
CONSUMPTION AND DIGESTION OF CASSAVA BY SMALL CHILDREN 

Project Report: 1 July - 31 December, 1983 

1.0 Prelinlinary Studies:
 

Preliminary studies were initiated to compare the tolerance to and 

digestibi lity of peeled, boi led and mashed fresh cassava ("yuca sancochada") 

with the same parameters as for cassava that was processed identically end 

then oven dried to cassava flour.
 

1.1. Subjects: 

Four male chi ldr2n 12, 13, 22 3nd 23 months of age were included in 

the studies. All had previously recovered from severe protein energy 

malnutrition and had reached a late stage of recovery with weight for length 

between the 1Oth and 30th percentile of the NCHS reference population and 

serum a-Dumin concentrations between 3.8( - 4.16 g/dl. None had evidence 

of intestina malbsorption during previous metabolic studies, ard all were 

gaining weight sati3factorily.
 

1.2. Sequences of Studies: 

The studies consisted of two nine-day periods, one with boiled, fresh
 

cassava and one with cassava flour. In all cases the cassava flour was 

given during the second diet period.
 

1.3. Diets: 

In order to prepare the two diets, cassava ("yuca'') was purchased 
daily from the local market in amounts sufficient for two diys of consump
tion ior each of the two children studied simultaneously. The cassava wts 

peeled ;nd cooked in boiling water for 30 to 45 milutes: Once boiled, 

half of the cassava was used during the first diet period; the remainder 
was stored fr,2en ,-nd later oven dried in order to prepare the cassava 
flour. On the seventh day of the first diet period enough cassava was 

boiled for the last three days of both diet periods. On the same day all 
the boi led cassava that had been stored for the preparation of flour, as 

well as half of the cassava boi led on that day was taken to t'.e Instituto 
Nacional de Desarrollo Agroindustrial (INDDA) for oven drying. The boiled 

cassava was cut into pieces and dried at 45C for 2) hours and then was 

ground into L flou r. 

-RCCod t : I>2 r 
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During the second diet period, the diets were prepared dai ly from the 

cassava flour by boiling in water for five minutes. During both diet periods 

the complete diets were prepared by blendi'q the ooked cassava mixture with 

"Casec" (calcium caseinate), vegetable oil (50:50 cottonseed oil; soy oil), 

sugar (sucrose), and dextrimaltose. Finally, a mixture of vitamin and minerals 

sufficient to provide the daily requirements as proposed by the Food and 

Nutrition Board of the U.S. National Research Council, was added to the blended
 

diets. 

Both diets were formulated so that cassava provided 50% of the total 

energy and approximately l0" of the total protein. Considering the final 

ccnposi tion of the diet, protein su)plied 8""'of the energy with all of the 

non-cassava protein supplied by casein. Twenty percent of energy was pro

vided as fat and the rcrainder (725:) as carbohydrates. 

1.4 Laboratory Analyses:
 

Aliquots of each day's diet were separated for subsequent laboratory 

analysis of proximate conposition. 

Hydrocyanic acid was determined in raw, boiled and dried cassava. 

Wet and dry weight of feces were determined. 

Blended aliquots of the quantitative fecal collections were measured 

for total fats (Van de Kamer), total energy (bomb calorirretry), nitrogen 

(Kjeldahl), and carboydrates by difference. The nitrogen concentration
 

in urine was also determined. 

Serum total protein (Biuret), albumin (electrophoresis) and hemato

crits were measured in blood at the beginning and end of each diet period. 

1.5 Results of the Preliminary Studies:
 

a) Table 1 shows the ingredients and nutrients included in a calcul

ated diet for both boiled and oven-dried cassava 

For the first two chi ldren in the study, the diets were formulated 

on the basis of published data regarding the :onposition of fresh ''yuca" 

(Tabla de Cmrposici 6n do Alimentos Pcruanos ) or of dried "yica" as prepared 

previously by INDDA. The diets for the second group of two children were 

formulated on the basis of the aralyses of the diets prepared for the first 

two children. 
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b) Table 2 shows the energy and nitrogen contents as calculated and 
as analyzed.
 

Based on analysis of the cassava, it
was found that the energy
 
content of the diets actually received by the first two children differed 
from the calculated contents 
by -9.1%. for the boiled cassava, whereas
 
there was no difference for the oven-dried cassava. 
 The actual energy
 
content of the diets for the last two children agreed more closely (+ 3.4%) 
with the calculated content for the boiled cassava; again, there was no
 
difference between the analyzed and calculated oven-dried 
cassava. The
 
actual nitrogen content of the 
diets differed from that of the calculated
 
diets by + 4.2 and -6.8% for the 
boiled cassava for the first and second
 
group of children respectively, and by +6.7 and -7.5 t for the oven-dried
 

cassava.
 

c) A summary of results for energy 
 intake, nitrogen balances, 
digestibility and tolerance of the 
diets, and weight gain of the children
 
is presented in Table 
3 for both diets.
 

Energy intake from the cassava-flour diet 
(115.6 Kcal/kg/day) was
 
slightly greater than 
from the boiled cassava diet (111.5 kcal/kg/day), but
 
the difference was not statistically significant. 

The slightly greater amounr of nitrogen consumed cassavawith flour
 
(3325 mg/day) was significantly different from the amount consumed with 
boiled cassava (3158 mg/djay, P<0.05). 

The apparent absorption of nitrogen from the boiled cassava diet 
(83.4k +3.1) was, however, significantly higher than the apparent absorption 
from the cassava flur (78.6k +2.8,P<0.05). On 
the other hand, apparent
 
nitrogen retention was higher from the cassava flour (35.62 +10.0) than from 
the boiled cassava (31.1% +7.7, P<(.05). 

All parameters of carbohydrate digestibility, including fecal wet and 
dry %.,eightand fecal energy excretion, indicated that the boiled cassava 
diet was more readily digestible. There was no difference in the abeorption 
of fat from the two diets.
 

j1/
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d) Tolerance of the diets was variable. The first two children 
tolerated the diets better 
 than the last two and there was no difference 
in the amount of time 
required to consume their portions (6.6 and 4.8
 
minutes for the boiled vs 
5.8 and 5.1 minutes for the oven-dried cassava).
 

The second pair of children required more to finish
time their portions
 
than the first pair and also ate the diet composed of cassava flour more 
slowly than the diet composed cf boiled cassava (18.6 and 21.1 
min) vs
 

11.8 and 12.3 min, respectively).
 

1.6. Discussion:
 

Wet and dry weiqht of feces as well as energetic content in stcols 
consistently greater in patients receiving oven-dried 
cassava suggests
 
a minor digestibility than in patients receiving boiled cassava. 
 The
 
lower gain weight in children receiving oven-dried cassava confirms this 
assumption. We assume that a retraction of the starch is produced by 
the oven drying process preventing its absorption.
 

A .Maillard reaction iight be happening 
Since the difference between these two processes in these parameters 

are not significant, we are including two more children in these study. 
An alternative to solve this problem is to freeze-dry the entire amount 
of the cassava for the next study, process that is available in private 
industry in Peru. 

2.0 Hydrocyanic Acid in Cassava:
 

The content of cyanide in the boiled cassava as well as in the
 
cassava flour was determined at INDDA. A semiquantitative method (Magnin)
 

was used; the cyanide detection limit is 5 mg/kg of 
cassava.
 

The results are shown in Table For most samples no4. cyanide was 
detected. 
 For two samples of the boi led cassava traces (< 5mg/kg) were 

found. 

With regard to acute toxicity a content of less than 50 mg HCN/kg 
fresh peeled tuber is regarded as innocuous. 

Thus the control of hydrocyanic acid in the cassava used 
in the
 

study seems very low. 
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Program for psychological stimulation of patients 
in IIN.
 
Beginning December 1, 1983 
a graduate from the psychology department
 

of the Universidad Mayor de San Marcos has 
been employed for psychological
 
stimulation of children hospitalized in the fIN. She 
is actively organizing
 
a play therapy program and is developing a separate playroom within the
 

metabolic unit.
 

Additionally, preliminary discussions have been held with three
 
pediatric psychiatrists from the National 
Institute of Mental 
Health
 
(Instiuto Nacional 
de Salud Mental Honorio Delgado-Nogushi) to examine
 
the possibility of developing a broader and rtore detailed program for 
psychological stimulation of the patients. Thi. would involve the participa
tion of the staff of the metabolic unit as well as the families of the 
patients. The psychiatrist would serve as consultants to the program and
 
would attempt to evaluate its impact.
 

"EnT-ique-ora-ies--M-D.
Co-Investigator 



TABLE I 

CASSAVA DIETS 

Ingredients Amount K cal Prot. N2 Fat H.Co Na K CI 
gm mg gm gm mEq mEq mEq 

Boiled* 100 150 0.5 80 0.2 36.4 0.41 4.1 0.82 

Boiled cassava 33.34 50.01 0.167 26.67 0.07 12.14 0.14 1.37 0.27 

Casec 2.13 7.73 1.836 293.79 0.04 - 0.05 0.02 -

Veg. oil 2.41 19.09 - - 2.12 - - -

Sugar 2.90 11.60 - - - 2.90 - - -

Dextrim 2.99 11.60 - - - 2.90 0.09 0.01 -

Mineral Mix 1.533 - - - - 1.72 1.72 

K CI 1.59 - - - - - - 1.59 1.59 

TOTAL 100.03 2.003 320.46 2.23 17.94 2.00 3.00 

% of Kcal 100 8 20 72 

Oven -DriedCassava 100 352.9 1.47 235.2 1.78 82.75 3.71 13.7 2.76 

Ov.D.Cassava 14.17 50.01 0.21 33.33 0.25 11.73 0.53 1.94 0.39 

Casec 2.08 7.55 1.79 286.90 0.04 - 0.06 0.02 -

Veg. oil 2.21 17.50 - - 1.94 - - -

Sugar 3.12 12.48 - - - 3.12 - - -

Dextrim. 3.22 12.49 - - - 3.12 0.10 0.01 -

Mineral Mix 1.31 1.31 

K CI 1.03 1.03 1.03 

TOTAL 100 2.00 320.23 2,23 17.97 2.00 3,00 2.73 

% of Kcal 100 8 20 72 

Values from the Tabla de Composici6n de Alimentos Peruanos. 

•* Values from the analysis of cassava from the town of Mala. 

j/6 



T A B L E 2 

C A S S A V A D I E T S 

NITROGEN CONTENT 

PATIENT 
1.1. N. 

CALCULATED 
(mg/day) 

ANALYZED 
(mg/day) 

B0ILED 

1 

2 

3459 

2765 

3609 

2878 

(104.3%)* 

(104.1%)* 

C A S S A V A 3 

4 

X 

3320 

3271 

3203.75 

3095 (93.2%)* 

3049 ( 93.2%)* 

3157.75 (98.6%) 

DS ±303.15 ± 314.99 

O V E 

C A 

N - D 

S S A 

R 

V 

I E 

A 

D 

1 

2 

3 

4 

X 

3607 

2875 

3561 

3337 

3345 

3849 

3069 

3295 

3089 

3325 

(106.7%)* 

(106.7%")* 

( 92.5%)* 

( 92.6/")* 

(99.4%) 

DS 334.8 ± 363.64 

* Values in parentheses are calculated percentages: 

ENERGY CONTENT 

CALCULATED ANALYZED 
(Kcal/kg/day) (Kcal/kg/day) 

115 104.5 (90.9%)* 

120 109.1 (90.9%)* 

125 129.2 (103.4%)* 

100 103.4 003.4%)* 

115 111.55 ( 97%) 

10.8 -12.02
 

115 114.9 ( 99.9%)* 

120 120.0 (100.%)* 

125 126.5 (101.2%)* 

100 101.2 (101.2%)* 

115 115.65 (100.6%) 

10M8 ±10.74 

analyzed x 100 %calculated 



TABLE 4 

RESULT OF HYDROCYANIC ACID ANALYSIS*( mg / kg ) 

DIET Boiled - Cassava Oven - Dried - Cassava 

Study day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Sample N' 1 2 3 4 5 6 

° IIN N Group 

780 A - 5 Neg. Neg. Neg. Neg. 
781 

779 B Neg. Neg. 5 Neg. Neg. Neg.

791
 

* MAGNIN semiquantitative method adapted to cassava. 



T A B L E 3 

B 0 I L E D (*) VS. 0 V E N - D R I E D (**) C A S S A V A 

N I T R O G E N F E C E S TOLERANCE 
Patient KCalories Intake % AIb. Ret.% Wet Weight Dry Weight Fat Calories , Body Weight Minute/Food 
I.I.N. /Kg/day mg/day g/day g/day g/day g/day 

780 (*) 104 3609 88 29 99 17.07 1.48 57.7 (57.8) 6.55 
(**) 115 3849 83 32 191 23.99 1.37 81.6 (53.3) 5.80 

781 (*) 109 2878 80 24 194 18.17 1.10 62.7 (26.0) 4.8 
(*) 120 3069 78 27 227 21.35 1.05 72.9 (29.0) 5.1 

779 (*) 129 3095 83 42 164 18.33 0.82 65.1 (61.0) 12.3 

(**) 127 3295 76 50 173 23.24 1.55 91.1 (33.0) 21.1 

791 (*) 103 3049 83 30 227 19.40 1.10 72.68 (41.0) 11.8 

(**) 101 3089 78 34 289 18.01 1.32 76.5 (- 21.0) 18.6 

x (*) 111.5 3157.7 83.4 31.1 170.9 18.24 1.12 64.5 (46.4) 8.9 

S D ±12.03 ±315.0 ±3.1 t7.4 ±54.3 0.95 ± 0.27 ± 6.24 t 16.4 ± 3.75 

X (** 115.6 3325.5 78.6 35.6 219.8 21.7 1.32 80.5 ( 38.5) 12.7 
S D t10.76 363.6 - 2.8 ±10.0 ± 50.9 2.66 ± 0.21 ± 7.89 ± 13.0 ± 8.38 

A % + 3.7 + 5.3 - 5.8 +14.5 + 28.6 + 19.0 + 17.7 + 24.8 -17.0 + 42.7 

P (based on N S < 0.05 0.05 < 0.05 N S N S N S N S 38.5 N S 
paired t test) 



Q,.ASSAVA: COSMTO AllD DIGESTIBILITY,BY ShA C11DE 

SECOND -REORT: J All0 ,'8 4" JUN 0 6 8 

i1..O PRE LIMI NARY ,STUDY~ BOTILED VS OVENS-DRIED COAS 

In~ th~e first 7wo months of the ye ar we completedhe l~ast p'art' 
of the prelaiminary study, of cdigetblityofboiled Cassava, compared
 

c hilrenrecoveredto vendri& inix fromi protein, 'energy, 

Thie digesti~bility paraffet'rs of' carbohydrate and'protein have 
more orless 'folowed the same trends-as'iwith' the fi'rst~four patients 

4 -i~n.1the 'study;~ the 'caloric intake was the,,sanm for, both 1diet~groups,
 
~'.wth boiled as well- as' with oven'-dried 'cass 'a).' In table ,we.
 

can~ see 
,that nitrogen absorption was 'greater 'during the lojled
 
~i~cassava period. The percentage 
 of nitrogeni retained frooven-dried 

was 16% greater than fromi boiled. cassa.va, With respect-tto'carbohy

drate'digestibility Fecal 01HO0 excretion' and fecal wet weAi ht wre1"
~'~~"' adt12,4% greater, respectively,' from ov'en-.dried' css,a (p< 5
 

Fecal 'dry weight and, fecal energy weegetrduring-th period of' 
Aoven 
 dried, cassava'-u h ifrnewsntsttsial~igii
 

sttst 


~ ~rtThe'fcra cnein eight was 


" asav peri"d; t he difference was no iaiysianiyfiant.

great' during the erodei ofe'
 

cassav
f prd th was notsgicaiference t statisticall y ignfict AA 

peio,n 'deresendyweihta readrigtoerdri'g derio eg the ereno 


'et'"' neh 2wasrnossignficntstatistically 'sgnfcat 

AjA A A'A AA, A' 'A1 j"Mnr:sdA
SEPSerum ainlni g/d duigth9ole a4aa 
,t/ 4 .AA " j A . A 'jAA e, 

http:cassa.va


The time interval between starting and finishing a feed was
 

taken to infer "diet tolerance" (less time = more tolerance). On
 

the average, the 
time interval per feeding during the oven-dried
 

period was 29% greater than in the boiled-cassava period. The 

differnc. ww, not statisticaly dii irent, suggesting no difference 

in "dI ec to 1 ,r,iice" . 

F: c ;rI.: 1t il .,i I::.cr wc t and Uh,:- gi'eatep "loss" of CHO
 

sugge-sts a lo.er d.igestibility oi the oven-dri(_d cassava. The other
 

parameters though not statistically s ignificant, corroborate this
 

conclusion.
 

2.0 FIiRST STUL" EFFECT 01' DIET BULK ON DIGESTIBILITY 

Fol in-, te mitnilodology dLcicribed in the study project, we'
 

prepared Icur di <s, th~ee from cassava, (purchased fresh in one 

lot and thlen lyoah.- , end i (ontr'ol d.iet based on casein.
 

Lyophillzatjon (freeze-dy irlg) 
 d:;Jone to conserve the chemical 

characteristics of the nutr,int. 

Table 2 :shows the dieots ingredients. Cassava provided 25,50 or 

75% of the total energy, and 14.5, 8.5 or 12.9% of the protein, respec

tively. 

Caseii was added to each diet to bring the total protein to 

8% of calori-'s, the same percent provided from the concrol diet. 

All the diets .ere isocaloric and isoenergetic. 

Table 3 shows tie distributon of jeiucted nutrients per 100 Kcal. 

All children had fIour cas2en periods , interfaced by three 

cassava periods.
 

The first three days in each casein Period were for "adaptation"; 

metabolic collections were completed during days, four to nine in 

casein period 1, and 4-6 in casein periods 2 through 4.
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cassa peri os,were; each' 9'days' the'',s day for 

adapt ation, the, nex 6 for 'et abolic , oll cion. Sequen'ce's of,% 

--o ,cal,,provided fromw cassava w-,ere- alt ernated in ' s i x com iiat ions. 
"Acording to the' pr ot6co1,, so'far e hv onlee tdy 

' h ree -'chil1dre' -((able. L4),- itoe a s orptIon 'and-retentaon as-i 

les dur~ing the ~periods ,of 7 csav it Fecal dry, weight,' ,wet 
weight, fecal eniergy and crohydrteinreaseastheprcenta'ge of 

~energy from cassava increases. ~ ~ ' 

L,,cs ws cassava than duringth~igt gined juring the 

'control periods. Furth~ermnore, ,weight gained during the 50% cassava~ 

~wa~less thaA ~during~25 or '75%.' Dri he 75%',period serum~abuirin 

levels terndedi to decrease. , 

Individua~l feedings, lasted,, on average,,94.2,5. 9 and.'8. mtninutes 

y~~'for the 25, 50 and 75% per~iods, vs.'h0' or 4. the contro'l,utsf 

diets. This suggests a decreased tolerance of higher 'levels- of' " ' 

cassava. 99 
'9.4.9'.) 

9.9999,* The numrb'er of -chi 1 drens- i s very low so,,,e can not, get s ignificant 

'differences-however, 'the of the~ stool paramneterstrends suggests,
 

lower digestibility o'f carbohydrates with 75% 'of energy fromn&
casaa 

""VThe apparently reduced tolerane''to t~his higher level of cassava,~~p 

'as w'e1J. as the lower levels of serum albumin,' support this9 ,suggestion. 

BREATH HYDROGEN DETERMINATIONS ~ ~ 

Breath hydrogen determ.jina'tions were made in childrendurig) 9, 9.99" 

mtblccollections of each asv e-.o n n h nta casec. 

~"9"period.,bcuoeoto experiments were also performed 9in 'eah... 

child before beginning the99,9. ud 99 

9~~"'$94. On999two9-occasions reath,'samp.les were collected for 6-.1/2 hours, 

with a~second casvama being givenhfter the de'.8,0 mn 's -' )' 

9 



Three parameters were used to characterize the breath hydrogen 

excretion data: 

a). basal value, the breath hydrogen measure taken inmediately 

before the meal was eaten; 

b). peak rise, the difference between the highest post-prandial 

hydrogen value and the !asal value; and 

c). time required to reach the: -eak. 

These parameters were compared with the fecal CHO excretion data 

obtained during metabolic collections. 

The lactulose test resulted in a marked increase (> 20 ppm) in 

the breath hydrogen concentration, with the time of peak rise 

between 120 and 150 min (table 5). 

The hydr'ogun concentr:tion in the basal samples (table 6) 

increased with incr.asing cassava consumption; and the highest values 

were seen during the 75% diet period. 

Also the peak rise (Utale 6) decreased when cassava intake was 

increased; during the 75% diet peviod there was no breath hydrogen 

excretion increment in any of the three patients. 

The minimal time required to achieve the peak rise was 70 min 

(table 6)V in the patient whose breath samples were collected up to 

6 1/2 hours, the peak rise was at 375 min from the first meal intake 

(table 7). 

The fecal CHO excretion increases with increasing calories in 

the cassava diet, the lowest value corresponds to the casein-sucrose 

diet (table 7). 

A tendency to ward a linear relation between fecal CHO excretion 

and basal hydrogen excretion was noted (Fig. VI). 



S bhae fasting 

lnseems tp? de c'eas e as time of feeding approache (table 8) 

If We take the mean ofthese basal values, and hen caiculae 

the mean of~ these meas~ for each diet period, wze can see 'an, increase,
 

-- of-hyciodgen excretaon w,,i4th--nck.Js:'. 6 333 a: UJL--ii-com~ais
 

-t"3he lowest values for casein-sucrose 


'N ACID IN '3' SCHYDROCYANIC :''
 

"< cdiet. 3 

N r',a> 

]The con tent, of cyanide'' in the Yophilized, cassava w'hite
 

,cassava ,batch foe 
 nl of Per{) was determined 'at~ the 5IIN. Afl 
quantitative method of AOAC was used.,~ 

RESULTS ' a'7ns 

HON in lyophilized cassava was '47ppmequivalent to 10-.Sppm
 

-n boiled cassava. ,
 

DE . ...... I ON"'R3A 3
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5. STIMULATION PROGRAM FOR UNDERNOURISHED CHILDREN 

Mrs. Medina, the play'therapist we hired last december, 1.983,
 

toete with Dr. Maureen Blac1k, a visiting psychologist frmt6 

<4~<.University of Maryland, have developed a Stimulation Program' for' 
27iI " .n 33 ''v d alV ....334Undernourished~hlrn For this u~s3 .. 

'''33 

-Chidre s prpoe they used the:
 
'~"PRO GRAMA INTEGRAL DE ESTIMULACION 'TEMPRANA ICON BASE EN LA FAMILIM 

(PIETBAF) ,( "EARLY INTEGRAL ESTIMULATING' PROGRAM BASED ON' THE 'FAMILY.11) 

''"'"adeveloped 
 'Isitt 'aioa
by the deIvs'gc y"Desarrollod
 

la Educaci6n" (INIDE) as a basis for both the evaluation procedure'Ai 

and program recomndations. 
 '''3'' 3' 

"a~" The' play3 therapist maintains an individualized progrm'f
 

'each child recovering f'romn PEN. Additionally,. , she has had the ' -F<' ' 

~ '' prtui' to provide a baseline of Knowledge 'about child'developmentl 

33and stmlto ciiis othe3 nurses -and aids'staff y'; 33 

'33 '3'i .. 3P/Morales 'Moreno, .M.D. 
3 M~~~iedaicalirector'a'a 
 ." 3 " 

k 3 .' " ~" 3 .a ~ 33~34. 3 

http:FAMILY.11
http:w,,i4th--nck.Js


BALANCE STUDIES: CRITERIA FOR PARTICIPATION 

- SMALL CHILDREN CONVALESCENT FROM PEM 

- PAST THE INITIAL PHASE OF RECUPERATION 

- EATING FULL DIET WITHOUT MALABSORPTION 

- STEADY WEICHT GAIN ESTABLISHED 

- WEIGHT FOR HEIGHT > 10th PERCENTILE NCHS 

- SERUM ALBUMIN 3.6 g/dI 

- NO SIGN OF SPECIFIC NUTRIENT DEFFICIENCY 

- FREE OF INFECTION AND INTESTINAL PARASITES 



TABLE 1 

DIGESTIBILITY OF BOILED AND OVEN-DRIED CASSAVA IN SIX CHILDREN
 

RECOVERED FROM ENERGY -PROTEIN 


BOILED 

NITROGEN BALANCE CASSAVA 


x 

% Absorption 83 

% Retention 
 33 


CALORIES
 
Intake Kcal/Kg/day 112 


FECES 
Wet weight g/day 172 
Dry weight g/day 20.2 

Fat 
g/day 1.0 
% Intake 4.4 

Energy
 
Kcal/day 72 

% Intake 
 6.9 


CHO 

g/day 10.4 

BODI WEIGHT: A g/day 47 

SERUM ALBUMIN : A g/dl 0.15 

TOLERANCE min/feeding !0.6 


p < 0.05 

MALNUTRITION
 

OVEN-DRIED
 
CASSAVA
 

x 

80
 
38*
 

112
 

214* 
22.4
 

1.2
 
5.2
 

83
 
7.6
 

12.2*
 

32
 

-0.14
 

13.7
 



TABLE II 

DIETS INGREDIENTS AT 

CONTROL 

THREE 

DIET: 

ENERGY INTAKE 

VALUES PER 100 

LEVELS FROM 

K CALORIES 

CASSAVA AND 

Cassava: Energy 

Protein 
Amount 

Ca Caseinate g 

Oil ml 

Sucrose g 

Corn Syrup Solids g 

Starch g 

Min. mix g 

(g) 

CASSAVA 

25% 50% 

4.5% 8.5% 
6.71 13.41 

2.23 2.13 

2.43 3.29 

5.96 5.83 

6.14 -

- -

0.7815 0.7815 

75 % 

12.9o 
20.11 

2.03 

2.23 

-

-

0.7815 

CA S E C 

Control 

2.32 

2.39 

6.08 

6.27 

6.79 

0,7815 

K Calories 100 100 100 100 



TABLE 3 

NUTRIENTS 	IN CASSAVA AND CONTROL DIETS
 

VALUES PER 100 K CALORIES
 

Conversion
 
Total/100 Kcai factors Kcal %
 

(Kcal/g)
 

PROTEIN (g) 2.0 4 8.0
 

FAT (g) 2.22 9 20.0
 

CHO (g) 18.0 4 72.0
 

Na mEq 2.5 - -


K mrEq 3.1 

VIT.rin >RDA*-


RDA,FAO/WHO 1983
 



TABLE IV 

DIET DIGESTIBILITY PARAMETERS IN THREE ENERGY INTAKE LEVELS FROM CASSAVA 

AND CONTROL DIET (PARTIAL RESULTS, 3 CHILDREN) 

25 % 50 9c 75 ' 

Control Cassava Control Control Cassava Control Control Cassava Control 

NITROGEN 

% Absorption 81 80 79 79 78 82 84 72 80 
% Retention 32 32 50 50 34 41 43 25 29 

FECES 
Wet weight (g/day) 90 138 98 98 212 106 85 264 117 
Dry weight (g/day) 16.84 17.21 16.28 16.28 23.6 18.5 16.47 31.8 20.17 

Energy : 
Kcal/day 52 60 58 58 84 63 56 122 61 
% Intake 6.0 6.3 5.8 5.8 8.6 5.6 5.1 12.5 4.1 

Fat (g/day) 1.77 1.77 2.45 2.45 1.24 2.28 2.5 2.51 2.19 
% Intake 9.0 8.6 11.6 11.6 5.6 10.4 11.9 11.7 9.8 

Carbohydrates (g/day) 3.85 5.2 2.8 2.8 11.5 4.9 3.7 14.6 4., 

BODY WEIGHT A 
g/day 42 30 33 33 23 48 57 28 38 
g/Kg/day 5.2 3.4 3.9 3.3 2.7 6.5 3.3 4.3 

SERUM ALBUMIN -0.05 0.04 -0.05 -0.05 0.29 -0.36 -0.01 0.27 -0.05 

TOLERANCE min/feeding 4.6 4.2 4.3 4.3 5.9 4.0 4.15 8.8 4.2 



TAB LE 5
 

Breath Hydrogen Concentration 
 Cppm) in Children
 
Following a 
Single Lose of Lactulose
 

Time after ingestion a
Breath Hydrogen Concentration (ppm)a 

Patient N' 

b b c 
827 825 842
 

Basal 
 -11.1 53.2 I8.3
30 
 11.1 39.1 
 31.1
 
60 
 28.1 63.5 6u.7
90 
 59.9 94.6 
 99.5
 

120 
 69.5 141.2 134.8

150 63.6 105.3 139.4 
180 
 65.1 76.1 91.4 

peak rise (opm) 58.4 
 88.0 121.0
time of peak rise (in) 120 120 150 

- a Each value represents the mean 
of two determinations 

- b Dose of lactulose = 6.7 g (40% w/v) 

- c Dose of lactulose = 3.3 g (10% w/v) 



TABLE 6 

Breath Hydrogen Excretion and Fecal CHO Excretion by Children
 
Consuming Casein-Sucrose or Differen-c Levels of Cassava
 

Casec 

Patient N' Period 


Breath M!ycrogen
 

Excretion 

a. Bas§l Value Cppm) 


b. Peak Rise (ppm) 


c. Time of Peak 

Rise Criin) 


Fecal CH0 Excretion 
C%of Intake) 

25% 


28 

!! 

8 


i6 


2 

C-) 
5 


2 


30 

0 


180 


70 


3.1 

3J.0 

3.4 


.3.2 


Cassava Period
 
50 ,, 75
 

i2 15
 
13 20
 
18 22
 

14 19
 

2 (-) 
(-) C-) 
0.2 C-)
 

0.7 C-)
 

150 a 
0 0 

80 0 

110
 

7.2 9.6
 
5.7 9.6
 
.9.0
 

5.. 9.i
 

827 

825 

81f2 


Mean 


827 

825 

842 


Mean 


827 

925 

842 


827 

825 


n 


12 

14 

8 


11 


20 

0.E 

11 


7 


210 

30 


180 


2en
140 


2.6 

1.8 

2.7 


.4 




TABLE 7 

Breath Hydrogen Concentration in Samples Collected up to 6 1/2 Hours 
Folowin Meals of Cassava C50% and 75% of Total Energy Intake) 

Patient ','3 4 2 

Time arer Breath Hydrogen Concentration (ppm) 
ingestion Cmin) SamnTle N1-50% SaMnDle N'2-75% 

Basal 	 21.7 40.4 

-1st. Meal 3C 	 14.1 11.0 
60 	 9.7 .11.0 
90 10.5 9. 

120 12.1 11.3 
150 16.9 9.7 
180 	 12.9 

2nd. Meal 	 240 20.5 9.5
 
310 20.9 12.0
 
375 25.7 18.5
 

peak rise (ppm) 8.-1 4.0
 
Time of peak rise (min) 375 375
 



TABLE 8 
Variations in Breath Hydrogen Concentrations Cppm) of a Fasting Individual 
Consuming Casein-Sucrose or Different Levels of Cassava on the 
Day Prior
 

to Breath Collection
 

8 4 2
 Patient "'
CASEC 
DIET CASSAVA DIET

Time of Collection 
in relaion to first 
meal of ,ay (min) 25% 50% 75 1 

- 90 8.5 6.3 12.4 .12.7 25.7 39.5 23.3 

- 60  - - 13.5 20.5 33.0 

- ('5-30) 7.1. 8.1 8.3 - 21.7 - 

- - - - - 10.4 

Mean 7.8 7.2 10.4 13.1 22.6 36.2 16.8
 

Mean/Diet period 
 7.8 8.8 17.3 26.5
 



Basal H 
Values 2 

(ppm) 

30Q- Casec 

0 0 Cassava 25% 

A Cassava 50% 

a 
Cassava 75% 

20 

y = 0.81x + 10.7 
0 r = 0.75 

A 

.10
 
* 0 

_____ Fecal CHO 
3 Cgm % intake)
 

FIGUR E 1. Fecal CHO Exc:"cions ComDared Linearly wizh 
Bs 5reath Hydrogen V iues Three Subjects Consumingin 
Casein-Sucrose or Differenz Levels of Cassava 
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CASSAVA: CONSUMPIO AN IETIBILIY- BSALL CHLDREN 

THIRD REPORT, ';AIi'~coeig~ e ~ 

Durig. erid, o co t Hie 1ich the cojhis th Fiist Study i-n-trac npiu,-digQ~t 
ibltadpoti ulfo three sta nuarize dgets containing three levels of cassava wae c 

'compared was,,completed. The fol lowin repot thrfr eal h heetlso slud' 
:Methods The methods w~ere presented, in detaili 'tilet org 'alpotcothus a?ol y 

brief review wl epeetd een 

L I' Diets : A fresh batch of'cassava fromr the. Peruvian 'jungle wasdyophiliidn>.order to provide 'a single homiogenous lot' sufficient to meet thle needs Of t1-114stud
Threq, study diets containing 25, 150, and 75%/oof ergya cassava were compared
with' a control diet in w'hich the, carbohydrate source was amixture of sucro, an 
clextrirnaltose, vegetable oil (soybean': cotto nsed, .1:1 )provided' 20 %of 'energy, inlall' 
diets. The major protein source was calcium caseinate, and the p'oei providei~8o
of energy. ''"''A4 

In the "25", "50" and "75" cassava diets, cassava provided 4.5%,o 8 .5% andi
12.9% of thle protein respectively; all of thle p~rotein- in the control diet was derived 
from casein, vitamin and' mineral supplements were added to meet the US' RDA's. 

Each child received the cassa'va diets during; three nine -day periods, A nine 
(Jay period with thle cointrol diet proceedd the first study period; this period wasfo 
lowed by a six - day period with thle control diet, 'and, all subsequent cassavai diets pe
niods were' preeded anid follo~wed by' six -day periods in wi chr the control diet wil 
given. The order of the cassava diet periods was randomized among" different patie~is 

1.2 Study subjects: Eight male infants between 20 and; 38'1mriths, 61'a6 Were 'In-l
clid in the study, all were'recovering fr~om severe malniutrition-, but. had achieved'at4 
least' 10th. percentile of. NCHS reference~of weight'foi- leng th :eruni;al burimn 3.56/di,
and. had demonstrated normal intestinal absorption of acasein, sucrs -'eg~etalle diet'
before inclusion in thle present studies. The clinicl characteristics of these subjects 
are summarized in Table 1.' ' I"'" 

2.0 Results-
'--" ,,-, 

4' x2.1 25% of dietaryeergy from cassava (Tob!: io 
Themeaaparntabsorptiononirgnwsimlrdig thlecasv dpir

peridad duingtheproceeding and following control periods. Thle apparent )nitrogen ;
retntin,oweerwaslower duringtieasvaerothndung e t Ipid' 

Niroenreenpe ri odelter o to p ro a statistically significantly greaer 

thnduigth asaapeid 



ela cssrsu~po 
eiqlW~duri fg eac successively 

ffieces w ere not sfahisticrill s92 
'a' cp 'in th~e diet' icea d, th hie e uiu 

progresivel greter prcd ftm ons medthe i'r f 

"'These' sfyd is oicde the fa rst quantil-ative ________io __th_____iillya 

-er~~u i>' of wa a conaol diknw y uog caffatna Sudperior 

nurtoil'qiaiy Th~cpi'rn absorption rand refentich' 6f'nitrogen deteiioiatecdmroderately wi th sceivincreases, ~in the amout of cassav'a consumed' "Alt 'ough'
mo'~mst:f he fallin nitrogen retention could ~bex t e eplice aboiotion, ~t~ebiopldalvaleo th by -t rd

thebilogcavaueof the oenas tendedto decrease very slightly>' These U-' "&~suit's were unexpectIed since th a, aoit of te)cf , the~study.'was plovideci, 
"~" by -casein, which is'Kia high ciullty reeec o the in .soroen in thou9111ear 

iebycsaancreased

of dietary 'energy p'rovided by cassava, thi 


~ ~~~,of~~ ~ poen:r sl ightly",wth. each ,incremet in'the 'proporln
smal n te souce cannot 

explain th bevddifferences in 'obsorption ' nd retentio'n. Alpae' jLsmefcopresent in cassava Interfered with~ the utilizatio'n" of thee casn presentin ~the studj diets. 
n Furt hermore, -the decline in energy absorption with greater intake 'of cassavao moy 'ave<impaired somewhat tle retention of the n~tce thitwa aberd -al 

will be required to identify the anti -nutri tional, factor (s ),pr~esent in cassav~'' 
The, increased fecal losses of carbohydratei and energy with cassava we not<'
 

'V ~ surprising sinice non) - digestible fiber contributes to the total croyrt adee~
 
content of the product, but not to the control diet. Further laboratory anarlyses will 
attempt to distinguish 'between fiber and non - fiber carbohydrate Lind energy los .ses in 
the stool. ~ '' 

The, reduced fnt excieuion with cassava as compared with the control dliet cannot,
>be explained, but ir is consis tent with) prrevious observations noted during studies, of.,,
other sta~ple foods such as: potatoes 'and~noodles. ' 

The physical properties of the cassava die[ 'undoubtedly contributed to: its 'dela9edf 
corgsumption with increasing amounts of 'cassova, 'the 'diet was progressively more~ "V

gqlati'nous, (voluminous) and required greater effort by. the caretakers:' assre 
* complete consumption. Whereas the' control (and 25 anc15O%) diet W~as 'iquid, and' 

consumed from a feeding' bottle,' th~e 75% diets had. to, be fed by spoon.~- one 
feeding times may' result~in reduced intakes in homne settings where already ovruree 
mo thers'may not be able, to conti the necessary 'time ,to asure that hi'in 

(fonts Co ns~me the entire anioouit''of the preparation that Is offered. : 
Stmltion program4.0 h [or undernouris led children 

TeStimnulation Program at thle IINVwas initiated'late, in Decemrbe', 983,w i
the goal. of facilitating'the :vocov'ery of motoric, linguistic. emto 1 n~el'a 

~'' skills' in, children suffering from severe~malnutrition, Both, the ev inad i r"'"'~ 'tcaspects of the pirogra are adaptations ot the "Programa Integral, 'de Estinlulaccion 
Temprana' con Base en la Familo" (PIETBAF), developed by, the Instituto Nt~c i ia ~d 
lInvestigaci6n'~y Desairrol lo, en" Educac16n (INI~DE),' del Ministerinj de Educaci6n, en"1983. 

i 



The 'Stimulation program includes both a clinical and a iesearch comonent. 

All childre. 'admited to the IIN ror treattneiit of mahjuribnlcoponn t<o;l-e! lmuliibeaa e oifth66F 1cona~ thefca s 'm 'i'

evebopnmentalu'inporm evaluation serveirdi~idu~ized stimulato prgas Ply as the basis to,.Th -h; hrait 
ulaio prgrms' l~ 1-j e stimiulatioh~afi i~h~ ~aicoordin~ates

ties drec co tac thek childre -and recom na t.ons tb lehnu'rses, paru I I nd 
~TePIETBAF has benoeairaie-t~b-sd-saieaut~ prsoedure-w it 1chlidren recovering-from6m 'nuirtio'n" The Iial evaluation is scheduled as soon aidmissionas thle child s 'medical 'condition is stable, usually within file first 10 days. Theh 

ter, evaluations are done on a monthly basis, with a final evaluation at, dischargete Evaluation selection scorirng, and results are developed, from thle results of evlatotetherapist writes a report, including a resumne of the child's developmental status'~and>in-*'~dividualized recommendations for stimulation activities designed to facilitate further change.' 
4.2 Evaluation Results 

Duri1ng eacho...atio{evaluation: the theraipist
.. sciaibi also observes the chiild's geneial ,,. " f7 

. 

health statusand the. child's coeain calbitand attentioni. For each area thea score child receivesKof Low, Medium; or High. Finally, thie therapist notes whether the child has displayed a representative repertoire of behavior, which is coded as Complete or lIncomiplete.From the results of. the. evaluation the therapist writes a ieport'including a resumi
of the 'child's developmental status, and individualized recomimendations for stimulation acti,vities. designed to facilitate 'further, change. theThese recommendat ions are based on"I PIETBAF and are practical and ea'sy~to implement.


The results of tile developmental evaluations and 
 recommendations for developmenialactivities are communicated to the IIN staff through weekly case conferences, Thursdays between 2:00- 3:00, and through bulletin boards in theIwo primay hospital rooms foir children. 

4.3 Play Therapist"
 
The Play Therapist maintains an individualized program 
 for each nutritionally deprivedchild recovering at the 'tIN. The programs are designed to facilitate growthsix developmental areas and are administered in a' context of 'play. 

in each of the 
Play Therapistvisits teach child daily and coordina'tes' stimulation 

.The 

room or i q the 
activities eithier optlin Owe children'sPlay 'Room.. Foa. children who aein mcilabolic' collection aiid in bed heiprovides bed activities, including resistiveexercises for their legs. W h i hiein metabolic collection spend part of each day. in one of the' four-specially adapted r-,etabolicostrollers. During stimulation children who are not in metabolic collection spend as muchout of their beds as possible. 

tine 
lChildren with similar' developmental skills are programmed together for group activities, thus learning fromf one another, in a social. context.

*: The, Pla$' Therapist. serves as. a resource to the' IN staff. Although she works with :each child daily, she alone is unable to provide the stimulation needed by children~ recoverinfrom nutritionil deprivation. Consistent, affective inv-ivernent by pareits, hospital staff'

and volunteers' who 
 have been trained in 'approipriate developmental activities,, is' ncessaiy fairoptimal behavioral rehabilitation 

4.4 Training inStimulationActivities
 
In order to provide a baseline of 
 knowledge about child development and stimulationactivities, a series 'of five training sessions were held with the nursing staff To supplemen

these discussions, large charts were made for the wall of the nursing area depicting the age 'categories and representative tasks in each developmental area, based on PIETBAF These 

.1
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 7ji 7 i 
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1The mean 'ecal e' ~weight duingthe, 'cassaya perlod wa-rae indr econficl ous cotoperiod~s The'dfeec rm ero'.ny-asth' 
ticill. T er, differences iin fecal dry wve ''. lt C6y larig~ii-icant" w reno dieKJ 

Fcal, fofta slghl lesadfea ~ohda .htl w te camor 
ssavafethan'W i th the' c6 Jarisson diets. -Thieseifferences we'e ~afisf 9icays 

Fliicnt'whn-compared 'wil)the, seconcdlcon'trol period ,AThese opposing effects'esu fdn similar. fea toal ergxction drneahperiod. ,Tee.wr n 

, df feed n gs duri gnym i n~eab oy we t t dor se~ u i a b m n o n hr y u a i 

ofdiet ergy from"'2.2 ,0 e cassavai~ (Tbl 3)." 

WWith 5~U%8of , idtary enbergy proie byasv 6paei niign'asit 
-dclin '~ihrespect Thidifference 
,sig9nificantI when, comp)ared with: f'seodcontrol peiod. Ap~&parent nitrogen refTern-,

tio' with cassava thain during 'either control period.~ 

cle" I~~ht hotecti+'it' was statistically' 

assiniicntyless 


Fecal,
lwwe iht 'a' lottiea ra u'n th asav priod thaperiods., Thes~e 
weight were statistically significant in 'rltion'.to the prior 

~~'~< guring j'ai ed control 10the diffeiences awe sthefrfeLr, 
an. usqetcontrol 

diaets'.' 
YFcal carbohydrate excretion K ,was approxim~atel he t''sgrae ihcsaa 

whereas fat excretion was on~ly, hal f ais much~ as,'with the control diets,- Asa result,fecal e'nergy losses were only mioderately greater with the cassava diet. All of these
findings were statistically significant.'- ,js 

As witIl the 25/W" cassava diet there were no differences in woight, gain' orsrmalbumin levels by dietar intervals. Ap~proximnately gfmntswr elie 
to consume each feeding of cassava as offered to approximately five miniltes forlhe
control diets, a difference th-at was statistically significant for the firj ~cassava control- .period. 

-~75%2.3 dietary energy Fam cassava (Table 4). 
As noted with 'the "50 %"~ cassava diet, the~appairent asor'ptioni anid 'reten Iion of,

qiirogen were reduced with the "75V/ cassova diet 'compared w&ittits' respective controlsThe fecal wet and dry weighfs, fecal carbohydrate, and fecal 'e'nergy wlere ll sigificallf'
ly greater with the'cssava diet. Fecal fat was; le ss during thass o[li a~ peidbt
significantly. .There were no significant, difference'sjin :increments 'of Ib5dy.weiblif or.serum. albumin. The :children required a feedin period~it a asapproximately two a'nd

Ia half times longer in 'order' to'c'onsume the 'cassava' diet than the control diet.~ 

'2.4' Comparisson of three levels: of cassava '(Table 5) ' . 

-'The apparentiabsorption: and retention ocf. nitrogen decreased significan~tly as, a 
Sgreater pootoofdeayenergy was providdby cassava. Likewise,~fec'al wet arlddry wveight anfcleceinof, caibohydrate'cird energy were greater withi nesicrqs 

4,cassava 'consumption." AlthoUgh feca'I fat excretion was consistently less with cassava~~$-Kr- than. 'with the control diet, ther a no :apparent relationbewnth 4 aons
va econsumed and the efficiency of fat absor'ption'J 

'9 r 
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at, 5-er-ve ,as a, permanent reminder alf nod a de F 
a d ;Ysis.o ors ies~ tt I 7,l~c 

4. 	 arent Inove ent
 
Parents ar taig 
 ap~propriate deelopmental actii iies fo ther~ ci;wrer) durn 

tonan pri or ' 'odischarge~However, parentf vsitation 'patterns. vor ' il somne loanes visiting sever"aI tinmes a ek oter rauc.i% lv abandong th~reir~cnild'ren.
t-urenf no su~qfrnpra c' zd a n 1,
here, are 'funds to 


yodh scope.oaf _hTiee~tir'iuato~ Pro~prn.Y
prs 
Similarly,. i'ollow-up 

4 ~o 
is knepnPepoesylbsol

'StimblationProgram. C or '11eriodically, revluael whn1 Lnt hedpaint-CePartminet aer discharge, but 	 teotnot' on argl~> ceue~a~.~d~narinial ti'prtis, necessary, to implement lhci foll owpp oonath rga10-up phas 

5.0 DETERMI NATION OF THE HYDROGfSM COiNCENTRATI ON, IN EXPIRED AIlm 
S5.1 AINTRODUCTI ON: A .. 

Brethydrgentests have been used during the last twelve years foir fasinesirial 
Sdiagnoses. This non invasive procedure is useful inJedigoe of carbohydrate' maI-A,sorpt~ion, bacterial over 	growth in the small intestieAn sml tintstii
~AAVso been~s'uccessfully applied in the "udy, of colonic d:6tabA Ii~m6 fbr and nion -abs

~4 ~4 orbable''car..ohyurates..
~A. 
A 	 AA'l ACraiconc bacteria are capal of. ferrnentiingavailable, C~aboyrewith

concomitant production of hydrogen gas.. Although the 'majority of the hydiogeni el J4 
J 1 17asAotd flotus 14"to 21 % is absorbedand subseqe~ xrtdtruhtelns 	 Tlexcretion of eprdhdoeprvesem-quntaiv excrmte ntrugh teng ts4henal fermentation of carbohydrates an~d appears to be the best index of carboh~ydrate majlc~b-'X 

Tefrtstudies of breath hydirogen excretion used 
AAAAAA.piration' for the collection of expired ai'r, 	

a closed ste'of cotnosrsbutpresently a hydrogen sarriping syste afxe
AAAAAAAA intervl a ffran oral 	close of carbohydrate has been'develop5ed-.ATne~A~AlIA.A.4A vsive 	 poedr ~ i noninind is 'Suitable for infants and yugchildren. ~ SA AAAlAIA 

A During tDe present studies the breath hydrogen. test wias pefre u AnhlrwoAq mina 'cosso-yna t th ree&i ffere elveIs 50an,7 6')0f;ttoIdery energy inIAorder t'.
 
I4AAAA~ determine whether excsAcarbohydratfeenteredA the cln.AAdiinl
 

hyroenexreti~n were coprdwt aafrfclenergy~ excretion asdetermined by'
 

Al _rg 	 nc nc nr to ,ir e 
wer onA drn _e 

[in Ali hd. 

A 	
peio of yucalAAAA: 25AA50%andAA.A 7 % AA5 A infaVAA 

AA.A. AAAJ oeL'a inA n-lobil cab hy rt A 
Coto 

inA 
eid And otoAn AIAAessWr'As' A.kilAc beor EfAn theAstu 'wt

theA I C were~k~ caal "oArdcn yrgn o h ofo'epiin l 

wit l Ictuo'e,1].cilrenWee nsuisied cirftemdno rticipate in the~- stud~Dyfern 

hoursAof fatig~ Sa'reucnaro wereotidof3m'nea. nervals for 180itot40uca, 25 / 

http:A~AlIA.A.4A
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Forthe cassava study basal samples of fasting breath H2 concentration were collected. Su:IipleCof expired air were the collected at 30 minute intervals up to 240 minutes after the first tuedinig
and at 60 minute intervals for an additional 240 minutes after the second feeding.


The expired air was 
collected in a pediatric anesthetic mask that was connectedthrough a polyethylene tube to a 15 cc syringe. At the end of each expiraulion, I to 3cc of
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 usinga Quintron model S gas chromatograph, which uses u tlhrnial conductivity detection syslum.Argon was used as the carrier gas. The results were compared with a commercial slaninid 
of 55ppm of hydrogen in air. 

Five parameters were rusd lor inellItntiolr ot 1lie blealih hydrogun dal: 
a) 	 Basal value. - The measu.- mert of the h doguin concenlration in breath immediately before 

feeding. 
b) 	Peak increment.- The differuncu betwe.ii the highust post-prandial value and the 	 basal 

value.
 

c) 	 Maximal differences..- The diffuirinces betweuen tlfri highust and the lowest pre or 
post-prandial values. 

d) 	 The time required to reach Ihu mIxim l I:( ofko lIryCtaorJi -' eLlior 
e) 	 Excess concentration of expir ehtd hydru r, i,:,tlI irllt nrr MIrader a discontinuous curve of the excess hydiogUn excre ted JuLlil L 2(]chl interval, whfich has been calculated

by the following forrrula of the sum of lie 	 lropeU oidS: 

(To To) (Ti To) + (Ti [o) -- ([ii - lo) - ..... 

2 

+ 	 (Tn - - to) ± Ilr, - 1o) 

2
 

Where To is the hydirogen concuntrution irr ppr in time zero; Ii is the hydrogenconcentration in ppm at the end 	of the first interval .. Ti is the hydrogen concentralion in 
the 	last interval.
 

5.3 RESULTS:
 

Lactulose 
 Tests: The lactoulose- tes resuItecd in U nmarked increase (." 20 ppr ) in threxpired hydrogen concentration irr all the pitients, except in the case of patient number 871
in whom there was no icrease will r theCilh, tf Iwo levels of lactuloe (Table I ). The 
average time required to reach tru ,nixiial puk irr hydrogen concentration was 120 ininuitr,while, the excess inr the hydrogen uncenrrrrrior inrpprmraos gruater tharr 2000 pprr toi all
patients except for patient 871 Inwhom thuanwis no significant increase and patient 839whose basal level was gruaeter than 410 ppm. Ptli ri 825 ird a significail irrcrease in Ilietotal hydrogen excretion despitu a basul level of .')3 p)in.

The concentration of uxpilruI liyd[o(jen lollow ril(io c tlos , doses at 3.33 g and 6.7.shown for three patients in figure 1. 
rle 

Patient 806 shows the best hydrogen excietioi curve;
for dose 6 . 7 g., the excess in hydroger concunti. tion in ppm increased proporlionally.

In patient 871 the hydrogen excess 	 3was 	negative willi 3 . g. oh lactulose and did riotincrease importtantly increasing the dose to 6 . 7 g. 	 in this sarne patient we may see variations

in hydrogen concentration in ppm for each time interval (Figure 2). 

http:betwe.ii


5.4 	 Basal H2~Excrefic iw th Cassava ~ 
Whea nalyingtheffectof the diet, rvosyi~se ~bsl n[i e'p ecjA 

YdrosqeYeobserve- t iifas thei proiportion o~f caoris deierom cassava, increased, fho te 
was. an increase in, the ydro g concenta o ,::t 	 7n"B
l :e"N"ea 114, 	 nIt con also be observed in the same tabl'e that [lefclcceinofclbha 	 tce 
sed 	pro6qfessl wit heinreet of yuca in the dit 

55 5Excess Hydroge Exc-tion with Cassava 

oncentratin w s ra egthu

fUlrlowi ing f.on. aa..
 .r.Cass 

Te ispatient onlya a'~Mp es taken for o6rhours post' lpr'cncialy W a 
laly eeta he concenti t6ation si greater in he' afternoon' (B i a e

ceiving. th' second feedinigin flhnt morning (A interval) For those patients withthho ful ihl~ 
hours of' observation. , Ths i true for all four diet periods.~ 

exes lthe patients who didnt hvIiydiogen samples in the B interval, 'the hydrgn~:
exesWas zero . For, thle majority opatients [lehydrogen excess for the Yuca 75% was~i 

z~era because the basal value w~as greater thanianiy other' val'uemeasured. 

DISCUSSION; 

' a ontroltest with lactu.loser perform in all 1 children, sowed that ony one childC9%), was not able to produce hydrogen in 5ignificant cirnounts. This chi I d probably did no t';
have mricrobial flora in the colon capable of fermroning lactulose. ;But,,~ by the. curve Qbtai ' 

e a dose . of ( Figure 2) ini which tilo miaximal -peak'was at 30 mnin.nd wvith of 3 3 9 lactulose 
it seems a typical curve of microbio-licontaimination of the srn~ill intestinei.; 

The effect of thie diet previously ingested in tlie basal expired hyd~rogen suggests thatth 
non - absorbed carbohydrate (fiber) conitent in Yuca (aibund 8 %) irfl uenced the hydrogen excre,&
tion; 

Other investigators have demonstrated that certain types of dietary fiber or complex caor-'
bohydrates affect the concentration of basal expired hydrogen.~ *These studies were pe'rformed y

S 	 with a legume -based diet, in which a small increase in the concentrationi of' expired hydrogen with~~ 
a maximal peak observed 5 - 8 hours after the first intake of feeding was shown., 

In Yucawe have observed somethinq similar a]thoughwe have .ot.been able to.c.ara.e.. 
rize specifically the type of fiber in Yuca, it seems to affeci the hydrogen excretion, delaying it~ 
and so affecting the basal hydrogen' excretion; tlie fol lowing day.' 

ofca~inwe aIn te cntrl prio lsoobsrve endncyof he ydrgenconcentration
increase in the, afternoon ( Figurefcsiw2,) beve4Thisrimay be due 


not onlyLU 

'to' l~hcnrlpro 	 . lo toedny~ftehdoethe fact that this-control diet conitainej,

scose,' which is ahighly digestile crbhydirate,'but lso&Jextrimaltose and coin stai-ch , 

To be able to clearly differenrtiate a diet w~ith fiberor- comiplex 'carbohydrclfes 1,from a coant 1r,'8op1,
diet of casein willI to prepared.	 . ++, ....4t{:= m+;have +'...be 	 +-sucrose 	 ...... 

.... .. :; -++ ++; + :,ii: : A, , +,+
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TABLE 1 

CLINICAL CHARACTERISTICS OF EIGHT CHILDREN AT THE BEGINNING OF THE FIRST STUDY OF CASSAVA 

I I NN( 
Hospital

Day 

Chronologic 
Age

(m) 
V,"cignt

(g) 

\'.eight 
Age

)(cm) 
Height 

Height 
Age
(in) 

Weight 

by 
Height

Percentil 

Serum 
AIb

g//d 

827 

825 

842 

849 

848 

868 

872 

891 

57 

63 

5q 

57 

86 

36 

85 

22 

20,0 

26 4 

21,0 

35 9 

20,1 

28,5 

20;5 

37.8 

7 600 

9.600 

6 930 

6 780 

10.380 

8 830 

8 600 

9.660 

5.6 

10.25 

-.4 

4 1 

12.75 

8 0 

7.5 

10 25 

71:4 

78.2 

70;0 

747 

79° 1 

8100 

72.8 

79.7 

8.25 

13.75 

7 25 

10,75 

14.75 

16.5 

9.25 

15-25 

5 

15 

<3 

3 

35 

< 3 

20 

3-62 

3 79 

3.85 

3.59 

3.83 

3,50 

4.24 

4.17 



TABLE 2
 

PROTEIN QUALITY AND DIGESTIBILITY OF DIET CONTAINING 25% 01 

ENERGY FROM CASSAVA COMPARED WITH CONTROL DIET (,1= 8) 

CONTROL- PRE CASSAVA" 25" CON FRO L- PRE 

NITROGEN 

Absorption (% intake)X 83.1 83.4 82.1 

SD '3.7 '6.0 '6.0 
c
Retention (% intake),( 34.5 32.9 44.6 

SD 6.3 8.0 10.6 

FECAL WEIGHT 

Wet (g/d) X 84.7 120. 9a 100.6 

SD 27.7 '35.6 13.8 
Dry (g//d) R 16.8 16.4 18.5 

SD 3.9 3.3 2.9 

c
FECAL FAT (% intake)X 9.7 9.2 12,2 

SD 5.2 '4.5 43 

FECAL CHO (%infake)X 2.1 2.gd 1.6 

SD 1.0 0.5 ' 0,9 

FECAL ENERGY (% in iku)X 5,3 5.9 5.6 

SD 1.4 t 1.3 - 0.8 

BODY WEIGHT (giky/d) 	 X 4.3 3.8 5°0 

SD :2.1 ± 2.0 - 2,0 

SERUM ALBUMIN (g/dI/prd) X 0.17 0.07 0.19 

SD 0,28 0.25 0.27 

DURATION FEEDING (rin) 	 X 5.0 6.0 6.4 

SD 2.0 '5.6 5.4 

Statistical significance of 	 ditficience- (paii,2d "t" test) 

Cassava vs Control -pu.c, = p 0.05 Cassava vs Control - post: c =p .C 
Cassava vs Control -pre: b- p.0.01 Cassava Control - post: J p 0.Cvs 	 U 



TABLE 3
 

PROTEIN QUALITY AND DIGESTIBILITY OF DIET CONTAINING 5V'k' OF
 
ENERGY FROM CASSAVA COMPARED WITH CONTROL DIEI (n- 11)
 

CONTROL-PRE CASSAVA "50" 
 CONTROL-POST 

NITROGEN 

Absorption (% ;n,ake)X 81,3 78.6 c 81.5 

SD *6.8 5.1 3.7 
Retention (% intake)X 39.1 31.0 a c 39.3 

SD 113.1 ,7.8 '10.4 

FECAL WEIGHT 

Wet (g/d) X !00.6 195 .7b,d 117.9
 

SD 52.7 '44.1 40.8 
Dry (g/d) X 18.8 23 .8ad 20.6 

SD 4.4 3.8 3. I 

FECAL FAT (% intake)X 17.1 8.0 b c 14.0 

SD 8.) 4.2 7.2 

FECAL CHO (%intoku)X 1.5 6 .0b,d 2.3 

SD 0.8 
 II 1.0
 

FECAL ENERGY (OL intake)X 6.7 9.5ad 6.3 

SD 1.8 
 3.2 1.4
 

BODY WEIGHT (g/kg/d) X 3.8 3.0 4.6 

SD 3,0 1.9 * 3.6
 

SERUM ALBUMIN (g/dl/pei) X 0 09 
 0.16 0.04 

SD 0,28 0.26 0.35 

DURATION FEEDING(Min) X 4.8 8,0 5.2 

SD 0.7 4,81 2.3
 

Statistical significance of difference, 

Cassava vs Control pre : a p' 0.025 Cassavu vs Control post : c 1) 0.025 
Cassava vs Control pre: 1) p, 0.001 Cassava vs Control post: d p, 0.001 



TABLE 4 

PROTEIN QUALITY AND DIGESTIBILITY OF DIET CONTAINING 75/ OF 

ENERGY FROM CASSAVA COMPARED WITH CONTROL DIEr (n = 8) 

CONTROL - PRE CASSAVA "75" CONTROL - POST 

NITROGEN 

Absorption (% intake)X 82.7 7 5 .6 b 80.8 

SD 4.1 5.7 16.0 

Retention 	 (% 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 48,6 61.1 

Dry (9/d) X 17.3 3 1.4b 20.8 

FECAL FAT (% inlaku)X 13..I 10.6 14.5 

SD 5,0 '4.8 4.0 

FECAL CHO (% 	iitnke)X 1.8 8 .6 b,d 13 

SD 0.8 0.8 	 0.8 

FECAL ENERGY (% inlake)X 5,6 10 .0 b,c 6.3 
SD 1.4 4.4 2.6 

BODY WEIGHT (,G intake)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 	(min) X 6.0 16.5u,1 6.0 

D 	 12,3 


Statistical significance of DiftfUeUICUS (pi re-d "I" 

Cassava vs Control pe o p1 0 025 Cassava vs Control pest c -p. 
Cassava vs Conthol p e b - p U,005 Cassava vs Control p.st d p 0.01 

4.3 



TABLE 5
 

DIGESTIBILITY AND TOLERANCE PARAMETERS ON EIGHT CHILDREN Rl..CLIVIFJC; 

THREE ENERGY INTAKE LEVELS FROM CASSAVA 

CASSAVA CASSAVA CASSAVA 
25 50 	 75 

NITROGEN: 

Absorption (8 kb 79
Retention (%33 

76 
31 29

Biological Value (% 40 39 	 38 
FECES:
 

Wet Weight g/d ) d 196
j1 	 240' *C
 

Dry Weight (g/:l) 16oI 'd 23.8**a 31 o4'* d
 

FAT:
 
% Intake 9.2"a 
 8.0 
 10.6


CARBOHYDRATES: 
% Intaku 2 .8'd 6.0k*d 8.6. k4d 

FNERGY: 
% Intake 	 5 9 d 95I 10 ,,'A 

BODY WEIGHT: 
(y/day 35 3428 


(y/lj/day) 3.8 
 3.0 3,6
 

SERUM 	 ALBUMIN 
Initial ,"dl 3.81 	 3,56 
 3.81
 
Final 	 (/dl 
 3.88 
 3.72 
 3.51
 
Difference 
 0.07 
 0.16 -0.30
 

DIET TOLERANCE
 

Min/Feeding 
 6.0 
 8.0A b 16 5AS. 

Cassava 25% Cassavavs. 50% a) p 0.05 
A * Cassava 50 '% v Cu-.uvu 75Vs, b) 00 025 
A Cassava 25 '. cus uvu /5J;. c) 0 01 

1)p 0.00I 
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HXSESO )E1LA CON(;INTRACION 
IE1112 I.-PI RAI)O UiN PPM, 

INCRMENI) I1:1. L'ICO Y M W"OiM!a.)UhL I)O PARA
 

LLLiG\ A lSE 
Plu(: I.UEG)O)l UNA DIOSIS 

PT. No US1 
 WHO 12 INCRMINTO (A) TIMIJ) 1)IWl,A
(gr) (PpmJ (ppm) (win) 

800 0,7 
 7U. W3.9 u05,
800 5 .33 20 
 78.8 .1'
800 
 7uo . 39.1 90
806 3. 3 32:: 31..1 
 90
871 
 M7 
 17ou 
 19. 
 1201
8 71a 3. 33 19 . 8.9 5,
825h 6. 7 00U8 88.0 120
827 .7 u II 58.1I !20u
339b 
 3.33 
 38-I 28.3 
 Iu,'842 
 3.3 213o l ,
848 3.33 5,7 
I. I 

u2.7 I'0
8b8 
 3.33 3987 9) '79.3 

872 3.33 1298 54.8 
 go,
891 3.33 9503 68. 
 A ofl
 

a- Basal 20 ppiln 

b- Basal 4,,Ulplm
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-------------------------------------------------------------------------------------------------------

T A B L A III 

EXSESO DE LA CONCENTRACION DE HIDROGENO TOTAL EN ppin EN NI.OS CONSUMIENDO DIETA 

DE CASEINA-SUCROSA-AL!IDO., t DI FISE-TES XiVELES DE YUCA 

UCA 265 YUCA So., YUCA 75' 

PAT INS.NT.B iK .. NT.B INT.. INT.B INT.A INT.B 

s.z4 Ib 43 0b 64 67 0 Ob$. 5 .* 0 5.00 Ob 0S42 . 34 9o 09b54 S 5- 136 0b (. 2 3S3 0 0-59 0 6 0 0 
Sos 997 -9 395 7 69 0 0 049 3813= _12c 283 33S. 
 189c 0

872 24S 
 42 1 1224 10S 1939 1236 31Sc

891 598 
 291 10 1 U 223 c 11 18-1 

Promedio 739 2500 
 225 1002 52 987 
 156 831
 n 8 6 S 7 8 

= Intervalo A L 240; Intervalo B > 240' 

S= ";ustrs Toadas solo hasta los 180' (Tnt.A) 

= : . j0p!m 



FLGURA Nc] 

CAMBIOS EN LA CONCENTRACION DE H2 ESPRADO SOBRE EL NIVEL BASAL (EXCESO DE LA CONC. DE H 2 ESP) 

A O.5h INTERVALOS CON DOSIS DE 3.33 Y6.7g. DE LACTULOSA,EN 3 NINOS 

RE CU PERADOSI 

8 0 0  
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70- N' 3.33g N'806 3.33g N*871 . g 
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20
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F] GURA Nc2 

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

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

PACIENTE No 871. 
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EFECTO DE LA DIETA =REVIAMlENTE INGERIDA EN EL H 2 ESPIRADO 

BASAL EN 8 NIIOS RECUPERADOS. 
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CASSAVA: CONSUMPTION AND DIGESTIBILITY BY SMALL CHILDREN 

PROJECT No 936 - 5542 

Second Study :"Effects of variety and processing method on digestibility" 

Fourth Report to AID, covering period January Ist. through June, 1985. 

During this period we studied the digestibility of 3 varieties of cassava and the effect 
of processing method on the digestibility of the some two varieties of cassava, selected with 
the cooperation of the International Institute for Tropical Agriculture (IITA), from Nigeria; 
these varieties were processed at the same institute in two ways: 

1. - "Farinha de mandioca" as in Brazil and 
2.- "Gari" partially fermented as in Nigeria. 

The amount to be fed to the children is 50% of the calories from the cassava. 

1.0 Methods: The methods were presented in detail in the original protocol. 

1.1 Subjects.- Up to date, we have completed the study in six children of the eight 

children programed for tle cassava 60142 variety, and in three children for the cassava 
4 -2 - 1425 variety. 

Clinical characteristcs of these children at the beginning of the study are shown in 

Table I and 2. 

Most of the children participating in the study filled the criteria for inclusion described 

in the protocol. Patients N' 907, 931 had less than 3rd. percentile wt/ht. 

1.2 Sequence and duration.- Children were assigned at random to one of the two 

varieties (60142 or 4 -2- 1425) and received the same variety, in both ways Gari and Fa

rinha, the sequence of feeding of Gari and Farinha was also assigned at random. 

The initial casein control diet period and each of the cassava periods lasted nine days; 

the intervening and final casein periods lasted six days each, this makes a total of 39 days 

for each study. 

1.3 Diets.- In a previous study with 3 levels of calorie intake provided by cassava 

(25, 50, and 75%), we found that the tolerance and digestibility of the diets with 75% of 

energy intake from cassava were impaired by the bulk of the diet. 

Since there was no statistical difference in diet tolerance between the 25 and 50% of 

energy intake from cassava in #he previous study, and the tolerance and digestibility in the 

75% of energy intake from the cassavn was impaired by the bulk of the diet, we decided to 

use the 50% level of energy intake from cassava for this second study. 

Tables 3, 4, 5 and 6 show the ingredients, nutrients and energy distribution of the 

cassava diets: in the two varieties (60142 und 4 -(2) 1425) and in the two processing ways 

(Gari and Farinha), and table 7 shows the same for control diet. 
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For all diets we added calcium caseinete, vegetable oil, corn syrup solids and 
sucrose to achieve 8% protein calories, 20% fct calories and 72% carbohydrate calories, 
a vitamin mineral mixture was added to meet the FNB Recommended Dietary Allowances. 

In the study diets, protein from cassava ranged only from 5.8% to 9.6% of the
 
total intake, and the remain protein from casein, ranged 90.4 to 94.2%.
 

2.0 Results: Selected criteria of digestibility on 6 children receiving cassava Gari -

60142 and control diet are presented in Table 8.
 

Feces wet and dry weight, fecal carbohydrate as well as fecal energy were greater
during Gari diet than during the preceding and following control diets, the differences 
were significant (p,0.05). There was no difference in fecal fat between the Gari and 
cnntrol diets. 

Nitrogen absorption and retention were lesser in Gari than in the preceding and

following control diets, but the difference was significant only in Nitrogen retention
 
between the Gari and the following control diet.
 

Gain in body weight was less during the Gari period than in the control diet 
periods, but the differences were not significant. Serum Albumin levels diminished during
the Gari dietary period, statistical analysis will be done at the end of the study. 

2.2 Digestibility parameters on 6 children receiving cassavy : Farinha 60142 and-

control diets (Table 9).
 

As in the case of Gari, the feces wet and dry weight, fecal carbohydrate and fecal
 
energy values were greater during Farinha diet than in the preceding and following control
 
diets, the differences were significant. (p0.05).
 

Nitrogen absorption and retention were less in Farinha than in the preceding and
 
following control diets, the differences were significant (pz0.05).
 

There were no significant differences in fecal fat values, gain in body weight, and 
serum albumin values during Farinha diet and control diet periods. 

2.3 Digestibility parameters on 6 children receiving Gari and Farinha, 60142 variety
(Table 10). 

Values for feces wet and dry weight, fecal energy, fecal carbohydrate and fecal fat 
were less in Farinha than in Gari (60142) diet periods, but the differences were significant 
only in energy as a % of intake. 

There were no significant differences in nitrogen absorption and retention, gain in 
body weight and serum albumin values during Farinha diet compared with Gari diet period. 

2.4 Digestibility parameters on 3 children receivina cassava :(4- 2 1425) Gari
and control diets. (Table 11 ). 

Values for feces wet and dry weight, fecal energy and fecal carbohydrate were greater
during the Gari diet period than during the preceding and following control diet periods,
differences were significant in most of them. 

Nitrogen absorption and retention for the Gari were lesser than the preceding and 
the following control diets; the differences were significant. (p,0.05). 
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There were no significant differences in nitrogen absorption and retention, gain
weight, and serum albumin values during Gari (4 - 2 - 1425) diet and the preceding and 
following control diet periods. 

2.5 Digestibility parameters on 3 children receiving cassava : Farinha (4 - 2 - 1425) 
and control diets: (Table 12). 

Values for fecal wet and dry weight, energy and carbohydrate for the Farinha diet
period were greater than during the preceding and following control diet period. Diffe
rences were signifizcnt in all but one of the parameters. 

Nitrogen absorption and retention for Farinha diet period were lesser than the

preceding and following control diet periods; differences were significant in all but in
 
retention of the preceding control diet.
 

There were no significant differences in fecal fat, gain in body weight, and serum

albumin values 
 during Farinha (4 -2 - 1425) diet compared with the preceding and
 
following control diet periods.
 

2.6 Digestibility parameters on 3 children receiving cassava (4 - 2 - 1425): Gari
 
vs Farinha (Table 13). Values for feces wet 
and dry weight and carbohydrates were 
greater for Farinha than for Gari (4 - 2 - 1425). Differences were significint only in 
g/day carbohydrate. Fecal energy in Farinha was lesser than in Gari, the difference 
was not significant. 

There were no differences in most of the digestibility parameters between Farinha 
and Gari (4 - 2 - 1425), diets, this might have been because of the reduced number 
of cases. 

2.7 Chemical composition of Peruvian and Nigerian Cassava are shown in 
Table 14 : 

Nitrogen and protein content of Peruvian cassava is similar to the Nigerian 4 2 -
1425 variety and both are higher than the Nigerian 60142 variety. Moisture in lyophi
lized Peruvian cassava is less than both Nigerian cassava varieties; but cianhydric acid 
content is higher in the Peruvian (lyophilized) than in the processed Nigerian cassava. 

2.8 Digestibility parameters on Peruvian Lyophilized and Nigerian cassava .a-
rieties are shown in Table 15: * (each one of the cassava diets providing 50% of the total 
energy ). 

With the exception of percentage of carbohydrate intake for lyophilized with 
Gari 60142, and of the serum albumin for the lyophilized with Gari -60142 and with 
Farinha 4 - 2 - 1425 cusbava, in the othe, digestibility parameters there were no signi
ficant difference, between Peruvian (jungle) and each one of the cassavaNigerian 
varieties in colums a, b, c, and d. 

3.0 Discussion: These studies indicate that both the Nigerian fermentation technique
called Gari as well as the Brazilian one called Farinha, are comparable in digestibility 
parameters with the Peruvian lyophilized cassava, for either varieties 60142 or 4 - 2 
1425. 

It seems that the latest variety is a little better than the former, but the differen
ces are not significant, we need more patients in this study to obtain a better result. 
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Besides that most of the protein of the diet comes from the casein, the apparent 
nitrogen absorption and retention in the Nigerian cassava was lesser than in the control 
diets, the same was obtained in the previous study with lyophilized Peruvian cassava. It 
would be possible that some factor in cassava is interferring with the nitrogen absorption 
and its availability. 

The greater body weight gain during Nigerian 4 - 2 - 1425 cassava diet is not signi
ficantly different from the 60142 and Peruvian varieties, this could be because of the 
short periods of time. 

4.0 The low cianhydric acid content of the Nigerian cassava indicates that the fermenta
tion technique is very effective in removing the linamarine of the root. We can not say 
the same for the lyophilized technique used for Peruvian cassava. 

It seems that the procedure for lyophilization of the cassava retains the cianhydric 
acid (CNH) because the water containing this acid is evaporated but not drained. This ex
plains the high content in the two varieties: yellow and white cassava we analysed (39.2 
and 66.6 ppm, respectively ). 

The amount of CNH the children received in diets were as follows 

mg/kg of body weight 

Peruvian lyophilized white 0.86 
Peruvian " yellow 0.51 
Nigerian 60142 Gari 0.037 
Nigerian 60142 Farinha 0.049 
Nigerian 4 - 2 - 1425 Gari 0.043 
Nigerian 4 - 2 - 1425 Farinha 0.027 

5.0 The Psichological Stimulation Program isgoing well. All the children participating
 
in the study were stimulated as well as all the children admitted to the IIN. Mrs. Clara 
Ferrari and Mrs. M. Black are reporting about this project, including the parents program. 

,.1-11
 



TABLE 1 

CLINICAL CHARACTERISTICS OF SIX MALE CHILDREN PARTICIPATING IN THE CASSAVA STUDY: GARI vs FARINHA 60142 

Initial 

Weight/Height Serum 

IIN Hosp. Chronol.Age Weight Weight Age Height Height Age Protein Albumin
 
N' Day (mos) (kg) (mos) (cm) (mos) %* Percentile Z-Score g/dl g/dl
 

904 61 12.3 7.630 5.6 69.2 6.75 93.3 20 -0.9 5.81 3.34 

907 53 10.3 5.830 2.7 65.8 4.9 80.5 < 3 -2.0 6.95 4.33 

908 91 10.0 7.230 4.8 66.5 5.3 97.3 30 -0.46 5.99 4.04 

913 97 14.6 6.930 4.3 65.8 4.9 95.7 30 -0.41 7.22 4.22 

931 22 12.6 6.140 3.2 67.1 5.6 80.8 3 -2.12 8.24 3.77 

932 49 18.5 9.015 8.5 74.4 10.5 92.9 20 -0.73 6.41 3.89 

% of the NCHS reference. 



TABLE 2 

CLINICAL CHARACTERISTICS OF THREE MALE CHILDREN PARTICIPATING IN THE CASSAVA STUDY: GARI vs FARINHA 4(2) 1425 

Weight/HeightIIN Hosp. Cronolog.Age Weight Weight Age Height Height Age 
Serum 

N 0 Day (mos) Protein Albumin(kg) (mos) (cm) (mos) % Percentile Z-Score g/dl g/dl 

922 100 13.0 9.190 8.75 73.4 9.75 97.45 40 -0.15 6.07 3.98 

938 45 9.3 5.600 2.5 64.1 4.2 82.10 3 -1.7 6.37 3.85 

924 47 17.2 8.810 8.0 78.0 13.75 82.87 - 3 -1.98 7.90 3.07 



TABLE 3 

INGREDIENTS, NUTRIENTS AND ENERGY DISTRIBUTION OF THE CASSAVA DIETS 

GARI 60-142 

Amount Energy Protein Fat CHO Na K 
(g) Kcal (g) (g) (g) mEq mEq 

GARI 16.86 60.00 0.152 0.03 14.79 0.10 2.15 

CASEC 2.61 9.49 2.25 0.05 - 0.05 0.006 

VEGETABLE OIL (ml) 2.93 23.20 - 2.58 - - -

SUGAR 3.42 13.68 - - 3.42 - 0.008 

CORN SYRUP SOLIDS 3.51 13.62 - - 3.40 0.21 0.015 

MINERAL MIX 0.7815 - - - 0.00 -

KCI iMol. 0.83 - - - - - 0.83 

TOTAL • 120.0 2.40 2.66 21.61 2.36 3.00 

ENERGY 
DISTRIBUTION (%) ) - 8 20 72 - -



TABLE 4
 

INGREDIENTS, NUTRIENTS AND ENERGY DISTRIBUTION OF THE CASSAVA DIETS:
 

FARINHA (60- 142)
 

Amount Energy Protein Fat CHO Na K 
(g) Kcal (g) (g) (g) mEq mEq 

FARINHA 17.21 60.0 0.14 0.03 14.8 0.14 1.69 

CASEC 2.62 9.51 2.26 0.05 - 0.03 0.006 

VEGETABLE OIL 9.94 23.28 - 2.59 - - -

SUGAR 3.40 13.60 - - 3.4 - 0.008 

CORN SYRUP SOLID 3.51 13.62  3.4 0.21 0.015 

MINERAL MIX 0.7815 - - - 2.00 -

KCI 1 Mol 1.28 - - 1.28-

TOTAL: 120.01 2.40 2.67 21.6 2.4 2.99 

ENERGY
 
DISTRIBUTION (%) 8 20 72  -



TABLE 5
 

INGREDIENTS, NUTRIENTS AND ENERGY DISTRIBUTION OF THE CASSAVA DIETS:
 

GARI 4 (2) 1425 

Amount Energy Protein Fat CHO Na K 
(g) Kcal (g) (g) mEq mEq 

GARI 17.10 60.0 0.23 0.05 14.66 0.11 2.67 

CASEC 2.52 9.14 2.17 0.05 - 0.05 0.006 

VEGETABLE OIL 2.91 23.05 - 2.56 - -

SUGAR 3.48 13.92 - - 3.48 - 0.01 

CORN SYRUP SOLIDS 3.58 13.89 - - 3.47 0.21 0.015 

MINERAL MIX 0.6369 - - 1.63 -

K C I Mol. 0.30 - - - - - 3.30 

TOTAL 120.0 2.40 2.66 21.60 2.00 3.00 

ENERGY 
DISTRIBUTION (%) - - 8 20 72 -



TABLE 6 

INGREDIENTS, NUTRIENTS AND ENERGY DISTRIBUTION OF THE CASSAVA DIETS: 

FARINHA (4)(2) 1425 

Amount Energy Protein Fat CHO Na K 
(g) Kccl (g) (g) (g) mEq mEq 

FARINHA 17.86 60.0 0.23 0.04 14.68 0.16 2.56 

CASEC 2.62 9.14 2.17 0.05 - 0.05 0.006 

VEGETABLE OIL 2.92 23. i3 - 2.57 - - -

SUGAR 3.47 13.86 - - 3.47 - 0.009 

CORN SYRUP SOLIDS 3.57 13.85 - - 3.46 0.21 0.02 

MINERAL MIX 0.6158 - - - 1.58 -

KC1 iMol. 0.4 - - - - - 0.40 

TOTAL: - 120.0 2.40 2.66 21.61 2.00 3.00 

ENERGY 
DISTRIBUTION (%) - - 8 20 72 - -



TABLE 7
 

INGREDIENTS, NUTRIENTS AND ENERGY DISTRIBUTION OF THE CONTROL DIET 

Amount Energy Protein Fat CHO No K 
(g) Kcal (g) (g) (g) mEq mEq 

CESEC 2.78 10.09 2.40 0.05 0.05 0.01 

VEGETABLE OIL 2.88 22.81 - 2.53 - - -

SUGAR 7.26 29.04 -- - 7.26 - 0.02 

STARCH 8.20 29.01  - 7.02 0.03 0.02 

CORN SYRUPSOLIDS 7.49 29.06 0.03 0.09 7.27 0.45 0.03 

MINERAL MIX 1.787 - - 2.00- - 3.00 

TOTAL: 120.01 2.43 2.67 21.60 2.53 3.08 

ENERGY
 
DISTRIBUTION (%) 100 8.0 20 72 -



TABLE 
 8
 

DIGESTIBILITY PARAMETERS ON SIX CHILDREN RECEIVING CASSAVA: GARI 60142, AND CONTROL DIETS 

CASEC - PRE GARI CASEC - POST 
R SD "' x SD "" SD 

Nitrogen Balance 
Absorption 
Retention 

% 
% 

82.2 
33.2 

3.43 
6.15 

NS 
NS 

76.6 
28.8 

4.5 
4.4 

NS 
p-0.05 

82.8 
40.8 

4.7 
4.88 

Feces 
Wet Weight 
Dry Weight 

g/d 
g/d 

89.0 
15.46 

34.0 
4.13 

p <0 .05 
p-0.05 

211.5 
23.76 

,87.4 
3.52 

p 0 .05 
p-0.05 

108.9 
15.52 

53.7 
2.99 

Energy 
Kcal/day 

% Intake 
50.73 

5.58 
14.18 

1.54 
p- 0.05 

p<0 . 05 
94.8 
10.2 

18.2 
1.6 

p< 0.05 

p 0.05 
49.95 
5.20 

12.08 
1.31 

Fat 
g/day 
%Intake 

2.02 
9.96 

1.11 
4.97 

NS 
NS 

2.02 
9.8 

0.05 
3.1 

NS 
NS 

1.59 
7.68 

0.86 
4.44 

Carbohydrate 
g/day 
%Intake 

3.28 
2.06 

1.81 
1.12 

p< 0.05 
p< 0.05 

12.4 
7.5 

2.7 
1.4 

p"0.05 
p<0.05 

3.99 
2.28 

± 

± 

2.45 
1.29 

Body Weight Gain 
g/day 

gAg/day 
27.1 

3.52 
± 13.27 

1.45 
NS 

NS 
23.4 

2.96 
2G.8 

2.83 
NS 

NS 
37.18 

4.92 
24.65 

3.95 
Strum Albumin 

Initial 
Final 
Difference gi'd 

3.77 
3.65 
0.08 

± 

± 

-

0.46 
0.22 

0.44 

NS 
NS 

NS 

3.66 
3.42 

-0.23 " 

0.22 
0.2i 

0.26 

NS 
NS 

NS 

3.42 
3.56 

0.05 

± 

± 

± 

0.21 
0.26 

0.26 



TABLE 9 

DIGESTIBILITY PARAMETERS ON SIX CHILDRFN RECEIVING CASSAVA: FARINHA 60142, AND CONTROL DIETS 

CASEC - PRE FARINHA CASEC - POST 

x SD "t x SD x SD 

Nitrogen Balance: 
Absorption % 82.8 4.6 p, 0.05 78.7 2.1 p <0.05 81.3 1.6 
Retention % 38.2 3.3 p< 0.05 32.0 4.0 P <0.05 35.7 9.8 

Feces 
Wet Weight 
Dry Weight 

g/d 

g/d 
103.2 
15.0 

61.1 
4.17 

p< 
p< 

0.05 
0.05 

164 
22.1 

60.1 
4.0 

p <0.05 
p<0.05 

122.0 
18.9 

39.5 
1.29 

Energy 
Kcal/day 
% Intake 

49.0 
5.35 

15.1 
1.38 

p< 
p< 

0.05 
0.05 

85.9 
8.58 * 

12.6 
0.6 

p 
P 

<0.05 
<0.05 

68.3 
7.24 

15.6 
2.12 

Fat 
g/day 
% Intake 

1.95 
7.42 

1.35 
4.23 

N 
NS 

1.8 
6.54 

0.82 
2.3 

NS 
NS 

2.52 
12.02 

2.03 
10.13 

Carbohydrate 
g/day 
gAg/day 

Body Weight 
g/day 

gkg/day 

Gain 

4.21 
2.45 

42.6 

5.9 

2.68 
1.40 

23.5 

3.8 

p-
p 

0.05 
0.05 

NS 

NS 

11.06 
5.44 

31.5 

4.02 

2.86 
2.37 

11.46 

1.64 

p 0.05 
p 10 .05 

NS 

NS 

4.53 
2.64 

24.0 

3.0 

1.64 
1.0 

23.3 

3.1 
Serum Albumin 

Initial 
Final 
Difference g/dl 

3.56 
3.44 

-0.13 

. 0.34 
0.20 
0.17 

p- 0.05 
NS 
NS 

3.4, 
3.42 

-0.02 

0.19 
0.35 
0.33 

NS 
NS 
NS 

3.42 
3.68 
0.20 

± 

0.35 
0.21 
0.25 



TABLE 10
 

DIGESTIBILITY PARAMETERS ON SIX MALE CHILDREN PARTICIPATING IN THE CASSAVA STUDY: GARI vs FARINHA 
(60142 VARIETY) 

GARI FARINHA 
x t SD x SD Paired "t" test 

Nitrogen Balance: 
Absorption 
Retention 

% 
% 

76.6 
28.8 

t 
t 

4.5 
4.4 

78.7 
32.0 

f 
t 

2.1 
4.0 

NS 
NS 

Feces 
Wet Weight 
Dry Weight 

g/d 
g/d 

211.5 
23.8 

, 87.4 
3.5 

164.0 
22.1 

t 
t 

60.1 
4.0 

NS 
NS 

Energy 
Kcal/day 
% Intake 

94.8 
10.2 

t 
t 

18.2 
1.6 

85.9 
8.6 

- 12.6 
0.7 p 

NS 
0.005 

Fat 
g/dqr, 
% intake 

2.0 
9.8 

0.7 
3.1 

1.8 
6.5 -

0.8 
2.3 

NS 
NS 

Carbohydrate 
g/day 
% Intake 

12.4 
7.5 

2.7 
1.4 

11.1 
5.4 

+ 
+ 

2.9 
2.4 

NS 
NS 

Body Weight 
g/day 

Gain 
23.4 20.8 31.5 11.5 NS 

gAg/day 2.9 2.8 4.0 + 1.6 NS 
Serum Albumin 

Initial 
Final 
Difference 

g/di 
g/dl 
g/dI 

3.66 
3.42 

-0.23 

t 
t 
f 

0.22 
0.21 
0.26 

3.44 
3.42 

-0.02 

t 
t 

0.19 
0.35 
0.33 

NS 
NS 
NS 



TABLE II
 

DIGESTIBILITY PARAMETERS ON THREE CHILDREN RECEIVING CASSAVA: GARI 4 (2) 1425, AND CONTROL DIETS 

CASEC - PRE GARI CASEC - POST 
x SD t x SD "e' x SD 

Nitrogen Balance 
Absorption 
Retention 

% 
% 

84.2 
37.0 

± 

± 

2.02 
5.29 

P < 0.05 
p < 0.05 

78.5 
30.2 

± 

± 

0.5 p<0.05 
5.2 p 0.05 

85.3 
45.3 -

0.58 
5.13 

Feces 
Wet Weight 
Dry Weight 

94.0 

16.14 
t 
' 

41.41 

5.47 
p < 0.05 
p 0.05 

153.7 
23.49 

± 62.1 
7.6 

NS 
NS 

115.0 
16.18 

-

± 

49.69 

2.37 
Energy

Kcal/day 
% Intake 

61.9 
6.19 

t 
± 

35.2 
1.95 

p 0.05 
NS 

91.19 
8.31 

29.5 NS 
0.28 p-0.05 

50.3 
4.72 

± 

± 

5.6 
1.03 

Fat 
g/day 
% Intake 

2.26 
9.73 

' 1.39 
3.54 

NS 
NS 

1.9 
8.1 

± 0.77 
1.22 

NS 
NS 

1.8 
7.7 

± 

± 

0.36 
2.02 

Carbohydrate
g/day 

% Intake 
5.42 

2.87 
± 

t 

3.75 
1.27 

p 0.05 
p < 0.05 

11.7 

6.2 
± 

± 

3.8 NS 
0.54 p 0.05 

3.54 

1.97 
0.77 

0.92 
Body Weight

g/day 

gAg/day 

Gain 
43.7 

4.8 

± 

' 

25.4 

2.0 

NS 

NS 

45.9 

5.64 

± 

± 

22.0 

3.31 

NS 

NS 

37.8 

3.9 ± 

19.15 

1.19 
Serum Albumin 

Initial 
Final 
Difference g/dl 

3.84 
3.62 

-0.22 

± 

± 

± 

0.14 
0.34 
0.36 

NS 
NS 
NS 

3.62 
3.42 

-0.20 

± 

t 

0.38 NS 
00.26 P'0.05 
0.59 NS 

3.42 
3.75 
0.33 

0.26 
0.17 
0.09 



TABLE 12 
DIGESTIBILITY PARAMETERS ON THREE CHILDREN RECEIVING CASSAVA: FARINHA 4(2) 1425, AND CONTROL DIETS 

CASEC - PRE FARINHA CASEC - POST 
x SSD 1 SD "' x ± SD 

Nitrogen Balance 
Absorption % 
Retention % 

Feces± 

84.2 
36.0 s 

± 2.36 
10.5 

p < 0.05 
NS 

79.8 
31.3 

t 1.26 
3.78 

P< 0.05 
p 0.05 

85.7 
43.0 

3.51 
2.0 

Wet Weight 
Dry Weight 

93.2 
17.1 

± 

t 
22.2 
3.45 

NS 
p< 0.05 

181.5 
24.8 

± 80.5 
6.5 

P<0.05 
p- 0.05 

101.7 
16.3 ± 

38.6 
5.6 

Energy5.
Kcai/day 
% Intake 

56.8 
5.59 

1 
-

16.7 
1.12 

p< 0.05 
P < 0.05 

87.4 
9.2 ± 

37.8 
1.1 

P< 0.05 
P' 0.05 

65.0 
5.8 

± 32.8 
2.3 

g/day 
% Intake 

2.6 
11.3 

t 
± 

1.7 
5.9 

NS 
NS 

1.93 
7.97 

' 
t 

0.6 
2.1 

NS 
NS 

2.2 
8.9 

11.4 
4.6 

Carbohydrates
g/day 
% Intake 

Body Weight Gain 
g/day 
gAg/day 

3.5 
2.0 

31.7 
3.8 

± 

± 

± 

0.9 

0.9 

13.3 
2.0 

p< 0.05 

P< 0.05 

NS 
NS 

13.1 

6.9 

45.9 
5.5 

± 3.5 
± 0.8 

- 18.6 
± 2.6 

P' 0.05 
P< 0.05 

NS 
NS 

4.0 

3.1 

51.6
5.9 

± 
t 

3.3 
1.2 

13.0
2.4 

Serum Albumin 
Initial 
Final 
Differential g/dl 

3.41 
3.83 
0.42 

t 
t 
-

0.21 
0.28 
0.14 

P, 0.05 
NS 
NS 

3.83 
3.70 

-0..1 
± 

0.28 
0.20 
0.26 

NS 
NS 
NS 

3.72 
3.69 

-0.02 

t 
± 

0.18 
0.27 
0.22 



TABLE 13 

DIGESTIBILITY PARAMETERS ON THREE CHILDREN PARTICIPATING IN THE CASSAVA STUDY: GARI vs FARAINHA (4-2-1425) 

x 
GARI 

SD x 
FARINHA 

SD Paired "t" test 

Nitrogen Bnlance 
Absorption 
Retention 

% 
% 

78.5 
30.2 

0.5 
5.2 

79.8 
31.3 

1.3 

3.8 
NS 
NS 

Feces 
Wet Weight 
Dry Weight 

g/d 
g/d 

153.7 
23.5 

± 

-
62.1 

7.6 
181.5 
24.8 

± 80.5 
6.5 

NS 
NS 

Energy 
Kcai/day 
% Intake 

91.2 
8.3 

- 29.5 
0.3 

87.4 
9.2 

2 

2 

37.8 
1.1 

NS 
NS 

Fat 
g/day 
% Intake 

1.9 
8.1 2 

0.8 
1.2 

1.9 
8.0 2 

0.6 
2.1 

NS 
NS 

Carbohydrate 
g/day 
% Intake 

11.7 
6.2 

-
2 

3.8 
0.5 

13.1 
6.9 

3.5 
0.8 

p 0 . 0 5 

NS 

Body Weight Gain 
g/day 
gAg/day 

Serum Albumin 
Initial g/d 
Final g/dl 
Difference g/dl 

45.9 
5.6 

3.62 
3.42 

-0.20 

-

22.0 

3.3 

0.38 
0.26 
0.59 

45.9 
5.5 

3.83 
3.70 

-0.13 

2 

* 

18.6 

2.6 

0.28 
0.20 
0.26 

NS 
NS 

NS 
p- 0.05 

NS 



TABLE 14 

CASSAVA STUDY: CHEMICAL COMPOSITION 

PERUVIAN - JUNGLE NIGERIAN 60142 NIGERIAN 4 - 2 - 1425 
LYOPHILIZED GARI FARINHA GARI FARINHA 

NITROGEN mg/00g 204.98 144.41 126.26 213.2 202.32 

PROTEIN (N x 6.25) 1.28 0.903 0.789 1.333 1.264 

FAT % 0.58 0.15 0.17 0.28 0.22 

MOISTURE % 3.24 7.29 9.35 8.01 11.9 

CRUDE FIBER % 3.07 2.90 3.02 3.11 3.12 

ASH % 1.16 1.02 0.68 1.52 1.28 

CARBOHYDRATE 90.67 87.737 85.991 85.747 82.216 

SODIUM mEq/100g 0.7 0.61 0.84 0.64 0.87 

POTASSIUM mEa/100g 12.5 12.75 9.8 15.6 14.35 

ENERGY Kcal/100g 395.9 380.9 368.9 366.4 361.3 

HCN p.p.m. 66.6 2.6 3.4 3.0 1.8 



TABLE 15 

CASSAVA STUDY 
VIRIETY * 

PROCESS 
PERUVIAN (JUNGLE) 

LYOPHILIZED 
NIGERIAN 

GARI 
60142 

FARINHA 
NIGERIAN 

GARI 
4 -2 - 1425 

FARINHA 
a b c d 

NITROGEN RALANCE: 
Absorption % 
Retention % 

X 

79 
31 1 

SD 

5.1 
7.8 

X 

76.6 
28.8 

SD 

'4.5 
4.4 

x 
78.7 
32.0 

SD 

2.1 
4.0 

x 
78.5 
30.2 

SD 

G.5 
5.2 

x 
79.8 
31.3 

' 
± 

SD 

1.3 
3.8 

FECES : 
Wet Weight g/d 196 t 44.1 211.5 '87.4 164.0 60.1 153.7 62.1 181.5 ' 80.5 
Dry Weight g/d 23.8 ' 3.8 23.8 3.5 22.1 4.0 23.5 7-6 24.8 6.5 

FAT: 
g/day 
% Intake 

1.9 
8.0 ± 

1.1 
4.2 

2.0 '0.7 
9.19 3.1 

1.8 
6.5 

0.8 
2.3 

1.9 
8.1 

0.8 
1.2 

1.9 
8.0 

± 

± 

0.6 
2.1 

CARBOHYDRATE: 
g/day 
% Intake 

11.2 
6.0! 

1.9 
1.1 a 

12.4 
7.5 

'2.7 
1.4 

11.1 
5.4 

2.9 
2.4 

11.7 
6.2 

3.8 
0.5 

i3.1 
6.9 

± 

± 

3.5 
0.8 

ENERGY: 
Kcal/day 
% Intake 

89.1 ± 

9.5' 
i6.2 
3.2 

94.8 
10.2 

118.2 
1.6 

85.9 
8.6 

'12.6 
0.7 

91.2 
8.3 

29.5 
0.3 

87.4 
9.2 ± 

37.8 
1.1 

BODY WEIGHTI" GAIN: 
g/d 

g/Kgiday 
28.1 ± 

3.0 ± 

19.9 
1.9 

23.4 '20.8 
2.9 '2.8 

31.5 
4.0 

11.5 
1.6 

45.9 
5.6 

'22.0 
3.3 

45.9 
5.5 

18.6 
2.6 

SERUM ALBUMIN: 
Initial 
Final 

g/dI 
g/dI 

3.56' 
3.72t 

0.36 
0.40 

3.66-0.22 
3.42 t0.21 

3.44' 
3.42 

0.19 
0.35 

3.62 
3.42 ' 

0.38 
0.26 

3.83 
3.70 

' 

± 

0.28 
0.20 

Difference g/dI 0.22± 0 .19 a,d -0.23' 0.26 -0.02 0.33 -0.20 ± 0.59 -0.13 ± 0.26 

n =8 n =6 n=3 
, a = p 0.05 Lyophilized with Gari 60142 

d = p 0.05 Lyophilized with Farinha 4 - 2 - 1425 
* (each cassava variety process providing 50% of the total eneray diet.) 


