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ABSTRACT

The seasonal variation of chemical composition in sea ur-
chin Tripneustes gratilla gonad from Taiwan is investigated.
Thelevel of both gonad index (GI) and body weight in the sea
urchins showed seasona variations and were higher during
spring and summer. The main saturated fatty acids (SFA) of
sea urchin gonad were C14:0 and C16:0, and both varied with
season. Arachidonic acid and eicosapentaenoic acid were the
dominant poly-unsaturated fatty acids (PUFA), while C16:1,
C18:1 and C22:1 were the predominant monoenoic fatty acids
(MFA). Thelevels of total fatty acids were higher in summer,
and decreased to the lowest in December (13.2 = 2.3 mg/g).
The SFA level was higher in summer, while the PUFA level
was higher in winter. The most dominant free amino acid
(FAA) of seaurchin gonad was glycine, where alanine, proline,
arginine and glutamic acid were the predominant FAAS.
Arginine and valine were in increasing from September to
February. Meanwhile glycine, alanine and glutamic acid also
presented seasonal change. Overal, the gonad of Taiwan's sea
urchin T. gratilla offered higher gonad content, better color and
higher level of lipid in summer. It suggested the better period
for consuming T. gratillain Taiwan isfrom May to July.

. INTRODUCTION

Sea urchin is one of the most highly prized fishery product
in the world because of its unique flavor. The largest market
of seaurchinis primarily in Japan, but thereis aso demand in
the markets of Europe and other countries for both live and

Paper submitted 04/27/12; revised 10/03/12; accepted 04/29/13. Author for
correspondence: Deng-Fwu Hwang (e-mail: dfhwang@mail.ntou.edu.tw).
Department of Food Science and Center of Excellence for Marine Bioenvi-
ronment and Biotechnology, National Taiwan Ocean University, Keelung,
Taiwan, R.O.C.

processed sea urchin [25, 28]. The sea urchin Tripneustes
gratilla, which is widely distributed in Taiwan, is one of the
most valuable fishery products, and it is a fast-growing spe-
ciesin subtropical ocean areas. The seaurchin’sgonad, which
is of highest quality, has excellent market acceptance [12].
The edible part of the sea urchin is its gonad, called “uni” in
Japan and the price depends on gonad color, quality, appear-
ance and nutritional value [36, 37]. Many studies have sug-
gested that these factors are affected by season, temperature,
photoperiod, food intake and other variables [22, 27, 34, 40,
43]. The quality of wild-harvested sea urchin is directly af-
fected by season, and gonad yield depends on the sea urchin’'s
developmental stage. In recent decades, there have been
several studies on sea urchins that have examined the effects
of controlling the diet of sea urchin to enhance the gonad
quality [12, 21, 41].

Fatty acids and free amino acids (FAA) are among the most
important indicators of gonad quality, these factors mainly
affect nutrient value and flavor. Cook et al. [8] suggested that
the fatty acid composition of Psammechinus miliari gonad is
related to dairy diet. Fatty acids are abundant in sea urchin
Srongylocentrotus droebachiensis, for example, rich in tria-
cylglycerals, sterol, phosphatidylcholine and phosphotidyletha
nolamine. Although fatty acid compositions are variable with
species [5], the main saturated fatty acids (SFA) are myristic
acid (C14:0) and palmitic acid (C16:0) [23], while arachidonic
acid (C20:4n6) and el cosapentaenoic acid (C20:5n3, EPA) are
the dominant poly-unsaturated fatty acid [32]. On the other
hand, FAA also varied with diet and developing stage [29].
Free amino acids affect the flavor of sea urchin gonad [14].
By consecutive omission tests, it proved that FAA affect
sweetness, umami and aftertaste of sea urchin gonad. These
fatty acids and FAA play important roles in physiological
aspects such as osmotic regulations and juvenile growth, they
also provide the sea urchin with energy during development.
This study aimed to determine the seasona variation of the
chemical composition of the sea urchin Tripneustes gratilla
gonad, and offer a consult for consumers the better period for
eating sea urchin in Taiwan.
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[1.MATERIALSAND METHODS

1. Sample Collection

At least 10 specimens of the sea urchin Tripneustes gratilla
were collected monthly from the Bi-sha seafood market in
Keelung from July, 2008 to June, 2009. To mimic the con-
sumption of consumers, the sex of collected sea urchin was
not determined in this experiment. After collecting the sea
urchins in different months, al samples were weighed and
dissected, and the gonad of each specimen was homogenized
and then stored at -20°C for use.

2. Gonad Index (Gl) Determination

A gonad index (GI) was calculated from the wet weight of
individuals as follows:

Gl = (gonads (g wet)/whole urchin (g wet)) x 100%

3. Determination of Proximate Composition

Proximate compositions were determined according to the
standard procedure of AOAC [1], with objects of analysis
including moisture, ash, crude protein and crude fat. The
carbohydrate level was calculated by the following formula
Carbohydrate (%) = 100-(moisture + ash + crude protein +
crude fat).

Thetotal energy was counted by the following formula:

Energy (kcal/100 g) = (Crude protein x 5.65)
+ (Crude lipid x 9.5) + (Carbohydrate x 3.9).

4, Gonad Color Assessment

Gonad color was tested by colour method using col orimeter
(TC-1800 MK-II, Tokyo Denshoku). Each individual was
tested under standard light conditions supplied by a light
cabinet (D65) and assessed using aquantitative colour method
of CIE (L*a*b*) [38]. To measure gonad color, ten replicate
measurements were taken and averaged to determine CIE L*
(intensity or lightness), a* (hue or redness) and b* (chroma or
yellowness).

5. Fatty Acid Composition Deter mination

1) Lipid Extraction

The lipid extraction procedure was referenced and modi-
fied from the method of Folch et al. [13]. Two grams of ho-
mogenized gonad sample were mixed with 10 ml chloroform/
methanol (v:v, 2:1). These samples were well mixed and
filtered, and the above-mentioned steps were repeated three
times. Filtrates were then collected and vacuum- dried. The
extracted lipids were stored at -20°C with 0.01% butylated
hydroxytoluene (BHT) for use.

2) Fatty Acid Esterification
The method of fatty acid esterification was referenced from

A.O.A.C [1]. Briefly, the extracted lipids were mixed with
0.1 ml internal standard C13:0 (10 mg/ml, Sigma, U.S.A.) and
5 ml 0.5N NaOH/methanol and boiled for 10 min. Then,
boron trifluoride and methanol (v:v, 14:86%) were added
and boiled for 2 min for esterification. After cooling, methyl
esters were extracted with 5 ml hexane. The hexane layer,
which contained the fatty acid methyl esters, was evaporated
to dryness and preserved at -20°C for fatty acid analysis.

3) Fatty Acid Analysis

The methyl ester samples were analyzed using gas chro-
matography (Shimadzu GC-14A, Kyoto, Japan) equipped
with an injector, a flame ionization detector and a Rtx-2330
column (10% cyanopropylphenyl and 90% biscyanopropyl
polysiloxane, RESTK, Bellefonte, PA, U.S.A.). Theinlet and
detector temperature were both set at 250°C. The column
temperature was kept at 140°C for 5 min and then pro-
grammed from 140°C to 240°C with an increment of 4°C/min
and kept at 240°C for 30 min. Nitrogen gas with high purity
was used as the carried gas. To identify the species of fatty
acid, the standard F.A.M.E. Mix C4-C24 (Supelco, Bellefonte,
PA, U.S.A.) was used to compare the retention time with the
samples, and the level was calculated for each fatty acid.

6. FreeAmino Acid Composition Deter mination

1) Extraction of Free Amino Acids

The extraction of FAA was carried out according to the
method described by Konosu et al. [26]. A 10 g sea urchin
gonad was homogenized with 30 ml of 7% cold trichloroace-
tic acid (TCA) using Polytron PT-MR 3100 homogenizer for
3 min. The homogenate was centrifuged at 4,000 g for 20 min
at 4°C. The supernatant was filtered through Adventec Toyo
No. 2 filter paper. The precipitate was then extracted twice
with TCA by the same procedure. The supernatants were
combined and made up to 100 ml with 7% TCA. The TCA
extract was mixed with an equal amount of diethyl ether to
remove TCA and fat. This procedure was repeated five times.
The aqueous layer was evaporated to dryness. The dried mat-
ter was diluted with redistilled water and made up to 25 ml for
FAA andysis.

2) Analysis of Free Amino Acids

Free amino acids were separated by ion exchange chroma-
tography and analyzed by a Hitachi L-8500 high speed amino
acid analyzer with a Hitachi 2622 SC packed column (4.6 x 60
mm) (Hitachi Ltd, Tokyo, Japan). The standard analytical
method applied for physiological fluid assay was performed
according to the instruction manual provided by the manufac-
turer. The levels of FAA were estimated on the basis of peak
area of the known concentration of a standard (Wako Ltd,
Osaka, Japan) by a Hitachi D-2850 Chromato data processor.

7. Satistical Analysis
The data were presented as mean £ SD. The differences
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Table 1. Proximate composition of sea urchin gonad.

2008 2009

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Average
Moisture (%) 80.7+30% 796+ 15° 815+0.1* 82.1+1.3°C 824+1.1°° 848+ 0.2 84.6+0.3° 835+0.2°¢ 80.9+0.8% 822+0.3"° 81.7+1.0* 81.4+08*° 821+16
Ash (%) 28405 31+02° 31+03" 28402 27401 31+06° 31+03 28+01° 26+02* 27+05° 21+02* 21+01° 2803
Crudeprotein (%)  117+03°  83+30* 73+05° 85+26% 115+05° 94+05° 66+16° 80+26" 117+16° 97+26% 71+17 79+01%° 9018
Crudelipid (%) 28403 29+02°° 33+04% 25+03°° 26+01°Y 18+01° 23+01*° 36+04" 38+02 35+04% 32+04* 32+08" 30+06
Carbohydrate (%) 20402  61+13° 48408 40+16° 08+02° 09405 35+03° 20+01° 10+04° 19+02° 59+03" 55+02% 32420

Energy (Kcal/100g) 100.8+ 0.2

98.7+1.2% 91.2+23°° 87.7+31° 931408 737+26° 727+13F 87.7+32° 1061+0.6° 951+2.4°° 939+1.7° 96.0+3.3™ 91.4+100

* Values in the same column with different superscripts are significantly different at p < 0.05 (n = 10).

Table 2. Lightness, red, and yellow (L,a,b) for Tripneustes gratilla gonad during seasonal change.

2008
Jul Aug Sep Oct Nov Dec

2009
Jan Feb Mar Apr May Jun

Average

L 57.21+10.75" 54.88+ 6.60>" 55.69 + 3.55°¢ 50.28 + 5.48%9 40,56 + 2.62* 44.16 + 5.69*° 52.77 + 1.74”" 44.88 + 9.75%° 54.45 + 2.52°9 55 81 + 4.78°9 59,70 + 4.30" 50.39 + 456" 5248+ 6.23

a 697+190° 405+19F 404+178° 346+182°

330+089° 477+128%° 387+105° 549+159* 6.02+0.33*° 4.48+0.90*° 6.87+1.48" 654+ 1.08%° 499+134

b 34.00+577% 31.91+3.37°°31.25+ 2.52°¢29.39 + 3.27°923.93 + 1.67° 26.29 + 2.93*° 31.28 + 1.48”° 27.49 + 6.04*° 31.91 + 0.99”° 32.99 + 2.30°° 36.87 + 2.60° 36.19+ 2.96° 31.13+3.86

* Values in the same column with different superscripts are significantly different at p < 0.05 (n = 10).

between mean values were analyzed by a one-way analysis
of variance (ANOVA) followed by the Duncan test.

[11.RESULTS

The proximate compositions of sea urchin gonad collected
from July 2008 to June 2009 are shown in Table 1. Overal,
the average levels of moisture, ash, crude protein, crude
lipid, carbohydrate and energy were 82.1 + 1.6%, 2.8 = 0.3%,
9.0+ 1.8%, 3.0+ 0.6%, 3.2+ 2.0% and 91.4 + 10.0 kcal/100 g,
respectively. The highest value of moisture was in December
(84.8 £ 0.2%), and the lowest was in August (79.6 £ 1.5%).
Ash was the highest in August, September, December and
January, and it was the lowest in May and July. Crude protein
was the highest in March and July (11.7 £ 1.6% and 11.7
0.3%, respectively) and the lowest in January (6.6 £ 1.6%).
Crude lipid was the highest in March (3.8 £ 0.2%) and the
lowest in December (1.8 + 0.1%). Carbohydrate was the
highest in August (6.1 £ 1.3%) and the lowest in November
(0.8 £ 0.2%). Energy was the highest in March (106 = 0.6
kcal/100 g) and the lowest in January (72.7 + 1.3 kcal /100 g).
The average gonad index (Gl) and body weight were 7.7
3.5% and 143.1 + 32.0 g, respectively. The seasona variations
of both Gl and body weight in the sea urchins were higher
during spring and summer (Fig. 1). The Gl vaue was the
highest in July (16.5 £ 3.7%) and the lowest in February (3.3
1.3%). The body weight of the sea urchins was the highest
in April (193.6 £ 39.5 g) and the lowest in December (93.6 +
17.5g).

The variation of sea urchin gonad color were determined
by colorimeter with CIE (L*a*b*) system. Overall, the av-
erages of the percentages of L*, & and b* were 52.48 + 6.23,
4,99 + 1.34 and 31.13 * 3.86, respectively (Table 2). L*, a*
and b* value were higher from May to July, and the lowest
value detected from this research was in November (L* =

25 : 250
== Total weight
—eo— Gonad Index l
20 - I 200
% 15 F 150 &
E g,
(0]
ERUR n el 100 E
: (il | e
54 T I/ 50
0 SN NSNS 0

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
2008 2009

Month

Fig. 1. Seasonal change of gonad index and total body weight of Trip-
neustes gratilla (n = 10). The gonad index (Gl) was calculated as:
Gl = (gonads (g wet)/whole urchin (g wet)) x 100.

40.56 + 2.62, a* = 3.30+ 0.89, b* = 23.39£ 3.27).

The total content of fatty acid compositions in the sea ur-
chin T. gratilla gonad are shown in Table 3. The total fatty
acid level was the highest in July (47.3 = 14.5 mg/g) and the
lowest in December (13.2 + 2.3 mg/g) (Fig. 2). For better
understanding the variation trend of the fatty acid content
in sea urchin gonad, the fatty acid content were then convert
into percentage. The percentage of fatty acid compositions
in the sea urchin T. gratilla gonad are shown in Table 4.
Overall, the averages of the percentages of SFA, MFA and
PUFA are 47.2 £ 6.1%, 24.9 + 2.7% and 27.9 = 5.5% respec-
tively. This analysis revealed that myristic acid (C14:0) and
palmitic acid (C16:0) are the dominant saturated fatty acid
(SFA); pamitoleic acid (C16:1), oleic acid (C18:1) and erucic
acid (C22:1) are abundant in monoenoic fatty acid (MFA);
and arachidonic acid (C20:4n6) and eicosapentaenoic acid
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Table 3. The seasonal change of fatty acid composition (mg/g) of Tripneustes gratilla gonad.

2008 2009

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Average
SFA  234+76% 239+58 225+89" 133+36* 116+19%* 58+08 092+09%*° 69+36° 145+53% 1784639 233+26° 208+35% 16.1+6.8
C10:0 02+00* 02+01* 03+01° 02+00° 03+01*° 02+01*° 02+00® 01+00° 03+01*® 02+00* 02+00* 02+01* 02400
C120  01+02** 01+01*® 00+00* 01+01° 00+00* 00+00* 00£00* 00£00* 00£00* 00£00*® 00£00*® 00+00*® 00+00
Cl40  47+089 52+16% 53+27°9 29+02*° 23+02*° 07+00° 18+06* 15+11* 28+19° 40+20° 68+08° 58+099 36+19
CI150 04+02% 04+01° 03+00°° 02+01%° 02+01%° 01+00° 01+00* 01£01%° 02£01%° 03+00™ 03+00% 02+01* 02401
C16:0  99+41% 116+39 105+50% 51+21% 36+05% 22+02* 38+05° 32+23* 61+30* 78+29" 108+11%" 89+20° 69+34
C180 05+01° 05+00° 06+01° 07+03 06+01° 05+01° 06+01* 04+02* 11+03° 15+01° 14+01°° 13+04°° 08104
C200 18+06° 21+04° 22+08 14+03¢ 16+03° 03+03* 08106 05+04* 06+05° 04+02° 02+00° 03+01° 10+07
C21:0 09+03° 05+00° 05+02°¢ 06+02% 06+03° 02+00° 02+02° 02+01° 03+01%¢ 02+00° 02+00° 03+01*® 04402
C20  11+03% 12+03° 07+02°° 05+04*° 04+04*° 03+01*° 04+01*° 01+00° 02402 06+04°° 06+01" 07+02°° 06+03
C230  37+17° 20+09%° 19+04*° 14+04* 20+02*° 13+04* 13+04* 08+02° 29+12°° 27+13%¢ 27+10° 30+15° 21+09
C24:0 01+00% 01+01°¢ 02+01% 01+01%% 00+0.0%° 00+00*® 00+£00° 01£00°¢ 01+01%¢ 02+00° 01+£00° 01+£00° 01400
MFA  113+31% 124+34° 11.0+26% 66+14° 65+06° 26+01° 64+15 60+£27%° 81+22° 66+13 124+17 97+19¢ 83+30
Cl41  03+01% 04+01% 03+02°° 02+01* 01+00* 00+00° 02+00*° 02+01*° 02+0.1*° 02+01*° 07+02° 05+01% 03+02
Cl61  23+07° 35+10° 19+08° 18+04° 14+03*® 05+01° 15+06% 14+11* 16+11* 15+05® 37+01° 27402 20409
Cl71  18+05 18+04° 19+04° 09+02° 09+01° 05+02* 08+05° 05+02* 11+07° 01+00° 01+00° 01+00° 09+07
Cl81n%t 32+23"° 43+09° 34+16° 14+02*° 12+04* 04+00° 07+02* 11409 16+11*° 17+10°% 37+09% 33+10° 22+13
C181n9c 0.8+05°° 03+02* 04+03*° 07+01%° 07+02*° 04+01*° 08+02*° 05+01%° 08+04*° 09+01° 13+01° 06400 07403
C201  03+01° 02+00° 01+01° 03+02 05+01° 05+03 03+05 05+£04 08+07° 16+04 14+04°° 17408 07405
C221n9 27+07°% 19+17%¢ 30+07° 13+05° 17+04* 04+04 21+12°% 17+04% 20+159 07+02*° 15+03*Y 08+02* 17+08
PUFA  126+41° 110+13 105+09"% 93+12°° 75+04%* 47+15 75+06* 75+13*® 92+15°° 76+08" 95+04°° 82+16° 87+20
C202  03+02°° 01+00® 02+01* 01+01* 01+00* 01+£00° 01£01* 03+03*° 03+03° 06+03 04+00 03+01%¢ 02+01
C222  02+01° 02+01°% 01+01* 01+00* 02+01* 01+£00* 01£01* 00£00° 01+01*° 01+00%° 01+00°° 01+00°*° 01+01
-6
Ci82n6t 03+01% 04+02° 02+00® 02+02*° 01+00* 00+£00*° 02+01*° 01+01* 02+02*° 02+01%° 02+00* 02+00°° 02+01
Cl82n6c 05+0.3* 03+00* 06+01° 06+04 04+03* 01+00° 01+01* 01+01* 02+00* 02+00* 02+01* 02+01*® 03+02
Cl83n6 29+07° 28+05 27+07° 14+02* 10+02* 05+01* 11+05° 09404 14407 13402 14405 12+05 15+08
C20:3n6 03+0.3* 02+02*° 01+01* 03+02* 04+02* 07+£09° 00£00*° 04+04* 06+02*° 02+00* 02+00* 02+01** 03+02
C20:4n6 24+03* 25+02° 22+01°% 22+401°% 21+00° 10+00*° 21+01° 21+00° 23+03°° 21+05° 28404 26+09°° 22404
-3
Ci83n3 21+13" 18+05 17+09® 15+03* 15+01%* 07+00° 11+00* 10+04* 13+03* 12+01* 11+08* 11+00® 13+04
C20:3n13 07+11° 03+01* 02+00® 01+01* 02+01* 00+£00° 00£00° 01+£00° 01+00° 01+00° 01+00° 01+00° 02+02
C20:5n3 24+01" 20+00° 20+01" 16+01° 07+00° 04+00° 21+01" 14£01% 15+01° 12+01° 23+01° 17+01° 16406
C22:6n3 05+04* 05+00* 05+03* 11+03° 09+04*° 11+08 06+00*° 11+04*° 11403 04+01° 07+01%° 04+01** 07+03
Totd  473+145° 47.2+103° 44.0+12.3%29.2+5.1° 256+ 2.3*° 132+2.3% 231428 204+ 75 31.8+7.5" 320+ 6.6 451+4.6% 387+6.7°° 33.1+114

* Values in the same column with different superscripts are significantly different at p < 0.05 (n = 10).

70

60

301 cde

0 bed bed

30 ab

ab

20

0 S I

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
2008 2009

Month

Total fatty acid level (mg/g)

L

Fig. 2. Seasonal variation of total fatty acid levels in the gonads of sea
urchin Tripneustes gratilla. * Values with different superscripts

are significantly different at p < 0.05 (n = 10).

(EPA, C20:5n3) are the main poly-unsaturated fatty acids
(PUFA) in the sea urchin T. gratilla gonad. The seasonal
variation of total SFA level (Fig. 3) is similar to that of total
fatty acids (Fig. 2), and the value of the SFA level was the
highest in April (55.6 £ 6.3%) and the lowest in February
(34.0 £ 5.1%) (Fig. 3). The variations of total PUFA level
seems to contrast with that of the SFA levels, showing the
highest level in February (36.7 £ 3.7%) and the lowest in
May (21.0 + 0.9%). The variation of MFA is not significant,
but the MFA level isthe highest in February (29.3 + 1.8%) and
the lowest in December (20.1 + 4.6%). The seasonal varia-
tions of the main compositions in SFA, MFA and PUFA are
shown in Fig. 4. The levels of C16:0 and C18:0 in SFA are
lower in winter than other seasons. In contrast, the C20:4n6
and C20:5n3 levelsin PUFA are higher in winter than in other
Seasons.
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Table 4. The seasonal change of fatty acid composition (%) of Tripneustes gratilla gonad.
2008 2009
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Average

SFA  495+3.1°% 506+ 1.5 51.2+4.0° 456+4.9"" 453+28™ 43.8+6.4°° 30.8+3.1%° 340+51% 457+7.39 556463 516+0.7°° 53.8+32% 472461
Cl0:0  05+01* 03+02* 06+02*% 08+03* 10+02° 15+05 08+01*¢ 06+03¢ 08+01" 07+02* 04+01* 06+01* 07+03
Cl20 02402 01+02* 00+00° 05+058 02+01* 01+02* 01£00° 00+£00° 00401 01+01° 01+00° 01+00° 0.1+01
Cl40 1004197 111+16° 121+33° 100+11* 90+02* 52+10° 79+36% 72+30%° 89+47% 124+34°° 150+05° 149+44° 103+30
C150  08%01° 09+02° 07+02*° 07+01* 09+02 08+01* 06+01* 06+01* 05+01° 08101 06+01*® 06+02°* 07+01
C16:0 2094359 244+11° 239+24° 174+30° 139+04 163+3.8% 165+3.6% 157+45" 192+58% 243+36° 239+20° 229+ 15 200+39
C180 11403 10+03 15+07* 24+11% 22+05° 39+059 27+02*° 22+21%° 34+22°¢ 47+08° 30+02°¢ 33+05™ 26+11
C200 38206 45+08% 49+07% 48+05% 61+06 23+14* 34+29° 22+32%° 20+12°Y 13+06*° 05+01° 08+02*° 31+18
C21.0 194089 11+03* 12+08° 22+03" 23+09° 17+03¢ 07+07 08+01* 10+06° 06+00° 04+01° 07103 12407
C220  23+04° 25+02° 17+04%° 16+11% 17+14*° 20+10° 15+04*° 04403 05106 18+14°° 14+04°° 19+10°° 16+06
C230  7.7+16" 42+26 43+07%° 49+10* 78+02°" 96+45 55+15° 40+10° 91+30% 84+01% 60+00* 7.7+01% 66+20
C40  03+00° 03+01° 03+01° 03+03 02+01*° 02+22* 01+£00° 03+01* 03+02° 05+28 03+14° 03+28 03+01
MFA  239+0.7%° 262+2.2°% 250+ 15" 227+ 0.7%° 254+ 04" 201+46° 27.7+32°¢ 203+18" 255+3.8™9 207+23% 274414 251+0.9°¢ 249427
Cl4l1 0503 08+01° 06+03*° 06+03° 04+01* 01+01* 09+03°° 08+05° 07+02° 06+03*° 15+04° 13+04% 07+04
Cl6:1  48+14%° 73+09°° 43+09® 62+02*° 54+08° 34+16% 64+35° 70+32%° 51+28° 47+16° 82+07° 68+16* 58+14
Cl71  39+05° 38+11° 42+08 32+02° 36+02° 36+20° 36+23° 26+11° 33+20° 03+00° 02+00° 03+00° 27+15
C181n9%t 6.7+26% 91+06° 7.8+18° 48+06® 46+21* 29+15 31+13% 53+38° 51+36%° 53+18° 82+14* 85+14* 59+21
C181n9c 17+14* 06+08 10+1.1%° 24+02°¢ 27+06* 30+02° 33403 262089 27+13¢ 28+09¢ 29+05¢ 16+03*° 23+08
C20:1  06+04° 05+01° 03+03 11+03® 19+07% 41+25"9 15+23*° 254267 2442479 49+21° 30+07°¢ 44+14% 23+16
C221n9 57157 41+31%° 68+23*° 44+07°° 68+09*° 30+£37%° 89+52° 85+46°° 62146 21+01° 34+05° 22+04° 52+23
PUFA  26.6+38% 232+0.7%° 238+26% 31.7+50% 293+23° 361+55" 325+19% 367+37% 288+3.9° 237457 21.0+09° 21.1+24° 279455
C202  06+05 03+00° 05+01° 04+02° 04+01° 04+07 0503 14+30° 08+11° 17+11° 10+01° 09+02° 07+04
C222  04%01* 04+01*® 03+02° 02+01° 06+02° 04+01* 03£03* 02+01* 04103 04+01*® 03+01° 02+01° 04+01
®-6

Cl82n6t 05+03* 08+02* 03+00° 08+06 06+01° 03+02* 09+05 06+02° 08+06° 06+05 03+01° 05+00° 06+02
Cl82n6c 1004 07+01° 13+07* 23+16° 15+10* 05+03* 0404 06+04* 05+01° 05+00° 05+01° 05+02° 08+06
C183n6 61+16° 58+01* 60+20° 47+12%° 41+03*° 40+21*° 49+20°° 42+04* 43+22% 42+05% 32+11* 32+09* 46+10
C20:3n6 0.6+05° 04+04° 03+00° 09+07 14+10*° 52+52° 00+£00° 21+11* 18+00° 07+02° 04+00° 05+01° 12+14
C20:4n6 52%06° 52+02 51+02° 74+02°° 83+01 80+02°° 90£03% 101+02° 7.2+09°° 65+27°° 61+06™ 67+18° 7.1+16
®-3

C183n3 45+13"% 38+03° 38+12*¢ 52+06% 58+01% 52+149 47+09°¢ 52+09%¢ 42+12°9 39+04°¢ 24+20° 29+01*® 43+10
C20:3n3 15+17° 06+02*° 04+01° 05+03 07+03* 03+£03* 01:£02* 04+01* 04+01° 03+01° 02+00° 03+01° 05+04
C20:5n3 51+01% 42+02¢ 46+01% 56+05 26+00° 32+03° 091+06" 67108 48+04% 37+02°° 50+01% 43+01°¢ 49+17
C226n3 11408 10402 11+12° 37+11% 33+20* 87+37 26+08° 52+36° 36+02*° 12+03 16+04° 11+05 29+23

* Values in the same column with different superscripts are significantly different at p < 0.05 (n = 10).
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Fig. 3. The seasonal change of SFA, MFA and PUFA levels of Tripneustes
gratilla gonad.

The level of total FAA in the seaurchin T. gratilla gonad is
shown in Table 5. The overall average content of FAA was
858.9 + 277.6 mg/100 g. The amount of total FAA of sea
urchin gonad in November was higher than other months
(1538.4 + 41.3 mg/100 g) and the lowest in August (596.5 £
54.8 mg/100 g) (Fig. 5). The dominant FAA in sea urchin
gonad was glycine, and the average content was 304.1 + 192.8
mg/100 g. Freeamino acidslike glutamic acid, alanine, proline
and arginine were also abundant compared to other FAAS, the
content were 110.8 = 12.9 mg/100 g, 118.2 + 18.3 mg/100 g,
76.4 £ 45.8 mg/100 g and 67.2 = 42.9 mg/100 g, respectively.
Fig. 6 shows the variation of FAAs which are effective on
the flavor of the sea urchin gonad. The highest content of
flavor effective FAA was glycine, it showed the highest value
in November (846.3 + 33.0 mg/100 g). The contents of alanine,
glutamic acid and methionine were higher from spring to
summer, while valine and arginine were higher in the winter.
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Fig. 4. Seasonal variations of (a) SFA (C14:0, C16:0), (b) MFA (C16:1,
C18:1n%9t, C22:1) and (c) PUFA (C20:4n6, C20:5n3) levels of
Tripneustes gratilla gonad.

V. DISCUSSION

The variation of Gl could be one of the factorsto determine
the sea urchin growing stage, and to reflect the nutrient value

of the diet. The increase of Gl value was mainly affected by
the accumulation of nutritive phagocyte [3]. In pre-mature
stage, sea urchin gonad was mainly filled with nutritive
phagocyte, so the growth rate of sea urchin gonad was faster
than body growth. Oncethe sea urchin moved to mature stage,
nutritive phagocyte supplied energy for gemetogenesis, and
the nutritive phagocyte then shrank. When sperm or egg was
released from sea urchin, the Gl were decreased sharply [46,
47]. In this study, Gl showed increased manner from Febru-
ary to July and significantly decreased in August, while the
total body weight was increased in the sametime.

Although color does not directly affect the nutrient value of
sea urchin gonad, it may change the consuming behavior of
customers. In foreign country, sea urchin gonad is mainly
served as the raw material for sushi, so the quality of sea ur-
chin gonad will directly affect the price. Sea urchin gonad
color will be affected by many factors like gender, species and
diet. For example, the gonad color of sea urchinsis different
between Evechinus chloroticus and P. miliaris [20, 44]. The
color of sea urchin in bright yellow or bright orange was
thought to be high commercial value, but less acceptance with
palewhiteor tan [8, 42]. The gonad color distribution of green
sea urchin S. droebachiensis is from light yellow to deep or-
ange or red, once the color turn into pale white or brown, the
price of gonad will decrease [38]. In this study, colorimeter
was used here to determine the color of seaurchin gonad. The
gonad color of Taiwan's sea urchin T. gratilla showed bright
yellow to bright orange from April to August, and presented in
pale white from October to December. It suggested that the
gonad color of Taiwan's sea urchin T. gratilla has higher ac-
ceptance in summer.

Fatty acid and free amino acid composition of sea urchin
gonad varied with species, food intake and environment [4].
In this study, the sea urchin gonad in Taiwan's species T.
gratilla showed the most abundant SFA (C14:0 and C16:0),
the most abundant PUFA (C20:5n3 and C20:4n6), and the
most abundant MFA (C16:1 and C18:1). The C16:0 values
were the highest. Other fatty acids such as C20:0, C23:0,
C22:1 and C18:3n3 were also abundant. Although numerous
factors affect the levels of fatty acids, C14:0, C16:0, C20:4n6
and C20:5n3 are till reported as the main fatty acids in sea
urchin gonad [15, 16]. Severa seaurchin feeding experiments
have suggested that the composition of dairy diets and culture
areas are significant enough to influence the fatty acid varia-
tion of seaurchin gonad. Some reportsindicated that different
diets would effect odd chain fatty acid accumulation. In the
other hand, the wild species of sea urchins such as purple sea
urchin and green sea urchin accumulate odd chain FA in their
gonad. The accumulation of odd carbon FA (C15;0, C21,0,
C23;0 and C17:1) might be mainly from their diet. The in-
crease of lipid level may have been associated with gonad
maturation. It is also possible that the variation of total lipid
level through seasonal changes resulted from long term
metabolic adjustment [17]. Cook et al. [9] found that the EPA
levels in the gonad of sea urchin Paracentrotus lividus fed
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Table 5. The seasonal change of contents of free amino acids and dipeptides (mg/100g) of the gonad of Tripneustes gratilla.

2008 2009

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Average
Taurine 206459 252432 273427 342+84%° 863+220° 48+40° 474184 268+10° 321+07°° 423+631° 442+51° 32467 357+17.3
Aspartic acid 31428% 18401 17403  18+04%° 37£07*° 39+09° 31£30% 12+00° 27+08° 39412 4407 41+22°  27+11
Threonine 36417  22+11° 25413 30404 141£12 52426  67£10%° 60+37° 8079 02+444* 123+61°° 69+33*" 61+38
Serine 73+17%° 7606 118+15° 117+14%° 203147 131+46% 110+147%° 4129 55+3%° 142+45° 171+104° 158+69° 114167
Glutamic acid 121.5+85°¢ 1153+0.0°° 1165+03°° 1087+01%* 941+102* 131.2+11.9° 1282+ 19.7°° 111.1£29° 1166+53°° 13364205 1429+96° 1208+57°° 110.8+129
Sarcosine 01+£02*  00+£00° 02403 00+00° 00£00° 00+00° 00£00° 00+00° 00£00° 00+00* 01+02* 00+00° 00%0.1
Glycine 21564162 1594+ 195 1504+ 46.1° 1665+824* 846.3+330° 297.4%10.0°° 429.2+31° 2332+ 518 276.4+ 64.4° 334.0+68.3°" 442.8+ 82.7° 4015+ 33.2° 304.1+1928
Alanine 1202+ 1170 1138+4.3* 1192+62° 1148+09*° 1002+11.2° 1435+10.8* 1430+ 324% 106.8+4.8° 129.0+19.0°° 1484+ 225° 15824122 139.7+154° 1182+183
Citrulline 11+16 01402  02+02°  00£00°  44#29° 01+£02* 08+05  05+03  49+35  16+09° 21+13° 14+07 13£17
Histidine 24+12°  20+17% 16402 16+05° 28+11° 30+19°  224£11% 06+08  16+00° 20+16® 34+11° 29+06° 20+08
Valine 195+25* 194+27°° 163+15° 148402 401408 176+13*° 668£136° 102+14% 267+21° 263+34°° 245+77°° 233128 2354151
Cystine 04+06* 00+00° 05407 00+00° 00£00° 00+00° 0506 03+02* 25+18 00+00° 04£03 00+00° 04%07
Methionine 621+£00°  42+022 574000 41+02*  88+04® 282+06 60927 141+00° 479+02° 373454 468+78 A7+4%F 279+222
Isoleucine 20407 19+14%  19£10° 21+04* 67106  20£15° 29+10* 07£05  45£27°° 42+21°  44%15° 35+08  28%17
Leucine 24408 264200 29+12  39+03  51+03* 25+11° 103+105° 12409  34+14  53+14° 36409 37+17”  36+23
Tyrosine 60+48® 35439 23+12% 22401 72414 35422 54#48® 12408  36+23*° 41+29° 67+£18  48+25° 39+19
Phenylalanine 31+£18°  17+122 2413 28+10° 36+03*° 23x13  64#52°  10+04  18+08  26+09° 23114  34+17®  26+14
Hydroxyproline 00+00°  00+00°  00+00° 00+00° 00+00° 12+17  00£00° 00+00° 00+00° 00+00° 00+00° 00+00° 01+04
Proline 84+34° 312401° 522437 77.0+07%° 97.6+21%° 157.9+454°° 745+53% 686+866%° 187.2+179.° 823+447°° 619+123% 548+88% 7641458
Tryptophan 18+08%  26£07°° 33+06™ 38+12°Y 13+03* 10+07°  12+12% 58+41° 42404 39+09"¢ 24£11%° 31+07° 27+14
Arginine 418+194° 4674217 784+366° 12564539 1113£68 122641440 1490492° 283£2F 3404427  M48:174 5374240 420+12F° 6721429
Hydroxylysine 00+£00* 00+00° 00+00° 00+00° 00£00° 04+06° 00£00° 00+00° 00£00° 00+00* 00+00° 00+00° 00+0.1
Omithine 08+05° 12+02*° 14+12°° 04+01° 11+01*° 04402 55+03  08+03*° 14+03° 19+04° 11+03*° 12407 13+13
Lysine 209+52° 105+£95° 82+20%° 87221 228+21% 61+14 266£187 43+21°  84%34° 173+58" 2194347 206£41™ 13677
Cystathionine 05£07  00+00° 00+00*° 13+18 139+31° 80+11"° 82+88° 42+30* 54%63° 05+08 00+00° 03£02 3245
phogphogthanclamine ~ 0.0£00°  00+00°  00£00° 00+00° 00£00° 03+05  02+02° 00+00° 00+00° 00£00° 00+00° 00+£00° 0001
Anserine 054072  00+00° 00+00° 05+07  14+20° 00+00° 76£108° 19+27  00£00° 00400 00+00° 01%02* 09422
Carnosine 315+120° 2804249 198+50%° 199427 155406 89+49%° 229+298% 152+107% 33124 244497 3RB9+143 RN5x129 19795
Urea 20407  25+13% 42423  11+15® 05+08  00+00°  98+30°  00£00° 41£36°  43+14 22411 42423  27+27
Phosphoserine 78+16° 95438 120+10° 139+17°  74+06° 32+01° 34#13*  15+05 15408  76+14  74£22°  99+06° 66%40
Aminoadipic acid 01+01%*  02+00®° 00+00° 03+01* 29+01°  18+07°  14£00° 00+00° 05+04° 03+02* 00+00° 01+01* 06+09
Aminobutyric Acid 15+13°  08+01* 09+02° 08+01*° 20+16 15401 17+07  03£02* 00£00° 12+02*° 07£01* 15+12°° 10+06
Ammonia 21405 21+02* 22403  25+01* 21+04* 18+02* 20401 46432  42+03° 23+04* 19+12  30+07*° 24+09
B-Alanine 1006 04106 15+10° 04+06  27+12%° 31£30° 23+25 58+41" 31£05° 32+17 1205  14+0%  20%15
Aminoisobutyric 04+06*  00+00° 00+00°  00+00° 29+42° 06+08  07£11* 00+00° 00+£00° 00+00° 00+00° 02+03*  04%08
Aminobutyric Acid 00£00°  00+00° 00+00° 01£02 02403 23+30° 01£01° 05+07° 07+£06® 04402 17+11* 12403 0508
1-Methylhistidine 00+00*  00+00°  01+00* 00+00° 00£00° 00+00° 03402  10+00° 00+£00° 00+00° 00+00° 02+01°° 01403
3-Methylhigtidine 18426  00£00° 00+00° 24+22° 00+00° 00+£00° 03+04 00+00° 00+00° 10+04® 07£02*° 02+01° 05+08
Ttotal 7542464 5965+548 647.6+37.6 730.6+923 15384+413 101944620 124264375 65671609 92524938 96441889 11069+1742 9832+ 643 858.9+277.6

* Values in the same column with different superscripts are significantly different at p < 0.05 (n = 10).

with high levels of EPA was higher than the control. Liu et al.
[30] aso noted that the sea urchin P. miliaris, having been fed
adiet rich in C23:0, showed an increase of C23:0 in the gonad
lipids. C14:0 and C16:0 are abundant in sea urchin gonad and
they are usually initiators of the synthesis of many long-chain
fatty acids, making them valuable energy sources during the
reproductive period. In this study, C14:0 and C16:0 were
higher from spring to summer and the total SFA level showed
a similar trend. These results indicate that the reproduction
period of Taiwan'sseaurchin T. gratillaisfrom spring to sum-
mer. For organisms, saturated fatty acids are important for
reproduction regulation, and they play arole in physiological

functions. Fatty acids can offer energy for sea urchin growth
during the reproductive season and can protect juveniles from
oxidative damages [39, 45]. However, unsaturated fatty acids
such as C20:5n3 (EPA) and C20:4n6 were also found in
abundance in the sea urchin gonads in this study. Recently,
Liyana-Pathiranaet al. [31] also reported C20:4n6 and EPA as
major PUFAsin the seaurchin S. droebachiensisgonad. Other
results suggest that sea urchins can self-synthesize C20:4n6 or
EPA, even though their diets are deficient in of those nutrients
[10, 28]. Gonzdlez-Duran et al. [17] suggested that S. droe-
bachiensis gonad can elongate and desaturate C18:2n6 to
C20:4n6 and C18:3n3 to C20:5n3. Unsaturated fatty acids
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Fig. 5. The seasonal change of total free amino acid level of the Trip-
neustes gratilla gonad. * Values with different superscripts are
significantly different at p <0.05 (n = 10).

play important roles in many aspects in invertebrates, for
instance, in osmotic regulation and as a regulator of fertility.
Another report indicated that long-chain unsaturated fatty
acids areimportant for sea urchin gamete development and the
accumulation of energy for juveniles [34]. Moreover, PUFASs
can protect sea urchins from oxidative damage [9]. Other
functions of unsaturated fatty acids, such as EPA, may regulate
the osmosis in sea urchins [11], and arachidonic acid may
affect Na'/H" exchange and neutral amino acid transport in sea
urchin eggs|[7].

This study analyzed the content of FAA, and indicated that
glycine was the most abundant FAA in Taiwan's sea urchin
T. gratilla, the contents of other FAA like glutamic acid,
alanine, proline, arginine and lysine were also abundant in this
study. FAA mainly affect the flavor and physiological func-
tions of seafood [18, 19], and FAA content was affected by
many factorslike seasonal change and diets[35]. In purplesea
urchin Anthocidaris crasispina, glycine content was higher in
artificial diet group than wild species, FAA such as valine,
methionine, lysine and arginine were also increased, but as-
partic acid, glutamic acid, proline and aanine had no signifi-
cant change[34]. Indeveloping stage, the glycine content was
increased during mature stage, but valine, alanine, histidine,
lysine and arginine were decreased in this period [33]. In other
research indicated the glycine content was decreased in green
sea urchin Hemicentrotus pulcherrimus during mature stage,
which means the FAA content will differed between species.
In this study, the FAA content of glycine started to decrease in
June, and the lowest value was found in September. This
result suggested the glycine content was decreased in Taiwan's
sea urchin T. gratilla when the reproduction season was
coming. Glycine content can also reflect the environment
osmotic pressure [48]. In this study, glycine content was
suddenly increased in November. Considering the rainfall
from September to December in Taiwan, the rainfall in late
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Fig. 6. The seasonal change of free amino acid level of alanine, glutamic
acid, glycine, methionine, arginine and valine in gonad of Trip-
neustes gratilla.

October issignificantly decreased, it suggested that seaurchin
may regulate the glycine content to prevent from dehydrating
in a high osmotic pressure environment. Other FAA like
valine, histidine, lysine, thronine, glutamic acid, methionine,
isoleucine, leucine and tyrosine were served as a energy
source for gametogenisis or peptide and protein synthesis[33].
Free amino acid content also affect the flavor of sea urchin
gonad, Fuke and Ueda[14] indicated the main flavor effective
components of FAA in sea urchin gonad are glycine, glutamic
acid, alanine, methionine, valineand arginine. Inthisresearch,
glycine, glutamic acid, alanine and methionine, which offer
umami, sweetness and aftertaste, were higher in summer. On
the other hand, valine and arginine, which offer bitternesstaste,
were lower in summer but higher in winter.

V. CONCLUSIONS

In conclusion, the fatty acid and FAA compositions from
the gonad of sea urchin T. gratilla varied with season. The
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total fatty acid level was higher from spring to summer and
generally decreased from autumn. Free amino acid level was
higher in spring and decreased in summer. Considering the
factor of Gl content, it indicates the mature stage of sea ur-
chin T. gratillais from May to August, and the gonad color is
more acceptable in this period. But in August to September,
the Gl content was significantly decreased. Therefore, it of-
fers a consult for consumer that the better period for con-
suming sea urchin T. gratilla gonad is from May to July.
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