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Yearly Chanbge in Chemical Composition and Fatty
Acids of Mackerel (Scomber japonicus),‘ and
Effect of Soybean Powder-M ixed Mackerel"

Soluble on the Growth of Grass Prawn ( Penacus ﬁonodon b}

Huey-Jine Chai, Wen-Cheng Wang, Chang-Yang Perng
and Chin-Yang Lin ‘

The yearly change in chemi_cal composition of mackerel periodically {Scomber Japonicus)
sampled from the Su-Ao area from July 1987 to June 1988 was analyzed. The maximum size
was abserved between June and August ( body weight 571.87-670.74 g, and fork length
34.66-35,77 cm), and also was the maturity (13.46-14.66 Kg/m?). Irrespective of the size,
the ratib of muscle, viscera and other portions including the head, bone, fin and tail to the total
were 54.20-63.70 %, 4.80-12.20 % and 24.10-41.00 % , respectively, on weight basis.

The content rangcs of moisture, ash, crude fat and crude protein in a year were 72.17-.
76.97 %, 1.44-2.01 %, 1.11-14.57 %, 11.80-33.19 % respectively. The rate of change was
highest for the crude.fat content . The content of each component was different in various
sampling portions. Higher contents of crude fat and ash were found in the viscera, and crude
protein will found in the muscle. The contents of saturated and unsaturated fatty acid in the
muscle were 207.17-38.58 mg and 286.50-35.27 mg per gram of crude fat, while in the vi-
scera, the contents were 28.12 -106.44 mg and 27.27-152.23 mg per gram of crude fat, respec-

_tively. ‘When the group of mackerel migrated toward areas with lower temperature from Oc-
- tober to December, the content of unsaturated fatty acid was increased continuously, especially
in December, the highest in the whole year ( 286.50 mg/ g crude fat ). During the period of
spawning and migration, from January to April, the mackerel moved toward areas with high-
er temperature and its content of unsaturated fatty acid decreased gradually.

The ratios of the sum of C18-acids and C18-enoics to the sum of eicosapentaenoic acid (

 EPA) and docosahexaenoic acid (DHA) were 3.06-0.66 % and 4.15-075 % in the muscle and
viscera respectively.
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~ Even though there was no significant difference between the stability of frozen-dried and
hot air-dried soybean powder mixd mackerel soluble ( SPMS ) in the water, the feeding test
showed that grass prawn (Penaeus monodon) fed with the diet containing the frozen-dried
SPMS grew better than the one fed with hot air-dried SPMS or the control ( without SPMS).
The protein intake , growth rafc, feed efficiency rate and protein efficiency ratio of the
former were 16.29 g, 2.76 %, 14.19 and 0.18 respectively. Both the stability in the water and
the effect on the growth of grass prawn were better in carrageenan-coated, frozed-dried SPMS
diet, compared with the frozen-dried SPMS diet alone , being able to replace 40 % of fish meal.
It can be a new protein source of artificial diet for feeding grass prawn.
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£2 BR—BROWS(L(H1987 56 FE1988ETH)
Table 2 Chemical composition of mackerel caught
in Su-Ao district from July 1987 to June 1988.

Month Moisture Ash Crude fat Crude protein
(%)
1987
July  72.4442.94* 154+ 0.31 5.41 + 0.23 18.37 + 1.06
Aug.  64.02+8.44 1.99 + 0.14 14.57 '+ 0.58 17.68 + 1.10
Sep.  75.13%1.97 1.74 4+ 0.53 5.09 + 1.04 11.80 + 4.24
Oct.  73.3442.57  2.01+ 0.27 326 + 1.71 2059 + 1.17
Nov.  76.96%0.92 1.49 +0.12 1.79 + 0.61 17.34 + 0.69
Dec.  72.12:+1.87 1.67 + 0.40 4.49 + 1.43 21.13 + 2.47
1988 ,
Jan.  73.78+2.43 1.68+ 0.17 2.70 + 1.17 20.84 * 1.49
Feb.. 76.20+2.38 1.75 %+ 0.17 1.11 + 0.55 18.11 * 1.12
Mar.  73.29+4.07 1.60 # 0.11 2.03 * 1.00 33.91 + 2.52
Apr.  75.92+2.23 1.85 + 0.52 1.30 * 0.39 16.61 * 1.93 .
May.  76.97 +1.52 1.79 + 0.34 1.22 *+ 0.14 15.41 +-1.46
June  73.36+3.97 + 0.28 17.73 + 3.42

1.44 1 0.16

3.38

* Mean 3-Standard deviation.
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Table 3 Chemical composition of muscle and viscera of

BB E SRR R DT

mackerel caught in Su-Ao district from July 1987

to June 1988.

Mean=+Standard deviation.

" Month  Portion Moisture Ash Crude fat Crude Protein
(%)
1987 .
July M* 71.72 4+ 1.07* 1.24 + 0.11 2.80 +1.50 23.21 4+ 1.23
\% 73.15+ 4.80 " 1.84 * 0.50 8.01 +3.10 13.53 + 0.89
Aug. M 68.83 + 1.54. 1.46 *0.11 6.61+1.66  23.05 + 0.66
Y/ 59.204+15.35 2.52 + 0.71 22.53 +9.98 12.31 =+ 1.53
Sep. M 74.62+ 1.04 1.17 % 0.07 3.03 +1.22 15.43 + 3.61
\% 75.64+ 290 2.31+0.99  7.15+0.86 8.17 * 4.86
Oct. M 73.47+ 1.04 1.54 + 0.08 0.77 +0.56 23.65 + 1.06
\% 73.20+ 4.10 2.47 + 0.46 5.75 +2.86 17.52 + 1.27
Nov. M 76.15F¥ 0.21  1.48 + 0.08 0.67 +0.43 22.80 + 0.90
Y 77.764 1.62 1.50 % 0.15 2.90 +0.79 18.77 + 0.48
Dec. M 72.28+ 0.78 1.57 £ 0.14 0.94 +0.67 23.34 * 0.77
\% 71.95+ 2.96 1.76 + 0.65 8.03 +2.18 18.92 + 4.17
1988 f
Jan. M 72.48+ 1.43 1.42 £0.17 1.26 + 0.56 24.73 + 1.33
\Y 75.10+ 3.42 1,94 + 0.17 4.14+1.77 16.95 + 1.65
Feb. M 73.84+ 2.96 1.65+ 0.15 0.46 + 0.22 20.02 *+ 1.11
\% 78.55+ 1.79 1.84 * 0.18 176 £0.87  16.19 * 1.12
Mar.. M 73.78+ 4.42 1.42 * 0.05 0.54+0.21 32.60 + 3.22
\Y 72.79%+3.72 1.78 + 0.17 3.51+1.79 35.22 -+ 1.82
Apr. M 75.36+ 0.95 1.48 + 0.49 0.43+0.14  23.14 + 0.64
‘ \% 75.48+ 3.50 2.21+ 0.55 2.17 + 0.63 10.08 + 3.21
May M 75.50% 1.53  1.57 £ 0.25 0.60+ 0.08 17.54 + 5.60
\% 78.44E 1.51 2.00 + 0.42 1.84 + 0.19 13.28 + 2.35
June M 7270+ 1.53  1.44 % 0.10 1.14£0.97  22.02 * 0.53
\Y 7401+ 6.42 1.43 + 0.22 5.62 + 4.59 13.43 + 6.31
* M : Muscle ; V : Viscera.
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Fig.1 Change in moisture content of muscle and viscera of mackerel
from July 1987 to June 1988 (M:Muscle,V:Viscera) .
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Fig.3 Change in crude fat content of muscle and viscera of mackerel
from July 1987 to June 1988 (M:Muscle ,V :Viscera ),

7
40 +
v
30 4
~~ v
o
o~
S
]
= o0 4
v
v
v .
v
v
10+ v
v B v" v
v 1] v v
» = v v . v
n ]
. v v .
D . v
. ; v v ) n v v v v
0 + ? 2 B o - z ] v v n
n © ] o o a a n
N s s ) R N N N .
+ + } t + t } +- $ 4 -

“July Aug, Sep., Oct. Nov. Dec. ydin. Feb. Mar. Apr. May June

v B4 SANAAARKEESZBL
Fig, 4 _ Change in crude protein content of muscle and viscera
- of mackerel from July 1987 to 1988 (M:Muscle,V:Viscera),



18y 9pnid F/ydd 3w ,

€E°ST 89°LST ST°SL  LL 6y T1T'SE  SP'vS T1€97  T66T 90°€T 8E0Oy 08vv §€°9C umocwh_om.

16°¢1 78821 TL°vS T8y #9°T€  TT8Y OL'TT SY'ST  ITPH . SEO0T +v¥'8  T6'8 Jlousouoiy
99°¢d ST°LOZ vb°90T LZ'06 08'bS 06768 88°8¢ 1e€%vy E€TIF +I'19 9688 Ov'Th psieinleg
0¢°z TT9L TLLT LS8T 9LPT 8YIT ITOT ve0T  SO'TT $S°ZT LB'OT LT8 9:77D
L0'1 888 v¥Sv ST'e LSTT S§y . g1 €1 8T°T - I¥'T €v'T 60°1 LATA408
L9°S €9°T T6'1T 89T TOT 09°0 9L°0 €60 . 6470 9¢°T  S9°T 890 €:¢20
L0 65°'T  E€T°T 9770 SL1 €S°T VU1 79°0 680 . ¥S0 ET'T  8ST [AYAAS)
8Z°¢ L9°TT 06°0T LT'9 9679 y1r°9 vT¢ b0 6T  80v vEY OFT 122D
£0°C $9°'8 LTT 6170 €50 10°T L4071 s1°e 6170 1.0 68°0 9270 0:2Z0
671 LY LE OL'ST T6TT 09°L 0s"1T 819 61°8 L6°S vZ'8  19°7Tt S1°01 §:0ZD
69°0 €T 66T $T0 +v6°0 - I¥'T OP0 1€°0 — - T §6%0 ¥:020
— e — 0 —— T — 601 ¥s°0 [AAY 09°0 T80 L¥O £:02D
072 vLST 68°9. TT6 96T t0°S - £ST 86T SE'T 80°¢ 6§§T 796 Z7:020
0t°1 8y LTE §9°0 9571 78T L60 - 90T SL°0 §6°0 8€1T LTE -1:02D
LTl 6T°¢ L9t 09T 1171 ys'T  SLO $8°0 0L0 152 O S & 2 SRR Y AN 4 0:0ZD
6771 9T’y -0Tv L0 ST LT°E  S6°0 60°1 E— — 960 600 £:81D
LY T 9T°L L 96°LT 10T L6'T 80y TLT L6T 16°0 4T - 84T TLO 7:81D
L8°9 0Z°'€6 TI'ZS 8Ly  TZT'8T  6T°LT TLET - T9°ST - LO'T Zes - TLT sl - T1:81D
§9°91 89°TL 0767 88°8¢ TIS'ET  9p'€T €8 T9°0T  LT°ST  +8°0Z T0°9¢  9T°ST 081D
962 €1°0T 868 L99 T6'E 9¢’L  ST°¢ LLT 10°€ 0T’y 8T'S €974 . 0:L1D
WwT ET°6T €11 ST 167§ 6L TT 8LV €L°S - - T 057 1:910
6L°ST €696 .T0°TZS S9°LE TS6T  66'vb ST°0T - 66°1T . T6°LT  S8°8T T9'8¢ TO'LT. 0:91D
9¢°1 €8°€ LSE  0S'T  ¥STI LT STT . vTT.. . L6°0 66T . 9L'T - T6'0 0:§10
08°¢ PLTT EL°L  8LE L9V LLL 8Ty 1Y/ 4 L0’€ Ty 80 96T 0:v1D
A W A W A W .- A W A W A W

fet-Te| “AON 1100 - deg Sy Amnf R SLEELE

/3%

*£861 Iaqwaoa( 01 An[ uwol} 10U1SIp oy-ng
ur 1yaned [319)orW JO- (A) ©190SIA pue () aosnuw jo 1usuodwoo proe £11eq ¢ I(qel

(HZUEH L 352861 ) WHEAHMMYLAES v



735

je} epnid § /vdd Sw

v

88 VT 98°vZ 81°C1 €€°0ST bI°SS . 89°6L 98°€6 9879y T0°0C LL°SL 18°te  LYOV o1oudf[od
9€°0Y 68°02° SL°LZ ¥OV9 99°LT  TLOE LE8S 7097 SPSt 9L°08 $6°LT 1Tt OIOUS0UOW
07°79 Ob'€S 17°87 8S'89T 66°¢S LL°6S vO'€L 858 H0°S8 00718 9T°ES £9°8S peleinieg
8L°1 STt £€9°0 vT'E 1§t 2€°9S 19°%S ISP 69°9T 8IS 00°tl L8t 9:72¢D
+¥8°0 9L'1T S60 €T 89t FA S AN s0°¢ 09z 88T L8 7870 $:TTO
8Z°0 9L71 — 18°L L8O LS'T  ST°S vL°0 SS°1 .89°0 0871 —_— €270
ov'1T v6'T EV°0 ST 990, — ¥l 9L70. 08°0 IT'd 61°1 v6°C [AYA 4]
8¢E°L 0§’z 06°S 6L791 ¢£6°1 69y OL’€ 9 71 LTS 98+ TSS 1:Z70
S9°¢ yZv 8S0 -— QT 60°L - 99°01 +8°C 86°8 6y +¥9°0 £9°0 0:ZZD
988 S§1°8  10°S ZT'€T 8L'8 86°L 6E°V1 9L°L o170t IL°€T #4°8 .66°L §:07D
0€°1 860 TS0 €9'T vL°0 6y LT 951 26°0 S0°T  $1°0  9¢1 ¥-0ZD
0¢°0 - R - — R —_ - — 071 — £:02D
61% 98°¢ 9L°T  S6°T SLO LS'T LTt £8°C 89°1 ¢TSS 89¢ 1% r4lirae;
68°1 ¥9°¢ 0t°1 0§’z 791 YAV AN A 9L°1 80"V 9.8 1671 vl 1:02D .
677 y1°7 ¥S1 T 690 £0°T 68°¢ 1 86’1 CE'T ST Lt 0:0ZD
9T’¢ 100t €971 LTE 1L°0 761 TLT £9°1 260°T 00°1T  1T°T LE'T €:81D
L9°C s1°1 (AN ov'e V9t 117z 1.9 15°¢ $6°C 86’1 90°C 1072 7:81D
SY T Q.01 SLOT  LZT'€T 1761 66707 LL°SE - TO91 ZT°ST $8IT €791 L9'T1 181D
68701 7781 086 6£°C7T SP'11 1¥°81 S§¢€°ST £8°6 DI'ET  0L'9¢ 1691 8S'T1C 0:81D
S6°C vLE TV £8°ZE LL'E 6T ¥s'9 - 95T ot'e 01°e vy 80 0:L1D
+9°9 L6y 086 8Y1ZT 8%V 20°e  0S°T1 79°¢ 16 68y V9V 8vY 1:910
87°C¢ 9¢6T 8S'S 87°TS 19°LT  9S°8T LIvb 82°61 67767 78767  LLVT T9°€l 0:910
6v°9 oT°¢  9LT 0§89y 6¢1 160 861 870 9L°0 €E°T - 9¢°1 £0°C 0:81D
SSTE 09T LST 91771 861 8Z°T 08°S 18°1 o1t 9L'E  TLE  LTE 041D

A W A W A W A W A W A W Lspioe Ai1eyg

aunf Lew -1dy “Iel ‘qad ~uef

ur 1y3nes [219yORW wo (A) ®129sia pue (W) dosnw jo usuadwod p1oe A11ed § I[qeL

(H9FH 1% 8861 Vﬂwﬁﬁmﬁ&ﬁﬁﬁa@w

-gg6T oun[ 01 Arenue[ woij 1DUIISIp OV-NS

G ¥



734

musc le(saturated) visCera(satarated) muscle(unsaturated)

AN

viscera(unsaturated)

/]

5 e
g B
g w
~
£ o«
2 kB
-y
Vl H H : H P i : i
July Aug., Sep,HOc‘:t. Név. Déc. Jail.' F;}b. Mar Al;r. my Jm;e
' Month ' |
b B5 &R RPIRIS B A 5 G 11,
1g.
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Fig. 6 Amlysis of fatty acid component and content of mackerel
' caught in Su-Ao district from July 1987 to June 1988.
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Table 6
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Analysis of fatty acid content of muscle
and viscera of mackerel caught. in Su-Ao
district from July 1987 to June 1988.

Month

Muscle

(mg FFA /g crude fat)

Viscera
(mg FFA / g crude fat)

Oleic ser* EPA+DHA A/B  Oleic ser® EPA+DHA A/B
(A) (B) (A) (B)
1987 ‘ |
July 17.60  16.76 1.05 . 39.26 37.38 1.05
Aug. 27.52  30.78 0.89 17.24 17.02 1.01
Sep. 29.29  20.52 1427 2427 16.92 1.43
Oct. 58.11  32.98 1.76  28.91 2355 122
Nov. 4420 4148 1.06  103.47 43.40 2.38
Dec. 156.72 113.69 137 29.79 8.63 3.45
1988 : = o '
Jan. 3252 26.71 1.21 3771 21.73 1.73
“Feb. 5093 5888 086 4254 39.78 1.06
Mar. 61.68 69.00 089 - 29.29 32.28 0.90
Apr. 43.02  64.29  0.66 . 32.77 4329 0.7
May 5011 16.36 ©3.06 2342 5.64 4.15
June 2278 199 4347

11.40

110.63

4.08

* Oleic series = C18:0 + C18:1 + C18:2 + C18:3

%7 EBATHENERES

Table 7" Composition of basal “diet.

Component Ratio (%)
Glucose 2.7
Sucrose 5.0
a -starch 15.0
Rice .'bran 3.7
Squid meal 20.0
Glucosamine 0.8
Cholesterol 0.5
Na-citrate 0.3
Na-succinate 0.3
Squid viscera oil 2.5
Mineral 'mixture. 20
Vitamin mixture 2.0
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Table 8 Chemical composition and formula of artificial
diet (%) for grass prawn.

Diet code
A B C D E
Diet formula . ,
Basal diet 55 55 55 - 55 55 '
Fish meal 45 25 25 25 25
SPMS* — 20 20 20 .20
Chemicai composition
Moisture | 11.43  12.80 1225 9.44 9.33
Crude protein 38.26 39.52 , 38.91 38.73 38.90
Crude fat 7.89 7.35 7.97 6.57 6.79
Crude fiber - 1.02 0.47 0.24 0.35 0.21
Ash 8.74 8.93 9.10 8.82 8.65
0.35

HC] insoluble 0.60 0.47 0.70 - 0.56

.

* : A-Fish soluble only.
B-Hot air-dried SPMS at 70°C coated’ with carrageenan.
C-Hot air-dried SPMS at 70°C without coating.
D- frozen-dried SPMS coated with carrageenan.
E- frozen-dried SPMS without coating.

£9 THEEBHZGHBREZLR

Table 9 The dissolution of soluble protein powder

by different binding agents.

Dissolution rate (%)

Binding agent 1 2 3 4
a-starch 17.81 22.98 -25.52 27.77
Carboxylmethyl

cellulose (CMC) 21.06 25_.67 26.02 30.59
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Table 10 Dissolution rate of soybean powder mixed

mackerel soluble,(SPMS)
different methods.

prepared by

. Dissolution rate (%)

Preparation 1 2 3 4
- (hr)
Control* 18.25 - 21.02 21.22 23.06
frozen -dried
~ Without coating 17.69 22:96 25.58 27.04
Coated with cérrageenan 9.24 - 12.28 15.91 18.70
Coated with zein 15.77 19.36 2225  27.25
7 ch_>( air-dried ‘ | .
at 50°C 15.67 " 24.17 2672 27.82
at 70°C 14.85  19.52 21.83  23.87
at 90°C 16.17 23.14 24.93 2820

* : Fishmeal powder only.

Binding agent : a -starch.
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Table 11 Change in body weight (g), body length (cm)
and maturity (Kg/m3 ) of grass prawn fed
with different diets during feeding periods.

Peri _ Diet code
eriod , :
(weeks) A B C D E
Body weight S :
Initial° 5.76+0.90* 5.45.4+ 1.15 5.51 4 0.72 6.09+1.89 5.57+1.81
-1 " 5.84+1.26 5.59 4+ 1.26 5.70 - 1.09 6.21+2.21 5.67+1.96
"2 5.98+1.21 5.77 4.1.36 5.86 + 0.95 6.48+2.12 5.85+1.97
3 6.09%1.29 589 + 1.32 597 +£0.99 6.73%+1.94 6.04+2.01
4 6._1@1.59 5.96 4+ 1.14 6.00 + 0.96 6.74+ 2.08 6.26 +2.44
5 6.28+1.22 6.05 + 1.07 6.12 + 1.07 7.15+1.54 6.38 +1.00
Body length ' o ‘
Initial 9.714-0.60 9.52 * 0.65 9.58 + 0.55 9.86+1.05 9.50+1.10
' ) I 9.83+0.70  9.70 % 0.75 9.75 + 0.65 10.014+1.00 9.72 +1.00
2 - 9.844-0.90 9.62 £ 0.75 9.60 £ 0.45 10.07+1.00 9.79 £0.85
3 9.8610.70 9.76 % 0.65 9.63 4 0.50 10.12+£1.10 9.81*1.20
4 - 9.7711.05 9.90 &+ 0.85 9.63 4+ 0.60 10.10£1.10 9.91 *1.10
5 9.724+0.54 10.10 =+ 0.65 9.75 £+ 0.50 10.184+1.02 10.11 +1.00
Maturity :
Initial . 6.29 6.32 6.27 6.35 6.50
1 6.15 6.12 6.15 6.19 . 6.17
2 6.28 6.48 6.62 6.35 6.43 i
3 6.35 6.34 6.68 6.49 : 6.40
4 6.61 6.14 6.72 6.74 6.43
5 6.84 5.87 6.60

6.78 6.17

* Values were derived from triplicate data and represented as mean =+
standard deviation. ' ‘
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1987 427 A% 1988 4 6 A i EHME REL M BRAS BRI -E6 —8 AR
G AL A (BRE R 571.87 — 670,74 35> $45 34,66 — 35,77 24 ) MEWEE N ER MR 13.46
—14.66 Kg,/m® o TIARGRREAN » BAVAEBERAENSL.2 — 63.7%  ARENEBAEN
4.8—12.2% RSB (HE- BB )521.1-41.0% o

BE_BRASCHNE ) KDEET2.12 76,97 % » KB 1.44 —2.01 % » R & R1.11
— 14,57 % » FIEHSE 11.80 — 33,91 % » Heh LUHIRH B LB RBZ « K5 HEREBLUE
EFER  ARSHSRSHERBRKS  NASBREESESERE - Emwwwﬂﬁﬁh%
& 207,15 — 38.58 2535 fuf e is M & 286.50 — 35.27 i MR 5 » AOM 4R (R SRS
28.21 — 106.44 ZE o AfIfE 5B K 27.27 — 152,23 B RA Rl de 0 210 — 12 f » Eﬁﬁ#%
EHERBE » ARANHRAENRAE R ZEEN  HIZAR T aNEFBE B B2 EPRFH(286.5

mg FFA/gcrude fat) o 1 —4 AREAEFEHEY > SAREES » XAFENEHROHSRRE

W o

+ /BB A+ /\BtERE ( C18:1 - C18:2 - C18:3 )Zfﬂﬁﬁ:ﬂ‘ﬁiﬁ@( EPA) 1=+
B2 B (DHA ) Z RULH » 3L HLMAEERLARED A 3.06 — 0.66 » ZEAMMINR 4.15 — 0.75 o

X HE A 8% 5% ( soybean powder mixed mackerel soluble, SPMS ) R R XA
EREFEXFRENTREEER  EETRETER » LAMR BN v 45 ey SPMS BESE 2 %) » FEIR
( Penaeus monodon ) B & 5 U B BB R B RV I SPMS EXHEBEF  HESERNE ( pro-
tein intake )£ 16.29 s 5L F 28 (growth rate)2. 76 » (EFMEE ( feed efficiency rate )
14.19 » EE %4 (protein efficiency ratio’) 0.18 o T AL R BB A0 5% BE BB 2 13, SPMS Bl
AR FREXDHREER HEIRERNEEE L SPMS Bk R EXNUERITHE
SERBIERBEEBEZE TN 40 ZHABREFRERA THBHHTEEHEKE -

M
A& ELURRRR » REARREEEGERSE » BHHEETOBEKE » FER/NMARSE
BB 0tk BoD 13 8) » UGB o |
BE IR
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