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STUDIES ON THE EXTRACTION OF SEAWEED PROTEINS -

4. Precipitation Conditions and Nutritional Evaluation of Tselated Seaweed
proteins

Soon-Im Wo00,* Hong-Soo RYu** and Kang-Ilo LEE*™*

For the effective utilization of diverse and abundant resource of seawceds in Korea as a food
protein supplment, cxtraction conditions of water, salt, and alkali soluble proteins were investigated
in previous work(Ryu and Lee, 1977: Lee ¢t af., 1977: Lee et al., 1978).

The present study as a part of the serial work was thus aimed to find the conditions of isolation
and purification of extracted proteins, and to evaluate the nutritional quality of the isolated scaweced
proteins in terms of amino acid composition, chemical score, protein score, modified essential amino
acid index(MEAAI), and in vitro digestibility presented as pepsin-pancreatin digest residue index
(PPDRD). o 3

As for the isolation of extracted proteins, TCA treatment was more effective for the proteins
from Rhodophyceae and Chlorophyceae while the precipitation at isoelectric point was more desirabie
for Phaeophyceae protoins.

In amino acid composition, water soluble protein fraction was superior to the other fractions in
Porphyre suborbiculata whereas both water and alkali soluble fractions seemed to bo more benefitial
for Enteromorpha linze and Ulva pertusa; the extraction with alcohol-alkali mixed solvent for Undaria
pinnatifide and Sargassum fulvellum. ] .

Glutamic acid and aspartic acid content was particularly high in all protein fractions examined.
The total amino acid content of Porphyra suborbiculata and Enteromorpha linza was almost equivalent
to that of dried whole egg although the essential amino acid content was lower.

A comparative analysis was made on the inedexes between raw seaweed powder and isolated protein.
Chemical score of Porphyra suborbiculate and Ulva pertusa was approximately 35 and 56 in cases of
raw powder and isolated protein respectively while only 10 to 16 for raw powder of Undaria pinnat-
ifida and Sargassum fulvellum and 30 to 35 for their isolated proteins. Protein scorc of all isolated
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proteins was in the range of 63 to 73 which indicates that isolated protoin would be more valuable

than the form of raw seaweed powder.

Digestibility by means of PPDRI was found to be extremely low in case of raw powder but it
could be doubled in case of isalated pratein yielding 67 to 70 for Porphyra suborbiculata and Ulva

Jertusa,
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Tahble 1. Precipitation of water soluble proteins (precipitated N/extracted N. x100)

Sample TCA Methanol Heat Barnstein pH
! : treatment treatment treatment method control
Porphyra suborbiculata 52.34 51.81 47.82 83.00 46.25
Codium fragille 42.20 48.08 29. 38 84.52 55.34
Enteromorpha linza 59.20 Y717 34.77 92.97 40.32
Ulva pertusa 42.04 45.44 32.28 77.18 37.15
Hizikia fusiforme 48. 46 C72.04 43.25 82.64 56.41
Undaria pinnatifide 73.20 78.86 46.24 92.23 63.20
Sargassum fulvellum 63.14 72,44 34,59 90. 50 63. 54
Sargassum kjellmanianum 52, 88 72.35 5G.78 93. 34 59, 88

Table 2. Nitrogen content of water soulble proteins isolated by various precipitants

(mg% dry basis)

Sample TCA Methanol Heat pH
trcatment treatment trcatment control
Porphyra suborbiculate 9059. 48 4986. 57 9017. 15 7301. 55
Lnteromorpha linza 10678.78 6393. 02 9113.15 9018, 12
Ulva pertusa 11279. 84 7016.12 10118. 84 7056.71
Undaria pinnatifida 2088. 65 3011.12 2267.22 7402, 25
Sargassum fulvellum . 1596. 60 2259.72 2249.12 7270.41
Sargassum Rjellmanianum 1543. 87 2790. 65 11877.00 6886. 75
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Table 3. Amino acid composition of extractable protein (g/16g N.)

Porphyra Suborbiculata

Enteromorpha linza

Ulve pertusa

Water NaOH Alcohol Water NaOH Alcohol Water NaOH  Alcohol
Lys 5.50 578 4,48 6.25  6.38 6.48 5.63° 5.69 4.94
His 1.28  1.25 0.72 2,05 2.05 2.16 2.43  2.36 1.92
Arg 6.72 6.52 514 6.06  5.42 6.06 6.40  6.17 5.19
Asp 9.69 10.55  11.04 10.88  9.15  10.07 11.86  10.65 9.41
Thr 6.09 5.14 6.98 5.21  5.08 5. 49 6.92  5.55 5,30
Ser 5.56  4.83 4.68 4.38  4.51 4.96 5.81 4.75 4.76
Glu 12,19 10.74 9.70 13.47  14.28  14.50 13.65 12.21  12.82
Pro 4.59 370  5.23 4.18  3.92 4.25 4.63  4.38 3.98
Gly 8.40  6.53 7.73 6.30  6.17 7.32 7.53  6.04 6. 30
Ala 9.80 7.78 9,54 7.43  7.39 8. 50 7.52  7.49 7.07
Cys 1.49  0.61 — 0.94 1,27 — 1.08  1.45 0.54
Val 6.75  6.34 6.59 5.72  5.36 6.38 6.50  5.82 5.21
Met 2,09 1.79 0.67 2.33  1.99 1.65 1.09  2.09 1.65
Ileu 4.38  3.90 4.28 2.94 3.81 4.86 4.69  4.17 3.92
Leu 8.00 7.05 9.48 8.17 7.12 9.03 7.56  7.14 6.79
Tyr 3.49 2.93 2.41 2.84 2,99 2.84 3.65 2.33 3.11
Phe 4.18  3.58 4.16 5.38  4.76 5.96 5.57  4.96 4.67
NH, 3.04  2.58 3.10 3.8  3.02 3.80 3.80 3.88 3. 11
Amino 7.3 8.0 2.4 9.2 7.8 7.0 8.9 8.3 8.0
N. % . . :
Total 0.0 10.2 3.0 10.7 9.9 9.4 11.8  10.2 12,0
N. (% , .
A/T (%) 81.1 78.4 80.0 86.0 78.8 77.2 ‘«78.8 81.4 . 66.7

* A: amino nitrogen, T:

tota]l nitrogen

Table 4. Amino acid compasifion of extiractable protein (g/16¢ N.)

S, fulvellum S. kjellmanianum U. pinnatifida
“Water NaOH  Alcohol Water NaOll  Alcohol Water NaOH Alcohol

Lys 4.36 3.58 5.12 5.51 5.55 5.77 4.75 4,69 6.11
His 1.34 0.96 * "1.21 1.77 1.87 1.74 - 1.48 1.85 1.55
Arg 4.18 314 - 4.91 5.36 5.26 5.68 3.91 4,95 6.18
Asp 11.28 7.84 10. 45 13.81 12,22 10.12 10.13  11.62 12.75
Thr 5.03 4.34 '5.95 4.90 5. 41 5.01 4.03 4.96 6.64
Ser 4.74 4.12 5.48 4.79 5.18 4.72 4,12 4.43 5.29
Glu 12,90 10.96 14.96 14.55 19.42 15.81 11.47 12.94 14.41
Pro 3.37 3.02 4,27 5.28 4.28 3.99 3.49 4.50 4,52
Gly 4.86 4.24 6.11 5.13 5.48 5.10 4.86 5.83 5.93
Ala 5.79 4.70 6. 69 6. 36 6.74 6. 47 5.30 6. 96 7.03
Cys — - 0.94 - —  0.34 — - 0.74
Val 4.66 4.04 5.79 4.58 5.01 4,88 4.03 4.56 5.28
Met 1.64 2.46 2.43 1.69 1.44 2.12 1.72 1.77 2.68
Ile 3.80 3.38 4.53 3.90 4.49. 4.17 3.40 3.88 4.40
Leu 8.00 6. 68 7.76 9.28 10.49 7.14 7.81 8.98 10. 33
Tyr 2,75 2.62 3.83 2.51 2.40 3.00 1.98 0.70 3.43
Phe 4.46 4.06 5.51 4.72 5. 00 4. 82 4.35 4,69 5.33
NH,; 4.79 3.63 5.10 2.96 3.78 2,92 6.24 5.63 3.01
Amino 1.1 1.0 5.2 2.4 1.4 5.4 1.3 0.9 5.5
N. (%

Total 1.6 1.4 8.9 3.1 1.7 6.7 2.1 1.1 7.9
N. (%

A/T(Y 63.9 71.4  58.4 77.4 82,4 80.1 61.9 81.8  69.6

* A: amino nitrogen,

T: total nitrogen
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Table 5. Amino acid composition ef purified proieins (g/16g N.)

Dried e o g Ua Portuse  Yrderic, Sargassn
Lys 8.12 4,93 4,16 4,90 4.36
His 3.10 1.73 1.98 1.74 1.09
Arg 8.93 6.61 4.89 3.96 4.18
Asp 10.30 11.79 11.03 10.94 0.92
Thr 5.72 4.65 8.04 4.06 4.13
Ser - 7.58 4,38 4,14 3.71 4,13
Glu 15.49 : 12.54 14. 64 12.22 14.23
Pro 5.05 4,16 4,80 3.09 4.07
Gly 4.11 5.47 3.32 2.36 3.33
Ala 6.37 7.64 4,97 3.42 3.53
Cys 3.08 1.58 0.92 0.76 0.96
Val 6.33 5.66 4,61 3.03 2.97
Met 3.77 2.50 2.86 2.37 2.01
lle 5.72 4. 80 5.42 3.45 2.86
Leu 8.80 8.53 7.84 6.95 6.33
Tyr 5.09 2.15 3.91 2.66 1.81
Phe 7.06 5.31 6.34 4.08 3.05
Trp 1.78 2.02 1.56 0. 67 0.99
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Table 6. Essential amino acid composition of raw seaweced powder and isolated proteins

(¢/16¢ N.)

Dried Porphyra Undaria Sargassum
whole egg suborbiculata Ulva pertusa pinnatifida fulvellum

R.P. I.P. R.P. LP. R.P. LP. R.P. L.P.
His 3.10 1.21 1.73 . 114 1.98 1.05 1.74 0.75 1.09
Lys 8.12 4.43 4.93 3.18 4. 16 4.41 4.90 4.05 4.36
Met 3.77 1.63 2,50 2,10 2.86 1.16 2.37 1. 80 2.01
Cys 3.08 0.75 1.58 0.36 0.92 — . 0.72 - 0. 96
Met+Cys 6.85 . 2.38 4,08 2,46 3.78 1.16 3.09 1.80 2.97
Phe 7.06 3.53 5.31 3.15 6.34 3.48 4.08 2.44 3.05
Tyr 5.09 2.74 4.15 2.16 3.91 1.95 2.66 1.41 1.81
Phe+Tyr 12.15 6.27 9.46 5.31 10.25 5.43 6.74 3.86 4,86
Leu 8.80 7.73  8.53 - 501  7.84 6.03 ° 6.95 522  6.33
lleu 5.72 3.18 4.80 2.67 5.42 2.97 3.45 2.70 2.86
Val 6.33 4.92 5. 66 3.78 4.61 3.63 3.03 2.04 2.97
Thr 5.72 5.17 4.65 3.90 8.04 3.69 4.06 3.33 4,13
Trp 1.78 1.68 2.02 0.75 1. 56 0.57 0.67 0.18 0.99
. Total 77.57 45,62 59.40 35.97 61.67 35.83 42.74 29.59 37.43

* 1. P.: isolated protein; R.P. : raw powder
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gest residue index(PPDRD S jiLat7) 13sto fx
WA R WIS oy iy BT 45ULE Table 74
ekl s, FFOE 458t e Table 8o HFa ). o
Fidtel &3l BALEEEAY A4 41,9524 1)
AkesonT-(1964)0] Mgk /NZEEY Y PPDRIg} v 2=
& HAE ddlen, 2(1976)0) FAlE RS B
A7l WPl WibHge] 42.204 1,749 —grgh e
7] &2 nolam Aol miE el gkl o] By plrt
GOBLO3, uY & 2406, wmaprle 26,384
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Table 7. Hydrolysis of raw seaweed powder and isolated proteins in vifro by pepsin-
pancreatin digestion,

Vholt egg  subortbmata Utva pertuse pinmetifide  Furseliom

R.P. I.P. R.P. I.P. R.P. L.P. R.P. LP.
Lys 1.47 0.65 0.12 0.31 0.60 0.15 0.77 0.77 0.76
His 0.70 0.11 0.04 0.07 0.16 0.03 0.42 0.14 0.17
Arg 2.56 1.20 0.22 0.46 2.09 0.02 0.37 0.83 0.45
Asp 0.15 0.43 0.14 0.07 0.14 0.12 0.45 0.20 0.68
Thr 0.58 0.31 0.11 0.14 0.11 0.08 0.29 0.23 0.37
Ser 0.51 0.29 0.19 0.13 0.15 0.10 0.40 0.12 0.62
Glu 0.51 0.29 0.19 0.13 0.15 0.10 0.40 0.12 0.62
Pro — - —_ —_ — — — — -
Gly 0.09 0.10 0.07 0.07 0.08 0.05 0.23 0.06 0.45
Al 0.46 0.76 0.14 0.21 0.18 0.34 0.67 0.34 0.94
Cys — — 0.10 — 0.10 - — - -
Val 0.61 0.31 0.12 0.18 0.04 0.07 0.28 0.21 0.30
Met 1.08 0.26 0.18 0.11 0.32 0.06 0.44 0.10 0.21
1le 0.77 0.37 0.12 0.18 0.88 0.09 0.30 0.20 0.46
Leu 5.02 0.25 0.75 0.58 2.56 0.27 0.88 0.63 1.35
Tyr 3.32 0.92 0.73 0.38 2.58 0.20 1.03 0.45 1.39
Phe 4.31 0.84 0.87 0.41 4.57 0.17 0.96 0.45 1.49
Trp 0.38 0.03 0.05 0.01 0.03 0.07 — 0.03 —

* 1.P.: isolated protein; R.P :raw powder

Table 8. Comparision of the pepsin pancreatin digest residue index, chemical score,
protein score and modified essential amino acid index for seaweed samples

Sample Chemical Protein MEAAI PPDRI
score score

Porphyra R.P. 34.74 66.48 61.13 41.95
suborbiculata 1.P. 55.81 72.93 76. 80 69.21
Ulva pertusa R.P 35.91 49,35 46.57 ~ 31.53
1.P. 55.18 69. 30 74.50 66. 69
Undaria R.P. 16.93 36.97 . 43.74 24.96
pinnatifida " LP. 34.59 65.43 50. 90 36.45
Sargassum R.P. 10.11, 26. 56 33.52 ‘ . 26.38
Sfulvellum 1I.P. 29. 34 62. 40 48.60 35.95

# 1,P.: isolated protein MEAAI: modified essential amino acid index
PPDRI: pepsin pancreatin digestion residue index

(1976)9] ok —¥eah Akeson 5-(1964)0] mm  m.oglel WM E PHMEHE o ¢ + gk
3} gelating] PPDRIgH w44 $52 2oz o '

To WbRe ATE B AT & 4 Adch o ' e “

b ol G HIES RWAEITY PPDRIE $2%%

o A4 L6(% Hhsed 69.210] == Fod st o] ol YUY WM HWEFle) ekmd  FimS
Az 2.145(66.69) % Hrhule} soybeans] PPDRIM. o] o} £33 ZeWlats] $otel sha ZURmel i

e 4t alfalfa protein concentratest Ao i Yk B HINGME Yolshn AR LW M 52
@ e ok Woleh Akeson $(1965) elvh ¥, Felzme, W @ mAwe MM MK
93t AR 36.45 Y 35.95¢9 PPDRI% ol o) obelicfig MUK o8 &6 2 MLHEe I
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9] frikel 81%5-9] ":’:-c_- i, lysines] fyito] ;hk
25 vl mafutel opvl ke A MRS FE
At o zkebe e} Ex Rl

4 ST s pEobke chemical
score i I5SFLLYL ek RIBTRIATL S6RILS A, v

o3t A BUREEKE) 10~16F1ER 53] e
ol WiMIMMLle 30~35 fmes Jelvgla,

protein score HRFZH RIBIERS 74+ 62~73

1 by geh,
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