 

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

s umption of the mixture and consumed an average of l. 02 kg of supplement and 11.22 

kg of bananas per day. Because of the inability of the sow to cons ume adequate fresh 
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Table l:l . Pe rformance of gestating sows fed a di ct bascd on r ipC' b:m ana 

and a -1 0 percent prote in supplc ment ..JI_/ 

b / 
Pa r a mete rs -

Avg daily concentrate, kg 

Avg daily fresh bananas , kg 

e 1 Avg daily feed, kg-

Avg daily c rude protein , kg 

Avg No. of pigs per litter 

Avg pig weight at birth, kg 

Avg daily sow gain 1-100 da y , kg 

..JI_/ Clavija.!!:. al. (1971 ) • 

Control 
16% 

1. 66 

1. 66 

8 .9 

l. 22 

26.0sY 

Treatments 
Bananas i 

Supple ment 

0.67 

5 .00 

1. 67 

. 318X 

8 .4 

l. 26 

y Means in the s ame line with different s uper scripts are signifieantly 
diffe rent (Pe= O. 05). 

~/ Calculated on basis of a pproximately 10 percent mois ture . 

\ bananas to med he r energy needs and al so because of the extr emely laxative effect 

' )obser ved when t he sow cons umes a ration conta ining 14 to 15 kg of ripe bananas, fresh 
( 

\bananas are not gene rally r ecommended as the major ene rgy source for the lactating 

~ow. 

F r esh pl antaina a r e s imilar to bananas in appearance, but their chemical compo

s ition is s omewhat diffe rcnt. T hey have a highe r dry matter content whic h is princ i

pally represented by a 10 to 12 perccnt inc rease in the Jcvel of car bohydratcs in the 

plaJ'ltain . On the basis of thc ir chemical analys is , s imilar or bcttcr res ults t ha n 

those obtained wi th bananas might be expcctcd; howcvcr, ,·esul ts fn)m s tu dics in 

Ecuador ( Clavijo, 1972 )
1 
whc r c plantaina we r e comp:1rcd to bananas (Tablc 1 O), scc m 

to indiratc t hat the performance of growing-fini s hing pigs fcd plnnta ins wns infe rior 

lo that oi s imilar groups of pigs fcd ba nanas . 

Thc r c.nson for lhc slowc r rate of g rowth, lowc r lcvcl of pl antain cons umption 

ancl dcprcss~cl fecd e ffi cicncy is not r cadily npparcnt, hu t m :w hnVl' hl'<'n assoC'in t<'d 
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or ript-" bananns plus a protcin gupplen1c•nt~ 

Treatments 
Control Banana· + 

b / 
Parameters-

Supplement 

Avg pigs per litter, No. 8.3 .7 

Avg wt!ight at b1.rth, kg 1. 31 l. 24 

Avg pigs weaned, No. G.:lx 5 .9Y 

:Mortality, 'k 26.4 30.3 

Avg daily concentrate, kg 3 . 66 l. 02 

Avg daily cons. fresh banana, kg 11.22 

Avg daily protein consumption, kg .586 .520 

Weight loss of sows, kg 9 .5X 11. 3Y 

,¿) Clavijo and Mane r (1971 ) • 

...2/ Means in same line with different super script are significantly 
different (P < 0.05 ). 

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

are require d for the plantain as compared with bananas to r each an ideal stage of 

ripeness . After 10 to 12 ripening days, only about one-tlúrd of the plantain starch 

has been convcrted to sugars whereas almost 90 percent of the banana carbohydrate 

at that time is in the form of sugar. If a similar pattcrn cxists for thc contents of 

tannins, then the low performance as well as reó..tced voluntary consumption of 

plantains might be explained. 

Dried Bananas 

lt is difficult lo dry ripc bananas and planlains; however, lhe green fruit or both 

dries rcadily in the sun or in drying ovens . Once dried, the banana si! ces a1 e ground 

to form grccn banana mea!. Banana meal prcparcd from whole, unpecled J;reen 

h:manas s hnulrl C'ontain appro'<imatclv 12 pcrccnt moisturl', '1.3 pcrcent plotcin,2.H 

-11-
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Tablc 10 . Comparison of ripc bananas and plant:úns as thc pri nc ipie 

source of cnergy in di ets fo¡· growing-finish ing pigs2../ 

Treatments 2 3 

Gritería _!U .::._! 

1 
Control 

diet 
30% Protein Supple me nt 
banana plantain 

Avg da!ly gain, kg . 46x 

Avg banana cona. pe r day , kg 3. 8x 

Avg cona. concentrate per day, kg 1. 26y 

Feed/gain..!!./ 4.39y 

Cl avija, 1972. 

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

s / 

1 !L_/ 

Means in the same line with differcnt supe rscript are s ignificantly 
different (P < 0 . 05). 

F eed/gain expressed on 10 percent moi sture basis . 

. 43y 

2.4Y 

1. 2!/ 

4. 69z 

percent fat, 2 . O fiber , 4 . 3 perce nt ash and 74.1 percent nitrogen- free- extrac t . 

Plantain mea! from whol e , unpeeled green plantains s hould contain approximately 

10. O percent moi sture , 4 . 3 oe rcent protein, l. O perce nt fat, 6 . 2 percent fibe r , 

4 . 5 percent ash and 74. O per ccnt nitrogen-frce- extract. 

Celle ri et al . (l 971) used dri cd green ban:ma mea! as a s ubstitutc for ¡rr ai n to 

supply O, 25 , 50 o r 75 pcrcent of thc total dict for growing- fini s hi ng pi gs . The> 

protein of the 16 percent protein dicts was supplicd by a combination of fi s hmcal and 

cottonsecd mea!. As s hown in Table 11, each increasc in Jevcl of dricd b:mann mcnl 

in the diet causcd a s mall but significa nt linear r cduc tion in ave r age daily gain, :~n d 

a linear ~rease in daily fced intake a nd in feed r C'qu i rPd pcr unit of ga in. 

Similar s tudics(Oliva , 1970and0liva ~.21.1971 ) cmploycdO, 12, 2~ , ;¡c, and 

411 per ccnt banana meal and C'onfirnwd thl' prC'viOli S fi nclings . Al though da ily feed 
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í 111 akc was imTC:lSl•d. a linear dcpt·t•ssion in both g-rowth :1nd pffi ciC'ncy of fced con-

\'CJ'Siun 11 ns obsC'rn·d . 

TIIC' 1·casun for this linear dcprcssion in pig performance, when inc r C'asing 

lcYels of banana mC'a\ n ·pbccd grain, was elucicbtcd in s tudics by Cl avijo and l\lann· 

(19';3) . The 1·esults of thcse s tudics ( Table 12) clea:!'ly dcmons trated t hat al th·Jugh 

thc frcsh ripe and grccn bananas were cqual in both digestible and metabolizable 

energ~· as w:~s g reen banana me al, t he level of metaboli zable encrgy of all these 

types uf presentation is inferior to that of mai ze (3200 vs 3~00 kcal/kg of dry 

matter). 

T hese studies further s howed tha t ripe bananas will not dry at 60° C but because 

of the sugar content must be dried ata higher temperature. When treated in this 

Tabl e 11. Performance of groWing - finishing pigs fe d diets containing 

varying level s of g reen banana me al 

Treatme nts 1 2 3 4 5 

Celleri e t al. 
1 

1971_!. / 

·Level of green banana meal, % o 25 50 75 

Avg days to sl aughter, No •• S./ 119 121 124 128 

Avg daily gain, kg ·.s;./ . 67 .65 .63 .61 

A vg daily feed, kg 2.45 2.54 2.54 2.55 

Feed/gai~/ 3.66 3 , 88 4.04 4 . 19 

Oliva et al. 1 
1971...!:!.../ 

Level of banana mcal, % o 12 24 36 48 

Days on trial , No. S ... / 126 126 128 131 143 

Avg daily gain , k e/ g - .62 .60 .61 .59 . 54 

Avg daily fecd, kg 2.62 2 . 59 2.78 2.7_8 2. 82 

Feed/gain~/ 4.24 4.35 4.36 4.48 5. 23 

!!__/ Adapted from Cellcri, Oliva and Mancr (1~ 7 1 whu utili ¿cd a d chydr :Jled, 
<:ommc rcial banana mea! pcll e t s . 

!.!_/ 1\ da)')ted from Ol iva, Viteri , Cal ll's ancl Maner (1 !171 ) who utili ze<l s un 
' lril·tl, v. recn hananas s li ce s for p n ·p:n·ing meal. 

,. 1 Srgtllll(':lltl ! in<·:~,. r· t·spomw 1 1' <....o . f)'j). 
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manner. dry matler, nutrie nt and enc1·gy digestibi l ity is sc,·e J·ely J'edu ecd . 

Two cxperiments wilh ges tating sows (O!ivrt et al., unpubli s hc d data) pro\idc 

evidence to show th:lt banana mea! can supply rtt lcast -10 pc 1·cent of the total d ie t 

wilhout affecti ng r eproductive performance of thc sow (Tablc 13 ) . Sow we ight gains , 

post- partum we ight Josses , and pig numbe r s and weight we r e not diffe J·cnt when fcd 

eithe r the 16 percenl protein control di et based on grain or a s imil ar test in whic h 

40 percent grcen banana meal substituted for an cqua l quantity of g rain. 

Dried green banana meal can also be used to s upply at l eas t 50 pc r cenl of the 

diet of lactating sows . Studies by Ecuado rian worke r s (Vitcri et !!!.r. unpubl ished 

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

sows and their offspring is not diffe rent whether they ::n·e fcd a control 16 perccnt 

protein, lactation die t based on maize , wheat and fi s hmeal o r a test diet in which 

50 per cent of the maize was r e plaeed by a s i m iJa r leve! of banana me al (Table 14) . 

Both groups of sows cons umed a similar leve! of total di el. In doing so, thc banana 

meal fed sows eonsumed less digestible e nergy and , ns a conscquence . losl rtn avc1·-

Table 12. Coeffic ie nts of digestibility and digestible and mctabolizable 

ener gy values of fresh a nd dried r ipe and green bananas.J!.../ 

' 1fgestibility . 
Fresh Me al 

ri pe gree n ripe green 

PrY matter , % 84.25 76. 93 50. 52 83. 63 

- 42 . 65 -102 . 00 - 126 . 61 3.38 

Crude flber, % 78 . 01 56 .98 - 39 . 40 78.35 

Ether extract, 'if, 32 .40 - 24 . 87 24 . 50 22. 09 

Nitrogen-free cxtract , '~ 92 . ·13 !)2 . 74 GH . tiO 92 . 51 

Total digestible nutrients, % :i l. [J J M :J. 13 fi7 . :J9 ~0 . 94 

Digestible energy , kcal/kg D. M. 3114 :1199 170:J 3~117 

Mct aboli7.nble ene rgy, kcal;Kg D. M. 29G7 :n -11 lfi20 :1 17:1 

2._/ Cb vi jo a nci Mancr, 19 73. 
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lll'produdi VL' pL'donnanet• ol l!:cst ating sows fcd di<'ls 

contnining ~r('(•n bnnann mcnl with peeling .2_! 

l 2 
Control IOrt Banana Mea! 

Sow wcight gain (1-110 days ), kg 41. 3 40.0 

Post-partum weight Joss, kg 26.3 27.6 

Avg pigs born per litter, No. 8.9 9 . 0 

A vg pig weight at birlh, kg 1.4 1.4 

2./ Clavija, 1972 • 

.. 2./ Means not different (P;:>O. 05). 

age of 7. 6 kg body weight each during the 56- day l actation whilc the contr·ol sows 

gained an aver age of 2.1 kg . 

These studies providc lnformation to indicate that fres h bana nas can adequately 

provide the major source of energy for pigs during the growing-finishing and gesta

tion periods of the life-cycle if properly s upple mented. However, because of the 

high moist:u re content which p revents adequate energy consumption, it is not recom

mended as the s ole sourcc of cnergy for l actating sows. 

( 

The poor palatability of fresh green bananas, which s ignificantly lirnits daily 

consumption, prevents the efficient use of green fruit in s wine rations . Banana moa! 

is nrepared from the gr een fruit. Howeve r, because of its lowe r content of metab

oli ·~~'Jle energy as compared to grains for whic h it is substituted, it supports a lowe~ 

leve! of pig performance . 

Summary 

Rejeel o r waste bananas (~ sapientum L. ) which contain an average of 20 

pcrcenl dry matter , l . O percent c rude protein. l. O percent fiber, O. 17 percent fa t. 

O. 0:-. pcrcent calcium and O. 2H pcrccnt phosphorus. h:l\'<' l><'<'n u sed lo pr·o\'ldc the 
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Table 14. Performance of lactating sows fcd dicts containing green 

banana meal with peelings~ 
Treatments 1 2 

. JU 
Control 50- 53% 

diet Banana Me al Cnteria 

Number of sows 24 24 

Avg number of pigs per litter, No. 9.2 9.5 

Avg birth weight, kg 1.1 1.1 

Avg number of pigs weaned, No . 7.1 7.3 

Avg weight at weaning, kg 11. 5 11.-! 

Avg sow gain, kg 2 .1x -7. 6y 

Avg daily feed intake, kg 5.8 5.8 

~/ Clavijo, 1972 . 

::..J Means in the same line with different s uperscripts are significantly 
d.ifferent (P < 0. 05 ) • 

major source of dielary energy for S\\inc during lhc entire life-cycle . Propcrly 

supple menled with protein, vitamins and mine r als , fresh ripe bananas can be used 

during all phascs of lhe life-cycle of the pig except during lactation at whi ch time 

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

quantities of frcsh bananas to meet her energy needs . Because of bitter t ast e and 

¡.xxr palatability, which significantly limit daily intake, fresh green bananas should not 

be fed if maximum voluntary consumption is required. Since ripe bananas have poor 

drying characteristics. hanan:t mea! was preparcd from green bananas . Meal prc

pared in tlús manner can be uscd to supply up to 75 percent of the pigs' di c t . During 
) 

the growing-finishing per:iod cach increase in banana mcal subst.itution for maize is 

associated with a small linear deprcssion in growth rate and feed convcrs ion cffi

cicncy. This depression in performance rcsults from the reduccd dail y consump

tion of mctabolizablc energy which is only 3200 kcal/kg dry matte r for bananas as 

compared to 3800 kcal /kg fo¡· maize. Perform:tncc cqual to that obtaincd with contn>l 

dicts bascd on cereal grains has bcen obtained dudng gcstation anrll:tct:ttion wlwn 

b:m:tna me:tl r·pp):wcs up to :.o pt•rccnt of th1• rlil't. 
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