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NE HEET RO

(BT RFEMBIES TRER &R I 510640)

BE KRB FE R T ERFENE A% /D (Chlorella pyrenoidosa) ik 4 % F (8%
10" cells/mL)Fn vk 4 # i (1x10° cellsmL) H R &, RAFNTERFAEH UL REBE[Z R
Q5CYf 4CIxtaE B A RE T AW ER T REFENT ., FRET, ERRELELY
A2 R A NIRRT, EIRRR S i K IR R T 4CIRIE T AR 154,
RERFFETEE, RERAF N EMEAREGEL A N REA N 97.20%. 100.00%F1 98.20%;
REEBRFETEE. REXAFZ N EEORGELTN, HERBANWEEME, AARALHET
T HOEIR A A B A N ER O A R T AR A AR E A 2.6x10° cells/mL, BB L &
TAEWREZ Ky 60 pmoL/L, HE A 4 30 min,e R E &, 4CHAUHTAERK 15d 5, K% FM
IR 415 5 L Hh 2 B ot U M B O R R By 48.26% 1 61.36%, AHIF 5T 2 5L By B B A% /N ER R 48 4

HIRR PR B,y ok 3 B IR 4 ) o B TRl A B R R T EE RO SCHE

KA

hESEE S931.1 XEERIEEE A

TBEAEAK = SR TP N Tz, AT A B G R
WIKF L Drae v DB I A R E 485, 2020), K
E R K™= R 5 — K E, MR SRR EE
Ko /NERBE(Chlorella)— S Fp AN L 4R, MABEIE N
pedium . AERKEHEHR, NS A FEEHEAR. IR
Bt MR | YA RS E IR O ERTAE, 2011) 5
THEF T A ZHZ (WHO)FIER & R R ZHZY(FAO) T 1973 4F
T A ) HA B A AR o A T 2 SR R A o (s
PR i . el AT A EE, NEREEE P
GRS T AT I T S0 B 8 A X 2 R 1Y) - A
Ao WA, aED/NERBC RN T R IR, B
5 B A2 9 A A R A0 E A6 R (Becker, 2007; Lai et al,
2019), 55 F#%/NBR#E(Chlorella pyrenoidosa)i=x i W

FEAM/NERGE; WER G, KBRE; AREN; BERER
TEHE  2095-9869(2022)01-0172-08

(R /INBREE L FR, 2012 4 B Bl 10 A= SR ALE A B o R
mn(Yu et al, 2018), FLARMEPY B AL 0T & 5 0] =ik 20
) 59.8% (Li et al, 2019), 1E/KF=FE50 BA
I RE BN R T A2 S (201958 R B, FEK™
T FH KM T A AR R /N R AT SRR K A b i AR
W, BBk BT s R, AT 4 SR A S Y B R AR KRR
T 238 K A 5 W

H AT, 8 A/ N BREEAE TR K ™ TR A 04 1 FAT)
FETEVF Z ARSI AN, T S 3 i & 78 52 B hig
o R AN R | PRI S L B R
DA KIE TREAE R, AU IE WA, W
A e R R BRI (AT T A, 2013), AR
i A T it e ) 0 R R, R ORI AT R R AL
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PN A SOE R AR T . HAT, PR iR R
A7 1 e L DO TR B BB TR (2T 4%, 2014)

WAL, R T B DR T TR A IR AR, H5R
G N R Y iR 7 byl I (1 s 1 Y 2 7 N 2
(Chellappan et al, 2020; Saadaoui et al, 2016), —J7H
YA ORI AT, 53— 5 T AT BB S FE K SR AE B )
FEPAAEVRTEREIE o PRI, T v 4 o ot 1Y) L4 P
BRI AR ST SN . PSR, 4°C ELEEGRGR 2
H B % (Spirulina platensis) ¥R He 46 1) AT AR B
B B0 A0 B Gy ON) E 1E SF 0 2020) 5 Bl 400 Bk
(Nannochloropsis sp.)Fllft K (Dunaliella tertiolecta)
Weds BERAE 4CAAE NI 2 A, HARWRR B &
T A B G B A8 b (Welladsen et al, 2014), W
A BCOR AR TS B 335 1 5 1 A T A AL TS 8 R o B
FER BT AR, XTI A K ™ SRR 1 R Ik AR v 2
KHEHE,

AW VLS55 %0 e T I A5 3B 1) B A% /N ER B
WG PR R4 B IR X 5, 5 48 L IR T b 3
DL RS R R B0 BE 45 T, AR SRR3R . &R
JOT A BT P A S SO RK 15 d SRR R A AR fE R
B, IR A BRI (PR AR B A — 2 1Y
BLiiN7e i e

1 #REFE
1.1 SCIEHE

B R /NER B (15-2070) Hy Jb 5T R 2% PR g 20 32 2
4 >R A Basal 55573 (Ogbonna et al, 1997)#E47 &}
FEAEORE, PRIREE N 4°C

1.2 SRI§AHE

121 &aBDHRELLBERRGH & 4T
IR\ S 56 2 AR A 10 B A/ INBR B i st i PRI —
INER, BE3ERJCH Basal AR FREE P (121 CREXK
P 15 min, 7% 10 g/L @A 1.25 g/L HRRE), &
TSN 30°C . JEIRR 10 pmol/(m?-s) I R H G55 3~
5d. BiJe, WSS A LED AMDEIR RSN S L
I TEE T o Ay B8R AV 00 e 22 08 el Sk 198 3 A 2550 1y %
AR, RS AR PR A R R I, SR
PR REYE N 120~560 umol/(m*'s), pH i 6.50+0.05,
TEE A (30+2)°C, HiEPkE% N 150~200 r/min, 8 H
4 2.5~10 L/min, {5 N 0.3% (W/V), 5535 3~
5d (J&/NEEAE, 2020)

122 BB DR ER Y S b H) & ER T
i 4 . BOE LB G ¥ T 4000 r/min &0 10 min, 3

IE R AR KA TR IR AR, B E S LG
W, B BGI EFRE TR, BO sk B, 15
B BB OULTE R 5 B (ANl 8x10'° cells/mL),
B 15 mL O &0, I HERE s S
TR S5 5%

W PE W45 . SR BG11 3535 L2 02 i Bk 45
WOE, SRR R 13108 cells/mL FY 46 12
A 15 mL LB, e TR,
123 ZOBIREREHNRWERFH E %
AREA PRS2 TE ] 25(2014) B4 0155 L 10 e 4 i
e 455 P S D A T TR B T, T 85 C sk
T 15 min, MR P ZRFINRS . RHEZR
JG AT SR S5
124 &GRSR G S 0 R R BARZE
PG AR TR Ak R £ B G 3% TR Ach AL 118 e 4 i ot (o Y I o
W) B T E W (18°C~25CHs F MR (4 C) & T
WECORIE 15 d, BRAL 3 NPT PREGRIRET, B 0.5 mL
FE T ARG E 5 OB RE T, 4 3 d BURE 11Kk,
FERBUFE 2 mL, 42-40°C EL25 ¥ R T 15 J5 I 2 s A vh
R KR I

1.3 Sk

131 &akht® B 100 mg ¥R T30 2 IH 0
H, A 6.40 g RGBT HEAEAL R & 12 mL HRER IR ,
HrE R, T R 150°CHE-EF 40 min, B 420°C
FR-HF 120~150 min, ZTHALE A0 IR 22 02 P 1 4
o, IR, BEERRE, BT AIEIRE AN
(2300, FOSS, ) LS8l A s . 22 HRTImA
400 g/L NaOH 1A LA K 20 /L BIFRIEIK), VAL R
R EIRSF8 87, ] HCl FRAEA(0.10 mol/L)ik
FE, M & (%) R A T A X E (Wang et al,
2020).

V5, =V,)x0.10x 14 x6.25
EER A EY% = V}OOO x100

mx-—

o, vV A3 R A S R R A T T AR SR
FR AR AR FR(mL) s m AR B (g); V7
JEFE ST B SRR (mL); VIR 2848 T A R AR
(mL),

132 &x4=mE  HEAETER 10mg T 2mL
HAFAE im0 B R B2 1 mL 90% 4 B i,
ZEWFEEAY (Tissuelyser-24, ¥, _iE)IRG G fER A H
AR, B OIE RIS )E 2RI E ek 230
HEE, I LRI E 45 10 mL, £ 6000 r/min
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543 &

20 10 min J&5, PRI EISWES 2 10 mL, F)
FHE AN L RETHUV2300, K3, F#HIIE 470,
646 F1 663 nm YNGR, IR GHE M4
% a (Chla), M4k Z b (ChLh)FIZEHIE | & (Car)
B (mg/L) (Chen et al, 2013),

C, =12.21% Aggy o —2.81% Agye -

Cp = 20.12X Agys 1 —5.03% Aggz o
C, =(1000x Ay, —3.27xC, —10*xC,) /198
0K 5B (mg/g) = [0 K K E (mg/L) x

PRI AT (L) < B e 5 A1/ T ()

A, C,. Cy. COrHI4 Chla, Chlb Fil Car FUHRJE,

A RO

133 @miadegnle  FIHIJCH Basal Hi 52 5044

WA A 2R A /N ER SR AN BB FE R R 2 1x10°~2.4%

10° cells/mL, JH T )52,

e il D IR ET Ykl . FREL 4.16 mg —FER UG H
(FDA), FINEIEZ % 10 mL, B 1.0 mmoL/L H£k
W, BT-20CUKH IR

Y PRGN s . B 5 mL B R RS BT 0 B
A0, 5. 20, 40, 60, 80, 100, 120 F11 140 umol
1) FDA, Sk E TEiR N EOLICE 30 min, %
FL 100 pL AT 96 FLAk b, FIHZDIBERGEFRY
(Synergy Neo2, BioTek, FE[E)1E 525 nm Kzl HAHk
{H(FDA ¥k 3K N 488 nm, fie K& S K4 525 nm),
T 3 PAT, GERLP I {EAREZE (MeantSD) RN
PRIECHT S 40 R AE X 36 1 AR 80 28 S E 5 (5 S 3,
2008).

1 A X M (%) =

@_ﬁﬁ%%%ﬁ—%ﬁﬁ%%ﬁ
PRI AT 2 AE

14 HESZITHH
¥ J] Microsoft Origin 2018 #F T4 &, #i

SPSS Statistics 24 41 2 B E 7 2243 M7 (one-way

ANOVAYEATGE 22081, W E KR P<0.05 5
P<0.01,

2 HR5WR

21 REET. BREEFFMREERNBELL

TESCRE R, AR RBRPF T 8 FA% /N ER
205 T RT3 VR ) B0 AR SO A5 B R A S AR AR
R o b il 28 ) A 1A% /N RO R A VR 1 B O
T SRRk (0 5 22 L TROR TR AR B D) AN [ R R )

jxlOO%

e, , X SRR 25 R — 3 N R B AE 115°C
Jn# 15 min J5 H 8 28 (Castelld et al, 2018), X &K
RHAERR AT, /NEREE M N Y R AR SZ BIBOR,
T S B2 2% K AR [ fi# (Morist et al, 2001), {55 5]
55 3 R, E TR 4 PR A 2 I A5 A T 3477 A ] 5
IR, BARR, HIEMAI g, mifE 4°CHiE
PRI 1% 55 T 4 P VR P A 1 B Sl A Ak it DR
A [R] FR AE4 , oAC 248 [0 [ A% T Ak 3L A 9 R A A4 B R 1)
(0,7 5 Ul A5 F T 2R P AR (0 R AR £ TTTAE 4°C
TSR 15 d J5, PEE IS B B A R
WeSRZR M, ULAL, DOBTE T A 20 T B8 U/ EK i
T RV 7 U 2 i R B P () 19 A2 K T A
B B RIR o o AR IA 7 A R PR Ay v R R T A L A IR
AR RS, ORI N S SRR, E e A M st
TR, 77A T — S B St R A e
B . EURAEY . o E A SRR (R A,
2012),

22 AEARBEHETEENEFRRRTN

B1 A8 IR/ N R B 6 AN TR DR 5% 44 B 4l
i P £ 2 P o A ORI () B AR fh . 25 SR A, ELERR
PG R T AR ORCHT , 38 P R o i 5 R T
AT B ARk . WA, B EESdEK
ABAL B, WEE RS 3 R R SR B
TREP<0.01) (K 1a FIE 1b), 3258 AR R 2 G
AT 2 ORI S R B A IR B 41.11%F
34.76%; TMTE 4°CHMFT, REE R B
SRR S R TR, 2 L IR TR AL B
BRMGE SR RET 42.92% (P<0.01), X—45H8 5
BTG AR T B B B A AR A IR ARG, U 4°C
FAF R AR 2 RN AL B R A/ NER S 1 B Al
it PR £ 2 R ST () ) S A HH B AR e, L
FERTEL S TR A 20 P £ 38 P f AR 5 RO T AR 1]

AR/ NERBE BT AN AR T, 40 M N 2
F 5T 7 12t B AR R (] A AL DL BT 2 BT 2 AT, 46
EL AR AL B B h B T & it SR A R
AEPEARLY , WA TR, BEE CRBRT R B, S h
EHREG R, 2B CREARS, fFEEIRA
TR 4 CAMF TR R, B EART RS 0 X
HH HE 34 8 25 4R 85 (P<0.05), 1% ] AE 2 B R A T A
S, 5 B S WA, A L EC R U 3 )
W2 IR TR, FIRE AT BRI E T
A S BB R 5 TR ORISR R T ) e 2
5o SICARIAY R, 415 R N 8x10' cells/mL (173
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Fig.1

Changes of pigments contents in algal paste under different preservation conditions

PRTRES 0 RAT X REA , *FR 255 W (P<0.05), **FERE TR BEP<0.01), TH

The zero day was set as control group. * represents significant difference (P<0.05),
** represents highly significant difference (P<0.01). The same as below
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Fig.2 Changes of protein contents in algal paste under
different preservation conditions

PABR B4 H S 7E 4 C AT 2 M R, HE
T A 0 P T (Welladsen et al, 2014),

Zi b, RAE ORI & A2/ R B 1E
AC R ESROCAEm 15 d, N6 R EAFRS R

T B T FP>0.05), HEMgESE. BRHE b
E&m N A S0 AR RTRY 97.20% . 100.00%
F1 98.20%

2.3 AREREF G T REE R E S @B

FR R /N ER B VR 4 BBAE N (R DR A% R T 40
DA €0 35 7 B R SRS ) 1 AR AR 0 DL IR 3. AR 3 m]
A, G B ICOR AN , e B h i B2 8
MBS R SR 2.93 F1 11.77 mg/g, RS
B G TR A B SV 0 30 TR T 15.32%F1 24.06%
ST A, B Bk 5, B2 ) (A P 1 o R R fie
A AR RE b 5 [AIR, EL PR TR, 41
P G B 2R R i T [ 22 (Morist et al, 2001), 5
B, WATERSE R EA RS B s R iR R
T, KRB R A R AR B R TEAIL, AR IR
L, RIS, RECL SRR E, AR
AT, MR R R B 3 ORE, HEAR
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5[4 ZZEEHIH NE Total carotenoids 20 R ~ b ZZRHKME MK Total carotenoids 120
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Fig.3 Changes of pigments contents in concentrated fluid in different preservation conditions

A B EC R TR DR A ) YR 00 30 Y P B 2 R B i 0 il
TREF] 10.59 F19.26 mg/g, 2k F5510 31.68%F1
21.33%. EFRGSHEET, MR ER ST RESRANTY
W F AR TR ER K- (P<0.01) 5 8 (18] 1a FIIA 1b)
ARV SR, FE 2 AR T VR 40 B VR PN 1 R 2
I 22 i Bt R R o () 17 S T B PR 2 AR
T 2 B I % T A BRI 228 L G 3% A Ak T ) 9 0 vl TR
MR MR AN o RE AT 51.16% A
72.03%. H1IE 3c MK 3d AI%0, 18 4°C 550F F AR
W s R ARG R P AR SR B,
PRARZE AR, B R MBI MRS ERD
5 EREA

ANERIE AT, B A2/ N ER R 4 3 T B 1 T
S BEARR T A A AR LE UL 4. R 4 AT, e R
ZAFF, AL B EC R B AL B 1) 9 4 B 1A TR f B
PR B T ) S 7T 3 FH(P<0.01), X AT REZ N
T 28 [ ER A T AL B 1% 35 Y HP 400 B TG shRE %, T LU
BG11 KRS i/ R S Wi R e, mitef
FHPILEG 2 407 0 2 8 14 5 B I TG 72 0 o0 o A R
A, FIREAATRERL I TH A, DA S 20 52 A9 2 A

Jo B B O v o T 4 L G A ALh S P R A T 4
PR B PSR B R G TR] A ZE T G T R
(P<0.01), X ATHER HH T/NEREEARTE [ [COR TR )5 2447
e, MWIMREEA & TR, £ 4CHRET HEE
R B 114 VA 4 V1) R 1 IO A AR S AR R
WA, X5 Welladsen 45 (2014)A R 5R 45 2001, £t
G (4.38%10° cells/mL)7E 4°C 4 PR 2 N HA,
ARSI R EE

Zi LR, R O IR T AL B B A% /N BRE VR
FHBEIRAE 4°CHELLRCIR 15 d, 20 Py Y 6 2 R 8
FI G ARk, 89 PR Y 100% o

RUETEELLARIR 15 d J5 8 2/ NER i 3
YR AR P B 1 T AR, (EARHIE S R
ALURE AL TLE X AT EASA . ZRE M
R R R, WMAER A 4°CBHE B &
F T o S 5 R o R L IR, IS
PR RN AR 2 R it 2t W 2 b TH i 35(P<0.05), I,
BUARAF RS FE b 20 0 P9 8 1 R R AR AL, T
BRI A A 2 B 1%, A A SR o A4S
RIS
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23 4 C+AREEKAH4C without pasteurization
=3 FiR+REKRAHE RT without pasteurization
| BX3 4°C+EL G FE4°C with pasteurization
O IR+ G RT with pasteurization
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Fig.4 Changes of protein contents in concentrated fluid
under different preservation conditions

2.4 I EERN ST

2.4.1  RRARAE oMt ReAR S E ENEGIEL)
BRETTS FDA VR EEXT AR A%/ Nk o s R0 1 52 e D,
Bl 5. MR EIH2008) ik, e B NG/ NEREE AR
BERBRE K 1.5%10%, 1.4x10%, 2.6x10° 1 2.4x10° cells/mL .
WK 5 FR, FUHZEOCERENE APl A, 5ol 40 %
FE M 2.6%10° cells/mL, fEit EEi KA T,
HASEE LR, R MES AR T,
FDA A5y i5 A0 M5 e G (sl 28 5 17 40 i 28 B ik
RS FEOLMERAL, & AT PR Je kA 2],
TEANMIBE BN 2.6x10° cells/mL B, K6 Fr i3 A%
SRR FDA ¥R _ETHm_ETE, FE7E 60 pmoL/L i ik
P KAE, M)GHEE FDA W pE—A1n, %%

1,400,000
.%1,200,000 i ° o
vy
8 1,000,000 - \.
'§ i \./.
2 800,000 -
o L
& L —m— 2.4x10 cells/mL
E 600,000 - o —@—2.6x10° cells/mL
1& 400,000 —A— 1.4x10* cells/mL
= - —w— 1.5x10% cells/mL
R 200,000 [

’ A—4- — A
& . . A —A—R—n_4A

PV ———V—V—v—v—V
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Fig.5 Effects of FDA concentration on the cell staining
of C. pyrenoidosa at different cell densities

B TR TT%. Hik, MAEATR LR, 7
TG00 200 B A X 3 PR P B A I A AR TR N
2.6x10° cells/mL, FDA £ ¥ 60 pmoL/L, ¥ (a st
[ 30 min, %5 2HHH2008)F] F FDA i R 5 481
TEREE(Nannochloropisis oculata) AN IIGYE TR H Y
WA —3,
2.4.2 RIRATIE BT BRGS0 L L E AT
M 2.1 AJHl, 7E 4CEMEF, REERARGH
1) R 1 A2/ IN B T i R U 4 BV AR S S 15 d U
PR SRR R i e, EFxFIX 2 L), A
2.4.1 HEHENT (ARSI 20 AR AR X T B B I A 1, R
AR B9 4RSI . S5SREoR, B/ NER
B YRR R SRR A B EOBAE AT R R 7.74x10" AN
3.73x10'°, A XGPS R RT Y 48.26%; M4
VR T SRR A 2O (B 4R R 6.91x10° Al
4.24x10°, 20 M A5 P A BRI Y 61.36% . Montaini
ZE1995)WF 58 KB, DU 8 2 WUl 3 (Tetraselmis suecica)
F14) 200 L 3% ) 7 ot A 2 B R B R T e il T
X5 AWF 5T 85 B — 2, (H G L ER 3 (Nannochloropsis
gaditana)PEAS [FIR] 46 PR 0 FE T (5 Fl 150 g/L)ZE 6 4~
AB 4°ClESCOET, HA0 MG SR EEE 90% L) I
(Camacho-Rodriguez et al, 2016), X 5AMFFTEE LN
A, P ol 3 0 S TR e T 2

3 #it

ST FEA R A R DR G A T
FHF) HBE (8% 10" cells/mL) FIH 45 HK (1} 108 cells/mL)
1) DR A5 1 (O 75 2 TS T Ak B AN () R ek B )6 A 7
TREV, UESE T S 40 6 S 7E 4°C AT PR
15 d f it S8 P AT AR TS 1 . B aR R
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Evaluation of Cryopreservation Technology for Concentrated
Products of Cholorella pyrenoidosa

LUO Xiaoying, YANG Runging, WEI Dong”
(School of Food Sciences and Engineering, South China University of Technology, Guangzhou, Guangdong 510640, China)

Abstract Chlorella pyrenoidosa is widely used in aquaculture as a living food, water adjusting agent,
and functional feed additive. It is thus important to study the methods of effectively maintaining cell
activity and nutritional quality, and extending shelf life in the concentrated products of C. pyrenoidosa. At
present, the commonly used preservation method for microalgae is cryopreservation. In this study, we
used concentrated algal paste (8x10'° cells/mL) and concentrated algal fluid (1x10° cells/mL) of C.
pyrenoidosa prepared by centrifugation and resuspension as the research objects, and systematically
evaluated the effects of pasteurization and temperature (25°C and 4°C) on the relative cell activity and
nutrient retention rates under short-term storage without light exposure. Our results showed that
pasteurization treatment caused the browning of both C. pyrenoidosa concentrates, and storage at room
temperature accelerated the decay of concentrated products. Thus, the concentrated products could be
stored directly at a low temperature of 4°C for 15 days without pasteurization treatment. The total
chlorophyll, carotenoids, and protein content in the concentrated C. pyrenoidosa paste reached 97.20%,
100.00%, and 98.20% of the levels before preservation, respectively; in the concentrated C. pyrenoidosa
fluid all levels were 100.00% of those before preservation. This study also established the optimal
conditions of the fluorescent probe method for cell viability detection: cell density of 2.6x10° cells/mL,
working concentration of 60 pmol/L of fluorescein diacetate, and staining time of 30 min. The results
indicated that the relative cell viability of the concentrated C. pyrenoidosa paste and fluid directly stored
at 4°C were 48.26% and 61.36%, respectively, before preservation. The cryopreservation technology
established in this study for the concentrated products of  C. pyrenoidosa provides a critical technology
support for the downstream aquaculture applications of fresh concentrated products of microalgae.

Key words Chlorella pyrenoidosa; Concentrated products; Cryopreservation; Cell viability;
Nutritional quality
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