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Seasonal Variation in Body Color and Flesh Characteristics of
Cultured Japanese Eel, Anguilla japonica

Kenji Tanaka? , Takeyosi NaKAGAWAZ , Munehiro Ooka®

Tomio Tokura® , Katuhiro T Anaka® , and Yukio Sexo®?

Abstract

Seasonal Variation in body color and flesh characteristics were studied in two groups of
cultured Japanese eel Anguilla Japonica ranked either high or low grade in the eel market. Flesh
quality was investigated by chemical and physical analysis and compared to the results of a
sensory test. The values of “chromaticity a*" for the body color of both groups were high in
spring and low in autumn. The differences in the chromaticity a* between the two groups were
smallest in summer. Meanwhile, the values of “chromaticity b*" were lowest in summer. The
differences between the two groups were smallest in summer.

The value of hardness of raw flesh decreased in summer, resulting in the smallest differences
between the two grades. The value of hardness of flesh heated by steaming was low in summer
and autumn. The content of crude lipid was higher in the high grade eel than in the low grade eel
throughout all seasons. The contents of moisture and crude protein were generally smaller in the
former than the in latter. There was no seasonal variation in free amin acid content except that
histidine content was higher in winter. The histidine content was reduced by heating treatment. No
seasonal change in the fatty acid composition of the edible part was observed. Heating treatment
caused no change in its composition. In sensory tests, the high grade eel was given higher
evaluations than the low grade eel and the differences in evaluation appeared to be smaller in

summer than in the other seasons.
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Fig. 1. Sampled part of cultured Japanese eel. A: He-
ated flesh “Shirayaki” for sensory test or che-
mical analysis, B: Raw flesh for chemical analy-
sis, C: Raw flesh for chromaticity of body color
and hardness, D: Heated flesh by steaming for
hardness.
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Table 1. Culture conditions of Japanese eel used

Spring (Apr.15,92) Summer (Jul.2,'92) Autumn (Oct.1,'92) Winter (Jan.4,’93)

The high The low The high The low The high The low The high The low

grade grade grade grade grade

grade grade grade
Date started to culture Mar.15,'91 Apr.23,’91 Dec. 7,91
Date sampled Apr.15,'92 Apr.15.,92 [ul. 2,92
Reared period (days) 397 358 208
Frequency of size selection 4 3 6
Water temperature (C) 29 27-28 30
Supplementation of feed oil (%) 5-6 7 6

Dec.2,91 Jan.29,'92 Dec.28,91 Apr.1,’92 Dec. 10,91

Tul. 2,92 Qct. 1,92 Oct. 1,92 Jan.4,'93 Jan. 4,93
213 246 278 279 390
5 4 3 6 5
31 28 30 30 28
5 9 5 6 5-9

Table 2. Cultured Japanese eel used for analyses™ !

The high grade

The low grade

Date sampled Body weight Body length
() (cm)

Condition ~ Body weight Body length Condition
factor "2 (g) ) (em) factor*®

Spring (Apr.15,°92) 192.64+14.7 50.6+1.5
Summer (Jul. 2,°92) 190.2+21.9 48.0+2.5
Autumn (Oct. 1,°92) 199.6+15.5 48.9+1.6
Winter (Jan. 4,°93) 195.6+25.1 49.0+£2.8

1.49+0.10 192.1+21.4 49.5+2.5 1.58+0.13**
1.73+£0.21 194.2+10.7 48.8+1.3 1.68%0.11
1.71+£0.12 195.6%16.6 49.4+1.6 1.62+0.12
1.66+0.20 187.2%16.3 49.44+2.5 1.55+0.14

*1 Mean £ S.D. (n=25)
*2 Body weight X 1000/ (body length)®

* Significantly different from the high grade (%:p < 0.05)
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Table 3. Visual comparison of body color of cultured Japanese eel by the naked eye

The high grade

The low grade

Date sampled Blue Brown

Vague Blue Brown Vague
number (%) number (%) number (%) number (%) number (%) number (%)
Spring (Apr.15,'92) ** 11(44) 3(12) 11(44) 1( 4) 19(76) 5(20)
Summer (Jul. 2,°92) 20(80) 0(0) 5(20) 20(80) 0(0) 5(20)
Autumn (Oct. 1,'92)* 13(52) 7(28) 5(20) 8(32) 13(52) 4(16)
Winter (Jan. 4,'93)** 15(60) 4(16) 6(24) o(0) 24 (96) 1(4)

Significant {(p<0.05)
** Significant (p<0.01)

Table 4. Seasonal variations in chromaticity factor L*, a* and b™ of body color of cultured Japanese eel”

The high grade

The low grade

Date sampled L* a® b* L* a”* b*
Spring (Apr.15,'92)  30.0+2.3  4.0+0.6 -4.4%1.5  30.4%2.7 5.54£0.7%%% 0.74£1.82%*
Summer (Jul. 2,'92)  31.4+4.0 2.740.6 -4.5+1.1  31.742.3 2.740.6 -2.5+1.22%*
Autumn (Oct. 1,'92)  32.94+3.7 1.5+0.9 -1.3%+1.4  32.6+3.5 1.340.6 2.7+1.42**
Winter (Jan. 4,'93)  29.8+2.5  2.740.8  -3.6%1.5  31.6%+2.4*™ 3.8+0.5°** 0.4+1.7***

* Mean2S. D. (n=25)

? Significantly different from the high grade (% 3%: p<0.01, 3*:p<0.05)

Table 5. Seasonal variations in hardness of cultured Japanese eel flesh™

The high grade

The low grade

Date sampled Raw flesh Steamed flesh Raw flesh Steamed flesh
(kg) (g) (kg) (g)
Spring {Apr.15, '92) 6.4840.63 30650 7.61+0.69°** 511491**
Summer (Jul. 2, °92) 6.2840.61 25345 6.39%0.57 2004312 *
Autumn (Oct. 1, '92) 6.721+0.60 171+38 7.20+£0.70°* 254 £447**
Winter (Jan. 4, '93) 7.16%0.96 443488 7.85+0.67°* 427479

* Mean=S. D. (n=25)

@ Significantly different from the high grade (% %:p<0.01, 3*:p<0.05)
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Table 6. Cultured Japanese eel used for analysis and proximate composition

Spring (Apr. 15, '92) Summer (Jul. 2, '92) Autumn (Oct. 1, '92) Winter (Jan. 4, '93)
The high The low The high The low The high The low The high The low
grade grade grade grade grade grade grade grade
Sample number 5 5 5 5 5 5 5 5

Body weight (g) © 192.6+8.8 176.6+13.2 201.2425.1 201.247.9 198.6£15.1 197.1£15.3 177.94+18.0 196.749.8
Body length (em)*  50.640.8 48.0+1.9  49.242.0  49.1£0.7 49.4+2.1 50.240.5 46.842.7  50.842.7

Moisture (%) 60.3 63.2 61.0 61.1 62.0 63.2 59.0 63.9
Crude protein (%) 17.0 17.8 17.0 17.4 17.7 17.9 16.6 18.9
Crude lipid (%) 20.7 17.1 20.1 19.8 19.0 17.4 23.3 15.9
Ash (%) 1.2 1.2 1.2 1.2 1.2 1.2 1.1 1.3

* Mean+S. D. (n=5)
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Table 7. Seasonal variations in free amino acid in the raw flesh of cultured Japanese eel (mg/100g flesh)

Spring (Apr. 15, '92)

Summer (Jul. 2, '92)

Autumn (Oct. 1, '92)

Winter (Jan. 4, '93)

Amino acids  The high The low The high The low The high The low The high The low
grade grade grade grade grade grade grade grade
Isoleucine 2 3 3 3 4 3 4 5
Leucine 3 3 4 3 5 4 6 7
Lysine 16 12 34 27 21 20 20 41
Methionine 2 2 1 1 2 2 3 4
Phenylalanine 2 1 2 2 2 2 1 2
Tyrosine 2 2 2 4 7 3 4 7
Threonine 4 3 5 4 6 5 7 6
Valine 3 3 4 3 4 4 6 6
Histidine 29 38 36 26 32 29 190 220
Arginine 4 3 13 9 8 5 3 12
Alanine 10 9 12 12 13 14 17 21
Aspartic acid 2 2 2 2 2 3 6 6
Glutamic acid 3 3 5 6 7 7 9 4
Glycine 9 7 13 11 11 10 14 12
Proline 2 1 2 2 2 2 4 4
Serine 2 2 3 2 3 3 6 6
Taurine 31 32 33 28 3 31 32 32

Table 8. Seasonal variations in free amino acid in the heated flesh of cultured Japanese eel (mg/100g flesh)

Spring (Apr. 15, '92)

Summer (Jul. 2, 92)

Autumn (Oct. 1, '92)

Winter (Jan. 4, '93)

Amino acids  The high The low The high The low The high The low The high The low
grade grade grade grade grade grade grade grade

Isoleucine 2 3 3 3 4 3 4 3
Leucine 3 4 4 5 5 4 5 4
Lysine 20 16 44 35 26 26 21 41
Methionine 2 2 1 2 2 2 2 2
Phenylalanine 2 1 2 2 2 2 2 2
Tyrosine 2 2 1 5 8 2 3 7
Threonine 4 3 4 4 6 5 5 3
Valine 3 3 4 3 4 4 4 3
Histidine 9 10 8 8 7 9 9 8
Arginine 6 5 21 14 14 10 6 21
Alanine 7 6 8 11 10 9 8 6
Aspartic acid 1 1 2 3 2 2 3 1
Glutamic acid 8 8 11 9 12 12 11

Glycine 12 9 17 14 14 13 14 10
Proline 1 1 2 2 2 2 2 1
Serine 1 2 2 1 1 2 2 1
Taurine 46 48 45 38 49 46 49 45
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Table 9. Seasonal variations in fatty acid of raw flesh of cultured Japanese eel (%)

Spring (Apr. 15, '92) Summer (Jul. 2, '92) Autumn (Oct. 1, '92) Winter (Jan. 4, '93)
Fatty acid The high The low The high The low The high The low The high The low

grade grade grade grade grade grade grade grade
14:0 4.6 4.6 4.8 4.2 4.5 4.8 5.0 4.3
1401 0.2 0.2 0.1 0.1 0.2 0.2 0.1 0.1
15:0 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
16:0 22.7 21.9 22.5 22.3 21.7 22.0 22.6 21.5
16:1 6.5 5.9 5.9 5.5 6.1 6.3 6.0 5.7
17:0 0.5 0.5 0.5 0.4 0.4 0.5 0.5 0.4
17:1 0.6 0.5 0.5 0.5 0.6 0.5 0.5 0.6
18:0 4.7 5.3 5.4 6.1 4.6 4,8 5.3 5.1
18:1 36.3 37.0 35.6 38.0 35.9 37.0 35.8 38.2
18:2(n-6) 1.3 1.4 2.7 2.2 2.3 1.8 2.3 1.7
18:3(n-3) 0.5 0.5 0.8 0.6 0.7 0.6 0.7 0.5
18:4(n-3) 0.6 0.6 0.8 0.6 0.7 0.6 0.8 0.5
20:1 5.4 5.1 3.3 4.2 5.2 4.2 4.2 7.0
20:3(n-6) 0.1 0.1 0.1 0.1 0.1 0.1 nd nd
20:4(n-6) 0.5 0.6 0.6 0.4 0.5 0.6 0.6 0.5
20:5(n-3) 3.7 3.6 4.9 3.8 4.7 4.3 4.5 3.2
22:1 2.2 1.8 0.8 1.4 2.0 1.4 1.1 2.6
22:5(n-3) 2.2 2.5 2.9 2.4 2.6 2.5 2.6 1.9
22:6(n-3) 6.5 6.9 6.5 5.9 6.0 6.5 5.9 5.1

nd: Not detected

Table 10. Seasonal variations in fatty acid of heated flesh of cultured Japanese eel (%)

Spring (Apr. 15, '92) Summer (Jul. 2, '92) Autumn {Oct. 1, ’92) Winter (Jan. 4, '93)
Fatty acid The high The low The high The low The high The low The high The low

grade grade grade grade grade grade grade grade
14:0 4.4 4.6 4.7 4.1 4.5 4.6 5.1 4,3
14:1 0.2 0.2 0.1 0.1 0.2 0.2 0.1 0.2
15:0 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
16:0 22.6 21.4 22.3 21.9 21.6 21.5 22.3 21.0
16:1 6.4 6.1 5.9 5.4 6.0 6.0 6.2 5.7
17:0 0.5 0.5 0.5 0.4 0.4 0.5 0.5 0.4
171 0.5 0.5 0.5 0.5 0.6 0.5 0.5 0.6
18: 0 4.9 5.2 5.3 6.0 4.5 4.7 5.1 5.1
18:1 35.8 36.9 34.9 37.3 35.6 37.4 35.9 37.6
18:2(n-6) 1.6 1.5 2.6 2.2 2.3 1.8 2.3 0.9
18:3(n-3) 0.5 0.5 0.8 0.6 0.6 0.6 0.7 0.5
18:4(n-3) 0.6 0.6 0.8 0.6 0.7 0.7 0.8 0.5
2001 5.1 5.2 3.1 4.2 5.2 4.2 4.1 7.5
20:3(n-6) 0.1 0.1 0.1 0.1 0.1 0.1 ad nd
20:4(n-6) 0.6 0.5 0.6 0.5 0.5 0.6 0.6 0.5
20:5(n-3) 3.8 3.7 5.1 4.2 4.9 4.4 4.6 3.5
22:1 2.1 1.8 0.8 1.6 1.9 1.2 1.0 3.1
22:5(n-3) 2.2 2.5 3.1 2.5 2.6 2.6 2.6 2.0
22:6(n-3) 7.0 6.8 7.1 6.5 6.6 7.1 6.0 5.5

nd: Not detected
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Table 11. Conditions of sensory test

Spring (Apr. 15,°92)  Summer (Jul. 2,°92)

Autumn {Oct. 1,°92)  Winter (Jan. 4, '93)

Day of sensory test Jun. 14,92 Jul. 17,792 Jul. 20,92 Oct.5,'92 Oct. 7,’92 Jan.6,'93 Jan. 19,93
Number of person (male) 22(0) 20(3) 8(0) 12(0) 18(0) 14(0) 12(2)
Total number of person 22 30 26

Range of age (mode) 31-61(56) 21-63(39) 23-63(61) 22-57(30)
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Fig. 4. Results of sensory test sampled in different
class and seasons. O: The high grade, @: The
low grade, %% : Significant (p <0.01), *: Sig-
nificant (p<<0.05).
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Fig. 5. Relationship between factor of chromaticity and hardness.
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