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MR EO 15min, R LJZWIK, FREIBRE
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R FHERFM: WIHREE 80 °C(f-4F 13 min),
PA 10 °C/min F+ & 180 °C(f£4F 6 min), LA 1 °C/min
T2 200 °C(F£FF 20 min), LA 4 °C/min T} % 230 °C
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LR, 20&, 3.8, FR. AATERARNG ZERR
ZES R E (P<0.05)

Fig. 1 Moisture change trend of E. superba during
heat treatment

1. raw material, 2. steaming, 3. drying; the same below. In the same row,
values with different small letter superscripts mean significant differ-
ence (P<0.05)
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Fig.2 Change trend of protein content of E. superba

during heat treatment
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Fig.3 Change trend of lipid content of E. superba

during heat treatment
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Tab.1 Changes of fatty acid composition and relative <7 ) 25
& g 100 23
. =1
content of E. superba during heat treatment %{ g 0,
oY T Ao o 2
fiE Wi JERE HE T4 E 2 .
fatty acid raw material steaming drying = % 50
a 4 4 9] 13
C12:0 0.08+0.01* 0.09+0.01* 0.08+0.01* = 9
1 ]34 731 121 I4F6L‘718 192%; 2 24
C14:0 5.52+0.13% 5.86+0.17% 6.08+0.24° 0 L L L
40 60 80
: .29+0.01° .31+0.01° .34+0.01° \ .
C15:0 0.29+0.01 0.31+0.01 0.34+0.01 i /min
C16:0 26.04+0.20° 26.19+0.29° 26.51+0.69° time
()
C17:0 0.07+0.01* 0.12+0.01® 0.17+0.08"
C18:0 1.8240.03° 1.65+0.07° 1.3120.06" 150 - s
C20:0 0.14+0.02* 0.17+0.03* 0.23+0.03" 5
2
€22:0 023001  024£001a"  0.25:0.01° E; £ 100
= 2
XSFA 34.18+0.03" 34.63+0.36" 34.97+0.57" s Q
25 50
Cl4:1 0.07+0.01* 0.07+0.01* 0.08+0.01" E o
&)
—
Cl6:1 3.49+0.10° 3.61+0.21° 3.734+0.36
O L L L
C17:1 0.18£0.01°  0.19+0.05°  0.27+0.04° 40 60 30
cis:l 16.04+0.15°  15.78+0.18"  16.95+0.08" I 18] /min
time
C20:1 0.05+0.01* 0.05+0.01* 0.05+0.01" (b)
C22:1 0.10+0.02* 0.09+0.04" 0.10+0.01*
5
C24:1 0.32+0.02° 0.27+0.02° 0.21+0.02* 400 |
2
a a b ‘7
IMUFA 20.25+0.07 20.07+0.34 21.38+0.32 gé 300 |
2
Cl18:2 2.12+0.02* 2.20+0.04" 2.34+0.05 g £
(o]
E Z 200
C18:3 1.88+0.03" 1.8620.05 2.0620.05° = 9
=% 100
3 L
C20:2 0.10+0.01° 0.09+0.01® 0.09+0.01* =
1
C20:3 0.76+0.01* 0.83+0.23" 0.90+0.01° 0
C20:4 1.25+0.18" 1.13+0.16" 0.93+0.21° Hj' I‘Eﬂ/min
time
C20:5(EPA) 24.31+0.33° 23.90+0.20° 22.74+0.37°
(©)
C22:6(DHA) 15.150.08°  15.29+0.33°  14.61+0.21° an " .
4 FARBITALEEREP AR EEE
TPUFA 45.57£0.09°  45.30+0.39"  43.65+0.34°

E: FAT RS F/NG RS 7 5 B3 (P<0.05); SFA YA

%, MUFA.SLAMIFIITER, PUFA.Z ANHLURI G IR

Notes: in the same row, values with different small letter superscripts
mean significant difference (P<0.05). SFA. saturated fatty acid, MUFA.
monounsaturated fatty acid, PUFA. polyunsaturated fatty acid

R IR A & AR IR N 16.57%. 13.72% il 12.87%
(& 6). BT (134T,
0.05), ZEA IR &K 2.85%, TR
PPk 0.85%, H KB ZEWF 55 AN [A] T4 05 =X
T A AR A K A B A, ZE A K
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IR o355 3 P A (P<

@ F R, (b) &Z&Z, (o TH. L C12:0, 2.Cl14:0, 3. Cl4l,
4.C15:0, 5.C16:0, 6.Cl6:1, 7.C17:0, 8.C17:1, 9.C18:0, 10.C18:
In9t, 11. C18:1n9c, 12. C18:2n6t, 13. Cl18:2n6¢c, 14. C20:0,
15. C18:3n6, 16. C20:1, 17. C18:3n3, 18. C20:2, 19. C22:0,
20. C20:3, 21.C22:1, 22.C20:4, 23.C20:5, 24.C24:1, 25.C22:6
Fig. 4 Fatty acid chromatogram of E. superba
during heat treatment

(a) raw material, (b) steaming, (c) drying
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Fig. 5 Change trend of astaxanthin content in

E. superba during heat treatment
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Fig. 6 Change trend of ash content of E. superba

during heat treatment
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Flow direction of main nutrient substances in Antarctic krill
(Euphausia superba) during heat treatment

ZHAO Xinyuan >, OUYANG Jie ***, MA Tiantian >, BAI Zhen’, SHEN Jian >**

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China;
2. Fishery Machinery and Instrument Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200092, China;
3. Dalian Polytechnic University, Collaborative Innovation Center of Seafood Deep Processing, Dalian 116034, China,
4. Qingdao National Laboratory for Marine Science and Technology, Qingdao 266237, China)

Abstract: Shrimp meal is one of the most important processed products of Antarctic krill (Euphausia superba).
During processing, heat treatment will cause the loss of nutrients and the destruction of active substances, which is
the most important factor that determines the quality of shrimp meal. In order to grasp the changes and flow paths
of the main substances during the processing of shrimp meal, by measuring the changes in the content of main
nutrients such as moisture, ash, protein, lipid and the loss of functional components such as fatty acids and astax-
anthin in the two key processes involving heat treatment, cooking and drying, the flow path and reasons for
changes of each main substance were analyzed. The results showed that 8.49% of water was lost during the cook-
ing process, and 63.5% of the water was lost during the drying process, mostly in the form of evaporation; the pro-
tein lost 1.12% during the cooking process, of which 0.87% flowed to the cooking liquid, and the loss was mainly
water-soluble protein. The loss of 6.05% during the drying process; the lipids were reduced by 1.11% and 1.61%
during the cooking and drying processes. Further analysis of the fatty acid composition revealed that the content of
polyunsaturated fatty acids decreased from 45.57% to 43.65%. The relative content of EPA is reduced by 0.41%
and 1.16% respectively during the drying process. The relative content of DHA does not change much during the
cooking process, but is reduced by 0.68% during the drying process. Astaxanthin is a heat sensitive substance,
which was affected by heat treatment and reduced by 29.4 and 58.6 mg/kg during the cooking and drying pro-
cesses. The ash content was reduced by 2.85% and 0.85% during the cooking and drying process respectively; the
results showed that the main substances lost during the cooking process were the soluble substances in the cooking
liquor and a small part of the heat-sensitive substances, and the drying process mainly caused moisture evapora-
tion and destruction of heat-sensitive substances such as astaxanthin. The study initially grasped the content
changes and flow paths of the main substances during the processing of E. superba shrimp meal, analyzed the reas-
ons for the changes and the main influencing factors, and discussed and proposed a plan to reduce the material
loss, which can be used for the subsequent processing of Antarctic krill meal. The optimization of parameters
provide a theoretical basis, which is of great significance for improving the quality of shrimp meal and promoting
the high-quality utilization of E. superba resources.

Key words: Euphausia superba; processing technology; nutrient composition; lipid oxidation
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