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Abstract: To explore the potential of Artemia to be developed as a food resource, promote the diversified development of
the Artemia industry, and expand the biscuit food market. Biscuits containing Artemia flavor were developed. Single-factor
experiments were performed to evaluate the effects of the Artemia addition, quinoa flour supplementation, and baking time
and temperature on the sensory scores of the biscuits. Subsequently, the optimal processing parameters were determined
using both response surface methodology (RSM) and artificial neural network (ANN) modeling. Furthermore, the nutri-
tional and flavor profiles of the Artemia biscuits were characterized by means of nutritional composition and electronic
tongue analyses as well as headspace solid-phase microextraction-coupled gas chromatography-mass spectrometry (SPME-
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GC-MS). Compared with the RSM model, the ANN model exhibited superior predictive and optimization capabilities, as

demonstrated by its lower root mean square error (RMSE) of 1.8614, higher correlation coefficient () of 0.9602, and

smaller errors between the measured and predicted values. The ANN-optimized biscuit formulation was as follows: Artemia
(13.56 g), quinoa flour (47.26 g), low-gluten wheat flour (100 g), milk (40 g), corn oil (30 g), butter (60 g), salt (2 g), and
xylitol (25 g), baked at 150 °C for 20.70 min. This optimized process yielded the highest sensory score (73.00). Addition-
ally, the biscuits contained 6.46 g/100 g protein and 30.30 g/100 g fat. Electronic tongue analysis indicated that the taste

profile was dominated by umami and saltiness. Moreover, GC-MS identified 48 volatile compounds, primarily aldehydes,

acids, esters, furans, and pyrazines, with (E,E)-2,4-decadienal exhibiting the highest content (103.7 pg/kg) and odor activity

value (3840.74). The development of Artemia biscuits enriches the variety of products in the biscuit market and offers a

novel approach and theoretical foundation for utilizing Artemia resources in the snack-food industry.
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Table 2 Sensory evaluation criteria for Artemia biscuit
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23 Box-Benhnken it &£ 545

Table 3 Program and results of Box-Benhnken design

g5 A B c D YIRETE
1 0 0 -1 -1 61.70
2 -1 0 0 -1 50.30
3 0 -1 0 -1 64.90
4 0 1 0 -1 52.00
5 1 0 0 -1 62.50
6 0 0 1 -1 67.80
7 -1 0 -1 0 62.70
8 0 -1 -1 0 60.70
9 0 1 -1 0 56.50
10 1 0 -1 0 67.80
11 -1 -1 0 0 53.80
12 -1 1 0 0 50.00
13 0 0 0 0 63.80
14 0 0 0 0 63.90
15 0 0 0 0 67.80
16 0 0 0 0 64.80
17 0 0 0 0 68.60
18 1 -1 0 0 56.80
19 1 1 0 0 53.80
20 -1 0 1 0 68.80
21 -1 1 0 62.80
22 0 1 1 0 61.10
23 0 1 0 58.80
24 0 0 -1 1 68.30
25 -1 0 0 1 69.70
26 0 -1 0 1 50.80
27 0 1 0 1 51.60
28 1 0 0 1 50.30
29 0 0 1 1 60.20

4 JREVESARAL ) 2550
Table 4 Variance analysis of the regression model
for sensory score

P 3 REil H ¥5 FfE PlE

HE 1072.35 14 76.60 8.25 0.0002"
A 2.34 1 2.34 0.25 0.6234
B 51.25 1 51.25 5.52 0.0340"
C 0.27 1 0.27 0.029 0.8670
D 5.74 1 5.74 0.62 0.4448
AB 0.16 1 0.16 0.017 0.8974
AC 57.00 1 57.00 6.14 0.0266
AD 249.64 1 249.64  26.89  0.0001”
BC 1.56 1 1.56 0.17 0.6878
BD 46.92 1 46.92 5.05 0.0412°
CD 50.41 1 50.41 5.43 0.0569
A’ 65.36 1 65.36 8.09 0.0353"
B’ 400.82 1 400.82  43.17  <0.0001"
C? 38.59 1 38.59 4.16 0.0608
D’ 77.13 1 77.13 8.31 0.0121°

BR2= 129.97 14 9.28

AU 109.53 10 10.95 2.14 0.2408
gl 20.45 4 5.11
SMH 1202.33 28
R=0.8919 R’,;=0.7838 RSN=9.087 C.V.%=5.04

T * FR R .3 (P<0.05), **F/n gl i 3% (P<0.01) o
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Fig.6 Influence of factor interaction on sensory evaluation
of Artemia biscuits
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Fig.8 Network training process for Artemia biscuit
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Table 5 Acid value and peroxide value of Artemia biscuit

WiH Rt (mg/g) i EAME (2/100 g)
< HRET 2.40+0.30 0.097+0.004
EELRELAN <5 <0.25

T A AN S AR DT B o Sl A I T ) S S
b, AT TRt TAE N Tad A2 g B A AL R .
FH& 5 0T, < P FR M SR 2.40 me/g, i AR
A1 0.097 g/100 g, FF6 CE S E FEARMEYEH)(GB
7100-2015) HPRMY . 3 EAGE Y B 22K, FEAHAS ™
A B T SRR BEAIG, SR B B A T I, R s
T2ARTRER ST, PRI 2834 B RS 19 1S
T9pies
2.6 FERETFIER
WP TEFERST LR 6.
2 6 nl A, < B FERHE S =N 6.46 g/
100 g, =5 THEDT 4.40 /100 g. HEH T ENAE
BB, S5 AR AR, )iy
[ DI = Yt i £ I WS S0 WD e o B S W Y v N
AR B AETR . kYRR & R 30.30 g/
100 g, fX T EYETIY 34.20 g/100 g, WFIEFEAH 4L
MU B IR E 2T 4k B WK P R, aT BT
FIRBIE S, A AE i R T i

o WIMPHTESRMr (RE)

Table 6 Nutrients of Artemia biscuits (wet weight)

WiH fem  HAM B moKtbEY
) (kJ/100 g) (g/100 g) (g/100g) (g/100g) (mg/100 g)
X HET 2192 6.46+0.48 30.30+1.25 56.50+1.15 283426
EEMUET 2313 4.40 34.20 57.20 346
AP — 6.13 26.31 - -
JHIARE SR
i 2 e - - 33.29 — —
WRKE]
e - 4.99 27.60 - -

T~ R AT, T BT RS | A B SRR R, 1B
BOFTERARS [ SCHR30-32].
BNy, A B PRI TP AR & ik, BEE AT MERRR
BT, X R A A, i R T
BARINRIT & A S IR ke i e
o4 283 mg/100 g, WY, Sk ESmE
IMEEFBSIRARIE, i P AR S S B E
SRARER IR LD L S 84 785 MR S8 PR I A . AE
Ret LR 7 A, M ARPFTRESS S 2192 kJ/100 g, fIRF
TG 2313 kJ/100 g, 78 2 A [, n]
Uk B RE R, A B T 4ERRRE P
5 HABAFIEAR b, s PR AR S T
ABEE Y s AT O, AR S AT
MRS S iR 23 0F T, = T AR BT TS Ay
YT, BIRALR 22 50T e SRR T AR Bid
I7 I TS, AR LI, K gt T oA E
FIBT & i |« ARERIRNR S5 RE AL, 7R8I SR )2 R
BT, FERN B ST AR R g 1.
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Fig.12  Artemia biscuit electronic tongue radar image
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Table 7 Analysis of volatile flavor components in Artemia biscuits

» B ) < AT T MY
51 LI (merke) — —
mg/kg &t (pg/keg) OAV & (pg/ke) OAV
I 950 14.4+0.8 0.00002 ND /
1-7% 0.1502 3.6+0.2 0.02 ND /
1- P 0.0054 1.5+0.1 0.28 ND /
[[EES 1-2F -3 0.0015 6.0£0.3 4 ND /
4-H 382 - i n ND / 8.1+0.4 /
3,4,4- = - 1803 n ND / 6.9£0.4 /
(S)-(+) -5-H Hk-1-prpiez n 1.5+0.1° / 2.7+0.2° /
Al 27.0 17.7
I 0.012 43,5423 3.63 ND /
(E)-2-ifs 0.04 8.7+0.4 0.22 ND /
T 0.0011 10.6+0.6 9.64 ND /
(B)-2- 4 0.003 9.7+0.3 3.23 ND /
[2S (E)-2-F4ims 0.00019 5.5£0.2 28.95 ND /
(E,E)-2,4-%8 il 0.000027 103.7+5.8 3840.74 ND /
R 0.75089 9.7+0.7° 0.01 8.0+£0.3 0.01
HKLEE 0.0063 29.9+1.6 475 ND /
2,5- HI SRR P 0.2 ND / 2.9+0.1 0.01
At 2213 10.9
2- R 0.14 ND / 12.6+0.4 0.09
2- i 0.041 26.4+1.7° 0.64 52.0+£3.7* 1.27
2-+— e 0.0055 26.7+0.9° 4.85 52.0+2.9° 9.45
[UEES 2-+ =L n 10.240.6° / 25.7+1.4° /
2,2,5-=H13-3,4-C i n 0.7+0.1° / 2.4+0.2° /
FRFEDIIR 10 2.4+0.2° 0.0002 2.340.3" 0.0002
TR 0.9 2.1£0.2° 0.002 1.7£0.2° 0.002
A1t 68.5 148.7
IR 99 20.3+0.7° 0.0002 29.242.9° 0.0003
N 2.19 1.2+0.1 0.001 ND /
T 24 12.5+0.4° 0.01 10.6+1.1° 0.004
i 11 1.8+0.1 0.0002 ND /
ivES CiR 0.89 55.943.6" 0.1 82.6+4.7° 0.09
R 3 38.042.7 0.01 79.6+3.4* 0.03
T-Fz 4.6 30.2+1.8 0.01 48.0+2.4° 0.01
B4R 10 19.5+0.4° 0.002 28.0+1.6° 0.003
NIRRT 3.4 3.840.2 0.001 ND /
A 183.2 278
R H iR 0.2 6.8+0.3" 0.03 43+0.7° 0.02
ZE TR H iR 0.0043 5.9+0.4 1.37 ND /
ERYA 0.377 ND / 1.8+0.2 0.005
R TR 0.005 ND / 32.943.1 6.58
- LR 2 ND / 14.440.8 0.01
3 P 7 n 14.320.6" / 14.04:0.4° /
2-NIER T B 0.002 80.6+4.5 40.30 ND /
FLER B n ND / 14.740.9 /
XERUT 328 2R Y R n ND / 6.6+0.2 /
2 - LA I B AR ER n ND / 6.2+0.6 /
S-FELEA T LT 0.14° ND / 1.9+0.2 0.01




%4148 17 FWRAR S ) BYRT IR RS R 5 X AT - 269 -
gk
s<p) —— ] () X HET BT
(mg/kg) it (ug/kg) OAV Frit(pg/kg) OAV
2- RN TR H R n 1.240.2 / ND /
it 108.8 96.8
2- TR FE g Rg 0.0058 5.1£0.3° 0.88 1.9+0.1° 0.33
2- IR Y 4.5005 28.8+1.1° 0.01 323824 0.007
T 9.562 ND / 10.8+1.5 0.001
2-Z TR IR 15.0252 ND / 1.840.2 0.0001
2,3-&(-3,5- " Fk-6- 1 H-4 (4H) - ML IR 35 28.242.3° 0.001 64.3+4.8" 0.002
4-353E-2,5- — HIBE-3(2H) -IEK I R 0.0223 5.70.6 0.26 ND /
2H-MEIR-2,6 (3H)- i n ND / 1.740.2 /
EZai) 1.24 36.4+3.4° 0.03 166.0+12.2° 0.13
S TTE%@Q n 0.8+0.1° / 1.9+0.2° /
CHFE LW n ND / 67.6+5.3 /
7- T R 1 3.4+0.2° 0.003 1.7£0.5° 0.002
5-F MR 0.42 4.8+0.5 0.01 ND /
7L NHE 0.0097 ND / 209.6+17.8 21.61
o-T-MlE 2.6" 12.6+1.1 0.005 ND /
7-55 i 0.0011 ND / 50.942.4 46.27
5-%5 M is 0.066 ND / 382.7+19.7 5.80
o+ =M 0.053 ND / 453+3.1 0.85
VY SR P R T n 23403 / ND /
At 128.1 1038.5
2-(5-FRILIgEmp-4- 3L ) 2 LA R g n ND / 113.549.4 /
HE 5-(2-F2 2.5 ) -4- F ke gg e 0.17 ND / 48.8+2.7 0.49
THL Rk 0.4" 5.5+0.5 0.01 ND /
1-( 24 ) -5-F - e n 10.6+0.7 / ND /
(d)-FrHki 0.034 7.5+0.4 0.22 ND /
4-(1-FAFEPTHE) 8193 n 9.5+0.5 / ND /
2-WV AR JE-5- L IR FEHE 1y 0.00015 1.120.1 7.33 ND /
At 342 162.3

TE: Al AT AR NG PR R FR 22 57 .35 (P<0.05) ;s NDFRZR ARG, nF0R BIEA U, *Fomizfb G 7E= ST EE, B3R izt S W7E e B

P

R 7 Al A, 0 B ET 2R B i 2 etk &
A8 Ff, FLHEESE 5 Fp | IS 8 Bl BHZE 6 Fh . MRS
O Ff. WRIS 5 Pl nLRILIRZS 10 FRAIILA 5 Fl, BEXT
MRS T ERYET (43 Fh) | AP Bk &l 2 Pf
(35 FN)PY | Fr gk Gy AP (28 RO B RFAE T
AP (25 TP 2 BEAR T B s s EFRUET
(51 F)P7, FHH 7 B AYERIINAR b+ 2 Tt 4%
RGNS, IR T BYFT RIRE Ze e &
HERK.

PR AR ARG DS | RIS
K g N MR IS AN R 2SS B4 0 O 221.3. 183.2,
128.1 11 108.8 ng/kg, F2TE 1 HAFT XUBR i EEZELH
5y SXFRES T E IR AR EL, K R S Rt
T A AR A B AL 22 B, AU RREESE 1R
FEZE 1 Fh . BAZE 6 P R3S 6 Bl . FRZE 2 FhFNLIR N
NS 6 Fh, FHAREEFLNER . FRTER . TR . DN ERER DY
fiig . 2-IK IR B B 5 ARy 0T 19 & SR A P 2SR T =2 [R) g
35 22 5 (P>0.05), Hgy 17 R Bt & e e AE i
FHEF(P<0.05) . X HPET4EA IYFE & XUk 5t

1 26 Fh, EIMUF TR IOFE R TERWRY) 5 21 Fh, U
B 11 R S DX 8 UK 4 JoT 2H ™ A= T AR R
m, (A5 <1 VTR G T X IS BT DT A A4 XU
BRAFIE

A G PR 2 HAT A N T T BT i SR A
TRIK AR, S S P N 1) =) < R
RIS S  Fe R, N 28.69%, X - Sk gk EAME D
B RN IR o1 i | e R 1 = 7 e e X 0
FEPEEE S B S IR — 3 s s
JF AT (E,E)-2,4-2%5 51 (103.7 pg/ke) . TR
(43.5 pg/kg) . FEWE(29.9 pg/kg) %, LYo 5
FSEAM ARG T AL . S IE TR R f AN i T e B s 2l
FLMR A5 LN ) FEPLAERT) D =) B A i i A5 S N T
JEE . AN R B DT R AN 2l RE IR o 5= 6, HEI T
B i e A b, o A ek rh (AN R B 7
iR R T Ak SRR A T [ f, R Rl T 4
MRS R . TR o et S IR i e 42 S il
AR A o o TP RIS & i N Lol 23.76%,
FEAILORL(55.9 ng/ke) . R (38.0 pg/kg) . EiR
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(30.2 ng/kg) %5 FRISEIEECA, HXH ™ s ARk
B BT RS/, (R o nT -5 H A XU o 7= A= b IA]
SN, MR e BV TSR B N =E & AR E . RIS
Rl TR A== T A 1Y A SRS SN O = TSRS TR N
FRA UM E R . B Rk tb 5
TR 16.61%, EEAIEEE ZEE (36.4 ng/kg) .
2-1 g A (28.8 pg/kg) | 2,3-L&(-3,5- R -6
FH L -4 (4H) -Nk iR T ( 28.2 pg/kg) 45, IX £k g 2%
G AT s Ak e B E T I AR SURAIE, X AR R
RS B B S MR E A . BRI R AR
TR IR | S5, TP TR IR i B 2L
ko pad RYFT RIS S S 14.11%, Hop 2-
PR T TR H AT B 2 gk SR, Ho S e, o
80.6 ng/kg, AT R BRI 74.08%, JEFELINA = H
PET RIS TRE R 2R ER

AR 2 e AL & 0 BB S 18] 48, 7] R
OAV TEHTFE i Hh % & R Ak G 4 %ot 38 A4 XU 11 BT ik,
4 OAV>1 A, 32 BH XA i 38 AR XU AT il 35 T
Bk. P T OAV>1 BIIE L PEfb St g 11
Fh, AOUFEIEDS 6 Fh | WS 2 Fb, WS 1 b BRI 1 Fb
FR AR S 1 R, s BRI R (BB ) -2,4-28
IR . XA ) . 2-PIM IR T lE OK SR FR) |
(B)-2-THafs O M) . TREIRIDTR . Mgk, 755
TR, ECERR) | 2-H AR FE-5- IR (IR L T
). 2- TR GRS . 257 B L RO G R
Fr R W) | -0 -3-E (R TR .
PR ) I (R BE A 23R ISR, IR B
AP AR S1F) | (B)- 2l (a1 I8
Wi ) AR R s (67 . )P, Hodh(E,E)-2,4-
ZETIETE OAV B, S 3840.74, & i 4% &
G4 OAV TTHRIY 97.19%, 2-TNJER T HE AN (E)-2-
THlE OAV IR, 415924 40.30 F1 28.95, Hgxy 8 F
YRR OAV 7E 1 & 10 Z 8], (E,E)-2,4-2% " J5ME
RARAFFETAE I L F7I6E . RS | IS iR &
AT, FLBEARMS, B VB RIRE PR, AR5
KIN(E,E)-2,4-2% I =< BP0 TR FIAE T
BEABETIEL. TTEHEEMUFT OAV REHIIER
TEAL &) A HLA KRR | Bk Ay p-32 9TE (46.27)
FIELAAHB-FBRAY p-T-PIlE(21.61), o] WARR F i
WP, KT RRE . A
3 #ig

b e nii 07 T AN T A 2 IR 28 AR, AT A4 22 )
LRASTRY ELAT S5 B RS I O R AR RE T . SR
T AP LA R4 =< R PF T T A SHCh: B
H13.56 g, 223787 47.26 g (IKAT/INEH 100 g, B4
40 g, B 30 g, #EIH 60 g, £h 2 g ABEEE 25 g,
F 150 °C 4% 20.70 min, AT G RGFTRCE
PEor s, S 73.00, KT EE BTSSR 6.46 g/
100 g. BT &HM 30.30 g/100 g, B F & B4 -
F i AT 26 B e Rk AR o 32, AR

PR B 4343 BT 2 B, i BDE T S R MRS
48 B, NS | BRI . RISkt g s, Horp
R A RIE M B S AL A3 (BE)-2,4-28
IS TR TR T AR,
1 B YR AE R PR B AT ) O S o PR AL T8 i 2R
EFHENE S
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