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o, BN R T 58.6 nglg, TR B AR
TS B g SR IR 2 1 TF .

N T 25 5 28 4 2 il 249 5ok i 7l & Jé 1)
FENZE, FRE AR I T AR 545 50 5 BT
AT 55 48 18 5 P ARl A 7 Ml K 38 TRl G AR A R
22N HRTIREAR N T, TR R R
TR A, HEABRMImBIR . 45 R EnR e,
18 o 385 JOC L AR 5 AN 38 5 2 T U B T
MR FESTE UL, Rk EAA B 3 >
YrELHERR A3, W MR e 1 14 el AR T A 7
THRIEALEE A 15.64 kI/ mol, A F|FHpkHi T4,
T X e A W R R R S M R, R R
AR i BT T A, {EL e R 2 PR e R A
BT RS R A Bk, BT RS s T
SRt AR AR A5 AE R (IRIR TR R
BT R B R T, SRR TR AR, B nae iR
HFESY, B TR T2 FHEHETERTZE,
AT TR AR S REAE, JFBEA ORI ™ b i T
MIEEEY, H R T A 2 BN e B R A R
HEATRIFY, S AR R R AR R 8 5 RO
(7] 1) Aefs 85 8 0l 7 X e A, R B HE T
W, G AR IR T TS G e R A
T, o SR A A B T4 T (] s S R AR A e
BRERE TR, PR TIRACE . FRIRBEFERY HAn .
T LA R BT R SR TR TS, SRR
JOT e KB i A W R R TR T, A SRE R IR
JE T MR B A, Xl BB A Ao 20 8l T4 T 206 AT
todt, U4 3 e 800 o 0 e AR i R b o A BRI
Z 5% ) 3l iz A Box-Behnken JRFE, 1511 —
HR =K, LIS — B TR . B
UKy SR BB TIRIBESEANE,
PRITFLNT TR [R] . g AR W R 0 A 7 R IR 28 %
S, T PR AIE R R A BT B TR R R
THERCR, AR BRI A B L R 5%

1 MRS T7

1.1 LI

T AR W R AR i pl o KA BR A ] e
TN TS T 2022 4F 4 F 16 7 HEE380 (FAO 048
IX) ffif, 2023 4F 8 HbsEisii B K=, ~18°C
BIETR RS, MUREBEIMA K 45~75 mm,
AR T . SRR, BERE N A
TS50 S G AR E A
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1.2 NE5RF

PRHE AL, FN TR R A R A
A3 SS752 B = R A ELOHL, TRE W T AR AR YD
BTHUR) s HH-2 R REZRIRAE, 5 BB AR
il i A BRA T s XS105 BIHL F4347 K7, Meds -
FOFIZ E PR S A BR A s NR110 BURG % 0224
RSB AL A BR A W 5 DZTW RUE IR A&
I RMESL R A BRATE]; UV-2204PC RIZESMA]
WAL, RSB A R AR ; GTR16-2
AR G 2 R B0 AL, Je st B AL
PR W] s DK-S22 R $ATE R K I 5, b lhs 2 58
KA R H] ;. MA150C-000230V 1 B4 38 7K 43
MEAL, TR EARAF; 34970A T4
KA, BIER P EAA AR 34307A K Bk
HLMH, RFERH T EAA RA

TR A i, E 25 Rk
SR RA T MR RRMES, LI AEY
BHEABRAF

1.3 SLHE

ILARAEE B ER T S B L
WK > Ty et i . BARITR : ¥ VR e
R B MR KRR, KR 15~20 °C, 58 &gk
JE Wi TR WK o MR I5 B A RE 2 AR 7
100 °C F7757£4 10 min, AH BRI, i =
JEFELLAL (1500 t/min, B0 HFA] 3 min) BB ER
3K JE B A5 o B e 8 TAL B ) R
WU IR HE I AL T4, m AR B R K oy
P i (o PR A AT G R, B2 10% S RIH
FENTHRA S . TG m B r 2 i 5 1 40 H
i, AFl o

PR ERKE RARHNZRE PR —
RV WEEEE . BRI Fr i B R TR
5L FEE X6} g R T A SR A R B — R R 2R AL B
Jei 1) T R ol B IR AR AL T, FEHE
RHERE 20 cm, B PEEK 6 v/min (Y 54 F 28473
55 DAT It o) S g A s iR HE 7 5 i . AR
T INE R SR MOEE N RS . T
T PRk RS B AR ALY 5 R A B R A R A
F Mol i) KRR B R N, e O I SR AGE SR
WL AE TR0 0 S U0 Tl B I AR AR TR B
Tt R AR 10 min 0% 1 0RHE RS |

B —Bp ST R I E 100, 110, 120,
130 °C 4 21, P mRIT & AKRFE R 50% J5, %%
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S RO RIEE R 80 °C MEAT TR

B BRI S 60, 70, 80, 90 °C
a4, FBR TR E N 110°C, Mk
WRUR 3 KRR 50% J, AR A SR B T
T T T

BB A K 5 5 B 30%. 40%. 50%.
60% 4 41, THRATINRE R E N 110 °C, ff
B R 25 K R A B B, %8R R TR IR
J& 80 °C #4714

AR E RS 7R RIS AT SR L
iz FH Box-Behnken i J0 5% 1R B, i =N &=
KPAACSESRS, LIS — BT IRIRE (A). BRI
Koy (B). MR TR (C) WIHE,
DA RREFIR] . Fa AR B0 A 7 R 3 2 5 1 1T
Wrigtr, MR HZRIRGEER, B MR
ENC AN

F1 WEERKFER
Tab.1 Factors and levels of the test

K

level A B c
-1 100 30 70
0 110 40 80
1 120 50 90

T A BT RIRECC), B BRUIHK & H(%), C. 5=
BT BRILEE(CC), R,

Notes: A. first stage drying temperature (°C), B. stage switching
moisture (%), C. second stage drying temperature (°C); the same below.

1.4 HHXIERNE

Ji& P 6 IR 5 ) 2
% GB 5009.6—2016",

S HFORRE N E S PR b A5
FE AR O kAR B, SRTA DL R
PRV, WERA PRI BB AR AR G 1.00 g, FITA 30
mL Jo/K B, #FHEE 15 min J5 &5 T 50 °C 6
AKIEFTEREE 3 h, St iEE AR, RE
LEHNA] WA REAN 474 nm, W OGR4
HAEMPATINE 3 K

IR ZAnEf &2l KRR 5.0 mg 4R
HERWES, BT 50mL LK BT, BE K
100 pg/mL (WERE EBW, FLE 1. 2. 3. 4. 5,
6 ng/mL ¥ bR EVE IR, 7E 474 nm I 2 H
e, SElbRErZ, A,

Y =0.0653x+0.047 1, R2=0.999

KRR, 2
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1.5 BB

K Excel 2016 k442 B4 4l , Origin 2018
BAFER, SPSS 19.0 2441 Duncan [ 5% 52 45
HAGHEAT I 2001 (P<0.05 A7), Design-
Expert 13 45 {4 X i )07 1 428 46 B0 20 47 [0 09 43 #r
B LA PR 25 R

2 4R

21 BEZAEER

5 — 45 BT IRIR AT AR BRI o R 69
R FESR TR 80 °C, BEZYIHIK Ay
T 50% AR, B BT BRI BE (100,
110, 120, 130 °C) X 5 BB B4 AR T B[] 147 e Ui
FER R A 1R, S e A i A B ) 5 T
e 2 fis o

100 |
95 |
90 |
85 | \
80 F
75 17

70 |
65 |
60

WRHR I C
material temperature

0 20 40 60 80 100 120 140 160 180200
T4 I} 18] /min
drying time
Bl 1 ARE—#RTHRREX TR E R
YIRLR B2
Fig. 1 Effect of different first stage drying
temperatures on drying time and

material temperature

A58 1o 1) TR UL B R AR T T M o AR b B W IR
BE. WL AT, BEE SRR T R R T
TR ]2 46 4, M 100 °C & FFiE 10 °C, F
i B B X 455 % 20 10 AT S min, i 5 I (1K) T
B, ANFEE — BRI R T R TR R
WEES, THIRE N 100~110 °C i, 45+
PRI ] 22 T 110~120 °C B, D e 403 A 25—
R R 8 T A R R T ERASCR

L 2 AT, 55— AR T M T X R A 7 i
NS REEYABEZES . BES R TR
FERM T, BRI & e T s S AR, 100~110 °C
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/M &  fat content
B IR &S astaxanthin content
200 L, a 1 180
18 . B 0 {160
. e c 1140 25
Sl {120 8
2T 1100 52
4o o 10 ¢ 30 ﬂﬂﬂlﬂi
= o 8t 1 41 g
ZF 6} 160 e g
4l 1 40 iﬂg 2
2+ 120 =
0 H 0

100 110 120 130
BB TR C
first stage drying temperature
2 F—HETREEXNER. f5X2202
TRANEFRFERIEN G EERES, TRAREFRRRFIFER
GRERLE, P<0.05, T
Fig. 2 Effect of first-stage drying temperature on
fat and astaxanthin content

Different lowercase letters indicate significant differences in fat content,
different uppercase letters indicate significant differences in astaxanthin

content, P<0.05, the same below.

WHR WG & = 2T & W EHE, 110~130 °C F 5
TR TGS, H 110 °C BRI &
B, N 18.25%+0.49%; RS BEUT IR R & R FE
55— Bp TR B TE @ mivs b, 100 °C B R
EHERE, N (157£643) ng/g, TS £ R
PAEY IR, v 0 TR R R R R PR A
K, 7E 130 °C WHIRE & RAK,

A BAN K 5 3T AR ET R e R 69 %
) R — T IRIRE 110 °C, 5 % T
HRIRJE 80 °C & F, 60%. 50%. 40%. 30%
TR 435 B Xt P Al A s [va) R el L
BRI DL T 3, % e AR Al A B P2 i) AL €] 4

Bifi 5 A UK A R R, TR ST ] 328
B, M 30% FFiR, B 10%, THEREFREKIK
HihN 15, 15, 30 min, Bl B UIH K 5 4
=, ANFEBE IR S R TR R A 2%
5 (1 3). M T — Mg TR, B YK
30 B TR R s M AN

BB BRI BoK > S i e, BRI SR
AT IR AR R (18] 4). SR DIHRK 3%
N 40% BRI & i, O 19.04%+0.21%; 16
KoK 4 E H 30% R R 40%, A5 i
P 2.86%, ARfL & . BRYLUIHK o B R AR
40%~60% I, FFHEE 10%, B0 & 5K 0.6%.
1.1%, 2 60% B XI5 & i m B . itk
WRAF IR 25 B B 5 B G VI K o & B Y 2 =
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3 TNEHHR K5 & Xt TF IR EF0
YIRLR B2
Fig. 3 Effect of different stage switching moisture on

drying time and material temperature

1 igWi& &  fat content
B IFE & &1 astaxanthin content
20 ¢ a a A A 1160
18 A A b
6| & {1140 _ _
< 4] 1 120 %13%
w512 1100 =
=) =
Sl 150 @2
= i 1 60 =
= 2 I 140 L&
5| 1o ==
(e 0
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BRI IK 73 & 5%
step switching moisture content
4 BRYIBKSSEXNER. IERSENF
Fig. 4 Effect of stage switching moisture on fat and

astaxanthin content

W, 7E 60% W dm, by (145.87+7.39) pg/g, %%
e SR 53 XN 2R A AS b

% M T BRIR A AT AR e R AR
") TES— B TR 110 °C, BRI K
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ofs 0~ 8tk X T AR A e ) R e L 1
S UL S, X R AR AR il B ) e DL 6

Wil A 5F B T M TR A B, T R [
Wrde s (& 5), M 60 °C FFhR, HEFHE 10 °C, F
PRI R SR %6 80, 45, 35 min, FEHIRIE TR,
TRV B TR R A T ) B 22 5
FHECF S — BT L 58 R T Y B X
R [ ) ) B K
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g
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drying time
El5 TREEZHRTHRREI TR EF
YIRLR B BRI
Fig. 5 Effect of different second stage drying
temperatures on drying time and
material temperature
fat content
¢ astaxanthin content
a 180
BC 2 {160
1140 & 5
S g {120 2%
D= 3 0
I# 2 {100 3 2
SIS I .=
= 2 180 o =
gz & 160 #% %
1 40 ﬁ@
120 =
0

100 110 120 130
B BT BRI/ °C
second stage drying temperature
Ee6 F_BRTFIREEXIIEN. TERSENFM
Fig. 6 Effect of second stage drying temperature on

fat and astaxanthin content

AT R AR, 58 TR T IR B R
80 °C B R i & ft fe . W 18.25%+0.49%, 55—
KA T HR IR 60~80 °C I, 5 TFE 10 °C, fig
W& i A G N 3.01%., 6.02%, 25 " BE% TR
JE7E 80~90 °C B}, Mgl & T 1.33%, A
5 MR T IR B XS IR & B 2 (K 6).
T AR R R 2P i B A A R TR IR Y T
o I TE R B A, FE 70 °C B i
(168.28+6.20) pg/g, M5 MR TIRIBE A& =
80 °C B, W R & & o AL, 7F 90 °C BT HF
Rt
2.2 NoRmEiRiEsE R

T A 1 0L T AT R — R TR (A). 2R

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

TR R E (B). BRI E B (C) X 3
ANPRIET TR ] SR R AR G 0 4
B VPIMELRRZ R, o N TR 3 S8R A SR A 5% 2
iR, R BRI 17 40886, Hob 12 40
PRIKE:, 5 400 sl .

2 MEERERITSE

Tab.2 Response surface test design and results

o RN gy gLl
'fsﬁz A B ¢ dtri}r/rilr;g fa?cfn/t?nt astg;i/ngt)hin
(Y) (Yr) co(r;t:e)nt
1 0 1 -1 220 14.11 159.41
2 0 0 0 200 18.72 139.56
3 -1 -1 0 195 14.33 156.74
4 -1 0 -1 215 13.57 156.81
5 0 0 0 195 18.59 139.32
6 0 0 0 195 19.05 138.17
7 1 0 1 130 12.59 163.02
8 -1 1 0 215 16.11 158.59
9 -1 0 1 145 16.57 161.70
10 0 0 0 200 19.28 136.41
11 0o -1 -1 180 14.11 159.96
12 0 1 1 160 17.40 160.45
13 1 -1 0 120 14.81 160.63
14 0 0 0 200 19.15 137.60
15 1 0 -1 140 11.28 162.00
16 1 1 0 165 17.04 128.63
17 0 -1 1 130 15.21 163.15
TR e = T T AR 5 DR TN

(B A mep o7 i | A5 A A B 3 (P<0.01), 2k 1L 1
P=0.242>0.05, FHRUUAEE, HHIRENES
R BUHE 2 LG B AT (3 3)e Horp 0 it ]
(Yy) IR — I A, B, C FI Iz AC, A”,
C* 52 i 3% (P<0.01), @it AR FIH
R /IN T ] W7 X e i R S 0 ) G/, R R AR
BRI R SR T IRIRE (A>3 T
PR BE (OB Tk 43 & & (B)o TR E RAL
R’=0.9744, BIEDE RELR,4=0.9415, UiHIA
A DL R R TUIN 97% 1 i o7 B AR Ak, AR S R AL
CV=4.51<10%, Z&HIIRI0 1A 128 A6 G B E N .

PR 3 PRI TG, A5 3 R A B A A5 e
INARA e ) T (R Yy B I R

Y| = 194 —26.88A + 16.88B — 23.75C + 6.25AB+

15AC-2.5BC - 17.63A% —2.63B% - 19.01C?
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=3

FrEEtiEEFAF T ER BEERE

Tab.3 Drying time regression equation variance and

significance test

T4 EHEERRASEFEREEMRE

Tab.4 Fat content regression equation variance and

significance test

HERIE P BHE ¥ FiH PIH 5 ZE KR JFﬁﬁﬂ HEE B FiH PfE
source SS dr YMS F value P value source dr MS F value P value
Y A 16 705.37 9 1856.15 29.61 <0.0001" Y, 157 91.9 9 10.21 16.56 0.000 6™

Y, model Y, model
A 5778.13 1 5778.13 92,19  <0.000 1" A 4.29 1 429 6.96 0.0335°
B 2278.12 1 2278.12  36.35 0.000 5 B 6.5 1 6.5 10.54 0.014 1"
C 45125 1 4512.5 71.99  <0.0001" C 0.056 1 0.056 0.091 0.7717
AB 156.25 1 156.25 2.49 0.158 4 AB 0.526 1 0.526 0.852 0.386 6
AC 900 1 900 14.36 0.006 8 AC 0.024 1 0.024 0.039 08491
BC 25 1 25 0.399  0.5477 BC 437 1 437 7.08 0.032 4
A’ 1307.96 1 1307.96  20.87 0.002 6" A’ 6.92 1 6.92 11.22 0.012 3"
B’ 29.01 1 29.01 0.463 05181 B’ 1.37 1 1.37 221 0.180 3
c 1500.07 1 1500.07 23.93 0.001 8~ c 63.7 1 63.7 10328  <0.000 1"
k7 438.75 7 62.68 k7 4.32 7 0.617
residual residual
AT 268.75 3 89.58 2.11 0.242 AU T 3.03 3 1.01 3.12 0.150
lack of fit lack of fit
w7 170 4 425 w7 1.29 4 0.323
pure error pure error
A 17 144.12 16 A 96.22 16
total total

W 2 RR B REEN(P<0.05), **FRBAWREERNP<0.01),

T

Notes: * indicates a significant effect (P<0.05), ** indicates a highly
significant effect (P<0.01), the same below.

By A E ey = )3 5 A2 M 5 ARG
R e N (R Y AR RN AR i (P<0.01), 2K 4 T
P=0.150>0.05 F B IUA B3, BLIIZA R 51t
B K Z AU A B B (R 4). Hoh i T A
(Y,) 1SRRI — KI5 C 50 A 3% (P<0.01),
WA, B I BC, A 520k i3 (P<0.05),
I A TR R F /N T 0 W X T 8 Bk ] 52
e i /0N, S AR B/ MR A B DT 487K 43
Frit (BY>EH— R TR (A5 BB T M IR
J§ (C)o P BB R=0.9551, BIEIEREL R 4=

0.8974, Ui HHALEY AT LA R AU 95% 114 i) Iy
Asfl AR R R CV=5.08<10%, 3 IK16 (1 1 As

A BV
XF R 4 rhEHE AT A5 A5 3 e Bl A R
M$&M%%a§n%EBﬁ&ﬁ:
Y = 18.17-0.73A +0.90B +0.08C + 0.36 AB+
0.08AC +1.05BC—1.31A% -0.57B% - 3.92C?
NHEEZA BV EFANES Hi# 5
AIHL, LARR DT 5 5 A v 17 B9 A R A 2 2 (P<
0.01), I P=0.13>0.05 F WL LA BE, Ui

https://www.china-fishery.cn

x5 MEFRSEEEFEAFEREZMEE
Tab.5 Variance and significance test of

regression equation for astaxanthin content

JERIR CFAAM HBE By FiE P
source SS dar MS F value P value

VA wi] 2396.3 9 266.26 9.74  0.0033"

Y5 model

A 443.42 1 44342 1621  0.0050"

B 80.64 1 80.64 295 01296

C 362.61 1 362.61 1326 0.008 3"

AB 286.46 1 286.46 1047  0.0143"

AC 481.14 1 481.14 1759  0.004 17

BC 8.56 1 8.56 0313 0.593 4

A? 86.7 1 86.70 3.17  0.1182

B 296.94 1 29694  10.86  0.0132"

c 278.49 1 27849  10.18  0.0153"

& 191.43 7 27.35

residual

AU 184.77 3 61.59  36.94  0.192

lack of fit

R 6.67 4 1.67

pure error

pu¥ii] 2587.73 16

total

W2 0 5 e Bl 2 [l 4L B Ay, Horp iR
RO (V) MIEBER— I A, C IR I AC

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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U B 3 (P<0.01), —IH= AB. B2, C? 540
i (P<0.05), i ILEA I E FAEK/NAT H)
G e A A N YN N 537 ¢
Ty BT R B (A5 RS R IR
(OB IR I &4 (B)o PRE R AL R=0.9260,
B IEPE REL R ,4=0.8309, LAY AT L fif e Al
T 92% A RA{EARA, AR5 R E CV=3.53<10%,
PRI ) A8 S e B BV T Y

XF % 5 TR T RS 5 2 e Al R R TE
IARIRE RS Y WEIE SRR

Y3 = 148.21 -7.44A —3.17B - 6.73C — 8. 46AB—

10.97AC + 1.46BC +4.54A% + 8.64B? + 8.37C>

RERh L& QAT W I P AT LS

NEEMBRER K., HE2~F 408, T E
(Y) % AC ZZHIsZ W 3, gl & & (Y,) 5% BC
LHIEW R, IFERSE (Y3) % AC. AB %
HIFGEN R, o3l A2 B i (8] 7).
&l 7-a /R T ERBDIK /33 i 40% T, 5
— R T R T R T MR U X T s [
MIAC HAE R o T AR I H) Bl 55 — A6 4 T 1L B A
55 TR G R IR RS Y T 2 B D Y
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Fig. 7 Plot of the response of the first stage drying temperature and the second stage drying temperature to the drying time
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Fig. 8 Samples of Antarctic krill meal with
different drying methods
(a) spiral constant temperature drying sample, (b) spiral staged drying

sample.
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Tab. 6 Response surface optimization results

|

BB TIRRIELC BRI T R% BoRATHRIEC Ly o SRS R

items first stage drying stage syvltchmg second stage drying time fat content astaxanthin
temperature moisture drying temperature content
5 104.95 49.48 87.90 157.22 16.57 162.05
optimize parameters
RIS IE 105 50 88 160 16.83+0.47 159.32+5.19

experimental validation
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Tab.7 Quality comparison results

F4E75 TR ) /min - BRI R/%  NE RS R (gl
drying method drying time fat content  astaxanthin content
BhY TR 160 16.83+0.47 159.32+5.19
staged drying
JIERT 150 16.42+0.73 142.13+6.43

constant drying
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Optimization and validation of spiral staged drying process for
Euphausia superba meal

OUYANG Jie ", MA Jingsong ?, MA Tiantian', HUANG Tian', SHEN Jian'

(1. Fishery Machinery and Instrument Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200092, China;
2. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Antarctic krill (Euphausia superba) meal is one of the most important processed products of E. superba,
and its quality iscritical to the quality of the subsequent shrimp oil and other deep processing products. However,
in the yield and quality of E. superba meal processing, there is still a big gap between China and leading countries
in the E. superba industry such as Norway. Spiral drying has the advantages of autonomously pushing material and
reducing the accumulation of materials, suitable for E. superba drying; compared to constant temperature drying,
staged drying process can consider the drying efficiency and energy consumption, and can effectively ensure the
stability of product quality. In order to optimize the spiral drying process parameters of E. superba powder and
obtain a high quality and efficient drying process of E. superba meal, the staged drying process of E. superba was
studied by using spiral drying equipment, and the optimum experiment was designed on the basis of Box-Behnken
experimental design principle based on single factor experiment. The effects of the first stage drying temperature,
the switch node and the second stage drying temperature on the drying time, the content of fat and astaxanthin
were studied. The results showed that the order of influence of different factors on drying time and astaxanthin
content was first stage drying temperature (A) > second stage drying temperature (C) > stage switching moisture
(B), and the order of influence on fat content was stage switching moisture (B) > first stage drying temperature (A)
> second stage drying temperature (C). Response surface obtained the optimal process parameters for the first
stage drying temperature at 105 °C, stage switching moisture of 50%, the second stage drying temperature of 88
°C. Under this condition, drying time, fat and astaxanthin content were 160 min, 16.83%, and 159.32 pg/g, respect-
ively; the quality of the E. superba meal under the spiral staged drying were better than that of spiral constant tem-
perature drying. The study shows that the use of an optimized spiral drying process can effectively improve the
quality of shrimp meal while ensuring drying efficiency. This study can provide technical references for the high-
quality production of E. superba and E. superba meal shipboard processing technology and the development of
localization of key equipment.

Key words: Euphausia superba; spiral drying; drying process; quality
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