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Vegetable foods are the chief dietary
/staples in Taiwanp as well' as. in the other
parts of Asia. Tl;ey compose a large pro-
portion of the Chinese diet, especially in the

rural areas. The nutritive value of vegetable

‘faods is .generally Jower than that of animals

on account of its deficiency in some essential
amin‘o acids or some other factors.

‘ During the past several years, it has bezn
found that algae contains much nutrients not"
only rich in essential amino acid® but also
a growth stimulating factor®-®.. Earlier
workers studied the nutritional adequacy of
this material and considered it to be a po-
tential food source for man®“-11, Even though
interest in algae is wide-spread, feeding of
algae to human as a dietary item has been a
v'irtually -unexplored field. Many aues.tions
remain to be ancwered. )

The purpose of this investigation was to

observe the effect of supplementary algae to

‘soybean milk—which has besn used as a
Zpopulaf human food in the place of cow’s
milk in China—on growth, food utilization
‘and nigrogeﬁ balance of growing young rats.

In addition, the possible change of body length

and hemoglobin content under the influence

of algae supplementation was noted.

EXPERIMENTAL

Soybéan milk ﬁowder. drieél chlorella and
C.G.F. (chloréHa growth factor) were tested.
All of them were supplied by Taiwan Chlorella
Manufacture Cb., Ltd. Their _pr_bximéte a-
nalysis is shown in Table 1. ‘Soybean ‘milk'
powder was a kind of water extract of soybean
dried into powder form by spray method.
Chlorella was Scenedesmus 'Obliques-, and
C. G.F. soluticn was a concentrated _chlorella
extract which was dissolved in 8072 cane sugar‘
sirup. 1.3ml of C.G.F. solution was equi-
valent to 1. gm of chlorella.

Corn starch and cane sugar were also
used as basal components of diets in the 2nd
and the 3rd expefiments. The " composition .
of the basal rations and of the different test
rations are-given in Tables 2, 3 and 4.”

Selected weanling rats Qf the Long Evans
Strain were used as the experimengél‘anyimals. :
In the 1st ‘experiment, 32 fema'e rats were '
divided into 4 groups and fec for 30 days.-b In
the 2nd and the 3rd experiments, each 36

Table 1.- The proximate analysis of chlorella, soybean milk powder and CiiG B

Chlorella 9% | Soybean milk 2 C.G.F. in 80%
dry weight : dry weight sugar sirup/
Moisture 5.87 | 7.52 : 16.16°
Crude protein (N x6.25) 55.88 41.€9° 1.97
Crude fat 9.98 19.93 e
Carbohydrate 21.61 26.81 80.00
Ash 6.65 t 4.05 . 1.87

!

1 , -3
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male rats were divided into 6 groups. The
.animals were fed for 15 days in the 2nd
experiment and 30 days in the 3rd experiment.

All animals were housed two together in

a cage equipped with a bottle of distilled

water. Test diet and water. were given ad
tibitum and the body weight of animals was
weighed twice a week. The constant amount
of diet was charg§d every day, and food intake
was measured twice a week.

Apparent nitrogen digestibility and bio-
Jogical value were determined according fo
the method of Mitchell®® principally. Two
weeks after the start of taking test diets, fhe
The

urine and feces were collected for 5 days in

rat -ere housed in metaboiic cages.

' the third week. Nitrogen content of urine
 and feces were analyzed by the Kjeldahl
method.

hemoglobin - content was determined as acid

After the animals were fed 30 days,

hematin by tsing 0.02ml of blood collected
~ from the tail. Additional experiment was the
study of body length which was measured

when the animal was laid on a table.
RESULT

The first experiment: Animals were fed

~ with high protein diets of about 402 protein

was shown in Table 2. There were some
significant ‘phenomena. . The growth curves.
of the animals were shown in Fig. 1. The
rate of growth increased as the content of
algae increased. Six. days after the rats started
to fake algae supplemented diets, the growth
already increased significantly (p<0.0_5); Both.
body weight gain and food intake inci_'easéd
as the aigae was adedd (Table.2), such as
body weight gains were 23, 51, 64 and 67 gm
at 0, 2, 4 and 8% of algae levels respecfively.
Food intake was 150gm at 0%- algae and
244 gm at 82 of algae level. Feed'eﬂ‘iciency
(F.E.) was also imprey:d with the addition
of algae (Table 2).

Hemoglobin content and body length also
increased significantly (p<0.01) with algae.
addition as shown in Fig. 2. Both of them
appeared to approach the maximum at 425
algae level.

Both apparent nitrogen digestibility and
biological value decreased while the algae
content increased (Table 3). High fecai and
urinary nitrogen excretions were observed as
characteristic phenoménon of algae feed.
Although nitrogen intakes were increased,

the nitrogen retained in btody was not in-

F.E.=Feed efficiency

levels, Composition of the diet for each group creased in proportion with intake. The
Table 2. Composition of the diets, body v@eight gain and dietary
intake of the first experiment. '
Groups 1 2 43 4
Bigredient of Soybean milk 100 98 9% 92
diet (%) Chlorella 0 2 4 8
Crude protein 4169 - 41.97 42.26 42.83
Components of |. . : :
diet (%) Crude fat 19.93 19.73 1?.53 19.13
{' Carbohydrate 26.81 26.71 26.60 26.39
Body weight gain in 30 days (gm) 2344 - il 6448 67:[:6
Food intake in 30 days (gm) 150+£3 2534-21 23822 244+13
F.E. 6.6+1.5 44105 3.7£0.7 3.6+0.5
The data were the average of 8 female rats for each group
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Fig. 1. Animal growth response to algae supplement to-soybean milk ppwder

apparent digestibility were 83, 76, 75 and-73"./,_

vhile biological values were .63, 64, 58 and

542 for 0, 2, 4 and 8% algae levels respectwely, 4

Second experiment: Corn starch ‘was
ddded to reduce the: protéin- level of diets to

202 and at tﬁe same time, C.G. F. effect was °

also' tested. The test dxets for the second
experiment was dee»crlbed in Table 3.  The

results obtained were similar to those of first

expétiment. Such as body weight gain was

increased, F.E. or P.E.R. were -improved

when algae were added in the diets. Even
at-the 8% level, the. body. weight gain, and
P.E.R. were lower than: those of control.

_animals fed with complete diet. It seems".

that chlorella . does. not contain enough’
vitamins and minerals for the normal growth. -
Group 6 was tested for the C.G.F. effect.
The amount of C G. F. used in'this’ expenment' |
was equivalent to 22 chlorella in. the dlet.._”
It was observed that ‘chlorella could. promote
the growth (Table b,
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Fig. 2., Influence of chlorella on body length and
hemoglobin content of blood

Table 3. Composition of the diets, body weight gain.and dietary

intake of the second experiment

~ -
Groups i 2 3 4 {7 6
Soybean milk 51.3.| 513 513 | - 513 5.3 | 513
Chlorella - - 2 4 8 | -
C.G.F. in 80% g i A _ _ 2%
Ingredients sugap luD ‘ : e _
of diet (%) Corn starch - 38.7 «3Bilae |- N3G 34.7 30.7 38.7
809 sugar - ] a T3 i
it 100 10 10 10 10 7.4
Vit. mixture = 1 ety Ak =
Salt mixture = 4 . = | == T —
Beginning 7142 | 0%3 | w0#3 | 70£3 | 70+£3 | 6943
Body weight | Final 10344 | 12146 | 1136 | 115%6 | 1748 | 10946
(gm) Gain 3242 | 5143 | 43%3 | 45£3 |  47+£5 | 4043
24 of increase 59 =38 40 49 27
Food intake (gm) | 14042 | 15647 | 157+6 | 159:8 | 16344 | 15045
F.E. 43209 3003 36£02 35+03 34%05 4.0£06
P.E.R. 12401 17402 14£01f 14£01 15+02 13+03

‘Bach diet contair 1 209 crude protein, 102 crude fat and about 602 carbohydrate.
The data were the average value for each male rat in 15 days.
C.G. F.=chlorella growth factor '
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V In the third experiment: The complete
“‘ diet was used as basal ration, and different
The
composition of diets were described in Table
4. - As to-C.G.F. an equivalent of 12 or 424

chlorella was added to the completed diet, the

amount of algae or C.G.F. was added.

Table 4. Composition of the diets,

I
| Y.C. Lin

body weight gain increased up to 1425 {Table
4). This fact suggests that some growth
factors exist in algae, though the effect of
C.G.F. or chlorella{ on complete diet was not

so great as on incomplete diet (Table 3).

Another phenomenon was that the further

body weight gain and dietary

intake of the third experiment

Groups 1 2 3 l 4 \ 5 ‘ 6
Soybean mllk - E—-_f_i ’Aln—_‘v—_— e \ JV‘A—-:l"_lz—ﬂ L.
ool | 513 | 513 | 513 | 51.3 51.2 5.3
| \
Chlorella — \ - l — \ — ‘ 3 4
Ingredients S | e o l‘ 52 | & P
S diet (%) | Cornstarch | 385 | 365 395 | 305 \ 365 | 345
8024 sugar sirup‘i 52 | 3.9 2.6 i‘ — | 52 | 5.2
| Vit. mixture 1 ‘\ 11| g} 1 l 1 \ 1
l Salt mixture 4 | 4 “ 4 ‘ 4 ‘ 4 | 4
B i R e e -
Beginning 63 | 62 ‘ 63 64 ‘~ 62 64
Body weight | Final 148 159 157 154 | 153 162
(g)" Gain 859 9744 9447 884 | 918 987
24 of increase 14 10 \ 4 ( 15
W e e e e A _,,_V,_,_, o .
\
Food intake \ 350442| 360444 34Zi:61 3303:43\ 333430| 365421
F.E. | 41404 36407 36£07 37£05 37x08 37405
P.E.R. 14401  1.40. 1] 1.440. 2\ 14402 1401

Each diet contained. 2025 ¢érude protem, 1025
The data were the average-of each mele rat in

crude fat and about 6075 carbohydrate.

30 days.

Table 5. Apparent digestibility and biological value of the first and third experiment

mg N. [ mg N. |
mg N. mg N. Dlgestl \ mg N, Biologi-
Groupe ¥ :_222/‘136{( in fecal | absorbed | bility 2 l in urmel rtgtagg‘és cal value
o \
Conxrol 1 ‘ 39019 ! ; 6613 , 324422 8348 | 120x14 ‘ 204418 l 634 -
'}ESt 225 2 548439 | 129426 | 419462 768 152427 | 267+£50 i 64£5
ot Algae 42 3 568222 | 13640 431£60 ol 175412 | 25549 58+8
8% 4 | 592%28 159:[:36 .l 432+44 ‘ 73+8 20021 l‘ 232+30 ‘l 5443
Control I 1\ 416447 ( O l 346:&:48 | 83%k8 10226 | 244419 ’ 71:[:3
2 \\ 42842 : 75+£13 ‘ 35350 83sLH l 101:!:10» 452:!_ 41 ‘{ /13:1
ard C.G.F.. 3. | 412465 | 78%£ll ll 33454 | 81%6 “ 110416 22433 | 676
Exp. 4 \ 40024 % 78410 ll 32827 \ s2d4 | 103£15 225218 694
A S N Ko e : o £ -—“’\‘* EE e PRkl —
; 5 | 305418 | 00410 | 305426 | 772 | 1087 { 107224 | 6543
Chlorella " ) | ) ‘
‘6 420422 | 100412 32017 766 ‘ 1207 2009 | 632,
3 | o
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improvement of animal growth did not occur
when the amount of C.G.F. increased in the
diet. It seemed that a little amount of C. G. F.

was enough to stimulate the animal growth.

DISCUSSION

The result of this experiment indicated
that the supplement of chlorella to soybean
~ milk would cause significant increase of body
weight gain and improve F.E. either at
complete or incomplete condition. These
facts showed that algae could improve the
nutritional value ol soybean milk.
Furthermore the supplementary effect on,
the unbalanced or incomplete diet was greatar
~ than that on the complete one (see Tables 2
~ 3, and 4). These results suggested not only
~ growth stimulating factor existed in chlorella,
" but also that it supplied some- nutrients, such
" s minerals and vitamins to the unbalanced

Takechi discovered a

_or incomplete diet.
‘ growth stimulating. factor in chlorella®,
:_named it as C.G.F. (chlorella growth factor)
and extracted it with boiling water. It is
:considered that C.G. F. may be some nucleic
" acid substances, but many questions still
remain in this field.

Nevertheless, the supplement of algae
“could improve the nutritional value of soybean
i The nitrogen utilization of the diet
‘decreased as algae was added. It was found
that a large amount of nitrogen was excreted
This

result agreed with a previous report which

when animal was fed with algae diet.

pointed out high fecal excretion of nitrogen
‘ing characteristic of all algae foods®. The
reason for high fecal nitrogen excretion was
liscussed as follows:

 1). Resistance of the algae cell wall to

the normal digestive process.

2). Resistarice of nitrogen from the cell
in a form which can not be digested
or absorbed form the digestive tract®.
ther workers rcported the disturbance of

estion when fed with algae diet™ and the

J.F. M. A,, January 28, 1969
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occurrence of gastro-intestinal. = symptoms.
When 100gm or more algae were fed®),
the algae toxicity evidenced by the gastro-
intestinal distress may be due to bacterial
contamination or the presence of anti-
bacterial substances present: in those algae .
speciest3-1.  The urinary nitrogen _alép'
increased as the chlorella content “increased.
It may.be thought that some nitrogen ‘sub-
stances of chlorella which had been absorbed
but found useless for body was ‘excreted in
urine. Chlorella is rich in amino acid, how-

ever it contains only a small quantity of s-

amino acid. It is easy to cause the unbalanced
amino acid. pattern in animal ‘body and

increase nitrogen excretion.

SUMMARY

The effect of supplementary " relation
between chlorella and soybean milk powder
was investigated in regard to growth -and
nitrogen utilization of growing rats. Various
amounts of chlorella and its extract (C.G.F.) A
were added into the diet. =

The supplement of chlorella to soybean

milk resulted in increased body weight gain
and improved F. E., especially with the incom-
plete diet, the effect was very significant.
Both body length and hemoglobin content
of blood also increased . and appeared’ to
approach the maximum at 427 chiorella level..
The nitrogen utilization of diet decreased
when algae was added. High fecal and urina
nitrogen excretions were observed in the
that. took the algae diet. Those were
major factors in the reduction of the appar
digestibility and b'iological value, ]
ACKNOWLEDGEMENT-. The
would like to express her sincere .apprec
to Migs P.Y. Su and Mr. Y.C. Chen
helps in this experiment, the author
to thank The Taiwan Chlorella Man i
Co., Ltd. for supplies of chlorella anc
milk powdler and also  wishes tO'_‘.‘
NAMRU-2 for the generous SUPP% §




Vol 68, No. 1

Y.C. Lin

REFERENCES

(1) H. MiTSuDA, T. SHIKANAI, K. YOSHIDA
and F. KAWAI: Eiyo to Shokuryo, 13;
401, 1961. ;

(2) H. MIiTsupA, T. SHIKANAI and K.
YOSHIDA: Ibid 14; 480, 1962.

(3) Y. TAKECH], S. NISIDA and H. TAKADA:
Physiol. Ecol. 13; 43, 1965.

(4) H. MITSUDA, F. KAWAI K. MURAKAMI
and T. SHIKANAT: FEiyo to Shokuryo
12; 155, 1959.

(5) H. MITSUDA, T. SHIKANAI K. YOSHIDA
and F. KAWAL: Ibid 13; 405, 1961.

(6 N.S. KLYUSGKIMA and V.I. FOFANOV:
Vopr. Pitan 25; 3, 1966.

(7) YU, I. KONDRAT'EV et al.:
1966. )

(8) RICHARD. DAM. SUNGHEE LEE, PEGGY
C. PrRY and HAZEL FOX: J. Nutr. 86;

Ibid 25; 4,

376, 1965.

(9) MORIMURA, Y. and N. TAMIYA: Food
Technol 8; 179, 1954,

(10) HAYAMI, H. and K. SHINO: Report of
the Nation Institute of Nutrition Toya-
mache Tokyo Japan P. 59, 1958. Mec
Dowell, M. E. and G. A. Leveille, Feder-
ation Proc. 22; 1431, 1963.

(11) POWELL, R.C., E. M. NEVELS and M. E,
MCDOWELL: J. Nutrition 75; 7, 1961.

(12) H.H. MITCHELL: J]. Bio. Chem, 58; 873,
1924.

(13) PRATT, R, T.C. DANIELS, J.B. EILER,
J. B. GUNNISON, W.D. KOMLER, J.F.
ONETO, L.A. STRAIT, H.A. SPOEHR,
G.J. HARDIN, H.W. MILNER, J.H.C.
SMITH, and H. H. STRAIN: Science 99;
341, 1944.

(14) SviTH, L.W.:
647, 1944.

Am. J. Mea. Sci. 207;

EHER B ZH B R

S

-

(1968%% 9 30 H=ZHE)

i Eo T R MR PH AR 2 S By o HSSRAR A
TRATI T o RIS R E Eripe JLeedh
RIS A RTR o fEH TP ] 2820 T—IRsE
TMEGHME BRI » oA ik
RMEFE (CGF) » HEFFE ALFERIe ik e
BAFHEZ — o MEME RO IGRIR T » (13
TRBEM A 2 IRk o

B SR AT PSR aokaH - aeks
W (CGF) RKERBFRATEEE » 2RI »

LB BER

SHBHEREE > faBal (FE) Raaf)
P o '

PRI T » B R MR A S
REASKIBURTEA IS » (EIEEE NS FE » 38
HEIICS R HTSREL o Wl RIS T AT 38
56 » (USRI T Y » SUEE AL TR
HELESR B L B T 228 o SLER ALk
HORREFS S BT RS 2875 DR B ok Ml
e -

— 274 —




