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CHEMICAL STUDIES ON THE SEAWEEDS. .

§. THE NITROGEN DISTRIBUTION OF PORPHYRA BY KINDS AND
SEASONS.

Mitsuzo TAKAGI

(Faculty of Fisheries, Hokkaido University)

The author has collected Uppuruinori (Porphyra pseudolinearis) at Nanaehoma, the
coast of a suburb of Hakodate city, and 12 samples of 6 kinds of porphyra from all parts of
Japan. These samples have been studied for the correlation of the nitrogen distribution
with seasons.

The results obtained are summarized as follows.

(1) It was recognized that the better the quality of Porphyra is, the more the amount
of the total nitrogen, espesially of water-soluble nitrogen is. In the same kind of Porphyre the
amount of the watersoluble nitrogen varies with seasons, that is to say from the end of
December to early in March the amount of the water-soluble nitrogen compearatively great
but it decreases suddenly afterwards. (see Fig.1) )

(2) The author has estimated the nitrogen of various forms aiter the hydrolysiswof‘
Pporphyra in boiled hydrochloric acid solution. From the results it is learned that the
amount of total nitrogen in Porphyra varies greatly with the kind of samples. 91~96%
of the total nitrogen is the soluble form of nitrogen by hydrolysis; 884.12.6% of the
soluble nitrogen is ammonia nitrogen ; 6.6~88% of it is humin-nitrogen ; 10.6~23.62 of it is
basic total nitrogen; 55.0~64.6% of it is mono-amino nitrogen. Of basic total nitrogen,
arginine is the greatest in all samples, histidine and lysinenitrogen follow that, cystin nitro-
gen is the least.

(8) There is a definite relation between the quality of various kinds of porphyra and
the ratio of the basic total nitrogen to the nitrogen dissolved in boiled hydrochloric acid
solution. That is to say, the ratio of commercial gra de lIst. is 21.6~23.6%, of commercial
grade 2nd. is 16.0~17.3%, of commercial grade 3rd. is 14.0~14.8325, while the ratio in an
inferior article is 10.6~11.59. But the ratio of mono-amino nitrogen to the nitrozen dissolved

in boiled hydrochloric acid solution increases inversely proportional to the ratio above.
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@) The ratio of the busic total nitrogen to the nitrogen dissolved in boiled hydrochloric
acid solution is seasonally different in Uppuruinori (Porphyra pseudolinearis). The ratio is
20.2~21.2% equally in the period from the end of December to early in March. From the
end of March to early May, the ratio decrcases to about 157, but from the middle of May
the ratio remarkably decreased to 102/. (see Fig.2)
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Table 1. Summary of the experimental materials.

Place of

colour; purple, gloss; none,
mixture; none.

Sample Scientific name production Quality Distribution
ASAKUSANORI 1 Porphyra tenera KJELLMAN ISE commercial grade; the first, | Both coasts from west-south-
: colour; Black, gloss; intense, | ern Hokkaido to southern
mixture ; none. Kyushu ; western and - southern
coasts of Korea.
” it ” TOKYO same a3 above.
4 bk 7 CHIBA commercial grade; Inferior
discolour, gloss; none, mixed
Enteromorpha.
” 1\ 7 1 FUKUSHIMA | same as above
CHISHIMAKURONORI 1 | Porphyra umbilicalis (L) J. AG. | ABASHIRT | commercial grade; the fir-t,| From Nemuro of Hokkaido
colour ; Black, gloss; middle | to western coasts of Chishima
degree, mixture; none. and Saghalien.
” I ” NEMURO commercial grade; the second,
colour; Black purple, gloss;
midde degree, mixture ; none.
o . . . . . . Eastern coast of Korea. Eve-
UPPURUINORI I Porphyra pseudolinearis UEDA | RISHIRI commercial grade; the third, tv where Japan ses side of
(o}our; .purple’ gloss ; none Ii’onshu, both peastern and wes-
mixture ; none. tern coasts of Hokkaido (In
western coast south of Kitami,
4 I ” OSHYORO | same as above. I ptom const aouth o
KURONORT Porphyra Okamurai UEDA ISHIKAWA commercial grade; the second | Coast of Japan sea (Niigata,
colour; Black brown, gloss; | Fukui, Toyamsa, Ishikawa
middle degree, mixed prefectures.)
E'nteromorpha
TSUKUSHIAMANORI Porphyra crispata KJ ELLMAN KUMAMOTO | commercial grade; the second, | South of Nagasaki prefecture
. colour ; Black, gloss; middle | (Kyushu) to Loochoo Islands
degree, mixture; none. Formosa and Amoi of China..
MARUBAAMANORI 1 | Porphyra suborbiculata WAKAYAMA | comwercial grade; the first, | Everywhere scuth of Chiba
: KJTELLMAN : colour; Black, gloss; intense, | and Kanagawa prefecture
. mixture ; none. crasts of Pacifiic ocean.
Loocho, west-southern Coast
/” I " KOREA commercial grade; the third, | of Korea.




Table 2. . Total Nitrogen and Water soluble nitrogen

of Porphyra. )
' ) Total Water Water Soluble
Sample Nitrogen \}Q,.oluble Nitro
. Nitrogen gen 2%
L | mg/lg | mg/lg Total Nitrogen
P. tenera 1 | 6675 1429 214
P I 8434 © 2392 283
” | 4620 ' 974 21.1
v g 48.18 10.70 222
P. umbilicalis I 5746 - 1231 214
v I 5625 926 218
P. pseudolinearis | 4647 . 938 19.8
» I 5155 . 938 18.1
P. Okamurai 6008 = 12.94 215
P. crispata 6461 | 13.77 213
P. suborbiculata I 62.89 1231 19.5
” I 6097 ;. 11.60 19.0

Table 3. Seasonable change of Total nitrogen and
‘Water Soluble nitrogen of Porphyra

Dpseudolinearis.
Total S‘zzt;f o | Water Soluble
Sample Date |Nitrogen Nitrogen| _ Nitrogen
mg/lg | mg/lg |Total Nitrogen’?
P. pseudolinearis | NOV.15{ 7229 | 21.06 29.1
4 291 7351 22.78 30.9
K4 DEC. 13| 74.73 2348 31.4
7 27| 7134 | 24.16 338
7 JAN. 10| 68.16 23.08 33.8
” 25| 64.20 | 2257 35.1
" FEB. 9| 6186 20.74 335
K4 23| 5937 | 20.00 33.7
4 MAR. 9| 5541 19.27 34.7
” 23| 52.18 15.97 306
4 APR. 6| 51.67 13.97 27.0
4 20| 49.25 1231 250
» MAY 4| 4447 1143 257
v 18] 4339 10.84 25.0
L4 JUNE 1| 3752 9.23 24.6
» 15] 3166 7.8 22,6
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Fig. 1. SBeasonable change of Total nitrogen and Water 7 9 BEKIC TR, e IRELTET I
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Table 4 A. Nitrogen forms of Porphyre (% of dry matter)

Kind of “amples

N-forms P. tenera | P- tenera | P. tenera | P. tenera | P.umbilic- | P.umbilic-
. 1 v alis | ( alis I
. 1
Total N 6.675 8.434 4620 | 4818 5.746 5625
N. undissolved in briled HCL 0.361 0.314 0327 0337 0.375 0.385
N. dissolved in boiled HCI 6314 8.120 4.293 4481 5.371 5.240-
Amide-N 0.557 0.762 0.534 0.49%6 0473 0.663
Humin-N 0.480 0.543 0333 0.395 0.429 0.419
Total-N in form of bases 1.493 1.789 0.4¢6 0.478 1.223 0.907
(Diamino nitrogen) -
Amino-N in form of bases 0.779 0.886 0.263 0.237 0.634 0.490
Arginine N 0.646 0.783 0.218 0.210 0.525 0.368
Histidine-N 0.315 0474 0.104 0.125 0.294 0.211
Lysine-N 0.369 0.350 0.118 0.085 0.291 0.240
Cystine-N 0.163 0.182 0.056 0.058 0.113 0.088
Total-N in filtrate from 3.477 4.626 2.745 2.899 3.036 2.949
bages (Monoamino nitrogen)
Amino-N in filtrate from 3.054 4.155 2313 2.402 2.582 2539
bases .
Total 6.007 7.720 4.080 4.271 5,161 4.938
Kind of Samples
N-forms P. pseudo-| P. pseudo- \ P. suborb- | P. suborb-
line%ris lineﬁzris 1P. Okamurai; P.crispata | iculata iculata
Total-N 4.647 5.155 5.908 6.461 6.289 6.097
N. undissolved in boiled HC1 0375 0.336 0.380 0.357 0366 0386
N. dissoived in boiled HCI 4,272 4819 5528 6.104 5.923 5711
Amide-N 0.428 0.510 0537 0.639 0.607 0.639
Humin-N 0.301 0338 0.423 0.418 0.398 0.450
Total-N in form of bases 0602 0.678 0.929 0.982 1.247 0.820
(Diamino nitrogen)
Amino-N in form of bases 0.297 0.336 0481 0513 0.628 0.420
Arginine-N 0.259 0.292 0.380 0.406 0.515 0.337
Histidine N 0.166 . 0.184 0.244 0.247 0349 0222
Lysine-N 0.122 0.139 0.212 0.231 0.266 0.188
Cystine-N 0.055 0.063 0.093 0.098 0.117 0.073
Total-N in filtrate from 2.731 3.080 3.365 3.763 3.525 3.547
bases (Monoamino nitrogen)
Amino-N in filtrate from 2259 2592 2.898 3.243 3.088 3.094
bases
Total 4,062 4.606 5254 5.808 5.777 5.456
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Table 4 B. Nitrogen forms of Porphyra (% of Nitrogen dissolved in boild HCI)

Kind of Samples

N-forms P. tenera | P. tenera I P. tenera | P. tenera | P.umbilic- | P.umbilic-
10 alis | alis
Total-N — — — — — -—
N. undissolvdd in boiled HCl - — -— — — —
N. dissolvcd in boiled HC1 — — — — - —
Amide-N 8.821 9384 12,438 11,068 8.806 12652
Humin-N 7.602 6.687 7.756 8.815 7.987 7.996
Totzl-N in form of bases 23.645 22,032 11.553 10.667 22,770 17309
(Diamino nitrogen)
Amino N in form of bases 12.337 10.911 6.126 5.288 11.804 9351
Arginine-N 10.231 9.642 5.078 4.686 9.774 7.022
Histidipe-N 4.988 5.837 2422 2.789 5473 4.026
Lysine-N ' 5.844 4310 2.748 1.896 5417 4.580
Cy:tine-N 2581 2.241 1.304 1.294 2.103 1.679
Total-N in filtrate from 55.068 56.970 63.941 64.695 56.529 56.278
bases (Monoamino nitrogen)
Amino-N in filtrate fr}c’)m 48.368 51.169 53.878 53.604 48.072 48.454
ASES
Total 95.136 95.073 95 688 95245 96 092 94.235
Kind of Samp'es
N-forms P. pseudo- | P. pseudo- P. subord- l P. suborb-
linearis linearis | P.Okamurai| P. crispata iculaia \ iculata
I !
Total-N — — — — - -
N.urdissolved in boiled HC1 — — — — _ —
N. dissolved in boiled HCI — — _— — - —
Amide-N 10.018 10.583 9.704 10.468 10.248 11.188
Humin-N 7.045 7.013 7.651 6.847 6.719 7.879
Total N in form of bases 14,091 14.069 16.805 16.087 21.053 14.358
(Dia nino nitrogen) )
Amino-N in form of bases 6.952 6.972 8.701 8.404 10.602 7.354
Arginine-N 6.062 6.059 6.874 6.651 8.693 5900
Histidine-N 3.885 3.818 4.413 4.046 5.892 3.887
Lysine-N 2.855 2.884 3.835 3.784 4.490 3.291
Cystine-N 1.287 1.307 1.682 1.605 1.975 1.278
Total-N in filtrate from 63.927 63.913 60.871 61.648 59.513 62,108
bases (Monozmino nitrogen)
Amino-N in filtrate frl;)m 52.879 53.787 52.424 53.129 52.135 54.176
ases
Tetal 95.081 95.578 95.031 95.050 95.845 95.523
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"Table 5. Relation of the quality of Porphyra to the ratio of Diamino nitrogen
to Monoamino nitrogen.

. | Total Diamino Monoamino | Diamino nitrogen
Sample quality | nitrogen nitrogen nitrogen Monoaming <100

| % % % nitrogen
P. tenera I 1 6.675 ) 1.493 3.477 42.9
14 I 1 8.434 1.789 4.626 38.6
” | 4 4.620 0.4% 2.745 18.0
" IV 4 4318 0.478 2.899 16.4
P. umbilicalis 1 1 5.746 1.223 3.036 40.2
y I 2 5.625 0.907 2.949 30.7
P. pseudolinearis 1 3 4.647 0.602 2.731 22.0
o ke I 3 5.155 0.678 3.080 220
P. Okamurat 2 6.008 0.929 3.365 276
P. crispata 2 6.461 0.982 3.763 261
P. suborbiculata I 1 6.289 : 1.247 3.525 35.3
4 1 3 6097 0820 | 3.547 23,1
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BrOTHL, RLBE XU ROBEMBLER—OMEsI2A LB LD 6 AhNcELH L
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Table 6 A. Seasonable change of Nitrogen forms of Porphyra pseudolinearis. ’
(% of dry mutter)

Date
DEC. 13 | DEC. 27 | JAN. 10 | JAN. 25 FEB. 9 | FEB. 23 | MAR. 9
N-forms .
1
Total-N 7.473 7.134 6.816 6.420 6.186 5.937 5.541
N. undissolved in boilcd HCI 0.296 0.326 0.387 0.315 0.333 0.326 0295
N. disgolved in bolled HCI 7.177 6.808 6.429 6.105 5853 5611 5.246 .
Amide-N 0.834 0.692 0.618 0.586 0.546 0.558 0.575
Hum'n-N 0.389 0.477 0.456 0.427 0419 0.346 0.272
Total-N in form of bases 1.228 1.379 1.332 1.239 1.215 1.188 1.114
(Diamino nitrogen) D .

Amino-N in form of bases 0.608 0.752 0.718 0.673 0.624 0.636 0.630

Total-N in filtrate from bases 4.380 3.956 3.622 3.499 3.382 3.246° 3,072
(Monoamino nitrogen)
Amino-N in filtrate from bases 3.756 3.208 2.984 2.872 2.759 2.793 2.681

Total : 6.831 6.504 6.028 5.751 5562 5.338 5.033
Date !
MAR.23 | APR. 6 | APR.20 | MAY 4 | MAY 18 |JUNE [ |JUNE 15
N-forms ’ :
Total-N 5218 5.167 4.925 4.447 4.339 3.752 3.166
N. undissolved in boiled HCl 0.272 0.315 0.330 0.312 0285 0.270 0.256
N. dissolved in boilel HC1 4.946 4.852 4:595 4.135 4.054 3.482 2.510
Amide-N 0.575 0553 0527 | 0404 | . 0477 0.399 0.328
Humin N 0.395 0.584 0.403 0.336 0.364 0.306 0.280
Total-N in form of bases 0,788 0.756 0.679 0633 0441 | 0376 0315
(Diamino nitrogen) . '
Amino-N in form of bases 0.394 0.387 0.345 0.322 0.219 0.211 0.171
Total-N in filtrate from bas:s 2.974 2.906 2.730 2.544 2536 2194 1.884
(Monoamino nitrogen)

Amino-N in filtrate from bases 2667 2556 2.374 2.081 » 2.066 | - -1.905 1.521

Total 4732 | 4599 | 433 | 39017 | 3818 | 3215 | 2807

i
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Table 6 B. Seasonable change of Nitrogen forms of Porphyra pseudolinearis.
(% of Nitrogen dissolved in boild HCI)

Date
DEC. 13 | DEC. 27 | JAN. 10 | JAN. 25 | FEB. 9 | FEB. 23 | MAR. 9

N-forms

Total-N — — — — — - —
N. undissolved in boilel HCI —_ — — — — — _
N. dissolved in boiled HCI —_— —_ — — — _ _

Amide-N 11.620 10.164 9.612 9.598 9.328 9.944 10.960

Humin-N 5.420 7.006 7.092 6.994 7,158 6.166 5.184

Total-N in form of bases 17.110 20.255 20.718" 20.2%4 20.758 21.172 21.235
(Diamino nitrogen)

Amivo-N in form of bases 8.471 11.045 11.168 11.023 11.038 11.334 12.009

Total-N in filtrate from bascs 61.028 58.108 56.338 57313 57.782 57.850 58.558
(Monoamino nitrogen)
Amino-N in filirate from bases | 52.333 47.121 46.414 47.043 47.138 49.777 51.105

Total 95.178 95.533 93,760 94.199 95.026 95.132 95937
e Date ) ’
~ MAR.23 | APR. 6 | APR.20 | MAY 4 | MAY 18 | JUNE 1 |JUNE 15
N-fcrms - — '
Total-N — — — — — -— —

N. undissolvel in boiled HCI - — — —- — — -
N. diseolved in boiled HCI — — — — — —

Amide-N . 11.625 11.397 11.468 9.770 11.7¢6 11.458 11.271

Humin-N 7.986 7.914 8.770 8.125 8.978 8.788 9.621

Total-N in form of bases 15.932 15.581 14.776 15.308 10.878 10.798 10.824
(Diamino nitrogen)

Amino-N in form of bases 7.966 7976 7.508 7.787 5.402 6.059 5.876

Total-N in filtrate from bases | 60.129 59.892 59.412 61.523 62.555 63.009 64.742
(Monoamino nitrogen)
Amiro-N in filtrate from bases 53.922 52679 51.667 50.326 50.962 54,709 52.268

Total 95.672 94.784 94 426 94.726 94.177 94.053 96.458
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Table 7.

nitrogen of Porphyre pseudolinearis.

Soasonable change of the ratio of Diamino nitrogen to Monoamino

Sample Date Total nitrogen }1)1;'1:)1;?1 L{:)i?;):'gn:ro Wx 100
, 2% 9% % nitrogen
P. pseudolinearis| DEC. 13 7473 1.228 4,380 280
4 27 7.134 1.379 3.956 348
” JAN. 10 6.316 1.332 3.622 36.7
v 25 6.420 1.239 3499 354
v FEB. 9 6.186 1215 3.382 35.9
” 23 5.937 1.188 3.246 365
v MAR. 9 5.541 1.114 3.072 362
» 23 5.218 0.788 2.974 264
v APR. 9 5.167 0.756 2.906 26.0
‘r 20 4.925 0.679 2.730 24.8
» MAY 4 4447 0.633 2.544 24.8
" 18 4.339 0.441 2.536 17.3
” JUXE I 3.752 0.376 2.194 17.1
4 15 3.166 0.315 1.884 16.7

Fig. 2. Seasonazble change of nitrogen form of

Porphyra pseudolinearis.
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1) B |, P 1 (1916): J. College Agric, Imp. Univ., TOKYO, 5
2) Bk IE W QU16) 1 JREEERBRHE. H1245

(3) B (1928) ¢ IEEREHTKERERY. EBEMEBERRE

@) E (1929) 0 SEEERPKERIRY . SEWBERE. o4

(5) BHE (1941): Rk, 624K, T45~T50H

{6} Jv B (1925): Acta Phytochim., |, 2
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