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The saga tree (Adenanther0. pavonina Linn.), also known as Bois de 

corail, Korallenbaum, Bead tree, Coral pea tree, belongs to the 

family of leguminosae. The mature saga seeds, having a flaming red 

but ver,y hard outer seed coat, are popular for making necklaces for 

children. As a food the saga bean was, according to Hasskarl (1845) 

as quoted by Heyne (1950), eaten as a sidedish with rice, after 

roasting and pounding for hulling, tasting like soy. Through the 

promotion of Soemartono (1977) tho saga seeds have attracted the 

interest of policymakers as a potential source of additional protein 

· for the daily diet of the population. However, no information is 

available regarding its safety as human food. 

- Paper presented at the Third Symposium of the Federation of Asian 

and Oceanian Biochemists, held in Den-Pasar (Bali) Indonesia, 

June 24 - 27, 1931. 

-This investigation was carried out in cooperationwith the Asean 

Project on Soybean an:::l Proteinrich foods (Indonesia). 
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Material. -------· 
Raw saga beans were obtained from ~1r. Soem!lrtono from the 

National Institute for Agricultural Research and Development, Min. of 

Agriculture, Pasar Minggu; Jakarta. 

The beans were boiled in an open vessel with sufficient water 

for 1 t hour. The hard outer and inner seedcoat could then be removed 

by pressing and squeezing of each individual boiled bean between 

thumb and forefinger. After drying in the oven· at 70°C the dehulled 

beans were ground to a course powder to make them suitable for the 

preparation of experimental diets. 

Methods. -------
a • Q~~~£~!-~~!l~!~ •. 

The proximate principles were determined according to the methods 

of ·A.O.A.C. (1975). The amino acid analysis, done according to 

the automated ion~exchange chromatography method, as described by 

Anderson and Jackson (1977)j was carried out. in the National 

Institute for Chemist~, Indonesian Institute of Sciences (LKN-LIPI), 

Bandung. 

b • ~"!!!:~~t!!!L~~!:~~~"!!~ · 
All the ratfeeding experiments were carried out with young weanling 

albino rats of the Lembaga Makanan Rakyat (L.M.R.) strain in the 

NutritionUnit Diponegoro-National Institute for Health Research 

and Development, 1-ti.nist~ of Health in Jakarta. 

The composition of the experimental diets prepared are given in 
·-~ 

the ADDENDUM Tables I and II. j ;';:.~: .. n Pcud.-.:.::n L~ • • n i.'eugemlmn~2n Kc .ebatan 

PC: j~ •J U.) ·rA K .J\AN 
T:m gg:d ; __ Q _ _9_.f ~-~-.1~.?_ 

, ~ . I\ lass 
: a-t~+/~.~--~-
: ~~~. 5-

i'· ._,, Induk 

···· ~ o.e:v -- -----
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Results and Discussion. 

Chemical Analysis. 

- The result of the chemical analysis on the proximate principles of 

the sagabean as compared to soy is presented in Table 1. (See Table1) 

Table 1. Comparison of the proximate principles 

of Saga and Soy bean 
(boiled, dehulled, dried) 

---------------------------------~------------·-----------

: (Average per 100 grams of): Sag a : S o y : 

:----------------------------------------------~----------~ 

Moisture of 4e8 5.3 /0 

Nitrogen of 6.06 6.50 /0 

Protein (Nx 5 ~ 71) % 34o6 37.1 

Fat % 18.0 20e0 

Carbohydrate % )8.2 33.7 
(by difference) 

F i b r e % 12.6 4.0 

Minerals % 4.4 3.9 . . . . : ------·-----------------------------:------------7----------~ 

Refuse 
(saga : outer and % 55 20 - 25 : 

inner seedcoat) 
. . . . 

; ------------------------------ ----------------·----------~ 

-The outer and inner seedcoats ,which are very difficult to remove in 

the raw state, consist of approxe 55 % of the total weight of the 

bean, as compared to approxe 20 - 25 % in the cas e· of soybean. 

The protein and f at co~tent of the dehulled beans are respective~ 

34% protein and 18% fat for s aga and 37% protein and 20% fat for 

sqy. The fibre content of the dehulled saga is very high, approx. 

12 %, while in soy it is approx. 4 % only. 
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The amino acid content of the saga and the soybean _compared to the 

provisional amino acid pattern, are presented in Table 2. 

Table 2. Essential amino acid content of Saga and Soy 
in mg per g Nitrogen 

(Compared to FAOjWHO provisional amino ~cid pattern). 

=====================================================~========= · 

Saga s 0 y 

mg mg 

• Provisional : 
: amino acid 
• pattern : 
: FAO./WHO 1973 : 

mg 

~ ---------~---------------------- · 

1. Isoleucine 350 290 250 
2. Leucine 600 494 440 

3· Lysine 460 391 340 

4. Methionine 60 84 
5. Cystine 100 81 

4+5. Total S-amino acids (160) (165) (220) 

6. Phenylalanine 437 
7. Tyrosine 342 

6+7. Total aromatic (779) (506) (380) 

B. Threonine 230 247 250 
9. Tryptophan 76 60 

10. Valine 385 291 310 
' . 
·==============================~=========~========~============= · 

The methionine content of the saga bean is somewhat lower than that 

of the sqybean. But in both saga as well as soy, the total sulfur-

containing amino acids are the first limiting amino acids, a typical 

characteristic of legumes in general. 
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~~f~~di~~-~~~~~~~· 

The erowthcurves of the experimental rats fed 3 ldnds of diots, 

viz. saga., soy and a proteinfree diet can be seen from Graph1. 

T~1c first two experimental diets contain respectively 28 g of boiled 

dehulled dried saga and 27.8 g of boiled not dehulled soy per 100 g 

of diet. The remaining bulk consist of gelatinized starch which have 

no protein at all. The proteinfree diet consists mainly of this starch. 

Fat, vitamins and minerals are added in quantities according to 

recommended procedures to make the 3 diets similar in these aspects. 

See ADDENDID1 table I for details. 

It was expected that the saga diet (10 % protein) should give the 

same good growth as the soy diet (10 % protein). According to the 

chemical analysis the amino acid pattern of saga and soy are very 

similar. (See Table 2). and yet, the results of the feeding trials 

were totally different. (See graph 1) 
' · · ···· • • ' ••••• •• • •• • ••• ' • •• ' ••• & ' • • ••• • ~ . . 

i Insert Graph 1. \ 

The soy diet was well eaten and the growth of the rats was good. But 

the saga diet and also the proteinfree diet were refused by the rats. 

The very lol-t food-intake was almost to the verge of total starvation 

(semi-starvation). This had led to a severe decrease of bodyweight 

. ·cnusing ultimately marasmus and donth,starting from 5th week on, as 

seen in the groups of rats fed the proteinfree as well as the saga diets. 

The instinctive refusal of an experimental diet by the rats is a good 

indication of something to be nutritionally wrong with the diet as fed. 

In the case of the proteinfree diet one may explain the instinctive 

refusal as a kind of regulating mechanism to reduce the body metabolic 

processes to the lowest minimum level as possible, due to the lack of 

protein in the diet. 
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GRO\<fTHCURVES OF YOUNG 'v!EANLING ALBINO RATS 

FED A PROTEINFREE DIET AJID SAGA AND SOY DIETS 

BOTH AT lo% PROTEINLEVEL DURING 12 WEEKS. 

, ... s 0 y ( 9 . 7 %) 

.... ......... .... ... .. : ..... .. .. . ' • ........ .. ...... ..... ... .... ,. ...... . 

X X I weeks 

-20 

1 
-40 T 

1~ 8 0 0 PROTEINFREE 
. . 

"' - : .-r. ...... - ...... - ~ ..... ... - ....... ~ 
6 -e- ~'5- 4 4 !5 -"5 3 ~ ... - 2 S A G A (9.6%) 

~ : ; 

Note: - Values within brackets connote the actual proteincontent 
of the re s pective experimental diets. 

- Numbers in italic show the nui'lbers of experiment 1 rats 
remaining alive during the week of experiment. 

-For details of experiment, please see ADDENDUM Table V. 
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A higher consumption of food would demand a higher metabolic activity. 

And as protein is missing, such an increase in metabolic activity 

would be very harmful to the rat. 

It has to be mention0d that in the case of the proteinfree diet 

.. 

the reduced foodintake and the negative growth rate (weight loss) are 

phenomena, familiar, constant and reproducible in ratfeeding experiments, 

whore proteinfree diet~were routinely fed as part of a biological 

evaluation of foodproteins. 

But in the case of th ~ 10 % saga protein diet, this instinctive 

refusal cannot be due to tho lack of protein. This saga diet contains 

10 % protein and the quality of the protein in this saga diet is also 

almost the same as the soy diet with 10 % proteino One may think 

therefore of the presence of a harmful, toxic substance or of tho lack 

of some essential amino acids through biological un-availability or of 

the persistence of the repellent beany flavour, all as the probable 

causes of refusal of this 3n~n diet. In order to obtain more 

information, it is very important that the saga meal is indeed eaten 

in sufficient quantity by the experimental rats. Fortunately when the 

saga meal was incorporated into various diets of good protein quality, 

tho saga was now well nccepted by the rats, (See ADDENDUH Tables II,III), 

notwithstanding the persistence of the beany flavour in all tho diets 

prepared. This can be seen from tho results of the feeding trial with 

these experimental diets prepared from dee with saga and also with 

sqy. See Graph 2. 

Insert Graph 2 
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GROVJTRVURVES OF YOUNG vTEANLING ALBINO RATS 

FED VARIOUS RICE DIETS EIXED UITH SAGA OR SOY. 

DURING 4 '-lEEKS. 

Rice+S o y 

.. ..... .. . .......... .. ........ . . . .. . .. ..... .. . ..... ..... ... .J .. Jtice+S o y+S a g a 
/ : 

/ ) Rice+S a g a 
/ / ), Rice+D o u b 1 e S a g a 

/ /: 
/ // . 

/ // 
// 

I // 

/ // 
/ // 
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/// 

1/ / 
/1/ 

/// 
'/// 

_'//1 

r;l~ 
'/I/ 

il/ 
r 

._,_ --

IJ 

-...... 

Rice only 

weeks of experiment. 

Starch only (proteinfree ) 

Starch+S a g a 
(sagaprotein 9.6%) 

Note; - For details of experir ent, please see ADDnmm~ Table IV. 
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The saea proved to have a supplementa~ effect to rice, just like sqy. 

This finding is a proof that all the essertial amino acids must be 

biologically available and that the quality of saga protein is good. 

Tho persistent benny flavour apparently is not a major objection to 

the rats for consuming th~;J diets in sufficient quantity during tho 

whole p~riod of experimentation. (See ADDENDm~ Table III ~ Table IV) 

But anot!or observation is the depression of the rates of growth of 

the young rats, when sagameal was added to otherwise good qu~lity 

diets as can be seen from gr~ph 2~ The groi~hrates of the rats on 

11 ricEJ + double saga" and "rice + soy + sa~a" wore lmv-er than the growth­

rates' ·· oft.the _fats. •on "rice + saga" and "rice + soy" respectively. 

In fact, by adding saga, one should nxp2c:t j'.Wt. like vJhen adding say, 

o. higher rate of gro1.Jth, as the so.ga pr >tein is almost similar to soy 

in its amino acicts content o (See Table 2 j. Hm,;e-,er the addition of 

saga to an otherwise good diet, has apparently a dw.mnging effect, and 

this effect is probably related to the quantity of saga consumocl. 

(dose related). Tho total quantity of saga consumed clurin~ tho 4 weeks 

of experimental period is presented in ADD~JDu~4 7ablo Ilio The growth 

depressing effect of boiled saga bean c<'..n be more conspicuously seen 

from graph 3 which depicts the results of a 12 week rat::~eecline study. 

This ~tudy is in f uct equivalent to a subchronic toxicity test. 

A basal diet is used as a control. To . this basal diet either soy or 

saga are added for comparison. The _composition of the basal diet and 

the other 2 experimental diots can be seen from ADDENDTJl~ Tc:.ble I. 

Insert Graph 3 
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GROWTHCURVES OF YOUNG \lEANLING ALBINO RATS FED 

A BASAL DIET OR MIXTURES WITH SOY OR SAGA 

DURING 12 WEEKS. 

30 ..... . . . .. . .... .. ... .. . . . ........ · · · • · ·· · ·· ·· · · .... .. ... .... .. . . . .. . . . ....... . ... . ... . . ... . . . ..... . . . . ... ... . ...... .. · · ··!· 
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,... BasalDiet + Saga --.... ' ................ ................ ......... ... ,,,.,. , , , . , . ,. 
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40 I 

]/1 1 I I I J I , 
VIII weeks 

1
~ . II IV I 

-20 -- '<::::-~-:_~ 0 0 Starch only(proteinfree 

-40J 6- ·-&- - -5- '"'4- -4- -3- ..... 3- ~ 3 ... .,. "2-- ~ Starch+Saga. 

rNote: For details of experiment, please see ADDEND~ Table V. 
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When to ·this basal diet, scy--·was- add.ed., a pt"'n()lUlCed increase. in the 
' '• 

growthrate was evident. But when a small amount of boiled saga was 

added to this same basal diet, the original growth rate became inhibited 

or depressed. Thin munt r£ due tn a toxic' factor sttll preseat ia t~e 

for 1t hour boiled eagabean&. 

In legumes, the growth inhibiting effect can be ascribed to the presence 

of protease (trypsin) inhibitors or phyto-hemagglutinins. As stated by 

Liener (1976), these substances can be eliminated by proper heat 

treatment. As the saga fed was subjected already to boiling for one-

and-a-half hour, a boiling time considered more than usual, and yet 

still retaining the growth depressing effect, the substance ver,y 

probably therefore may not belong tho the protease inhibitors or phyto-

hemagglutinins as mentioned previous~. 

This preliminar,r study points out the need for an appropriate taxic~ty 

study which will throw more light on the toxic nature of the substance(s), 

Such an experiment should be carried out with a sufficient number of 

r~ts, at least 20 in each group, and the saga meal should be fed at 3 

different dose levels. 

The evaluation for toxicity lTRl.St include the usual clinical observations, 

hematological and biochemical studies and also macroscopic and micros. 

copic histopathologic exnmi~~tion of target organs (de Groot,A.P. 1974), 

all of which are procedures demanding facilities not yet properly 

available in our Unit. It is a general accepted rule, that the human 

species must be considered as the most sensitive species, when consi-

dering certain substances in food to be harmful or not. Based on the 

experimental findings presented above, the boiled saga bean proved to 

be harmful to the rats and therefore also to the human being. 
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As a remark, one may wonder why the saga bean, so long known alreaqy 

by the population, until yet does not form a part of the cultural 

food pattern of the Javanese population, wh~ch is the case with the 

jenekol be.:tn. ( P~. -t-hecolobium Lobc.tum) and t.he peteh beans (Parlda 

young pods of the lrt":Ito:::-o (Leucaena Glauca). 

Bu.t ,ilt2~ l.·i c '.. " r,c·xic kapok seeds (C :Ji ha Pontandra) and the tamarind 

s eeclc ('l'c ;·t.:-:.: ~:. r::: .! ::. :; Indica), the sngn benn was probably instinctively, 

by t r i..a} c' . ,.J " ·· ~ · :, avoided as a r c:.;ular food by the population. 

Un-7. o:J3 ~'-'·:: · ' •. ~J. n.sans uring grns~:..~oot t echnology applicable at the 

~ hous eho:r.d ~- v:c_- ~ :··c;J.J.d be found to l'8d~ ·- ~e the harmful substance(s) 

1\~thc::.F. '- -·· . · . -·, . ; <.:c:versoly the ~'r.c 1~ :::· '1 q1.:ality of the saga protein, 

. \~ · . . .. ...... ... .. · ~ '_. . ' ·~(l off:LcialJ.y ~~ ·-· , b e :· :· ~ 0mmended for uc.e as a 

'rocp:; c;..:t.l ~ CJ c..: u ::. . .c ~ _ ,.,_ n deeper ins :t gL . _ :1 ~ i:e potentials of the sagabean. 

Conc::' .t:c-i·Y·:-. 

Th8 F ·c : :,~ : .. : of the saga bean ir; of good quality, Laving a good 

Sl'ppler.'.e r..+.c.r; ef~~ c~t to rice protein, jus t like soy protein. 

Bocau3e cf ·:---,.., ;; r 0.s er.c e of a tox:~c s·: b:- ~. Q l"' ·:e or anti nutritive factor, 

Ho:c-o ~ ,. ~ c ::'· ~::;trGion j s needed on th.:. s toxic substance and its 

possible c:c::: t . ~ · : ~.? :·tal effect to human ho..,.1 +.h. Ways and moons :::hould be 

found usinr:; s ::x ~-u.~ .ly acceptable grassroat technology to Ir.ake it safe 

for human usr'.s b :-::.fore any officinJ c :COCinme:r:td;l.t-ion could be issued for 

use as a claiJ.;;r fcod for the populat~:_ or. ., 
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ADDENDUM TABLE : I 

Compo-sition of Experimental Diet8 'as used for £r0Wth Study 
on Rats Fed Saga· lasting . l2 .weeka. 

(See also graphs 1 and 3). 
==~==~====================~====~=~===~=======T-====~======~= :===~=======4 

1 Pro- ~ Basal BD BD 
XP-diet designation ~ tein- ~ Soy* j Saga* : Diet + + 

1 free ,. : ( BD) Soy Saga 
. : lo% : lo% lofo . 5% 

=------------·-------------------t----- --·~----- ---~------~------~------i-------~ 
Nitrogen content % 0 i 1.70 ! 1.68 : 2.0 i 3.11 ; 2.56 

Protein t-ontent % 0 j 9.7 ~ 9.6 f 11.9 i 18.5 !15.2 

Factor N (Nx ••.. ) f(5.71) ~ (5.71) ~ (5.95) j (5.95) ~ (5.95) 
------ • ~- ---·- -·· • ••• --- __ ..,w_- ""· --··· ----+------.; _______ +------~-------~-------7---- .. - ..;. 

Starch 

Fat to be added 

Glucose 

Salt mixture 

Vitamin mixture 

Celluflour 

Basal Diet ** 

Soy,boiled,not dehulled,dried 

Saga,boiled,dehulled, dried 

. . . . . . . . . . . . 

720 557 555 
100 50 50 
150 100 100 

20 15 15 
+ + + 

10 
. . 

1000 722 860 

i 278 278 

. 280 . 140 . . . . .... ............. ......... ....... ........ ..... ... .. .... ........ .... -~ ...... ... ..... .. : ... .......... . · · ~·· · ·· · · · · .. ····· : ....... ..... .... ; .... .. .. ....... ; .. ...... ....... .. 7" 
T o t a l f 1000 : 1000 : 1000 : 1000 : 1000 : 1000 

* Protein content of : 
-s~y,boiled,not dehulled,dried 
-Saga,boiled,dehulled,dried 

36.0 % (Nx5. 71) 
34.6% (Nx5.71) 

** Composition of Basal Diet in grams per kg of diet 

1. R i c e . . . . . 
2. P e an u t 
3. Skimmi1k powder . 
4. Coconut oil . 
5. Sal tmixture . . . 
6. Bonemeal 
7. Vitamins:B-complex~A +D. 
8. Iron sulfate • . • . 

Protein conten: + 11.9 % 
(Nx5.95) -

. 

774 g 
95 g 
95 g 
17 g 
13 g 
6 g 

. + 
+ 

± 1000 g 

( N : 6.31% ) 
( N :; 6.06 ~~ ) 
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ADDEtJDillf TABLE II 

Composition of Experimental Saga-diets as prepared 

(See also Graph 2) 

-"": ~ • ' • ; : : ~ : ; ; : ~ _.; · ' •" 
0 

,': : ; : : : 1 ; ', I ~ ', ',0, '• ', \ • ~ ', ~ ', ', : '. ', ' . ', ·, ~ 0. ', o \ '• ·, 0
, ' 0 ' , ', ~, ' : ' , ·,.' '.' ',' ,•. '.' .'; .,.",' ' , . , ." ." 0 =· ~ .. ,•: ," .' ," ,', ', ', '. '. ',' ·, '·! ! ; ' ~ : ; : ! : ' .'; ,": ,' . ', ~ ' . ', '. '. ·, ', ~ ',_~ ~ 0

, : : ~ ; ~! :! ! ; : : : o' .' : · •
0 

, · ," • 
0
." , •:, '. '~· ' , ', •• ~ 0 ~ : : : : : : ! : : ; .' ,' 

: : : . : 

Co::nponents : 

c;:::a.ms /per kg diet 

Protein : Saga Rice ~ Rice Rice i Ripe ; Rice 
free ~ 10 % alone 

?.::tt. added 

Glucose 

Salt mixture 

Vi ta.min mixture 

Cellu flour 

Rico 

Sac;a, boiled, 
c~chullod, dried 

Soy, boiled, 
not dohulled, dried~ 

jprotein 

. . 
........ . ·· · :-· · -·"''" '' ' ' ' ' ' ~· · · ··· · ·· · ····· 

100 

720 

150 

20 

+ 

10 

so 
555 
100 

15 
+ 

280 

90 

20 

10 

+ 

880 

+ 
f Soy 

. · ······· ···· ·:· -

33 

33 

10 

+ 

866 

58 

+ 
Saga 

··· ······ ··· 

33 

35 

10 

+ 

868 

54 

lDouble 
\Saga 

+ 
:soy+Saga 

. . .. ........... .. .. .. . ...................... 
: : 

26 

255 
35 

10 

+ 

566 

108 

26 

235 
35 

10 

+ 

582 

54 

58 

. ......... ...... ·-"' .. ' ' .... ... ........... .... ·.··. ~ ... .... .... ... . ··:·.. . . .... ; .... " . ·- " ...... ~ ... " .... ... . ... ... : ....... ..... ....... · ·~ 

Total : :1000 ~ 1000 : 1000 : 1000 i 1000 : 1000 : 1000 ! 
... ·.·: . . ' . . .. ' . . . . . . . . . . . ...... ;. ·. ·. _. . :. ·:-· ... ·, .. : .. ·. ·.· ..... ·:. ·:. · .. ·.· · .. · .. ,: ' ·. ·.•.·::: .............. ·.·. ·:. ~ .:. .................. · ::~·· ........ ~ ·. ·:::.-: ·:.·::;: ::: :.~.\"'"."'::;."'. '/ .................. ·. : ..... ':. ·~·· · .. ·. · .. ·. '. ·. ·:.·.: ... ~ ... · .... ·••. ·. ·::.';::::.·. ·. ·. ·. ~ 

Results of Chemical Analysis of prepared ~J diets 

Protein content e%' 
Nitrogen 

content g % 

F a t g % 

9.6 6.4 9.8 9.5 9 .• 4 

' 1.68 ; 1 .. 08 ; 1 .64 1 .59 : 1 .58 : , .55 ; 
=(Nx5.11) :(Nx5.95}.(Nx5.95) : (Hx5.95)~ (Nx5.95) (Nx5.9Sr 

5% - 6%, (except f ')r the Proteinfroe and Rice diets 
with 10 ;'0) 

:: ;: :: .::: : ·::.·:.· :::.·. ;:.·::. '.'.. ·.· :·: ·.: ~·.~~·.:·. ~ ~~: ::; :::::: .• ;:: : ........ ·::.·. :::.":·. ~ ·.·.: ~ :~ ~ ~:: ::::: ~ ~ :~ :.·: ...... ·::::::.·:·.·.: :". -~ ::::: ~ :: :: .·:-:~ ::~-:::::: ~;-:::::.' ... ,.·: . •::.·:.·:.:~:~: ~:::"":.~::: 
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ADDEHDtnt TABLE III 

Summary of average total quantity of sa.:1a 
consumed per rat in 4 weeks XP-period. 

: ~·.·, ·.·. ·::.·.·.·.-:.·:.-. ... ·.- . ·.·,·. ·.·.·.·.~· . .,.·.•.·.·:.·.·:.".":.•.v:: ... . ~~·~:.·:-:.·•:•••'t:..·.-·~,;,."ttl.H..V.u-.:41':ft.~;:~ .• ~r..:"!•~t:t:u~.:.-:-:x.•::t.· ..... ..,.'I:+J.._.,..:!I.~~·l."'t'~z."t,·~.ra.:.u..~.:~.-.:.-. 

; Basal coJ'Ilponents : Quality of ~ Total jAvg . total ~ Body weight : 
of XP diets Protein of ; Food ;quantity f Increase % 

: (numbers in italic original diet ~ Intake ! of saga ! at end of 
· connote grams of to which saga j ! Ingested i 4th w ek 

saea added per 1 OOg is added j during ~ e 
of diet) i4 week ! 

• ! 
:por-ra.t ! 
I I 

~ : f B} g ; % ; 
: .. ........ . - ~··· · ......... .... ... ... .. ............... ... : ...... .. ~ ......... .. _ .. ...................... .!-~-... - ......... ·~- · · · ··· .. .... ······ .... 0 •• • j .. ... .......... ..... ........... ...... ~. ' . ' t ~ : : 

. t i 
Starch + Saga 

(28g) 

Rice + Saga 
(5.4g) 

Rice + Double Saga 
(l0.8g) 

Rice +Soy +Saga 
(5.8g+ 5.4g) 

Basal diet + Saga 
(14g) 

63.0 17.6 ~ :39.6 : Protein free 
: (starch only) 

~ Hoderate 242.3 : (rice protein) 

: Moderate 234.3 (rice protein) ~ 

good 247.3 (rice + Soy 
protein) 

Very good . 
: (Rice+Ski.mmilk+ ~ 223. 2 
~ peanut protein) : 

13.1 89.2 

2$.2 85.6 

13.5 100.7 

31.5 116.7 

. . . . 
. -~:::. ·::: .•.;:; :: ;:~·::::. ·;:; .. ·:; .. ·;;,:::.:::: :~·:: ::·.·.:: :: .·:: ::: .·.·;: ~; :; ; :: .";.· ~: ~; ~:::: ~:= :::-::!:~ :::: :: :! ; :::: ;:: ~-:;.::~::.:;;!; ::: :! : :;:.:~~ :::·:·~~:~~·. ~~ ..... :.;.-.·,"."::;..::.:~:.'!!:: 



ADDENDUM TABLE : rv 
Comparison of Average Body Weight Increase in % and average food 

intake in grams of young rats fed Saga or Soy mixed with rice by weeks. 

(Feeding ad libitum .For Growth curves see Graph no 2) 
''!'"' ' , ••• • •• __.., .. ..,. , ,, • • • • • •• ..# o o oo o, •• • •• '•··• · •o o oo o o o • +•• • •• ••-- • · •• •• · ~ · · ···· · · · ····· ······ · · ~······ · · ···· · ·· - · · · ·· · · · .. ·· ·· .... · ····· ·· · ····- ·············~····· · ··· ·· ·· ·~· · · ··~· 

Description of 

XP-diet 

Nitro-:· Protein 
: no. gen Content ! of _ Con-
~ rats ~ tent 

n : % ' % 

P~otein Cumulative weight increase % · Avg. Food intake per rat i 
distrib. · · -------- ···- ·--··--~--~-- - -~- --~--·· ~ ···--· by weeks ~ 

R. End of : End of: End of: End of ............... .... ....... ............... ~ ."" ........... ~ ... " " ........ :. 
~ce· · · · · 

S :Soy First ~ Second Third! Fourth I II III IV ~ 
aga. k · k k · · wee : wee wee : week : : · 4 k : , . : , wee s 

% ~% g g : g ~ g ~ g 

Avg. 
'l!otal 
Food 
intake 

% % % . . . . 
... .. ...... . :, ... ....... . . .......... ,. .. -~ .. , ........ ... ... . : . · · ~ · ·· ·""' · ............. . · · · · · ······ · ·~· · ·· · ·· · - ·····~·· · ·· · ··· · · ·· ·~· ··· · · ·· ··· ·· ······ ... ~ ·· · 

- . 
i l. ;.Protein Free 10 ~ 0 0 . i -17.8 ~ -24.6 : -29.3 : -32.8 20.0 ; 19.9 : 17.2 

r 1~ 2. Soy, boiled, 
~ - :1 not dehulled, dried 
~ ~ (28.0 g soy/100 g) 

10 ~ 1. 70 9. 7 . 
(Nx5. 71): 

28.1 53.0 ~ 69.6 : 87.8 46.1 

.. ~_ ,.,' : ' 

). Saga, _ boiled, 
dehulled, dried 
(27.8 g saga/lOO ·g) 

~ ; . ol . .., ; 6 1.54 9.6 
(Nx6.25) 

i -19.1 ~ -29.4 . -36.3 : -39.6 17.9 
~ s:5.0 0-:-:: : 

·" :'1. : 
'!» : 
' !!:I : c ~ = 

.., '} "' :1 . . , ;4.:-R~ce --. ', : 
10 : 1. 08 6 • 4 - 8.8 

; ~ : 

} · 15 i > ·; : 
Z ~ ~ 

1'0 : 
~ -
f!> : 
:.r: 
lioO · ...... ; 

~ = 

· · - (Nx5.95) i 

5. Rice + soy 
( 5.8 ·g soy/100 g) 

10 : 1.64 9.8 ·80: 0:20 : 29.5 ·: 
. (Nx5.95) . 

6. Rice + saga · :. 
( 5.4 g saga/100 g)] 

10 : 1.59 9.5 80:20: 0 ~ 23.8 

7. Rice-Hllouble saga ~ 10 j 
( 10.8 g saga/100 g) ~ 

8~ Rice+soy + saga _ 

(Nx5. 95) ..._ 

1.58 9.4 55:45: 0 ~ 24' J. 
(Ux5.95) 

21.8 : 31.3 : 37.7 

58.1 : 79:7 : 104.0 

49.2 : 68.8 : 89.2 

38.0 

58.1 

. 55-3 
~ s :3.0 

45.4 : 65.8 : 85.6 54.7 
s:5.9 

54.7 : 51.4 

l7 .4 14.5 
4.9 4.1 

38.9 : 37.6 

68.4 : 64.8 

64.2 62.4 
3-5 3.4 

63 .4 59 .3 
6.8 6.4 

( 5.8 g soy and : 10 1.55 9.2 55:22:23 28 . 6 51.8 77.9 100.7 57.5 65. 1 61.5 
5.4 g saga/100 g)) (Ux5.95) s:3.1 3.5 3.3 

: :.- .. ........ .... ........ ..... ... ~ ...... ...... .. . ~ .. .. .... ..... · ··· ····· ··· ······ ·· ··· ···· .... ... , ............... .. , ....... ··· ·-··· ··· ·· ············· .. ... .. , .. .. ................. ········ ····· ····· · · · ~ · · · 

s = Avg. intake of saga per rat in grams . 

Ave'!'age we i ght of rats at t he/experi ment io 60.1 grams except for "rice + soy+ saf-'aa 47 .9 er32D.s . 
13tart of the 

16.7 73.8 

50.5 202.7 

13.2 63.0 
3.7 s:17.6 

33.7 t 148.2 

62.2 253.5 

60.4 242.3 
3.3 s:l3.1· 

56.9 234.3 
6.1 s:25.2 

63.2 247.3 
3.4 s:l3.5 

o; 

: ,_. 
; ....;J 



ADDENDUM TABLE : V 

.. _, .... ' .... ' .. -. .. ... ... .......... . 

Description of 

XP-diet 

-·········· ····· ·· ····· ··-··· ········· ······ 
. . 

: l.: Protein-free diet 

2. Soy,boiled, 
not dehu~led~dried 

27.8 g/ lOu g 
3. Saga, boiled, 

dehulled,dried 
. 28.0 g/100 g. 

: 4.: Basal diet 

~ 5.: Basal Diet + 
Soy ; . 

. 71.8 g/ 100 g. 

Comparison of Averdge Cumulative Body vleight Increase 
of young rats fed Saga or Soy or incorporated in Basal Diets by weeks inr 

(Feeding ad libitum) (For Growth Curv%see Graphs no 1 and 3) 
... -....... ............................................................... ......... , .......... -........... .. . .............. - ............... . ... ~·········· · ·· .. •···· ... !· 

Avg. Cumulative Weight Increase in % of starting weight at End of ~Jeek 
Prot • . :: .... ·· ·· ·· ···· ··· ··· ·· ··:·········· ···· ··· ···· ·· · .... ....... ...... ....... ....... .... .... ....... .. ::-... ....... ....... : .. ...... ....... .... .. ...... · ........ .... .. ·: ......... .... . 

C t 
I ; II . III IV V ; VI i VII : VIII : IX ; X ; XI ~ XII 

on . . · · · 

Avg. 
Total 
Food 

: Intake : 
: 12 weeks ; 

% 1~ % _ % % % % % c;:, %! % % % ~ grams ~ 
.... .• ... .....• .. ... ' .. . . . . ... 0 .• . . . . ...... ........ •.•.. • . .. ... . 4.. •. .• . . •. . . .... ... . . . ........... .. • • ......... ....• . ..... .. . . .• .. .. •#I"' ........... ~, • • ·- · ·· ... • • •• •••••• ,.,.. .. • •••• ····-···:-·· · ·· · ...... ,. ....... ·~~ 

0 -12.3 -18.9: -27.5 ~27.5 -32.6 -23.6 -20.8 - : . 
n=8 n:::8 n=3 n::O 

9.7 28.1 53.0: 69.6 ~ 87.8 108.7 128.4 145-5 154.9 168.3: 181.8~ 186.5! 193.3 202.7 

,9.6 !-19.1 i-29.4: -36.3: -39.6i -41.8 -36.3 :-35.7 -36.9 -39,9 -J3.81-39.5 -38.2 
n=5 n=4 n=4 n=3 n=3 n=3 f n=2 n=2 

11.9 31.2: 71.2; 100.5 129.0 155.1:173.9 : 195.0 208.1 220.1 220.( 235-3 249.3 210.4 

: 18.5 51.9 : 97.4· 128.1 156.4 186.0:209.2! 230.9 ( 243.7 256.3 272.6 280.7 283.3 233.0 

. 

:'""' :co 

6. Basal Diet + Saga ; 15.2 
14.0 g/ 100 g 

35.3 61.0 : 89.8: 116.7i 137.3 186.5 171.0 177-4 187.4 199.7i 196.6 213.5 223.2 

. . . -
·-··· ··· ···· .. ···· ·· ·· .......... .... ... .... . : ........... -.: .. ·· ······· .. ; .. ............. ..; ... .......... ... ~ ...... ........... ~ · · ·· ····-··~-··· ···· ··· · ·:·· · -'• • • ··· ··· · '· · -:.;~······ · ~····· ... · · - -·~····· - · · ·· - · (•• .. ·"\ -......... ~ ............... - .. ·. 

=Average weight cf rat at start of experiment : approx. 48.0 grams. 

=Number of rats per XP-diet : n = 6. (except diet 1 & 2, n = 10) 




