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Abstract: Objective: Spirulina platensis, Neochloris oleoabundans, Phaeodactylum tricornutum and Isochrysis
zhanjiangensis are common microalgae for food and feed. Their odors can affect the flavor of foods made from the
aquaculture and farm animals through the food-chain transfer. This study aimed at analyzing the flavor characteristics of
these four microalgae to provide fundamental data for the further researches of the relative foods. Methods: HS-SPME-GC-
MS and electronic nose techniques were applied to identify the volatile compounds and the flavor profiles of the microalgae
were analyzed thereafter. Results: In the four microalgaec mentioned above, 33, 35, 23 and 29 volatile compounds were
identified respectively. The results showed that hexanol, 1-octen-3-ol, (E,Z)-2,4-decadienal, (E)-2-nonenal and hexanal
were the main compounds in S. platensis contributing to its grassy, earthy and fatty odor; (E,Z)-2,4-decadienal, (E,E)-2.,4-

decadienal, octanal, 1-octen-3-ol, hexanal and hexanol were the key volatile compounds in N. oleoabundans and gave it a
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flavor feature of fatty, earthy, fishy and grassy note; heptanal, naphthalene, octanal, hexanal and 1-octen-3-ol were the main

volatile compounds in P. tricornutum contributing to its fatty odor; (E,Z)-2,4-decadienal, (E,E)-2,4-decadienal, 1-octen-3-

ol, hexanol, hexanal and (E,E)-2,4-heptadienal were the primary volatile substances in . zhanjiangensis giving it fatty,

grassy and fishy odor. Conclusion: Hexanal, hexanol, 1-octen-3-ol and olefin/diolefin aldehyde with 7~10 carbon atoms are

the main odorous compounds in the four microalgae, contributing to their grassy, earthy, fishy and fatty odorous feature.

Key words: microalgae; volatile compound; specific undesirable odor
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1.2 SLEE

1.2.1 H53E3EReH] BG11 SR/KEFFRILL B NaNO,
1.5 g/L, K,HPO, 0.04 g/L, MgSO,*7H,0O 0.075 g/L,

CaCl,*2H,0O 0.036 g/L, Na,CO, 0.02 g/L, A, ¥

1 mL/LFI AW 1 mL/L. A, % CcHgO,0.60mg/L,
(NH,); Fe(CcH;0,), 0.60 mg/L, Na,EDTA 0.10 mg/L;
Ag W : HyBO; 2.86x107° g/L, MnCl,*4H,0 1.81x

10 g/L, ZnSO,+7H,0 0.22x10* g/L, Na,MoO,*2H,0O
0.39x107 g/L, CuSO,*5H,0 0.80x10* g/L, Co(NO;),*
6H,0 0.49x10* g/L. BG11 533 T8 g st i
Wigt.

72 1 7K B 3% 5t 40 % : NaNO; 75 mg/L,
NaH,PO,*H,0 5 mg/L, Na,SiO;*9H,0 30 mg/L, {#f#Hx
GBI 1 mL/L, 48423 B, W 1 mL/L, 44 %K
HB® 1 mL/L, 4643 B, B 1| mL/L, 4
W : ZnSO,+7H,0 23 mg/L, MnSO,*H,O 152 mg/L,
Na,Mo0O,+2H,0 7.3 mg/L, CoSO,*7H,0 14 mg/L,
CuCl,*2H,0 6.8 mg/L, Fe( NH,) ,( SO,) ,*6H,0O
4.6 g/L, Na,EDTA2H,0 4.4 g/L; 443 B, IF#:
HEPES £ vh # 2.4 g/200 mL dH,O, 4k 4= & B,
0.027 g/200 mL dH,O; 4EE F H %W : HEPES 2% f
W 2.4 g/200 mL dH,O0, 442 H 0.005 g/200 mL
dH,O; 47L& B, % HEPES 2 P 2.4 /200 mL
dH,0, #EA4:=3 B, 0.067 g/200 mL dH,0, f/2 H5373&
HT = farmta st

LT A5 i 4 g K B 9% L. NaNO, 0.3 g/L,

KH,PO, 2x1072 g/L, NaHCO, 0.5 g/L, FeCl, 1.25x
1072 g/L, VB, 0.2 mg/L, VB, 5107 g/L.,
1.2.2 FiAbEE  fAEE IR 7E 500 mL BRI
JINA 400 mL AHR B FREE, A 10% (v/v) X8R K
Wi, B SIEPERE 300~500 r/min ZELEHEFE, [T
i A 400~500 mL/min & 47 5% CO, MZEER . B
W3 SRy (28+2) °C, FELLG IRy 2000 lux. 35FE
5~8 d Ak T X A K (R 4 3 b A (W) s 8% 3 sk
[E]), B OB BT B A i T 37 RMEAFAE—80 °C 1743
B

IR 3 BT A i 28 225 T 5™ il D i AlE
B B2 2 g 1580 C AT IYBEAMBORESIA 30 mL
4 °C WK, T ok S E s A i GRS 1 s,
(BB 1's, 550 W, JAHS[E] 20 min), FRA¥FEse /s, SR
T OGS
1.2.3 PR TS0 275 DS Jrik
fiiE . B 10 mL WIS i 3R T 50 mL 205
It nsE s, B 4 °C 31K 24 h, NUKFEEGH IS TE
ZE (25 C)FE 30 min J&, i A TS5k T
TR AS ] A THORERS I o AR 3 18 W SR A o il 2
BHE] S s, PR E] 120 s, AL GG TS A 180 s, #F
FELE 300 mL/min, > Win Muster 54X 46 5
BRI 70T, WLER 1.

1.2.4 SRR IEEIIE B 7.5 mL BRI

T T RA GRS ML R

Table 1 Sensor array of electronic nose and its main
characteristics
5 RS A FEE AR
1 wiC X35 A AL ) U
2 W5S YRS G PR
3 W3C X ST A RS U
4 W6S X S Uk
5 W5C ek I E A G P U
6 WIS Xof FP S Rk
7 WIW Xof TCALARL A A7) i 28 Uk
8 N X BRI 4305 & Ak G W Uk
9 W2wW X5 B A A AN DU A SRk
10 W3S X kU

O T 20 mL 5 PTFE/Si BR#FL 35 g T2,
A 5 pL 0.8160 mg/mL 2-H 3L-3- Bl PYbRIE B RN
2.5 g NaCl, {R&194], %3, fEEIE/KE 40 °C TR
HOEHT 10 mine SRJ5, K B ARGLEE BTl A 2%
BB T TRER 2 [a] W2 B 25 min, SRJGHGFRES ST RIE A
GC-MS, 250 °C f#W% 3 min, JEF 7R 534, 47 5
23 A,

SMERESA: Rix-5MS Ei%HE, 30 m<0.32 mm
i.d.x0.25 um BYIEH: . BBFTHES S EFER, B
WG 40 °C, 1%4F 3 min; L) 4 °C/min FF & 150 °C, 1%
¥F 2 min; 2L 8 °C/min F+ = 250 °C, 456 min, 7
“<: He, #iti#: 1 mL/min, #EFE TTEE 250 °C, A7
Brig= N

SRS SR TR th B FUR(ED), - FHER 70 eV;
BRI 230 °C, 21 IREE: 250 °C; BT a4
[El: 40~450 amu.

VR B AT S TS e AE AR 10 Ty B e
M HE R M & MBS NIST Fl FENSC 3 frifEig
DU F &S & I B EIR G Y T AR B s B e
P, TR A S Z (1), R4S DEELE KT 80% 119
U p g .

t,H,
(ttt) +n

A, tn st AR E Y . & n. nkl AR
SR B IE AR B A A B8 BsF 7], mino

LA PIAR) (IS ) 2- FH -3 - Bl 1) 5 i i A 7 8 B 43
1, AN SHER(2) .

1 Cix5xA,

Ci(ug/kg) = B A

K, C, LAY 1 SR, ng/ke; £ NSRS
P& iR B A ) B BT i, kg Crg N NARY IS W,
pe/uls A, LG 1 BT A A S NARY IS %
A

RN FE(E (Odor activity value, OAV)43HT: R
P A I OAV, IF5E X OAV = 1 5K
AL G PRSI R 54, X s XU 2L 5T
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HRAEHT; 0.1 < OAV<1 B A MAL G 1) R B XK K,
I, RSB o

OAV=% A 3

K, C; IR MEAG WU EE, ng/kg; T, N¥EL
PRI G EK FPINRDEBIE, ne/kg o
1.3 HEAIE

A RESAGIISA T SZ 3 WK, H SPSS25.0 #1f:
Xob B PE AT T 50 M1, BB 2R A GraphPad Prism
8.0.2 FfF I genescloud V-5 (https://www.genescloud.
cn) A TETB L, BRal B L BB EZE (R £5)
MBI .
2 EBRE
21 HBFRERNH

AR H T SR AL BRES X AN [ e =R ) B AL, )
JHH £ B AP B Win Muster X #6; 0 2 5 9F 17
Loadings (7 faf INZE53 4T ) A LDA (G051 5347 ) 53
T, g5 535N E 1(a) . (b)) Fisn. Loadings 53#TH
LIRS AT TR R AL M BBUR R B, S WA il
IR AL G IS5 . LDA ST REPEAS AL SR FT
W R ¥ R AL -G W B W 43 A M 2z Al g R
H & 1(a) AT %1, a4 1(Loadings 1) f BTRR RN
98.32%, )} 2(Loadings 2) FITTHRR A 1.65%, 2
THDTHREIL 99.97%, JE USRS SZBRIE AL, HL A2
71 Loadings 1 STHRFALBRE MV, 2RV WIS (LK
ERTIEAE R R AL G i R . AR 1, 45

0.8
07 WIiw
0.6
05
* 04
§ g% . W5
= 0.1 12 wes
% 0:0 3"'I‘:-wm
i :85 Wit Waw awas
-0.3
-0.4 wis
-0.5 H
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T (98.32%)
(a) Loadings 43#7
13.40 1, s =T (o
1335 {7 .
o (o) G e oo
2 .
o 1325
o
= 1320
M ias
13.10 WHTSHS M () 10°
3234 3.6 38 40 42 44 46 48 5.0 52
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Bl 1 PURhsesE i SR Loadings 4347 (a) Al
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Fig.1 Loadings analysis (a) and LDA analysis (b) of electronic
nose detection of four microalgae

4 PEN3 HL TS fLIRER IR, fe e b &5 3
LA RSMES Y . LDA 43HTanE 1(b) s, Hi
A 1(LDA D) BYTIHER A 97.58%, HIHIF 2(LDA2)
M STHREE Ry 2.25%, SRITDTHRIA 99.83%. [lEarE
LG S HEE T TCE S, RENSEC AT Hh I A
(] P 221, 2 A DUFMGAHEAT 45 1 454 1 XURAFAIE o
Horp, Ay THUELE e RN YT A 4 i 18 5 HAb e i E
ESAHIR RIS, 2 BRI PP s H A e (o] iy P 2 1
SR BRI B TR A — At e B R
BERAHIT, FRHI R A ] BEEAT B AR 44
RPEAARALST
2.2 EMRCREL MRS ST

>k F HS-SPME-GC-MS 7 AR %} DU Fif 43 788 445 &
PEALE AT 5T . ST al S eh 2% 2 FIEl 2(a) Br
7N, BUTTEHERE . B VHRTAR s . — A TE mE AT AE
g v rh A ARSI S R MR S A 33 35, 23,
29 Fh, A4S AREA IR MEARG Y53 5 10, 9,
12, 8 B, FeE g i b S 3 Fh, FEHx Y

I S

(16.9%)
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Fig.2 Venn diagram (a) and dynamic heat map (b) of volatile
compounds in four microalgae
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Table2 Volatile compounds identified in four microalgae

. YRR e B (ng/kg) OAV
BB BE  PRERTREL ’ﬁﬂ* p — — p— p T
(ng/kg) (RD) FipRe2) Bl T A = i A =ff A f%/Tf Bl T o i A =i A f%/Tff
HEHE ek H4e B 4 UELE S Bk B M T W4
LG
A 5 698  HJEIR. FER 24294361  22024+82.62 15.63£3.79  72.35+26.04 5 44 3 14
(B)-2-BMtie 13 954 %MHQES* e 2.7542.56  163.53+69.63 - - <1 13 - -
(E,E)-24-BE IR 154 1009 LIS - 150.72+70.20 - 108.82+37.27 - 10 - 7
(B)-2- Il 3 1056 VLIS 4.1240.93 39.97+22.57 - 16.16+4.03 137 13 - 5
B-IFTERE 5 1215 2 US 451+2.78 52.61+15.62 - - <1 11 - -
(E,2)-24-BJ5HE 0.04 1312 EN 1R 1.15+0.68 6.36+1.31 - 9.14+1.26 15 159 - 229
(E,E)-24-BJ5EE  0.077 1373 BRI, RERR 8.21+3.75 - 12.75+1.22 - 107 - 166
I 350 957 AR 20.12+7.83 - 14.28+10.92 1335.64+308.06 <1 - <1
O 6.3 1040 2.12+1.24 - - 12.47+0.73 <1 - -
(B)-2-T-Hsit 0.19 1157 JBWik. FRHE 1.09+0.35 - - - 6 - - -
S 0.587 1002 LEULS - 58.44+44.41  6.28+2.07 - - 100 11 -
2L 0.1 1202 I o A - 4.5243.95 4.69+0.60 - - 2 2 -
FRERE 10 1404 - 7.11£3.85 1.42+0.27 - - <1 <1 -
PR 2.8 899  JEWIIR. AkpR - - 83.48+6.10 - - - 30 -
2,4- SRR P 1208 - - 155.40+92.83 - - - - -
2-TNHE-2- i 1179 - - - 10.16+0.86 - - - -
(ISt ReL7]
331 21.4 984 BEER 29.20£3.32  85.99+19.90 - 54.31+10.53 1 4 - 3
o- 5% 21 10.6 1416 RS 22k - 12.0242.44 - - - 1 - -
BERE T 8.4 1473 BP2HEE% 3.43+0.83 22.58+5.19 - 25.62+8.42 <1 3 - 3
4-[2,2,6- = HIHE-7-5,
A& ZIR[4.1.0]B%-1- 1475 1.7240.64 - - - - - - -
FE]-3-T W2
6-HH J-5- Peds-2- 983 - - 5.23+0.88 - - - <1 -
SRR 11000 1115 FELTAEIAR - - 46.25+16.43 - - - <1 -
A SR 1440 - - 2.07+1.22 - - - - -
EERALE )
1- I8 H3- 358.1 629 SRR - 1780.67+1146.86 - - - 5 - -
(Z)-2-554fs-1-B 720 676 THHIER, fiFFRDR - 453.58+102.24 - - - <1 - -
T 110 851 EEUS - 55.54+5.50 - 32.0543.01 - <1 - <1
A 5.6 871 HHRIR  627.92+105.54 120.81+81.98 - 128.25+8.68 112 22 - 23
(E)-2-Bffi-1-B 4172 967 10.1142.83 - - - <1 - - -
1-2F45-3-1% 1 979 JRWIER. LR 77.11£6.40  79.10£29.90  2.79+0.91 64.45+5.64 77 79 3 64
(E)-2-2¢4f- 1B 20 1066 LS 15.75+2.50 - - - <1 - - -
eai 1258 1070 LIS 12.15+7.30 - 14.00£3.25  18.15+11.48 <1 - <1 <
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