
INSIiIUTO DE INVESTIGACION NUTRIOONAl 
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CASSAVA : CONSUMPTI ON AND Ol GEST ISI LITY BY SMALL CHILDREN 

- 31st.lIoe ., 1984) 

During this period of the contract, ,l,e First Study in whi ch tbe consU]lIption, di!)l.ls l­

ib ili ty, and pro te in qual ity of three siondoriZo.!d diets containing three leve ls of cassava WUr Q 

compared - ",as completed. The following report therefore details tht.! rCH.l ls of the si udy . 

1. 0 Methods - The methods Wl.lfC prCSt;lllcd in detail in the origina l protocol, thus only (I 

brief re view will be prcsentt:d ho.:rcin. 

1 , 1 Dials: A fresh botch of cassava from the Peruvian jungle was Iyophilizud in 
order to provide a single hOlilogenous 101 sufficiLlnl to nlcc t the needs of tilL , Siudy . 
Th(ce, study diets con toini ng 25, 50, (Jnd 75 % of t!nergy as cassava w~re ca,npared 
with a contro l diet in which the carbohydrate source wa5 a mix lure of sucrosc and 
dex trirnaltose, vcgctable:! oi l (soybcan: co tto llst!I ~(I, 1:1 )provided 20% of enorgy in a ll 
diels . The major protein s/)urcc Vias calc ium caseina te, and the protein provided 8 % 
of energy. 

In Iht! "25", " 50", (llld " 75" C U\SOV O dicb, cassava provided '1. 5%, 8.5 %, and 
12.9 % of Ihe protein respl.!clively; a ll or the protein in the control diet was derived 
from casei n, vilamin and mineral supple ments wcrc added to rnect thl.! US' RDA's. 

Each c hi ld rcceivod thl.! cassava dicts during three nine - day periods Aninl.!-
day peri od wilh Ihe control die t proceeded thc first sludy period; this period was fol­
lowed by a six - day period with tho con trol diet, und 011 subsequent cassavu diets pe ­
riods wert! preceeded and fo lhwcd by six - do) pe riods in which the control diet wos 
given. The orde r of th.: COHa va diel periods was randomized wrlorlg di fl crlln t pa tie nts. 

1.2 Study subiec t~: Eight mole infoJlt~ between 20 and 38 mont!.s or age werc in ­
c lyded in the study, a ll were recovering from severe nla lnutrilion, oot hod achieved at 
least 10th. percenli le of NCH S re fere nce of weigh t for lenglh, serum albumin >3.5g/dl, 
ond hod demonstrated normal intestinal absorption of a casci n, sucrose - vegetable dio t 
before inclusion in the prc~ent studies . The cli ni co~ characteristics 0 1 tln!se subi~cts 
are 5v!flmariztld in Table I . 

2.0 Resu lts-

2. 1 25 % 01 dietary energy rlOll1 cassava (Tabla2). 

fhe meon appart:n t absorption of nitroge n was similar duri ng the cassava dietary 
period and during the prcc(Jeding and followill9 contlol penods. rile apparent ni trogen 
reten tion, howeven, was low er duri ng the cossa va period than during the con trol pe riods. 
Nitroge n rolention during the lattcr ~onhol period VlOS ~ t arisl , colly sigllifi c.on tly greater 

than during the COHava periqd . 

• 
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Althougl1 the children goi ned sl ighHy less we ight during each success ivl.l ly 
highe r leve l of cassava consumption, Ihesl! dHfcrences were not 510tislical ly ~ ig ~ 
nHicont. As the amoun l of CQSSOVCl in the diet increased, the childloJn 1<!'lUill.l d 

progressive ly greater periods of time to consume their feedings. 

3,0 Discussion: 

These studies provide the firs t quantitative informal ion on Ihe digestibility oqd 
nu tritional quol:ty of cassava - containing diets for infonts QntJ young c hildr!!". All 
rusults orc compared with a control diel known 10 be highly digest ible ond of su purior 
nutri tionol quality. The apparent absorption Clnd re tention of nitrogen dctcriol'olud 
moderately wj til successive increases in the amount of caSSava consumed. AI though 
most of the fal l in nihogen re te ntion could be explained by the rl.!duced obsorali(>Il, 
the biologica l valufi: of Iho:! prote in also tended 10 decrease very sl ight ly . Thl.!stl 1(' ­

suits were unexpected since Ihe vas t ma;arity of t~e prote in in thl.! sludy W(l S pl'Oviclcd 
by casein, which is 0 high quality u.:fllronco pro tein source. Al though the OillOUll t 
of protein providod by cossova increml.!d sligh tly with each inc remen t in the proport ion 
of die tary ene rgy p(ovidlld by cassava, this small chon£,tl in prolein source cailllO t 
explain the oixerv.;!d diHurunces in obsorpt;oll and retention. Apparently SOllie foclar 
present in cassava inlerfered wifh the utilization of the casei n present in the study diets . 
Furthermore, the decline ill " nergy ablOrption wilh greater in take of cassava rnoy hov(! 
impairt:d somewhat tHe Ictlliltian of thc ni trogen tha t was absorbed . Furth!!,' rll50arch 
wiJl be required to identify tho anli-nut ritiollol roctor (s) present in cassava. 

The inclemed feco l I O~~tls of coroolly<Jrute a nd em:fgy with cassava WeI(: not 
surprising since lIOn - digllstiule fiuer con ll' ibutc~ to the totol coroohydrole (and energy) 
contt:nt of rhe ploduct, but nol to tlill control di o t. Furlh'H looorotory analyses will 
otlOll\lH 10 distinguish oulwecll nbC! and Han - fiber carhohydrotl;: unci energy losses in 
Ihl.! slool, 

The rt:duct:d fill t:xcfl.ll ion witt, cCluava (1\ compared with tht: conl,ol d ie t cOllna t 
bl.! exploined, bUI il is -;al15is lel1l wilh proviau~ obs~rvclion~ notl!d duri ng studies of 
othtH staple foods such as: palotoc~ olld noodles . 

The physical properties o f the caS5avo diet undaub t~dly contributed to its de loyed 
cO'lsumptioo with increasing amounlS of cmsova, fhe dict wus progru5siv oly more 

gulo linous, (voluminous) and rO(luircd greo tcr erlorl by tht! cort.: takers tl) ouure 
complete consumption. Whefuas Ihe caHtral (ond 2S,nrld 50 ~;" ) diet wm liquid and 
consumcd from a feedi ng bo l tle, Ihe 75 % die h Irerd to bl, feci by ~paon Prolonged 
feeding times moy resu l t in reduced intakes in horne s!J ltings wheru olr!Jady ovcrbr.trduncd 
mothers may not btl ablt! to can tribtn ,Iu;: n.:Ce)SUry tim!.! to cmufll Illul their in­
fan ts consume the entire wrtmount of the prcparation that is orfered . 

4 .0 Stimulation proglorn 101 undel'llourisht!d c hildrell: 

The Stimulo l \OIl Progroln 01 the liN was initialed laIC in Decerrroor 1983 with 
the gool of facilitating tho l'eCr)vcry o! lnoloric, lingu ist ic, ': llIo liollal and intolt:cluol 
skills in childr!:n suffering from severe lIlulnulrition. Both, Ihe e valuation and plogram­
otic aspecls of the proglam ore odoplo tions 01 the" Progra mo Integral do Estimulacion 

Tempronc can Bose en 10 Familia" (PIETBAF), developed by the Ins tilulO Nociollol de 
Invcsligocion y Desarroll o en Educacion (INICE), del Ministeri ... de Educacion, lln 1963. 
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The stimulation program includes bo th (I cl i!l icol cnd (I research componenl. 

4. I Clinical program 
All children admitted to 111t~ liN for trcatment o f malnutrition e lig ible fa . the cliui­

col component of the stimulation 1.lIogrom. De velopmental evaluat ion s(:,vc O~ til..: bmi~ tor' 
indiv idua lized stimulati on prngroms. Th£l ploy therapist coordinates the slimul'ltion Qctivi­
ties through direc t contact wilh the chlldren cnd recommendations to the nurSl!S, pot'cnts, Clncl 
volunteers . 

The PIETBAF has been opcro1 ionoliz.ed to be used 0\ (Ill evuluoliol1 procedure willi 
children recovering fro m ma lnutri tion. The iuitiol eva luation i~ schcdo lct! CIS SOOI1 anu. (,d· 
minion 0$ the child's medico I condition h stobie, usuall y within the first 10 doy~ . Thertlaf­
ter, evaluations are done on a monlhly bosis, with 0 final evoluation at dhchargu. 

Evaluation selection scoring, and rll~u 1t ~ (1 11l duvlliopud, frour the rusu l ts of tlvuluutio ll 
the therapist writes 0 report, includ ing a rllSUfllll of tll<: child'~ deve loplllt:ntol s tu tu ~ and in­
div idualized recommendations for sli111ulotion activities dt:signed 10 fac ilita te fur tht:1 changu . 

4.2 Evaluation Results 

During eoch evaluation tlru thcfOpisl olso oh~U I V rl\ tim c hild' s gerleHl I hco ltl, st(llu~ 

ond the child's cooperot ion, :iocia libility, urld attenlion. For eodl orca thc c hi ld I'cccivus 
a score of l uw, Med ium, or High. Final ly, Ihe thllrapis l nales wire thll( tire child has dis­
played a representat ive rcpllrtairc of behavior, wllich is coded as Comple te or Incomplc te. 

From thl! resu lts of Ihe evaluotion IhCl Ihllropist wdlc~ a teporl, including a resumil 
o f Ihe chil d's developmental sla tus and indi viduuli 'l. rld rllca ll1rncmlat iorlS rar st irnu loli oll (lcli-
vi lies designed to facilitote furtirtl l chongl:. These rc comrrlcnda tions Oftl bosud all thc 
PIETBAF and are pra ctical and cosy to implwtlllll i 

The resu les o f Ihtl devc lopmentol Ilvalu(lt,ons (lnd rccorl1r!leruJ(lliOlrs fOf developmental 
ac ti vi ties oro commun icated 10 the liN staft thl'Ough weekly case con ro: rmlces, Thundoys be t­
ween 2:00 - 3:00, and through bull e lin boo,ds in thl,l two primary hospilal rooms fO l' chil dren. 

4.3 Ploy Therapht 

The Ploy Therapist rna intoim on illdi vidLtali::ed praglanl lor <.loch nutritionall y deprived 
child recovering at the liN. The programs aru dlJsiglu:t1 10 foci lit alt: 9(Owlh in each of the 
six devtl lopn1l:ntol oreas and are adrninistered in 0 context o f ploy. rill: Ploy Therapist 
visits tlaCh child doily ond coo , djnaltl~ "tililu lo f,o n act i vi lit.: ~ " ill ,(:1 in tllu c hild"': r l'~ lro~Jlilal 

room or irt the Play Rooln. Fot cllil cll'en .... ho (JIll U1 IlIc lolx>l ic collo,:clion ond in bcd, she 
provides bed act ivit ies, including resisl lvu rlxClcises 1o. thoir IO HS . When pos~iul u c hi ldren 
in me toboli c colltlction spend pori of Iladl day in onl: of th", four specially adopted me tabolic 
strollers. During stimulation chil dren who (lftl 1101 in 1I1uloool ic co ll (!ct ion spond os much linre 
oul o f tlle ir beds as possiblu . Chi ldl'en with similar dovtlloprncntul skill s 01(' pragratllllrcd to­
gether for group activ ities, thus learning hom ont: urro rllOt in (j socia l Corllexl . 

The Pl ay Therapist serve~ o~ a rc~ourcr:: 10 rl lc liN ~ t afl. AI))lOuglr sho works with 
each child doily, she alone is unabl ;~ to Jltov idu the ~t imu lu'ion neede d by cl1ildrrm ftlcove ri ng 
from nutritional deprivation. Consistent, affective inv"live,nunt by poten ts, hospital stoff, 
ond vo lun teers wllo he'/tl beun Iroinll d in {IpplOIJr'rute de\le loprnen tol oct i vili(J~, is necc~sClly fo,' 
optimal behav iorol rehabilitation 

4.4 Train In!,! in St imula tion Acli .... itic,; 
In order to prov ide u ba5c li nll 01 knowl edge I,lOOUI chilJ dovelopment and sti rllula tioH 

octiv i, ies, 0 series of five troi n ing ses s iOrl~ .... erc held witll tire nursing stoff. To suppie rnC'tl 
these discuss ions, lorge charls wure lIIade lor tlltl wall of the nursi ng artiu depicting the oge 
categories and representot ive losks in coch doveloprnt:lI1 lul oree, bused un PIETBAF. i hesc 
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The mean feca l wei weight during the cassava period wos grcaler thon during the 
contiguous control periods. The difftHence from tho carl ilH period ani), was statis­
tica lly significant . There were no differences in feco l dry weight in ony dicta!)' 
interval . 

Fecal fl'll was slightly tess and fecal carbohydrate s1i,!}htly more with I~e ca­
ssava diet than with the comporisson die ts . These diHerences were statisticall y sig­
nificant when compared with the second control period. These opposing effects re ­
sulted in simil ar fecal total energy excre tion during each period . There were no 
differences in i ncremcn~ in body weight or serum albumin or in tb~ avorage duration 
of feedings curing any in terval of the study. 

2 . 2 500/0 of dietary energy fro m cassava (Table 3). 

With 50% of dietary energy provided by cassava apparent nitrogen ab50rption 
declines slightly with respect to the contro l dieth Thi s diHercnce was statisti c'JI'y 
significant when comparod with the secal1d control period . Apparent nitrogen reten ­
tion wa~ significontly, less with cassava than during either con trol period , 

Fecal wet weight was a lmost twice as great during the COSSavo period Il IOn 
during the paired control periods . These diffefCHlccs as wull as thoso for focal df'}' 
weight were statistically signifi cant in re lotion to the prior and subsequunt control 
diets. 

Fecal carbohydra te excretion was approx imately three times greater wi th Cassava, 
whereas fat excretion Was on ly ha lf as much as witl, the con trol diets , As a result, 
fecal energy losses were only moderately greater with the Cassava dilli. All o f these 
fi nd ings were STatistically significant . 

As with the "25 %" CaHcva diet therCl ... ere no differenccs in wI·ighl g.:lIIlor 
serum albumin leve ls by d ie lory in terva ls. Approximatoly eight l11 inulll$ were requi red 
10 Consume oach feeding of Cassava os offered to approxi motel y five rninule$ for the 
con trol diets, a d ifference thai was statistically significant fo r the fiht cassava control 
period. 

2. 3 75 % diclalY e llorgy f'olll cassava (Tobie 4) . 

As no tt::d wi th the " 50 %" cas~ovo di et, the apparent absorption and fo.lltm lion of 
'"I i)rogtJn ware reduced wilh the "75%" ca5~ava diel compared with ils respect ive contro ls 
Tht! feca l wet and dry wcigh~, fecal carbohydra te, and feca l enorgy were a ll signi fi ean 
Iy g reater with the CaSSava diet . Feca l fat was less during the caSSava fleriod, but n" t 
significan tl y. There were na sign ificant differences in increments of body weigh t or 
serum a lbumi n. The chi ldren required a feoding period that was approx imalu ly twa and 
a ha lf limes longer in order to consume the Cassava diet than the c'Jntrol d iet. 

2 .4 Comporisson of three levels of cassava (Table 5 ). 

The appare nt absorp tion and retention of ni tragen decreased significantly os a 
greate r proport ion of dietary e nergy VIas provided by C.ossava , LiKew ise, fecal wu t and 
dry we igh t and fecol excretion of carbohydrote and encrgy were greater with increas ing 
Cassava consumption. Alt hough feca l fat excretion was consistently less with casrovo 
than wi th the contro l diet, there was no apparent relation between the amount o f Cossa ­
va consumed and the e ffici ency of fot absorption. 

http:rltion'.to
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charts serve as a permanent reminder of normal chil d development activitic~ (Of both storr 
aod visitors. 

, 
Parents ore loug.ht appropriate developmental acti vities for their children during 

visita tion and prior to discharge. However, ~renl vis;lalion patterns vary, with some fami-
lies visiting several rimes a week and o thers practically abandon.ng their children. 
C.urrently there are no funds to SUPP..Of l transportation, thus formolized porent education r~ 
beyooo the scope of the prescnt Stimulation Pro::lrom . 

Similarly, follow-up is on expensive process, which should be included O~ port of 0 

Stim~ation Program. Children ore periodically reevaluated when they return to the out-
patient department after discharge, but not on CI regularly scheduled basis. Additionol 
financiol support is nCC(mary 10 in1pl~rnent th" follow-up phase of the progrom. 

5 . 0 DETERMI NA nON Of fHE 

5 .1 INTRODUCTION: 
IN EXPI~ED AIR. 

Breath hydrog(ln tosts have be..:n used during the 1051 lwui vtJ Y(lars for gostrointestiual 
diagnoses. Thi s !lon-invasive procedure is useful in tho diagnoses of carbohydrate mal­
absorption, bacterial over growth in the sma ll intestine, and small intestinal Iransit time . It 
ros also been succo.:ssfully oppli ed in the slUdy of colonic n,etobolisrn of fibc:r und non -abs ­
orbable carbohydrates . 

Certain colonic boctcrio are cupobl", of fcnncntingavailablt: corUollydroto;~ wit h tho.: 
concomitant production of hydrogen gos. Alt hough the maiority of tho.: hyu,og",n is dimi­
noted os flatus, 14 to 21 % is absorbed tlnd subsequently excreted through til(.. lungs. Till: 

excretion of expired hydrogen provid(ls )ern i-quonti ta tiv(l inh'rmatian regarding the intest i­
nol fermentotion of carbohydrates and appears to be the best index of carbohydra te malab­
sorption. 

The first Sludie) of breath hydrog..,n excretion used a closed system of continuos ((!s­

pirotion for the collection of expired air, but presently a hydrogen sampling system 0 1 fixed 
intervals after on oral dose of carbohydrate has been developed. The procedure is non - in-
vasive and is suitable for infonts and young children . 

During the present studi(ls the breath hydrogen test was performed on children consu­
ming /cossova at thn:e different levels (25, 50cmd 75 ~b ) of to tol dietary energy in order to 
determine wht':thcr excoss corbo hydra te o.:nr~,·..:d rho co lon . Addi tionolly, rcsul ts of br~alh 
hydrogen excrotion were compered with data for fecal energy excretion os d"termined by 
bomb colo2,reter. 

5.2 PATIENTS, PROCEDURES AND METHODS, 

Eight partially r~covercd m"lnounshcd childrcn participated in Ihis study. Dci..lfrnillo­
tions of hydrogen concentration ~\v(pired air were don\! during eoch period of yuco, 25 %, 
50 % and 75% and in Ihe initial CASEC control period . Control tests W\!rO a lso dolll:! wit h 
lactulosc (0 non-obsorboblo carbohydrote) in each child b~fore ~tarting Ih", study 10 os~urc 
thot tho colonic flora wore capellic of producing hydrogen. For tho conlln l c..tPllrim""lI 
with loctulosc, 11 children were ~ Iudi ecl (3 of them did no t porti.::ipate in the yuca ~Iudy) . 
They received a dose eitlwr 3.339 or 6.79 of loctul osl:! in a 10 % SOlut ion ill wo t..: ., oftc, 
obtaining 0 ba.al sample of ey.pired hydrogen . This bosal sample was obtoined of tel 1:1 10 12 
hou~s of fast ing. Samples were obtained a: 30 minute intervals for 18010240 minutes. 

http:A~AlIA.A.4A
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Forthe cassava study basal samples of fasting breath H2 concentration were collected. SU:llpll!' 
of expired air were the collected at 30 minute intervals up to 240 millutes after the first leedill!J 
and at 60 minute intervals for an additional 240 minutes after the secolld feedillg. 

The expired air was collected in a pediatric anesthetic mask that was connected 
through a polyethylene tube to a 15 cc syrinUt!. At the elld of .~och expiralion, I ttl Jec ot 
air were aspirated into the syringe until a total volume of 40cc was obtained. 

The hydrogen concentration of the air samples were analysed during same day usinU 
a Quintron 1II0dei 5 gas chromatograph, which u;e, a thenllal conductivi ty detectioll systerll. 
Argon was used as the carrier gas. The re,ults were compared with a cormnercial stardnrd 
of 55 ppm of hydrogen in air .. 

Five parameters werl) l""U lor illiL'IP't!IOli'lll 01 II,,, llleotir hydrooen doto: 

a) Basal value. - The memu, -!m • .'.lt of the h,dr09'-'1I COIICl!lltrotion in breoth immediately before 
feeding. 

b) Peak increment,- The difference betweell tht! highe,t post-prandial value and the IJasClI 
value. 

c) Maximal differ-!Ilces .. - The differellces betwet!1l till' hight:sl olld Ihe lowest pre or 
post-prandial values .. 

d) The time required to reach Ille rllllxirilul PCII" of frytilo!JL!n eXLI"L"iOIl 

e) Excess concentration of expirL!d frydrolJclI, i ", 11", illlt:~)I(Jlioll 'meier u discontinuous 
curve of the excess hydrogell excrd·~d dUI irlL) ~'uch intervcd, which 11m been calculated 
by the following formula of the SU'II 01 II,e IrapeLoids: 

(Io - To) + (Ti 

L 

+ (~Il - i 

To) + (Ti f 0 ) 

" I . 

To) .!.. (r n - To) 

2 

Where To is the hydrogen concelltrotion ill ppm III 

concentration in ppm at the end of th,) firr,t interval .. TO. , II 
the last interval. 

5.3 RESULTS: 

(rii To) + ..... 

time zero; 1 i is the hydrogen 
is the hydrogen concentration in 

Lactulose Tests: The loctuloslJ 1",1 re~ult(!d in u rnurked increme (.'I20ppm) in tlr" 
expired hydrogen concentration ill oil the putiL!nls, l!XCl:pt in the case of patient number 871 
in whom there was no ir,creme willi l!illr,;r ot tilt, Iwo levL!ls of lactulo~e (Table I). Till! 
average time required to reach tile fIluxilllul peuk ill ltydroSJen concentration wm 120 rninu\t!", 
whil~ the excc,s in the hydro~en LunCt!nllOliull III 1'1)'" W<IS \Jleater tlrOiI 2000 ppm 101 011 
patients except fOI pCltient 871 in wlrOlll Ih<1le wm 110 5iUnificant increase Clnd patient 839 
whose basal level wos greotel !holl ,10 fJfJlli. Pclfi"nt B2::J I,od a si[Jnificclilf illcrease in II,,, 
total hydrogen excletion uc,pite (J bmul lev,,1 of .')J flprll. 

The concentration ot c..:xpiled f,ydr()C)"11 tollDwlII!J loclulo';,' dose', ot 3.33~J ol1l16.fq (lIt! 
shown for three patients in figure I. Patient 806 shows the best hydrogen excretiorl curve; 
for dose 6.7g" the excess in hydro!Jell concentl'llion in ppm increased ploportiorlCllly. 

In patient 871 the hydrogen excess wm IWSJative with 3.3g .. 01 lactul05e anJ diu lIot 
increase irnporttantly increasing tile dose to 6.7g. in this some patient we may see variatioll!; 
in hydrogen concentration in pplll for eacll time intervol (Figure 2)0 

http:betwe.ii
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5.4 Basal H2 Exereli,," with COS50va: 

When onoly'dng Ihe effec t of the diet previously ingested on Ihe bosal l:xpircd 
hydrogen we observe tha i 05 the proportion of calories dcriv~ from Cassava increased, thert! 
was on increase in Ihe hydrogen concentra tion of the basal expired oir (Tobie II (F ig.3) . 
It con aha be observed in the some tablc thol the feca l vxcru tion of corlJohydrotu incrca ­
sed progressivo ly with the incremen t of yueo in the ,diel . 

5.S Excess Hydroflcn Excretion with Cassavo: 

The excess breath hydrogen cOllccnllotion wos calcu lat ed for an eight hour - period 
fol lowing ingestion of casso a. (Tobie 

The first polilo'ln l only hod samples laken for Four hours post prandia1ly. We may 
clearl y see t~ot thc hydrogen concentration is grealer in the afternoon (6 interva l) afler re­
ceiving thu ~foIcond fued ing in Ihal lIlorning (A intt.!lvul) for Ihosu po lit.!llfS wi lh fhL' full ciS)1i1 
hours of observotion. This is trlJe for 011 four diet periods. 

In the patients who didn 't hove hydrogen samples in the B interval, the hydrogen 
excoss wos zero . For tho maiori ty of potionts Ihe hydrogen excess for tho YUCQ 75 % was 
zero becouse tho bo~a l value was grea ter than any other va lue measured . 

DISCUSSION 

The conlro l tcst with loclulnse perform in all 11 cllildren, showed that only one child 
(9%) was not able to produce hydrog""n ill ~igr1j(icon l olllounis . This chi I d probably di d nol 
have 'Tlicrobiol fl ora in the colon capable of fermeflting laclu loso. But, by the curv.: obtai 
ned wi th a dose of 3 . 3£1 of loctulo~e ( Fi ~)ul' ,~2 ) in which the maximal ptlok was 0130 Illin . , 
it seems a typicol curvu of mic robiol contamination of Ihe sma ll inlcstinc . 

The eHect of thu diet previously ingested in the 00501 expi red hydrogen sugges ts that the 
non - obsorbed corbohydrote (fiber) con tent in Yuca (oluund 8%) infl uenced the hydrogL'n excre-
tion. 

Other invest igators have demons ho led that certain typus 9f dietary fiber 0 1 complex cor-
bohydrotes offect Iho concentration of basol expiwd hydlogen. These studies were porformed 
with 0 legume - bosud diel, in which 0 small increas..: ill t/l.: (:onccntrotion of expired hydrogen wilh 
o moximol peok observed 5 - 8 ho ... rs afler Ihe: first iuloku of f.::uding was ~hown . 

1 n Yvca, W(l have ObStHVed SOJ1lulhillC} si'lli 101 oj though we have not been able to chafClti! 
rize specifically the !yp.: of fibur in Yv(,.o, it st!t! JIl~ to aHt.!cl the hydrogen excretion, delaying it 
and so offef ting the basal hydrogen excre tion the: following doy. 

In the cl)ntral period of cose il), we also obsLlfvcd a tendency of the hydrogen cOllcentrolion 
to increase in Ihe afternoon (F igure 2). Thi~ may be: due ta the fact thai this contro l diet contained 
not only sucrose, which is (I highly dige:slible carbof,ydrollJ, but a lso dex tri mol tost.! and com storch. 
To be oble to clearly diffuluntiute (1 elier with fibu! 01' cOlllplu)( corbohy drntes from a cOl1lro l an ... (] 
diet of cosein - sucrose wi ll Ilove to bu prepofo::d. 



TABLE 1 

CL: NI CAL CHARACTERI STI CS OF EI GHT CHI LDREN AT THE BEGI NNI NG OF THE FI RST STUDY OF (ASSAVA 

Weight 
Chronologi c V.'eight Hei0 ht b>' Serum 

liN Hospitoi Age Vicignt ,Age Height Age Height Alb 
N° Dc>' (m) (g) '''''- ) (en) ( rr. ) Percenti I g/d 

827 57 20.0 7 600 5.6 71 4 8.25 5 3,62 

825 6:; 26 4 9.600 10.25 78.2 13.75 15 ~ -0 ,;),/ , 

842' 5<; 21.0 6 CQ(\ 
,uv L .""+ 70,0 725 <3 3.85 

849 57 35 9 6 780 .:: 1 7L ,-; 10,75 < 3 3.59 

848 8e 20.1 10.380 12.75 79. J 14,75 35 3.83 

868 36 28.5 8 830 8 0 81.0 16.5 < 3 3,50 

872 85 20,5 8 600 7.5 72.8 9.25 20 4.24 

891 22 37.8 9.660 10,25 79.7 15,25 :; 4.17 



TABLE 2 

PROTEIN QUALITY AND DIGESTIBILITY OF Din CONTAINING 25,}~, or­

ENERGY FROM CASSAVA COMPARED WITH CONTROL DIET (II = B) 

----- --.. ------

CONTROL- PRE CAS SA VA" 25" CONTROL-PRE 

-------.-
NITROGEN 

Absorption (% intakc)X UJ. I 83.4 82. I 

SD ' 3.7 '6.0 ' 6.0 

Retention (% intake)X 34.5 32.9c 44.6 

SD ' 6,3 '8.0 '10.6 

FECAL WEIGHT 
-

Wet (g/d) X 84.7 120.9a 100.6 

SD ' 27.7 J 35.6 , 
13.8 

Dry (g/d) X 16,8 16.4 18.5 

SD - 3.9 I 3.3 J 2.9 

FECAL FAT (% intake)X 9.7 9.2c 12.2 

SD ' 5.L' '4.5 4,,7 

-
FECAL CHO (% intoklJ)X 2. I 2.gd 1.6 

SD ' 1.0 ! 0.5 
, 0.9 

FECAL ENERGY (% inhke)X 5.3 5.9 5.6 

SD ' 1.4 t 1.3 0.8 

BODY WEIGHT (g/k~/d) X 4.3 3.8 5.0 

SD .. 2. I 1 2,0 2.0 

SERUM ALBU MIN (g/dl/prd) X 0.17 0.07 O. I') 

'iD 0,,28 
, 

0.25 0.27 

DURA TlON FEEDING (rllin) X 5,0 6.0 6.4 

SD ' 2.0 
, 

5.6 5.4 

--------

S ta ti s ti cal significance 01 difft:rellce~ (poiPJJ "til tes t ) 

Ca~sava vs Control -pie. c. = p 0,05 Cassava vs Control - post: c = p O.C 

Cassava vs Control -pre: b = p- 0.01 Cassava vs Control - post: d ~ )J . O.C 



TABLE 3 

PROTEIN QUALITY AND DIGEST/B I LlTY OF DIET CONTAINING 50'~: 01' 

ENERGY FROM CASSAVA COMPARf:D WITH CONTROL DIU (/I - l!) 

CONTROL-PRE CASSAVA "50" CONTROL-POST 

NITROGEN 
-

Absorption (,}, irlloke) X 81.3 

SD • 608 

Retention (% intake)X 39 01 

SD 113 .. 1 

FECAL WEIGHT 
-

Wet (g/d) X !00.6 

5D . 52..7 

Dry (g/d) X HL8 

SD 4.4 

FECAL FAT (% intake)X 17. I 

5D 8.0 

FECAL CHO ("i:, intcrke)X 1.5 

SD O.H 
-

FECAL ENERGY (~c intake)X 6.7 

SD 1.8 

BODY WEIGHT (gjkg/d) X 3.8 

SD ~jO 

-
SERUM ALBUMIN (g/dl/per) X o 0'1 

SD 0.28 

DURATION FEEDING (Min) X 4.8 

SD 0.7 

Statistical significance of difference': 

Cassava vs Control pre: a f-' 0.02:) 
Cassava vs Control pre: b p. 0.001 

78.6c 81.5 

. 5 .. 1 .. L7 

31.0a,c 39.3 

·7.8 '10.4 

195.7b,d 117.9 

, 44.1 ' 40.8 

23.8a,d 20.6 

3.8 :3.1 

8.0b,c 14.0 

4.2 7 .. 2 

6.0b,d 2 .. 3 

1.1 1.0 

9.5 a,d 6.3 

. 3.2 1.4 

3.0 4.6 

1.9 3.6 

0.16 0.04 

0.26 0.35 

H,O 5.2 

4 .. 8 2.3 

- .---------------- --.-- -. 

Cassava vs Control post: c I) 0.025 

Cassava vs Control post: d p' 0.001 



TABLE 4 

PROTEIN QUALITY AND DIGESTIBILITY OF DIET CONTAINING 75';;, OF 

ENERGY r:ROM CASSAVA COMPARED WITH CONTROL DIET (n = U) 

CONTROL - PRE CASSAVA "75" CONTI<OL - PO~T 

NITROGEN 

Absorption (% intake}X 82.? 75.6b 80.13 

SD ,4. I ,5.7 t16.0 
-

Retention ("/0 intake) X 38.4 28.6a,c 37.3 

SD 
, 9,,3 ' 8.5 '11.0 

FECAL WEIGHT 

Wet (g/d) X 94.5 240.0b,d 132.3 

SD 23.0 -18.6 , 61.1 

Dry (g/d) X 17.3 JIAb 20.H 

FECAL FAT (% inlake)X )3" 1 10.6 14.5 

SO , 5,0 ' 4.8 -1.0 

FECAL CHO (% intnkldX 1.8 8.6 b,d 1..7 

SD 0.8 0.8 0.8 

FECAL ENERGY (% inlakl1}X 5.,6 10.Ob,c 6.3 

SD 1.-1 , -1.4 2.6 

BODY WEIGHT (% ililake)X 4.5 3.6 3.7 

SD 2.2 2.2 2.1 

SERUM ALBUMIN (y/dl/prd) X -0.11 0.30 0.06 

SD 0.41 0.45 0,31 

DURATION FEEDING (mill) X 6,.0 16.5u,c 6.0 

'3D ~) .1\ 12,3 4.3 

_______ ._4 __ " ___________________ 

Sloti~tical significance 01 Di fIL:l ellce~ (polred "t" k~t ) 

Cassava v~ Control pre: a = p o U2:" Cas~ova vs Control P~)st : (' :: I>" O.C 

Cassava V~ COlltlol pie: b - fJ U,005 Cas~ava vs Conlrol pml: d ~ I> 0,01 



TABLE 5 

DIGESTIBILITY AND TOLERANCE PARAMETERS ON EIGHT CHILDREN REClIVII-JC; 

THREE ENERGY INTAKE LEVELS FROM CASSAVA 

CASSAVA CASSAVA CASSAVA 

25 50 75 

NITROGEN: 

Absorption (% ) 83*b 79 76 
Retention (% ) 33 31 29 
Biological Value (%) 40 39 38 

FECES: 

Wet Wt~ighl (g/d) 121 Ad 196 240""c 

Dry Weight (9/el j 16.,(d 23.8**0 31.4 
A'k'd 

FAT: 

'" 10 Intak.: 9.2*a 8.0 10.6 
CARBO HYDRA TES : 

% Intake 2.8 
kd 

6. OHd 8.6 
,. * Cd 

FNERGY: 
% Intake 5.9*d 9,5' "b 10 .. 0 A' "0 

BODY WEIGHT: 
(y/day ) 35 28 34 

( v;k~J/da)' ) 3.8 3.0 J 6 

SERUM ALBUMIN: 

Initial v/dl 3.81 3.56 3.81 
Final 9/dl 3.88 3.72 3.51 
Di fferenct: 0.07 0.,16 -0.30 

DIET TOLERA"JCE: 

Min/Feedin9 6,.0 8.0 A * b 16 r"' 1'''0 
,J 

Cassava 2) .;~ V~ • Cm,ava 50';'" 

1 
a) p 0 .. 05 

, . Cassava 50 I~L v~ Cm'.(Jvo 75 S, b) p 0 DL':i 
, .. Ca~sav(J 25 L,'L J') . Cu"uvu 15 ';0 L) I' u OJ 

d) fJ lJ,OOI 



T i\ B L A r 

EXSESO DE LA CONCENTH;\CILl,\j IlE II~ J:~I'L1{;\J)U EN PPM, 
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L 
- - - ". '. 

H2 Esp. Bas :1.1 
(ppm) 

(H O Fecal Exe. 
Ct Ingesta) 

TABLA II 

EFECTO DE LA DIETA PREVI A.,\IENTE INGERIDA EN EL HZ ESPlRADO BASAL Y 

EI': LA EXCRECION FECAL DE CARBOHIDRATOS EN 8 N!ROS CONSmlIENDO 

DIETAS DE CASfrlNA-5llCROSA 0 DIFERENTES NIVELES DE YUCA 

PT . N° 

917 
8' --, 
S42 
8 49 
54£ 
SoS 
872 
891 

·.!e-3~ ;. 5.D. 
L . \ . 

827 
f2.3 
542 
S49 
848 
866 
572 
89 1 

:·Jean ~ S . D. 

PE RIODO DE 
CASEC 

1 (I _ S , 3.0 
:2 1. t, i . O 

S. :; 1.~ 
10 . 0 , - , , .-
1 U _ S :;- 2 . 1 
10 . .) :;- 1 . 1 

>. :2 . 1 
J 2 . 5 , 3. 0 

11.0 , , 
~. 2 

36~ 

2. 60 
1. 75 
2. 69 
2 . 69 
0 .5 4 

1. 53 
'k 26 , -, - . ::.-

].95 + 0 .8 0 

,- -- ~ .. + 
11. 5 -, 
S.S --: . 0 

, . 1 -. . -
S. O , 

1 1 . .3 , 
65 :, 

.3. 10 
5. 05 
3.33 
2.69 
1. 68 
:2 . 73 
2.93 
2 . 86 

2 .: 8 + 

PERlonD DE YUCA 

501 

0 .1 11. 7 , 0_ 1 
1.7 13. 0 :;: 1.' 
2 . 6 1 8 . S -• 5 . 6 

31. 6 + 28.7 
11 . 1 :;: 2 .5 

1. 6 25.4 :;- 3. S 
0 5 9 . 3 -; 1.1 
0 . 7 9 . 2 + 1.5 

7 .'; 1 6 . .3 + , -_. , 
51\ 

- , -I . _:::. 

:;. 70 
6 . ] 5 
9.56 
4 .9 6 
4 .0 "; 
6 .6 C 
6 .9 7 

0 .49 6 .35 , 1. 4 1 

75\ 

14.6 + 1. 9 
24 . 8 :;: 8 . 6 
31.9 + 8 . 2 
18 .9 +' 4.2 
15.6 :;- 8.2 
49.2 -; 22.9 
1 {I. 1 -; 3.6 

8.4 + 2. 7 

2 1.6 + 13.5 
62\ 

8.60 
9.60 
9.02 
9.23 
7.29 
7.43 
9 .20 
8.28 

8.58+0.S6 

r __ _ 



TAB L A III 

EXSESO DE 1.; CO\CE\TR:\CIO\ DE HIDROCii.\O TOTAL E\ ppm E\ "I:\:OS CONSUmENDO DIETA 

DE C:\SEI\.';-SUCROS.\-:\L:,llllO.\ U ~)JHKL,TES \lELES DE YUCA 

--------.------------.-----------------------------.------.--.--.-.----- ... -.-----.- .. -------.-.-------

P .. H 

S ~-
825 
SJ.=' 
5-lS 
So S 
3.1 9 
S7: 
891 

Promedio 
n 

.C 

C;::iEC 
- - - . - - -
J \T. "" 

':..)~ . 
3St-
:;.1 ~) 
99:3 

- c; , 
;) \.. j 3= 

~ , .:.., 
~ 

- . - - - - -
l\T.B 

Db 
(\ 

ab 
:J'::;:, 
-J9 

! .: 31 2c 
9 1 S 
598 

2500 
6 

YUl.-\ -.) 

- - - - - - - - -
1\1 .:, 

43 
.) . 6 

136 

-0-
.)-.) 

283 
.121 
::' a 1 

225 

, 
- - - - -
1\T. B 

Db 
b .19 

On 

;29 
i 335 
122.1 
10:- 1 

]002 

YUc:\ 
- - - - -
1.\"1. .\ 

b.J 
0 
(I 

j-3 
69 

0 
10S 

U 

52 
8 

- - - -

_. 

-: 

5u', 
- - - - - -
I\T. B 
- - - - - -

67 
Db 

535 
006 

0 , 
i 89c , 

1Q-0 
I.' :J-, 

::::50c 

987 
7 

YUCA 75 '; 
- - - - - - - - - - -- - - -
1:\T. A 
- - --

0 
II 
0 
0 
0 
D 

1236 
1 1 

]56 
S 

- -
1.\T. B 

(lb 
OD 
0 
0 
(l 

:: ~. 

31 (I S c 
1 s:: 1 

------------.-.------------------------.------------------------------.-------------------------------

3 Intervalo A ~ 2.10; Intervalo B > 240' 

:·;ue5't~·"5 To:aadas solo hasta los 180' (Int..:"j 



H2 
BASAL 

FIGuRA r-;c] 

CAMSIOS EN LA CONCENTRACION DE H2 ESP~R~DO SOBRE EL NIVEL BASAL (EXCESO DE LA CONC.DE H2ESP.) 

A O.5h INTERVALOS CON DOSJS DE 3.33 Y 6.7g. DE LACTULOSA. EN 3 N INOS 

RECUPERADOS, 
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Fl GUk..\ !\" 2 

CAMBIOS EN LA CONCENTRACION DE H2 EN PPM, A INTERVALOS DE 30min. 

SOBRE 3 1/2 HORAS,CON DOSIS DE 6.7 Y 3.33gr. DE LACTULOSA, EN EL 

PACIENTE No 871. 
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E FECTO D~ LA D/ETA ,=REV/Al\.lENTE /NGER!DA EN EL H2 ESPIRADO 

BASAL EN 8 N/NOS RECUPERADOS· 

50 o 

40 

0 0 

30 
H2 BASAL 0 

(ppm) 0 0 

0 

20 
0 0 

0 
0 

0 
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T ~ g 
10 0 

~ 
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0 
CASEC y- 25 0

/0 Y-50 0
/0 Y-=J5"o 


