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Abstract

Increasing concentrations of nitrogen fertilizer led to increased growth and internal nxtrogeqt;ontenetnzf i::;l,lla;:d
tikvahiae and decreased yields of agar. The thallus nitrogen content was highly correlated ;vx ; p‘:rca " eitracted -
protein:carbohydrate ratios, and percent agar was highly correlated with percent carbohy tra ee;I sien xtracted I
thalli grown under nitrogen enriched conditions had higher melting temperatures and %}r]eafz; sd ) thegse xperiments
agars extracted from less enriched thalli. The data suggest that the increased gel str.eng sed elting tommeratures
may be due to the greater molecular size of the agar polymers, as indicated by the increas

associated with greater gel strengths.

Introduction

The strong interest in phycocolloid production by
members of the red algae has resulted in several investi-
gations of physical factors which affect agar and
carregeenan content (Neish and Shacklock 1971, De-
Boer 1979, Simpson et al. 1978). Phycocolloids such
as agar are highly complex polysaccharides composed
of galactropyranose moieties and their various deriva-
tive forms. Variations in the relationships of different
subunits to each other account for much of the com-
mercial properties of agar such as melting and gelling
temperature, and gel strength (Guiseley and Renn
1877). Gel strength and gelling and melting tempera-
tures have been found to vary seasonally in agars
extracted from species of Gracilaria; however, no
cause and effect relationships were evident (Hoyle
1978, Thomas and Krishanmurthy 1976). The purpose
of this investigation was to examine if various levels of
nitrogen fertilization would have any effect on the
production of agar by Gracilaria tikvahize, and more
importantly, whether agar would vary in its chemical
quality when extracted from plants grown under
different fertilization regimes.

—

:Harbor Branch Contribution No. 238
Woods Hole Oceanographic Contribution No. 4737

Materia} and Methods

Thalli of the alga, Gracilaria tikvahiae McLachI_an, -
ORCA clone (Ryther e al. 1979!) werethgrown m.hea;nly
nsion cultures similar to those previously
Zzl;itrfgesdu; ﬁPointe and Ryther 1978). Samples of the
thalli were taken from an ongoing experiment that was
investigating the relationship of nitrogen ar_xd grow‘th of
this clone (Hanisak, unpublished data). Th.ls.expenment
consisted of two series, F and G, each of which ha(_i
eight treatments of different forms and concentrations
of nitrogen nutrients. The cultures sampled had been
under cultivation for at least four lx:nont.hs pn(l)r dto use
i i cocolloid study. Series F was sampled in
getc}:r:)gi’ry 1979, and Series G in January .1 980. Water
temperatures for the week prior to sampling ranged
from 11 t0 29.5 C for Series F and 7 to 26.5 C for
Series G, with average midday temperatures of -18 and
17 C, respectively. Nitrogen was added wegkly in several
forms, as NO3, NHy , or liquid d.iges.tor residue (_mos.t]y
in the form of NH ), from Gracilaria seaweed digestion.
Concentrations of the nitrogen additions ranggd frF)m
no addition to 1500 um N X 17!, and are detailed in
Table 1. Stocking density of the thalli was 2.6 kg wet
wt. X m™? in all the treatments. Harvested weed was
washed, dried at 70 C, and subsequently grpund tf’ a
powder. Carbon and nitrogen were determined using
a Perkin Elmer Model 240 elemental analyzer, and
protein and carbohydrate determined by procedures
outlined in Dawes et al. (1974).
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Agar was extracted from triplicate 1 g samples of dried
material in 50 ml H, O. After autoclaving for two hours
at 121 C, the material was filtered through Celite and a
10 u filter. The agar was allowed to gel, and was then
purified through several repeated freeze-thaw cycles
before drying it at 70 C. Yields were corrected for
recovery efficiency, determined by recovery of known
gravimetric standards of Bacto-Agar. Melting and dynamic
gelling temperatures of duplicate 1.5 percent agar gels
were determined using procedures described by Craigie
and Leigh (1978). Gel strengths of triplicate 1.5 percent
agar gels aged 24 h at room temperature were determined
with a gelometer similar to that described by Goring
(1956). The plunger had a surface area of 1 cm?and a
descent rate of .18 cm s™' . The percent 3.6 anhydro-
galactese (3.6 A, G) was determined by the technique
of Yaphe and Arsenault (1965), and the percent sulfate
(SO7) by the procedure of Jones and Lethan (1954),
after hydrolysis of agar samples in IN HCl at 120 C

for three hours. For purposes of comparison, agar
quality determinations were also made with Difco Bacto-
Agar, Lot number 660673.

Results

All forms of added nitrogen caused increased growth
over the treatments with no nitrogen additions (Tab. I).
In Series F, which was fertilized only with NOj, the
thallus nitrogen levels varied from 1.3 to 3.2 percent.
The Series G treatments, which received nitrogen in

the forms of NO3, NH%, and digestor residue, exhibited

a much wider range of percent thallus nitrogen. In both
series, the percent agar was significantly inversely cor.
related with thallus nitrogen, although the correlation
was much greater in Series G (Tab. II). Series G also haq
a much wider range of percent agar (Tab. I). In both
series, the agar yields were inversely correlated with pro-
tein and protein: carbohydrate ratios, and positively
correlated with percent carbohydrate (Tab. I1). Within
the respective series, these correlations were generally
greater than those of percent nitrogen to percent agar.
Percent protein and protein: carbohydrate ratios were
positively correlated to percent thallus nitrogen, and the
conversion of percent thallus nitrogen to protein ranged
from 2.2 to 3.6.

Increasing thallus nitrogen content was also accompanied
by increasing melting temperatures of agars extracted
from these thalli (Tab. I). Gel strengths of agars rose
with increasing thallus nitrogen levels, although there wag
considerable differences in the range of gel strengths
from agars derived from Series G compared to Series F.
Both agar gel strength and melting temperature were
significantly correlated to the thallus N levels (Tab. II),
The melting and gelling temperatures and gel strength

of Difco Bacto-Agar were similar to other values reported
(Guisely and Renn 1977), Yaphe and Duckworth 1972).

In Series G, the 3,6 AG was inversely correlated to gel
strength while SO3 was positively correlated (Tab. III).
The agar gel strengths from Series F showed no correla-
tion with 3,6 AG and a significant correlation with
SO7 . Both 3,6 AG and SO showed only small ranges

Tab. 1. Effect of N fertilization (as NOj3, NHj, or liquid dlgestor resndue “D’") on internal thallus N content. C:N ratios, protein, carbo-
hydrate, protein: carbohydrate ratios, growth (as g dry wt X m? x d1), agar, and five indices of agar quality, melting and gelling
temperature, gel strength, percent 3,6 anhydrogalactose. and percent SO4™ in the agars.

uMN1! species % C:N % % pro:carbo growth % melting gelling gel % 3,6 % SO4
of N thallus protein  carbo- agar T(C) T(C) strength anhydro-
N hydrate (04 cm?) galactose
F Series
0 - 1.3 236 34 423 .08 00 263 67.0 383 325 254 2.9
150 NO,3 15 19.4 4.8 40.9 .06 55 293 678 405 300 250 2.6
300 NO; 22 13.9 6.5 31.8 .20 10.2 236 655 39.5 27.5 238 2.8
450 NO; 20 149 84 29.0 .29 11.4 21.7  67.0 413 25.0 26.6 3.1
600 NO; 26 12.1 9.1 33.7 .27 13.2 253 690 410 30.0 24.2 2.3
750 NO; 32 8.7 8.8 24 4 36 9.8 240 695 415 375 25.2 34
900 NO, 30 2.3 8.8 303 .29 109 210 705 415 47.5 27.8 33
1500 NO; 3.2 89 9.3 242 38 111 20.3 71.5 415 550 24.6 3.7
G Series
0 - 14 21.8 4.6 40.6 11 33 396 658 410 45.0 24.4 0.9
175 D 14 221 5.1 433 .12 40 401 650 390 45.0 234 1.3
350 D 1.6 163 45 383 12 9.1 316 660 415 47.5 232 1.3
700 D 30 9.3 9.1 29.6 .31 103 29.1 67.5 423 75.0 234 1.2
1000 D 3.8 8.0 9.2 24.5 .38 10.2 18.4 745 420 106.0 204 1.9
1400 D 49 6.0 10.6 20.1 .53 7.5 234 720 430 110.0 20.8 22
1500 NO; 37 85 11.1 344 32 8.5 339 690 433 850 21.8 1.3
1500 NH, $§3 53 14.8 21.8 69 8.8 18.0 720 413 110.0 20.2 1.2
Difco Bacto-Agar (Lot Number 660673) 88.0 355 4000 33.2 2.2
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Tab. it. Correlation coefficient matrix of the percent thallus N, protein, carbohydrate, and agar, and protein:carbohydrate ratjos and
indices of agar quality: gelling temperature, melting temperature, and gel strength. The G Series data are represented in the bottom
correlation matrix, the F Series by the top. Correlation coefficients greater than 0.66 are significant at the 95% level (p < .05).

% N % pro 9% carbo. pro:carbo. % agar melt T gel T gel ST.

% N A .89 ~-.88 .92 .69 .76 .76 68
% Ppro .95 Hokx -.87 94 -.73 .63 .88 43
% carbo. -.94 -.82 xR -.96 .80 -.53 -.74 -.49
pro:carbo. .98 .94 ~-.92 *Ex —-.82 .64 77 53
o agar - ~.84 ~.74 93 -.85 *A¥ —.45 -.51 -.56
melt T. .86 -.74 -.90 81 -91 *Ex .69 .88
gel T. 56 51 . -.58 44 -43 51 *Ex 43
gel ST. .97 .89+ -.97 93 -.89 94 60 *EX

Tab. H1. Correlation coefficient matrix of five indices of agar
quality: gel strength, melting temperature, gelling temperature,
percent 3,6 anhydrogalactose, and percent SO4. The G Series
data are represented in the bottom correlation matrix, the F
Series by the top. Correlation coefficients greater than 0.66
are significant at the 95% level (p < .05).

gel ST. melt T. gelT. % 3,6 % S04~
A,G
gel ST. *xx .88 43 23 76
melt T. .95 *xE .69 .26 57
gel T. 60 52 wes 32 a4
%36A G -94 -.93 —.42 *xx 37
% SO4 67 .69 41 ~.66 >k

of variations over the ranges of gel strengths (Tab. I).

The SO4 of agars from Series F was generally higher than
that of Series G. Melting temperatures of the agars cor-
related highest with gel strengths in both series, and
ranged as much as 7 C between low and high nitrogen
thalli. The SO4 and 3,6 AG of Difco Bacto-Agar were
similar to those values reported by Duckworth and
Yaphe (1971).

In Series G, there appeared to be differences between
the treatments of 1500 uM N X 17 in the forms of
NOj3 and NH; (Tab. I). The NO3 grown thalli showed
a lower percent thallus nitrogen, a greater percent
carbohydrate, and a greater percentage of agar than
did NH; grown plants. The characteristics of agar
extracted from the NH; grown thalli compared to
NOj; grown thalli were a higher melting temperature,
a lower gelling temperature, and a greater gel strength.

Discussion

The inverse relationship observed between agar yield
and thallus nitrogen levels in Gracilaria tikvahige is
one which has been observed by other workers for
both carrageenan and agar (Neish and Shacklock
1971, DeBoer and Ryther 1977, DeBoer 1979). It
should be noted that the range of agar yields from
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Series G was much greater than those of Series F, even
when comparing similar thallus nitrogen levels. This
difference might be due to responses of the plants

to NOj versus liquid digestor residues (mostly in the
form of NHZ ), or to some other environmental factor
such as temperature or water quality.

The response of increasing growth rates and thallus
nitrogen content in Gracilaria tikvahiae to increasing
concentrations of supplied nitrogen have also been
noted by DeBoer and Ryther (1977). The high cor-
relations between thallus nitrogen and protein and
protein: carbohydrate ratios suggest that these para-
meters all may be used as indicators of the nitrogen
status of algae. It is interesting to note that the con-
version factor for percent nitrogen to percent protein
was not close to 6.25, a value commonly used. Use

of percent thallus nitrogen for conversion to protein
probably doesn’t sufficiently consider nitrogen in
other metabolic forms such as amino acids, RNA, DNA,
or internal inorganic nitrogen in the form of NOj or
NH} . The close correlation between carbohydrate and
agar suggests that determinations of carbohydrate may
provide a useful and rapid procedure for estimating
agar yields in various algal populations.

The increases in gel strength and melting temperatures
with increasing thallus nitrogen indicates that the
nutrient regime of the thalli greatly affects the com-
mercial quality of the agar derived from those plants.
From these data it would appear that plants grown under
moderate to high levels of nitrogen fertilizer produce a
better commercial quality of agar in regards to gel
strength. There were differences in the range of gel
strengths between Series F and G, the latter producing
agars with stronger gels. As noted earlier, these differ-
ences might be due to either the type of nitrogen
fertilizer used or other environmental factors. Hoyle’s
data (1978) indicate seasonal variations in gel strengths
of agars derived from Gracilaria coronopifolia and bursa-
pastoris did not always correspond to seasonal variations
in thallus nitrogen levels.

The increases in gel strength found in the experiments
cannot be explained by current models of this phenome-
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non, which describe gel strength as due to higher levels of
3,6 AG and lower levels of SO (Rees 1972, Yaphe and
Duckworth 1972). There was no real correlation of 3,6
AG to gel strength, while SO5 was positively correlated.
The ranges of SO and 3,6 AG were low in comparison
to the ranges of gel strengths, even though these values
were within the ranges of other Gracilaria spp. (Duck-
worth ef al. 1971, Whyte and Englar 1980). Series F did
have a higher SO~ and lower range of gel strengths than
did Series G, which does conform to the proposed
mechanisms of agar gel strength. In both series gel
strength correlated highly with melting temperature,
an'indicator of greater molecular weight and size of the
agar polymers (Selby and Wynne 1973). The longer
polymers may be more capable of interacting with each
other and forming a greater three dimensional lattice
between water and the gel helices, hence agars with
higher gel strengths. Rees (1972) has described how
other workers have found that long chains are capable
of gelling, whereas short chains might not gel.

From the management perspective of maximizing agar
production and commercial quality, there are still
several important questions to be examined. As alkaline
treatment is known to increase the quality of poor agars,
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