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=Abstract=

A Study on the Nutritive Value and Utilization of Powdered Seaweeds

Yu, Jong Yull* . Lee, Ki Yull®* . Kim, Sock He*¥*i~

I. Subject of the study
A study on the nutritive value and utilization of powdered seaweeds.
I. Purpose and Importance of the study

A. In Korea the shortege of food will be inevitable by the rapidly growing population.
It will be very important study to develop a mew focd frem the seaweeds which were not
used hitherto for human consumption.

B. The several kinds of seaweeds have been used by man in Korea mainly as side-dishes.
However, a properly powdered seaweed will enable itself to be a goecd supplement or mixture
to certain cereal flours.

C. By adding the pcwdered seaweed to any cercals which have long been staple foeds in this
country the two fold benefits; saving of cereals and change of dietary pattern, will be secured.

B. Objects and scope of the study

A. Objects of the study

The objects will come under four items.

1. To develop a powdered seaweed as a new fccd frem the seaweeds which have been not
used for human consumption.

2. To evaluate the nutritional quality of the products the analysis for chemical composition
and animal feeding experiment will be conducted.

3. Experimental cocking and accepability test will be conducted for the powdered products
to evaluate the value as food stuff.

4. Sanitary test and also economical analysis will be conducted for the powdered products.

B. Scope of the study

1. Production of seaweed powders

Sargassum fulvellum growing in eastern coast and Sargassum patens C.A. in southern coast
were used as the material for the powders. These algae, which have been not used for human

consumption, were pulverized through the processes of washing, drying, pulverization, etc.
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2. Nutritional experiments
a. Chemical compositian .

Proximate components (water, protein, fat, cellulose, sugar, ash, salt), minerals (calcium,
phosphorus, iron, iodine), vitamins (A, By, B, niacin, C) and amino acids were analyzed for
the seaweed powders. ‘

b. Animal feeding experiment

Weaning 160 rats (80 male and 80 female rats) were used as experimental animals, dividing
them into 16 groups, 10 rats each group.

Each group was fed for 12 weeks on cereal diet (wheat flour, rice powder, barley powder,
potato powder, corn flour) with the supplementary levels of 5%, 10%, 156%, 20% and 30%
of the seaweed powder. After the feeding the growth, feed efficiency ratio, protain efficiency
ratio and .ongans weights were checked and urine analysis, feces analysis and serum analysis
were also conducted.

3. Experimental cooking and acceptability test

a. Several basic studies were conducted to find the characteristics of the seaweed powder.

b. 17 kinds of Korean dishes and 9 kinds of foreign dishes were prepared with cereal flours
(wheat, rice, barley, potato, corn) with the supplementary levels of 5%, 10%, 15%, 20% and
30% of the seaweed powder.

c. Acceptability test for the dishes was conducted according to plank’s Form.

4. ‘Sanitary test

The heavy metals (Cd, Pb, As, Hg)’ in the seaweed powders were determined.

5. Economical analysis

The retatl price of the seaweed powder was compared with those of other cereals in the
market. And also economical analysis was made from the nutritional point of view, calculating
the body weight gained in grams per unit price of each feeding diet.

V. Results of the study and the suggestion for application

A. Chemical composition :

1. There is no any big difference in proximate components between powders of Sargassum
fulvellum in eastern coast and Sargassum patens C.A. in southern 'coast. Seasonal difference
is also not significant.

Higher levels of protein, cellulose, ash and salt were found in the powders compared with
common cereal foodls. \

2. The levels of calcium (Ca) and iron (Fe) in the powders were significantly higher than
.common cereal foods and also rich ‘in iodine ('1). Existence of vitamin A and vitamin C in
the powders is different point from cereal foods, Vitamin B; and B, are also relatively rich
in fthe powders. Vitamin A ‘in ‘Sargassum fulvellum is high and the levels of some minerals
and vitamins are seemed to be some influenced by seasons:

3. In the amino acid composition methionine, isoleucine, lysine and valine are limiting amino
acids. "The protein -qudlities .of ‘Bargassum fulvellum and Sargassum patens C.A. are seemed to

- be almost same and generally good. Seasonal difference in amino acid composition was found.
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B. Avnimal feeding expsriment

1. The best growth was found at 10% supplemental level of the seaweed powder and
lower growth rate was shown at BQ/ Jewal

2. It was shown that 15% guaglemental ale?ml of the seawsed powder seems to-fulfil, to some



extent, the mineral requirement of the animals.

3. No any changes were found in organs development except that, in kidney, there found
decreasing in weight by increasing the supplemental level of the seaweed powder.

4. There is no any significant changes in nitrogen retention, serum cholestercl, serum
calcium and urinary calcium in each supplemental level of the seaweed powder.

5. In animal feeding experiment it was concluded that 5%~15% levels supplemeatation of
the seaweed powder are possible.

C. Experimental cooking and acceptability test

1. The seaweed powder showed to be utilized more excellently in foreign cockings than in
Korean cockings. Higher supplemental level of seaweed was passible in foreign cockings.

2. Hae-Jo-Kang and Jeon-Byung were more excellent than Song-Pyun, wheat cake, Soo-Je-
Bee and wheat noodle. Hae-Je-Kang was excellent in its quality even as high as 5% supple-
mental level.

3. The higher levels of supplementation were used the more sticky cooking products were
obtained. Song-Pyun and wheat cake were palatable and lustrous in 2% supplementation level.

4. In drop cockie the higher levels of supplementation, the more crisp product was cbtained,
compared with other cookies.

5. Corn cake, thin rice gruel, rice gruel and potato Jeon-Byung were more excellent in

their quality than potato Man-Doo and potato nocdle. Corn cake, thin rice grus] and rice gruel
were excellent even as high as 5% supplementation level.

6. In several cooking porducts some seaweed-oder was perceived in case of 3% or more
Ievels of supplementation. This may be much diminished by the use of proper condiments.

D. Sanitary test

It seems that there is no any heavy metals (Cd, Pb, As, Hg) problem in these seaweed
powders in case these powders are used as supplements to any cereal flours.

E. Economical analysis

The price of the seaweed powder is lower than those of other cereals and that may be more
lowered when mass production of the seaweed powder is made in future. The supplement of
the seaweed powder to any cereals is also economical with the criterion of animal growth
rate.

F. It is recommended that these seaweed powders should be developed and used as supple-
ment to any cereal flours or used as other food material. By doing so, both saving of cereals
and improvement of individual’s nutrition will greatly be achieved. It is also recommended
that the feeding experiment for men would be conducted in future.
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(Table 1. Composition of experimental diets.)
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(Table 2, Composition of standard diet)

/kg diet
A * ¥+ %
Sucrose 720 g
Casein 200g
w4 40g
*] Salt Mixture g
*2 Fat soluble vt. 2c¢ce
*3 Cod liver oil 30 cc
*4 Water soluble vt.
*5 Vitamin B;s 6cc




*1, Salt Mixture /kg

Calcium carbonate 300g
Dipotassium phosphate 322.58
Magnesium sulfate 102¢g
Mono-calcium phosphate 2H,0 758
Sodium chloride 167.5¢g
Zinc chloride 0.25g
Copper sulfate HO 0.3g
Maganeous sulfate HyO 5g
Ferric citrate 6H,0 27.58
Potassium iodide 0.8g
*3. Fat soluble vitamin
Alpha tocopherol (vt. E) 5g
Menadion (vt. K) 200 mg
Corn oil 200 mg
*3 Cod liver oil
Vitamin A 85 U.S.P. unit
Vitamin D 85 U.S.P. unit
*4, Water soluble vitamin /kg diet
Choline chloride 2g
Thiamine hydrochloride 10 mg
Riboflavin 20 mg
Nicotinic acid 120 mg
Pyridoxine 10 mg
Calcium pantothenate 100 mg
Biotin 0.05mg
Folic acid 4mg
Inositol 0.58
Para-amino benzoic acid 100 mg

*5 Vitamin By

Vi. By 5mg-% 555 500mlel 54 A.

Yool 1257k AHSshglHh
OB 48589 A=
7 AR Aelul-g-&
© B2E401Y TH4E

(2) dlguy
D Az AA%
gy AT ARHE A2E ARl FgoH

ARAFE 2 A2 4AT A6 S A A
b A%

15k 7w,
% 20] vheha whsh 2k

.
2.
&
g

22 AR 5 6F A4 QAL Ay
= 2489k AE 27 2~3A%A6 A

o ARANA A 4B AHANA ok Az
o W3E T=T G4+

b Azd 5%

QF7k AAT A2 ¥ 1%
o2 Bedd gk Assgst
o AT ZARE
TR AnwE

A TAF FIlEE

¢ s o 258 A% 37

}am
27
R E N

© x A3

48 ALFE gAdE 1054, 83+ 11540 A5
B2 metabolic cageo] YolA =& A4t

@ =% AL AR 34

497 2 T FH4E HA QAREARFT
2. yrine -2 micro-kjeldahl ¥119¢] o]l A A A% &
ekl

@ xnF Zw W4d%d 33

o] Eo]9E calcium ¢ & clack and collip
method o] 1> 9514 EAete FA Gt

CIDI

@

3z
ol A

2
-
A

3. 5 5 8Fe] 110°C oven

®
PR 3
_>::‘,°1‘
ol
>,
Y
LS
»®
o0 g
1
i
TY_L

Nt oy s
by
i

-~
=
o/

1259 Age] BYF A95ES cthylether = v
AAA AT saline $olg 3-& Aol vhgst
e AANE el A A E FATG

Liver

Heart

Kidney

Spleen

Sex organ

Adrenals

Femur length
(o}) Blood serum 4

@ Serum total cholesterol

— 19— (19)



E 3 43=9 W4
(Table 3. Kinds of cookings)
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Name

E 4. Plank 4 vim 5143
(Table 4, Plank’s score table)

Date

Age
Name of food

Code No.

Score grade

Color ! Sight (Appearence)

Odor] Texture l

Palatability

Perfact (fancy)

=t
(=]

|

|

Excellent

|

Very good

Good

Slightly Good

Average

Fair

Borderline

Bad (defective)

Nfw sl NN e @

Very bad

Inedible
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(‘Table 5. Proximate components of powdered seaweeds)

FoFE(pEERM AR Wz A=dgd.

@) 2 2 * £ Z5 A =) 7 A ZA/3 3 + ! 4 4
A 11.8 12.7 L7 46.4 3.5 239 | 13.0
B 9.8 15.7 1.5 40.6 6.3 26.1 15.7
C 13.2 12.9 1.2 390.0 6.8 26.9 12.2
A EAAU974. 4. A B : 341974, 2. dE) C : Fa4(1974. 7. 35D
slzEe] T 2 wjell %1002 %)
(Table 6. Minerals and vitamins in powdered seaweeds (in 100g)
] 23 =l
Wz (2 = al 2 89X
A | B | B |wasal] c
mg mg mg mg L.U. mg| mg mg mg
A 498 160 92.9 103 16,938 0.92 0. 46 4.0 6.8
B 394 174 66.7 98 4, 426 1.46 0.54 4.8 5.4
C 1, 404 129 35.0 110 999 1. 60 0.22 3.4 4.9
A FAAAI74 4 AED B : @& AQ1974. 2. d<) C : S AC974. 7. F)
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(Table 7. Amino acid Composition)

HEHE
Amino Acid
Lysine 0. 492 0.623 0.352
Histidine 0.074 0.129 0. 062
Arginine 0.399 0.544 0. 302
Aspartic acid 1.412 2. 268 0.778
“Threonine 0.430 0.483 0. 306
‘Serine 0. 465 0. 539 0. 360
Glutamic acid 1,770 2.421 1.221
Proline 0.323 | 0.381 0.212
Glycine 0. 524 0.576 0. 447
Alanine 0.684 0. 803 0.561
Valine 0. 569 0. 630 0.377
Methionine 0.245 0.276 0.129
Isoleucine 0.434 0.510 0.276
Leucine 0.799 0. 887 0.511
Tyrosine 0.273 0.315 0.181
Phenylalanine 0.511 0.541 0. 339
Total 9.404 11.926 6.414

Crude Protein 12.69 15.65 12.88
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B0 A= 3§
(Table 10. Feed efficiency ratio)

\\xq ]
’g| 4_\2\ ? /CL'
) il
| 23| x| 43 52| 3w | o3| % | 47| 2| 3 @
1 0.254 | 0.220| 0.174 0.128 {0.194£0,027 1 0.247 | 0.378 ) 0.255 | O. 209 | 0.272-£0.037
2 0.191 | 0.168 | 0.092 | 0.109 | 0.1400.024 | 0.258 | 0.278 | 0.194 | 0.194 | 0.231:0.022
3. 0.173 ] 0.126 ] 0.143 | 0.096 | 0.134+0.016 | 0.142 | 0.308 | 0.153 | 0.182 | 0.196=-0. 038
4 0.199| 0.197 | 0.3401! 0.101 | 0.159=0.024 | 0.200 | 0.342 | 0.105| 0.220 | 0.216+0. 049
5 0.167] 0.170) 0.2241 0.151 { 0.179+0.0lv | 0.244 { 0.316} 0.164 | 0.192 | 0.2293-0, 033
6 0.204 | 0.217 | 0.163 7 0.109 { 0.173-£0.024 } 0.269 ] 0.318 | 0.179| 0.193 | 0.239=0.033
7 0.1681 0.170) 0.074| 0.060 | 0.118+0.030 | 0.205 | 0.247 0.151 | 0.206 | 0.202=0.020
8 0.235| 0.206] 0.122( 0.025|0.147+0.047 | 0.065 | 0.290} 0.147 1 0.210 | 0.1782-0.048
9 0.132 ¢t 0.186 1 0.052 | 0.067 | 0.109+0.031 | 0.070 | 0.264 | 0.098 | 0.106 | 0.1342=0. 044
10 0.204 | 0.242 ] 0.219| 0.0800.1864+0.036 | 0.208 | 0.293 [ ©.218 ‘ 0.172 1 0.222x0. 025
11 0.2121 0.179 [ 0.150 | 0.134 | 0.168+9.017 | 0.188, 0.269 | 0,237 l 0.222 | 0.229%0. 017
12 0.139 ] 0.180)| 0.176 | 0.135 ] 0.15740.012 | 0.244 | 0.231 [ 0.198 i 0.211 | 0.221=%0.010
13 0.156 | 0.2081 0.092 | 0.071|0.156--0.081 | 0.217 | ©0.302) 0.139 | 0.208 | 0.216=0.033
14 0.1411 0.187 | 0.082 | 0.071 | 0.120-=0.027 | 0.174 | 0.268 | 0.211 | 0.140 | 0.1980.027
15 0.205| 0.2021 0.118| 0.027 | 0.138==0.042 | 0.068 | 0.351 | 0.166| 0.079 | 0.166=0. 065
16 | 0.200t Q.176 | 0.160 | 0.076 ) 0.156340.027 | 0.226| 0.244 | 0.116 % 0.250 { 0.209:+0.031
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(Fig. 3. Feed efficiency ratio) (Fig. 4. Protein efficiency ratio)
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(Table 11. Protein efficiency ratio)

g
% ‘ & 5
Pa | x| sz x| 7] 27 | 28] 7| &&| 2| 32
1 1.276 | 1.101 | 0.873{ 0.640 ( 0.9720. 138 | 1.236| 1.887 | 1.278| 1.047 =1, 3620, 182
2 0.958 ] 0.841 ] 0.463} 0.5450.701+0.186 | 1.296| 1.392 | 0.618 | 0.972 {. L. 0690. 175
3 1.364 ] 1.000| 1.134| 0.761 [ 1.06420.126 | 1.119| 2.424 | 1.206 | 1.440 :1 5474:0. 300
4 1.658 | 1.587 | 1.132| 0.818 ] 1.2982%0.198 | 1.606| 2.763 | 0.850 | 1.777 | 1.479£0.393
5 1.276 | 1.333| 1.711| 1.151 | 1.3670.121 | 1.859 | 2.424 | 1.257 | 1.469 |-1.7522=0.256
6 1,570 | 1.666 | 1.257 | 0.840 | 1.333+0.186 | 2.078 | 2.444 | 1.375| 1.484 | 1.845:0.052
7 1.296 | 1.315 ! 0.574} 0.463 | 0.9122-0.228 | 1.585] 1.904 | 1.164 | 1.593 | 1.5610.152
8 1.806 | 1.588 | 0.946 | 0.195 | 1.133240.362 | 0.504 | 2.232 | 1.137 | 1.615} 1.3720.366
9 1.037 | 1.450 | 0.413 | 0.521 | 0.855+0.240 | 0.553 | 2.062 | 0.771 | 0.83G [11.0540. 341
10 1.810 ! 2.150| 1.953 | 0.712|1.65640.322 | 1.850 | 2.592 | 1.925 | 1.518 | 1.971=0.225
11 1.897 | 1.606 | 1.350 | 1.204 | 1.514-£0.152 | 1.690 | 2.412( 2.118 | 1.993 | 2.05320. 150
12 1,234 1.600 | 1.560( 1.201 (1.398+0.105 | 2.168} 2.047 | 1.763 | 1.864 | 1.9600.091
13 1.366 ) 1.828 | 0.814] 0.623 | 1.157£0.273 | 1.909 | 2.645| 1.226 | 1.823 | 1.900==0. 291
14 1.240 | 1.641 | 0.721| 0.630 | 1.058:£0.236 | 1.532 | 2.353 | 1.862{ 1.234 | 1.745=0.240
15 1.626 | 1.606 | 0.935| 0.220% 1.096:0.333 | 0.544 | 2.786 | 1.320 | 0.631 | 1.32040.518
16 1.825 | 1.606| 1.459{ 0.606 | 1.37420.267 | 2.054 | 2.217 | 1.060 | 2.273 | 1.9012%0.284
H 14 2399 =20 E 2 25 &%
(Table 14, Total cholesterol and calcium levels in serum)
Serum total cholesterol (mg/100 ml) Serum calcium (ml/100 ml)
Al o] -5'_- $ 8 Q 8
1 110.0:£12. 0 71.3% 3.4 7.50% 0.5 6.50+ 1.0
2 107.0%10.0 102.5+10.5 11. 060 6.30+0
3 106.5+£23.5 87.3+11.6 7.50% 0.5 9.684 0.4
4 76.0% 2.0 80.5+10. 5 8. 000 6.63% 1.4
5 - 106.0% 2.0 67.0%+11.0 8.05% 0.5 9.504+0
6 107.5%10.5 117.0% 6.0 7.884 0.5 6.00£1.0
7 93.5% 3.5 88.0:£11.0 8.504 0.5 5.88+ 0.4
8 90.5411.5 96.0% 6.0 9.25+0 6.00-= 0.5
9 108.0% 9.0 104.0+14.0 7.75% 0.3 7.0020
10 84.0% 1.0 113.0£11.0 7.25k 0.8 6.00k 0.5
11 96.5k 2.5 107.616.0 7.48% 1.2 7.632% 0.6
12 89. 040 92.3%£10.7 7.00+0 6.25: 1.0
13 90.5% 6.5 93.5% 2.5 7.15% 1.1 6.13+ 0.6
14 91.5% 0.5 105.0=£16.0 8.00£1.0 6.63+ 1.4
15 109.54- 1.5 98.5£ 5.5 875+ 1.3 .6.83+ 1.6
16 89.045.0 93.0% 1.0 10. 0040 6.88-4 0.6
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(Table 12, Urinary nitrogen and calcium, and fecal cellulese levels)

E12. %44, 2w 2 W A &%

= . . Nitrogen o .
. T | g s 5| Retention Ratio | Uiy Ggum | Feey fuios
21 10.2 45.5+:15. 4 85.04+5.7 0.0725=+0. 0141 0. 1069+0. 0316
2 7.0 35.7x17.2 81.6x8.2 0. 0700=%0. 0100 0. 1311:+0. 0539
3 11.7 26.1% 6.7 89.0%2.7 0. 072520. 0141 0. 4796=0. 0794
4 11.6 40.6% 7.9 81.0+2.7 0. 0750+0. 0141 0. 5600=0. 0332
5 14.3 39.4%14.0 86.6-4.9 0. 077520, 0141 0.72662-0. 0632
6 16.2 39.9+15.3 87.7x4.7 0. 1100£0. 0000 0. 6898-£0. 0943
7 14.7 39.6+15.8 87.3+4.8 0. 11502=0. 0300 0.5334%0. 2168
8 16.6 59.2% 5.3 81.0+3.4 0. 15253:0. 0332 0. 8290=£0. 1020
9 17.4 75.41%11.5 76.1=2.5 0. 1375:£0. 0678 1.107740.2114
10 12.7 18.94 6.4 91.343.5 0. 08004-0. 0100 0.115220. 0100
11 13.2 57.61x 7.7 75.14:4.4 0.0675£0. 0173 0.28140. 0224
12 15.5 34.7+ 2.9 86.7+3.0 0. 07252=0. 0100 0. 4078--0. 0032
13 16.7 38.2+ 9.7 86.7+3.9 0. 1200=:0. 0300 0. 619620. 0469
14 11.6 47.14 9.1 77.23:4.6 0. 142540. 0283 0.422820. 0424
15 14.5 55.7+ 4.7 80.5%2.8 0. 1000£0. 0447 0.771720. 0663
16 15.1 3.0k 7.4 86.4+5.7 0. 0750=£0. 0100 0. 27352:0. 0424
31 15.8 119.7419.8 75.914.4 0. 10500. 0055 0. 0710=0. 0100
2 10.5 115.1+21.9 65.0+3.5 0.0775=%0. 0173 0. 0337 +0. 0032
3 15.8 64.8%19.4 80.0+4.6 0. 0350==0. 0055 0. 35200. 0245
4 19.1 72.874:10.3 80.712.0 0. 0040£0. 0141 0.41820. 0640
5 16.9 99, 14:38.3 73.3%6.6 0. 0525+0. 0141 0. 34051:0. 0748
6 18.7 90.5:+ 8.6 76.7+1.0 0. 027520. 0032 0. 3249+C. 0100
7 14.7 71.1+12.5 73.81%6.1 0.1100£0. 0245 0.3311=£0. 0032
8 20.2 74.410.0 82.2£2.3 0. 0660£0. 0100 0.3645+:0. 0831
9 4.3 33.3%11.3 59.4=-3.1 0. 0475=0. 0032 0.2766=x0. 0245
10 9.5 47.13:15.3 69.1:44.5 0. 0500=0. 0100 0. 67080. 0100
11 17.1 40.8%= 9.0 86.243.8 0. 07501:0. 0346 0. 192720. 0265
12 16.9 69.0% 2.2 77.1+1.6 0. 06500. 0245 0. 277420. 0100
13 13.1 46.6124.5 80.8+6.6 0. 08250. 0078 0.2865+0. 1149
14 14.0 39.2+15.5 79.1%1.5 0.0700=£0. 0447 0.276920. 1192
15 16.9 63.4+ 7.5 81.2+1.5 0. 1175:’;‘0. 0032 0. 3480-£0. 0300
16 19.7 73.2:£18.8 79.41-4.3 0. 0825=0. 0032 0.2538:0. 0245
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E 15 2409 $99 24 94
(Table 15. Acceptability test for wheat flour products)

— A E
" % a2 a4 | wazz | +A9 | F % | A #
HhE- T
1 23.2 22.9 34.2 18.8 24.2 30.6
2 32.6 27.0 33.8 27.2 30.8 36.2
3 25.2 19.0 40.8 25.0 30.0 36.6
4 21.8 25.2 27.4 23.2 21.8 23.4
5 20.2 21.6 '36.0 31.8 28.4 32.4
6 18.0 17.2 34.2 23.6 26.8 29.2
& A 141.0 2.9 | w64 | 106 162.0 188.4
53 Sa 23.55 22.15 34.4 | 24,9 27.0 31,44
H 16, =749 o544
(Table 16. Duncan’s new multiple range test)
A E Woow & o\ sAw F o+ oA 3 sz
3 Eia 22.15 23.5 24.9 27.0 31.4 34.4
E 17. 959 AFd dAAY 88 24
(Table 17. Acceptability test for foreign cockings)
\?ﬂ B Drop Molded Dough- Jell Custard Cream Green Muffin | Biscuit
Ly ~_ cookie cockie nuts y pudding soup rice
1 21.0 15.2 18.6 14.2 18.6 19.0 22.8 17.2 15.6
2 20.8 21.4 20.8 18.0 20.8 14.0 19.0 12.0 15.1
3 18.8 22.4 18.4 17.8 18.0 17.0 17.6 13.8 12.4
4 16.0 16.8 15.2 20.4 17.6 17.2 20.0 18.8 17.4
T A 76.6 75.8 73.0 | 70.4 | 75.0 68.0 79.4 | 618 60.5
| T 19.15 18.95 18.25 [ 17. 60 \ 18.75 17. 00 19.85 { 15.45 15.13
E 18. J&7 A4 gl slzi AsFd wlrs 59 22}

(Table 18. Acceptability test for supplemental levels of the powdered seaweed in foreign cookings)

uie\at Drop cookie Molded cookie Doughnuts Jelly Custard Pudding
Level %

RephiaN 1] 2] 3| 1] 2] 3] v 2] s3] 1| 2] 3] 1] 2]|s

1 8.0‘ 7.0 60| 50! 50]| 52| 68| 60| 58| 6.0| 42| 40| 7.4 6.4] 48

2 70| 68| 7.0 7.0{ 7.2| 7.2| 7.0| 7.0| 68| 6.0| 6.0] 6.0 69| 7.0| 7.0

3 6.41 6.0 6.4| 7.4 7.4] 7.6| 7.0] 6.2| 52| 6.2| 6.0, 56| 60| 6.2| 5.8

4 7.2{ 48! 40| 7.2] 50| 26 66| 5.0l 36| 7.8| 7.4| 52! 6.2| 6.0| 5.4

& A |28.6] 246 23.4\26.6[24.6[24.6}27.4\25.2[21.4|26.0 23.6 | 20.8 ] 26.4 | 25.6 | 23.0

3 % | 7.1 6.15 5.8 6.65 6.13 6.15 6.85 6.30 5. 33 6.50l 5.90] 5.20]"6. 60 640 §5.75

— 29 —
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@ Az 5¥ ® % 24

A28 Z4e AFEES 23 AAA dEd b 4% 2444 §fecal cellulose)
AEFAT 2 2~55F T4 459 FEL ¥ 10,  126]4 2%E wks} 2wl
E 30 A vehd Ast 2. @ AFAAY FA

@ =849 5 A% JAANFY A FAE % 134 v}ﬁ}vP
A 4L E 11, = 4914 Bl ake} o] oF gk,
<3 25 At vy A¢E 2 Fa g (8) Blood serum #4

5G) =34 F 14014 BE upe}d el

D »3478

= 126 Vel ale} Avh 3. =oIAY ¥ BsANH

]
OB =% calcium g3 FAAF geld $4E 24 FFTAE Z 15 1}
= 12614 2E upg el ebgew o] s3FRd @3t Duncan’s tests E 166

H19. £7A9 o533
(Table 19. Duncan’s new multiple range test)

X o
5 S Ef 8 X S 1 5 ® 8
A ] x| 1 w|® Qe R B A R N O
N N N & N - N ,g ® o -E—gi o "S N ug % —Nal ™
SIS 2N | 8| SES g8 B 8md SE 8|8 (85 8%
= | ali alg N E el B8 XI8eYEle Samelw| 8[F2E|S8
=181 g .3 ™| g | Sl q Ol N |V EN & 1 —.H fé‘& o |S [g8 g
9 BIE3e|E |2 2EE |Elelxles | PE 2EET|T | E(EE g8
A SYE | S|SIR|&|E0 |82 B2 |86 B35 |2 |A|6S & (A
s |3.3503. offs. 05 5.ok.oss.zok.355.455.755.845.855 90| 6.15 l6 3ok 406 546 646 655 85J7 047 05(7. 15-
RSP VRS N BV SR S - 1
E 20 24 AEY 449 24
(Table 20. Acceptability test for other cookmg products)
g [ eAass [ ¢ = AAAT | 2AAS | 55
1 3.8 7.3 6.5 2.3 6.7 8.0
4.6 5.7 6.1 3.0 4.9 7.2
& A | s 13.0 ] 12.6 5.3 1.6 15.2
3] 4.2 65 | 6.3 2.65 5.80 7.60
B2l E7AY FAA
(Table 21. Duncan’s new mutiple range test)
A 3 AARE  RATE AR % |
53 7 3.65 4.20 5. 80 6.3 6.5 7.60

.....................................................................................
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H 22. 2% HeEdd w2

59 24

(Table 22. Acceptability test for supplemental levels of the powdered seaweed)

ST | ames % AT | A | g4
+ =%
e o 2]s | o2 |5|ol2]s5|ofz2|5|0]2]5s
1 4.0 4.0/ 3.4 7.0| 7.0/ 7.8 5.4 7.0 7.¢ 3.0] 2.0/ 2.0 8.0 6.2 6.0/ 8.0 8.0] 8.0
2 4.0/ 4.4 4.4] 6.0/ 5.6{ 5.6 7.6| 5.4 5.4 3.8 3.0/ 3.0 5.4 4.4 5.0 7.0 7.0 7.6
e A [ 9.0] 8.4) 7.813. of12. 6[13. 413. oJ12. 4[12. 4. 8| 5.0| 5.0[13. 4[10. 6[11. 0[15. 0[15. 0‘1’5.6
53 S [4.5 4.2{3.9 6.5] 6.3‘ 6.7 6.5} 6.2 6.2{ 3.4[ 2.5[ 2.5 6.7 5.3} 5.5} 7.5{ 7.5| 7.8

H 23 £2449 =% 4R
(Table 23. Duncan’s new multiple range test)

AR AL AT AT A T4 2

| =
'l_

e e R

2%,5%| 0% 5% 2% 0%

2% |0% 0% |5% |0% |0%,2% | 3%

97

BE 2.5| 34 | sv | 42] a5

5.3 | 5.5[ 6.2 [ 63| 6.5 [ 6.7

| 75 | 7.8

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

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

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

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

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

B 24 szix T 3
(Table 24. Heavy metal levels in the powdered

seaweeds)

dzy | cd | b As He
mg% mg% ppm ppm

A 0.2 0.5 15.0 | 0.01¢15F
B 0.1 0.4 9.8 |[0.010)8}" -
C 0.06 0.1 5.0 —
A I FHA(1974. 4. AL
B : 3341974, 2. %)
C : FMAU974. 7. )

" 25 AziA73 2B 9o wim
(Table 25. Cost comparison with other cereals)

el mze| 2 |wAn | nae]
4] a) 2] a| a
kg & 90 220 100 105 150

T 198 A4E 1974, 10. 14 A ALAF &0 7}
24,
FAF uks} 2l
dz= AT £59
199} 7+

FA AFE 17, 518, =

7let AEY $88 2AAH4E F 20, T 2, =

& 233 A}
4. RIMANE
A9 whgel b AT FFEY BAAE % 24
o}z,
H 26 AAEE JFEo= T AAY 24

(Table 26. Economical analysis in criterion of
growth)

Rl A = x\-ﬂ] “ir]’{}‘.g.u]‘g‘
SIEEEEE o IR ERALL ks
& @] @@ [e3
LR X
5 0% 5% 190 1,414f 134 1.42
6| 8 10 209] 1,332 125 1.67
7| 8 15 197} 1,424] 133 1.48
8 75 20 194 1,413; 131 1.48
9| 65 30 97| 1,134 104 0.93
Z:1 Wb ke 1004
2. A2E kg 904
3. A$77 1257
4. AFAR 0 Al YA F Aol 7

FTHo2 FIH(G%) Bol 9lE casein W wlg)
W54 ke AlY =Hee

€)))



5 AXYEY
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2 AEd AL E 260 ZAtL
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1. six=E2 H=
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R E
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4 & At g A 2k #A2E C(EHADE A
ZF A% T2 A2 AL ARAANE st Y&
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FAEE] QA kel AE 2y w0
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da &g Aelwh o

ULFFAF sl w9, 444, 3
49 FPel EL Aol Aol

g 4

e

L@ 34 2 e

A2E A, BRE 4 Aolyk glot vEkwl AR
AZE Adl A5 Fow AdAQd Aol =),
et By #l 23 BolA tie 2R 2 ¥4 F
A3 wlERgA ALA 2] & 5 YUk
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vl B 2 R i Aol dE AL 9
A ARAA, 428 ART4L L AFAEE Aol
A 2= Aor 4= ‘

gk FHAFe| w34 Ca, Fert #AF wor
=& NFo|r #Eo] 86T FR3 Aol EAe)t}
ekl g AE dFRele ekl Ak g
qpehet B Slzdels dlEb Al wamA FEhe
del By 9 B s gukFRel =msA =5
o}l =3 R AFEEd &% delwl CrF e A
= QirTHAES Ao)jk Aol

(3) otnlmak ,

4 #z8e olujxAd 24L& AESY] 5t o
E A2 8Y ofu] =4tE24H L FAO opv] 4t EFT4 ™
Aa AEFGY. 2 TANE 29 oE 279

([
&

E 27. olv|x4 2F T4 vl
(Table 27. Comparison of amino acids with
FAOQO referéence pattern)

(A N 1gw o=t g)

clrjz=at  FAORETA siz$A §ZEB #22C
Isoleucine 0.270  0.214* 0.204 0.134
Leucine 0. 306 0.394 - 0.354 0.248
Lysine 0.270 0.242 0.249 0.171
Phenylalanine (. 180 0. 252 0.216 0. 165
Methionine 0. 144 0.121 0.110* 0.063*
Threonin 0. 180 0.212 0.193 0. 149
Valine 0.270 0. 252 0.183

0. 280

* A $EHE v

o] %o 3t} s il 8] 2Eo] & methione,
isoleucine, lysine, valine o] ZFT-Ad] wlal4 =
o] #=H % gvt. A2E ACEA4E =2h 1974, 4
AEA R Az BOESgE o] =xkE, 1974,
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€ gk 7%(‘=1+15 )3k 157 (R 16 B %
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= Azugdl 4t ddn ¢ 4 gk

@ wAe 38

Sig 549 4048 24 A9
2 wolA w3k

28y ¢F, €4 2% 11T(E+10%R 28, 12F
(& +15%3 28)0) standard 81 17348 # Fmal 4
p<0.18] Fe4ES velFe tha B WA F
& Yehil g Ft

o] AHe] AstzA AR AT AFe A3 A
2 3w A3AFA AdlEe 4 T 2 Al fv
Ao velylet

2 A "1 =2 bRl &

% 28] Aol

ol 4A%E Ao= vebdth

T} 7 —g— 29 AzE el FHLFE 4
2AAT ALE 2AFT) BAAL FA4L
thd g gled Fa FA 45k 2% Nt 4

E 2 Aele Ak
28 259 wWstE: v B gl BE whel 7
o] sl Hrbwel ALFH T ATk
ae @ St AL 2 5% ErA L
oA S %’L‘T‘ iﬂ—%— %oﬂ Eistn T EA

salt mixture -&

o Aue 4 °H A9 FEE FE8 R Fe
Aes dsiked Uk A FaFdes d3 Az

2 15%% AUEE 773 1258
mixture B o] F-3& A4 Ao E L
a Zaj AFF5ot A Aol gl

N Az wFl4 & A4l Azt 15%3

AE FA48 98¢ o FRhn ool WA,
1 o A T

AR 10}11 49 4 °¥7}7P “‘4 4 %1‘7}5'_4 A %T‘i.*
Y 7A7E 22E el Tolvh

33



5) x4
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2 1204 29 o, %5 25 07 (E+H30%A =)
o] AW FLuHgo] AL AzF o AFAAE &
T34 f4AQ A E nolA ggka £FHAAE 4
wgq o Awe 23 veldcl o=z dzi
Agdl weld A9 AERFgd QgL uAga
T 4+ gk '

(W) =% calcium ¥

E 12614 B whel o] ¢HAGAE A=2E F
€0 oM FE X WA= calcium 9] ko] ©§
oAl Wg Fe o F Fo] 4L FHLE F TR
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¢ 94z £54d4e 2F 4940<0. DL 14
a2 AW A&£84%3) A2 Az2E 37
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4 9tk

(ORI ]

P 9% ZAR 3 (Fecal cellulose)

E 12614 1w ¢AGNAE UE Fdom T Fol
24 Fder & Tad vhE H& fAel el
®<0.DE 3Fgan &4 Fdo sz A=zLd
A7HeS 2 108, 11E, 123, 13F, UFdA:
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(M HAF A1 FA
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A E AR FAEe 23 BeFE F4
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TN D Fhdeow s AzL A4S
25k FE Ao]ol A& sex organ FA 9 A4l &
AL ngont 24 Fdoz § FAAL veht
7] kgkon £FAE 2R WM &7 sex
organ 57| 9] W37 A9 ¢gigdet
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F H2LE YrlFel 1%d4 5%74R 572 X
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