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Optimization of Extraction-purification Process and Quantitative

Detection for Chrysolaminarin from Marine Diatoms

WANG Shan, YANG Runging, WEI Dong”
(School of Food Science and Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: Chrysolaminarin is a kind of f-1,3-glucan possessing many functions such as anti-oxidative, anti-tumor, hypoglycemic,
hypolipidemic and immunomodulatory activities. Marine diatoms are rich in chrysolaminarin, but extraction-purification process and accurate
quantitative determination method are the bottlenecks of current research and development. In this study, the extraction-purification process for
the intracellular chrysolaminarin from marine diatom Phaeodactylum tricornutum was optimized, and the optimal conditions were established as
follows: The freeze-dried algal powder was extracted four times with the Tris-EDTA buffer, and the protein was removed using trichloroacetic
acid (TCA; final concentration 10%) before the polysaccharide was recovered via alcohol precipitation. The aniline blue fluorescence method,
phenol-sulfuric acid method and gel chromatography method were used to compare systematically the determined contents. The results showed
that the aniline blue fluorescence method had the optimal detection range of 1~40 pug/mL and the lowest detection limit (4.12 pg/mL), the
highest precision (relative standard deviation (RSD) 1.27%), the best reproducibility (RSD 2.49%) and high average recovery rate in spiked
samples (100.85%), thereby being superior to other two methods. The optimized process and new detection method established in this study
provide technical support for the development and utilization of chrysolaminarin.
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S RATZHE (Chrysolaminarin) & —2/Ki S BAT 2 BE ISR Al N e AR kA

(1) B-1,3-H1 500, - Lt a ) B B-1,3-W o - % (PIREHAR 2 — o AT TE0 1k Hh 498 AT 2 BRI 7K

FD R p-1,6-MEHF s R R, T P BRUUIREAL T 28T ik, JFRIH p-1,3-%

TeEE . <R AN EEARIE IR D, VARG SRR S e 5 986 R e M 2 I 1Y R U O 5 ) 5

(R E =R AT TN R A . S AT 2 HE R U200 ST T TR SR PR AR T 5 4 v A

At PuME. FRIE. B, ity ss ZHEE R W ORM-IRERE . BRI AR R

BAIERERAT I EYRE IR, BH R, BALEYNE WEPOCRIMNE R TR LU, VP HL A5 SRR LA

PRI B RME 7> T B — IRAE 4~5 kus 5 RBSIERIE S,

(I B-HISENE (TR —MAE 5000 ku LA b % wl b= i

SR AN (502400 k) HilE, ikEAE | TN

FEO TR (140 ko), BAHEERREENES, 7]

VEN RIS A i 470,  FEDhREME & SRS RE

L1 A BREGHFEM

SIS ELAT T2 B 7S B R S AT 2 hE =t (Phaeodactylum tricornutum) CCMP
P, B ER I AT, R 1327 W BB B KA AR YT ST BTHARS HERE 7 01
RIS IhRet AN o W, SR RIHTE 12 Btk GE D 37RO,

H AT, EE0hsEsE p-1,3-5 SN A s A 2 B £RFE 20%0, pH 1H 8.0, RHITRIFIGSE 4 C. HMIEIL
FEEERED . i s AR R L BF, BT 50 mL A LEKR 72 WA
B 2 BRI R R S P /K AN B8 M K f R S 250 mL =i, BT 20 'COGMBRE 10 pmol/(m’s).
T F -8 i B — 2D K AR oA AT, 00 e e 2 B 150 rmin PEIRYERRREIR H T ES IR I
GEIEHEN pHEMS . BRI SR R, 3~5d Jas UL 10% R R EER 100 mL TTEE R
S R EEARIN S B ot DIREB H 2R R R AN A 172 $537 5511 250 mL = ffirh, AHEZF T RR 5% 6~8 d
R KU, e R € ey AN T DA 52 p-F R BXEEAH TR R 7. o I35 FRIEE 121 C R i
Wi, en S E TR, ddR ek K 15 min, JREBHREILIERREE G I CKE
DUERI 8 A [F) - 1) B- SEME AN RS i, DAOR B AR EMRE TR
i[5 E5 110 o SR B b oA it LU A i 12 A EpLE
2k, TIPSR ERE S p AR & 0, 207 -
ERR SR . EBEIMEL, BSERE Sl PRl ERE p-1,3 HIENE, Jb A REFRHA R
BORBE, MRS AR, BRI, R ANF; RREEEGRL, RIEMC TARAR; =& 4
Ty-TRFR Y AE — i FH I BRAL 25y, i B 2 iR, bl AENERARAR: RO, TR
TEWRTREEVE FH T Wi 7K A S pa i sl R R e 5 R WIHAEDMREA R A S%GT), £E HACH &
Mes & i — ML b &9, A HLEIESE 485 nm UK Al HW L RE. RS N o A A .
KFMEsEEessE, iR p-mEESE. Hil CYTATION-5 BEFRA, | M T A8 AR A B A 7
RUBEHI DR ERAEME, (EFES R 0 2 RE RN ERRIBE I (1525 BUE ROl BIEs), %
FFESEZNEL Mz, Bl &mEAAZ Waters A & ; &t i+ (Prevail Carbohydrate ES,
FRIIN0 52 i PR 2 - ekl 7 A s ek, (BT R 5um), EEZECRHAR AR Tissuelyse-24 TREE
Z RS R R RN I o 1% B EI R EARR A,

1 KRR /2 BEFHEERK

Table 1 Composition of modified f/2 medium

LIRS 4% (1L) wpmms  e% (1L) LIRS 4% (1L)
Hik 920 g M 1.17g & 3.00g
NaH,PO,-2H,0 10.00 mg Na,SiO;-5H,0  30.00 mg FeCly-6H,0 3.15mg
Na,EDTA-2H,0 436 mg CuS0,-5H,0 9.80 ug Na,MoO,2H,0 630 ug
ZnSO,- 7TH,0 22.00 g CoCly-6H,0 10.00 pg MnCl,-4H,0 180 pg
Thiamine-HCI (VB,) 200.00 pg Biotin (VH) 1.00 pg Cyanocobalamin (VBy,) 1.00 pg
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13 R E

1.3.1 96 #3UH 44 bk

I E 2 96 FUAR I S R, it %
T RTINS 2 B TG S 25 PR 2 el R B LA R Y . SR FH il
WA R AN 398 nm. AHHEK N 502 nm R,
M e K H AT (Sangon Biotech) FIJET* (Corning
Incorporated Costar) P95 B AR . AR 4 2
BRI DGR BE AR, TG Hh 2 YRR FE B ) 96 AR T-J5
132 S 45 R4 3 BRI
1.3.2.1 A FEEIREL

WA BT 4T AE 4 °C TR 8 000 t/min 50> 5 min,
HAEA R TR G R FREL 15 mg, 2% T 12 mL pH A
8.0 1] Tris-EDTA (TE) Z&w (il 5 mmol/L EDTA
&, 10 mmol/L Tris-HCI 5 pH £ 8.0) 1, 50 'C
TRKH# 30 min. 7EAHPIAEIECH 70 Hz % 10 min,
8 000 r/min &5.0» 5 min, WEEFTA LG S. 2 AlEK
FEEL 2. 4. 6 Ik, WAAIH EIFW. MEMA=EL
g (Trichloroacetic Acid, TCA) VAR E KT 4L
N 10%, 50 “C/K# 60 min, 10 000 r/min 5> 20 min,
RE|LERF. B LEF 55 fSoKkeERE, BT
20 CUKFEIER, RHEGE, FELL10 000 r/min B0
20 min, YA ZHERE R DY) T KRRDIIE T 5%
TEZEKE, Bk, RS 10 mL /AR,
1322 TCA #IAR 5L

FIF TE S2ri AT 4 10, W) Lig
TS HIMA TCA AT A 5% 10%.
15%, DESRHLBREAR T HARFMFR 13210
1323 EEhL

I AIFREGA TR 104 154 20 mg, FIH TE 22
MVRRRR TR 4 K, SRR BT S A
TCA HREIL AT ECN 10%. W32 FIEW F
BHTRET S AT AR T b . AR ER] 1.3.2.15
133 &3 B S AR T ik e thik
1.33.1  FMWE ek P

HERFREEERE B-1,3- FFE 20.00 mg, T
1 mol/L EHEMMNEMRIFERZE 100 mL, HALE KL
200 pg/mL HRAERRR, FAREN 1. 24 54 104 154 20,
30, 40, 60 pg/mL RYTAEW. 7E 1.10 mL AR
BN 2.10 mL ZRZHE TAEM, 50 “C7K#E 30 mine /%
i pH HVRZE 9.6 Ja S iRBCE 30 min, ZFRAN
kRl B 200 pL RBSEAE 398 nm KK
502 nm RSB SFAE N IE IR . 2l
2N Y=89.57X+4 264.50 (R*=0.99), M X JyEsE}

B-13- 0 SRME R RIR AL, Y AR

HY 1.3.2 71 1.00 mL 43 RATZHERFI, A
0.10 mL 6 mol/L Z AN, 80 ‘C/K¥f 30 min. Bl
Je R B O ERAVKIG 10 min, Bl S AR
TAEM, RMNJEEL 200 pL S SR GE SS9
B, A SR R R
1332 K-iRlgik

VERFRE IS /K 61 0 20.00 mg,  FHZE /KGRIt
ERZE 100 mL, H]4% 200 pg/mL A ST, Fikk
N 2. 4. 64 8. 10, 20, 40. 60 80+ 100, 120 pg/mL
FHNTAER . B 1 mL FRIUFEBIIA 1 mL 5% (m/V)
RN S mL WKERIR, SiRFHE 10 min J53E5],
WEOGEE 20 min, 7F 490 nm AEMEROCRE, bR
HERHZE N ¥=0.007 9X+0.057 (R*=1.00), Rt X Hii
HRETEIRIE, Y NI .

HERAFREL 5 mg T84, A 10 mL #4fiK,
50 “C/K# 30 min, B 1 mL FRIESARIIA 1 mL 5%

(m/V) KEREA S mL KRGS, =IREE 10 min
JERES), BOLERE 20 min, BUEIETE 490 nm AL E
WOBRE, B ARE AT E AN R, SRR
e 250 0.90 TH5L p-1,3-H wE S 2,
1.3.3.3  EEUAE RS

FREX 200.00 mg 7> F&M 5 200 u [FIEERE p-1,3-%
BRI, 50% (V) KT E 24 100 mL
PABLE 200 pg/mL B-H SRMEERE, FBEN 404 60+ 80.
100. 200 400. 600. 800. 1000 2000 pg/mL %5
TAEM, T EsR e by, KA 1525 BEaiR
FHETETE . Prevail Carbohydrate ES (250 mmx4.6 mm)
EIERE; WA 75% (V/V) LBEERG WiEN
1.0 mL/min; £E3 35 °C; Waters 2414 7~ Z 3600188,
HEFER 20 uL; BMEMISATINE 15 min. ZxilbriE
B4 Y=141.11X-2 394.60 (R*=1.00), Xt X K
BHIRNERRIREE, Y N, ZllE, FEEEB-1,3-
I SRR I H U LR BE S TR) A 9.141 min.

I 1.3.2 BRI Z BRI T 23T 5 mL
WA, T B s i, @I AR Tt
HEWBAAZHTE. 20T, &AL HIE
PREFI ]9 9.753 min.

1334 FEIFRR. K52 R B LLR

FF ot (PRGNS B AR T2 1 A ARG U 281 1) S A
AR, R BARAT IR E . 5 SRR S A I T R A
3 RS AbRERZE (BT 30 25D, FadhE =R T
B 10 007 AbsEmZE (B 100 2D,

FH801.3.3.1~1.3.3.3 VEEENE R —FE5H 5 %
THEAEGH PR R Z (Relative Standard Deviation, RSD)
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B, BN &I 1.3.2 e e R
A 22 R AR AR EHI 4 5 R TR SR 15
DR, RH 1.3.3.1~1.3.3.3 HiRMERE RS, B8k
AR BB
1.3.3.5  FESIIFR ENSCRMN 2

RS REURE DA T30 6 4%, K 1.3.2 ikt 4
FE AT 2 N B SRR S R 2 0, 35 6
2RI 2 mL 40 pg/mL BERE B-1,3-7 SAIEAT
DEERIWC SRS, FHEBAEKMREZ 10 mL, SRR .
P HERE S 2 P AT IR, #5058 25 R B /s Ikt [a]
W ITE TR R T 100%+5% A, Tt B 7 Ve E

B
14 BB

K-HH Origin 9.0 £ SPSS #A% £idf 34T AbEE AN ¢
THF oM, L 58 B 38 R T 38 48 £ 5 i R 22
(Mean+SD) #5tto SRR R HTIEM -1 50317
BEMEIINT, AFFEEZ RFRR T 2R (P<0.05).

2 ZR51Me

2.1 96 #ILAR Y i ik

£ T. ( Sangon Biotech ) Al F ¢ ( Corning
Incorporated Costar) P < b1 96 FLiF AR A4 FEAR
XA R 96 LRI TS SPGB AR 1 PR . 45 25
FH, A AR 96 AL A FEAR I 50O R IK(700
FEAa ), REDIAE it B iR FEE M g5 /)« 17 8 FH i 1
BREC AR B R FE R T 4 000, FSIng R, &
SERS RIS A OGS 4 000~8 000, R W
B AR B G RIS . 2R b, keE
AT 96 FL A FEAR F T JR A St o 5 BE AT o

16 000
140007 MMM
I
12000 "
10 000 +
%( 8000 |
R L
R 6 000 P3
4 (000 [ e, B L st Ve U W et P i e
2000 i?
0 e Snten e’ e’ S eemtine® e’ S e’ S e Sheine "
0 20 40 60 80 100
1R DA

B 1 TEaRE 96 MFLIRAYE RIEIREE
Fig.1 Background fluorescence intensity of 96-well microplates
from different brands
E: Pl AATEM; P2 ARTEM; P3ARTEYIR;
P4 % TAM,
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e (18.81% THED . UiHFEIAEGEE, Sk RATE
PRACIE & Sy, (RPRHUCKTA 4 R 6 Uiy, %
FEIIE SRR ERER (P>005). HFFLRY], Kig
LA BRSNS KA AT LA
PTAgaS BEL,  T BRI T AR
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Fig.2 Effects of extraction times by TE Buffer, TCA
concentrations and extraction with or without ethanol
precipitation on the detected value of chrysolaminarin content
E: RFIFH acb. o RAMBZ 0 FE L F £ F P<0.05,



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.8

Wi 2b R, B TCA KRR nHitm, &
T AT 22 WE I S B Al IR T PR ka3
2 TCA LAEFAECN 10%00, 2042 E ik
(1791% &), b 5% 15%% FEt 22%A0
16% (P<0.05). RAZCIIF T Sevag I TCA
VHRBRER PO T 250 4 P b 2 B RN S5 AR IE (15
Wi, 45 BRI Sevag EALFE 2 KER 10% (V/V)
TCA ] LAIRAR 55 K 1) 22 W [ WA e R e /N 1) 2 1
B, HARSAHRES R Sk 10% 7/
TCA R B A AT JG 825256
WP 2¢ FioR, SGREUCELG, AR BN 4
AT Z S BN E ML R E R ARSI
AEFRA A, ZRES EIEE I (P<0.05). Hf
TR, EABIRERPNEEER. TR AUGR
G BATZ MR RSP, 4 CRIRBEDUS 4 B
AR WE G2 ik 43.54%M . St i HIRE oA [R)—
LR FR S GRS, N SR 2 S
BAER, UHIEEDACEIN 2R S 0EE, Kk
P T aiE RATZRE S R IR ER RS . SUE S0

WK 2 FivR, KRGS K- BRI A
Ji E iR A 7 AR BTG 4331 8 1~40.2~120 F1140~
2 000 pg/mL, K T PR 73519 4.12.4.56 114.93 pg/mL.
Forp, 2RI DR IR TG Rl /S, BRI iR AS
WY (H2, IS T EIE MR T PR AR,
AR TR R KSR S8 AT 2
=
FREHE DI CIE TR - TR RIS C iR RS 2
FEAEIPE L s L 2. SRR, =FRJ7EM
K% % RSD $5/1T 5%, JCH R VO GIE MR 2% 5
fE (RSD A 1.27%). EEIBAH it vk roRG 2 B
K (RSD A 4.74%), TREAE N ZEHT A% R
FERUR, AR S A FBR B . EE I |,
IR i W O R M VR I AR A S S = RSD A
(2.49%), ULHIZIEEIMERTF. PEikiE, fEs
SREIRPE =R i (B B iy AR R
2Ly, B AEAE E I RSD KA 5.27%014,
AR FEE IR X R i B
(o RE R s, FE AT A B (OB R V246
MgE S mBR, BEWERmTREAN, TEEX.

TR AL P o B A S A
o o AT, LR RR, IS =
23 A EBHLEANTR. BX , . . . .
ERBWIROAUTRBERRIIRE o et bR R A R LPLLT.

R 2 SREMSENES EFHLLER
Table 2 Comparison of the methodology for chrysolaminarin determination

Frik FME R Sk KB FRBR IR B &k
2R ST E /(ug/mL) 1~40 2~120 40~2000
ot F FR/(ug/mL) 4.12 456 14.93
2228 24.08 21.84
21.83 23.06 22.51
M7 25 F/(ng/mL) 22.35 24.71 23.26
B 22.51 23.95 24.08
21.96 25.09 21.42
P48/ (ug/mL) 22.19° 24.18° 22.62°
RSD/% 1.27 3.22 474
2228 24.08 22.84
21.43 2547 21.33
M 4 R/ (pg/mL) 21.95 24.96 21.95
FIH 22.86 24.20 23.92
21.75 27.11 24.81
348/ (pg/mL) 22.05° 25.16° 22.97°
RSD/% 2.49 4.88 6.17

2 REFEATIEMEF P<0.05.

B-1.3-FRME AIIFERICR, IS RAE 3 F

24 AR E R o GRS AR T
= R T B R R

7E 96%~105%2 (8], “FHIECEA 100.85%, RSD #x
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/N (312%), BEEHZRIZIE D GIENT T = Mt &
T B AT 22 WE I 52 S ORUERR, SRR T vk, 2R
Pt BV (P A TSR FRLE 106%~116% 2 (8], S5
RSD /N (3.19% ), 1H1Z 7710 5 45 5 bl S b B i »
PRI AN E B I AR IE TR R Bt = B-1,3-7 SR M 1)
TR BRSO ISR R AR R TE B TE 98%~
109%2 18], “FIIRUCEE (104.19%) ST D6E
ZERIANK, A N I 52 4 AT 2 S 5. AL
SRR e o R FIRE R, P SRR et T LA

HERf N e P BAT 2 (Laminarin) &5, HAG%
PEFIRREMER] RSD 235N 2.52%F0 2.09%. iR 7
SRR H PG SO A S h 2 i B,
R 2 FEAIMEE R 3 510N 4.07%F0 92%~104%, 3
BTG P VLT, A SRR 2 W B SR &
TN 19.86% 0 KL WE 5 T EATINE AE Y A 438
MEWEREITTE, SEIRNTNEME, HE5
A KSR EI M S, AR = AE
FE 4 BAT 2 R IR S A 7V

% 3 EWENELSR
Table 3 Results of standard recovery

ik Ao M EAE/ (ug/mL) ARSI A L/ (ugmL)  BRE/% P EE/%  RSD%
22.28 30.54 103.25
2143 29.18 96.88
R Kk 21.95 29.83 98.50 100.85° 3.12
22.86 31.06 101.25
21.75 30.10 104.38
24.08 33.10 112.75
25.47 34.70 115.38
REY-FBR 24.96 33.91 111.88 112.48° 3.19
24.20 32.74 106.75
27.11 36.36 115.63
22.84 31.10 103.25
21.33 29.18 98.13
B &8k 21.95 30.24 103.56 104.19° 3.94
23.92 32.52 107.50
24.81 33.49 108.50
i AR FEHATFRENEF P05,
3 4 Ei e eicosapentaenoic acid and chrysolaminarin from the same
Phaeodactylumtricornutum biomass [J]. Algal
AHF T = AT E e 4 e B AT 22 M FE Er Al Research-Biomass Biofuels and Bioproducts, 2018, 32:
WL ZHAT 7O, BESL T Bk h S B PRd A I 193-200.
FEE 6. Xt =FaTa v i N 4 B AT 2 B R FR A [2] Schreiber V, Dersch J, Puzik K, et al. The central vacuole of
T BT, EESE T SN TE SRR the diatom Phaeodactylum tricornutum: identification of new
4 IR LLZARFR 80 10% R TCA VAR 2 A Ja X FE A vacuolar membrane proteins and of a functional
HHTEEIUC IR . X =R CRIGE 2615 R Di-leucine-based targeting motif [J]. Protist, 2017, 168(3):
- FRE MBS BURA E 1) ARG R IR RS RE 271-282.
HIVENTIEE IR, Bk e EA S SR [3] Sellimi S, Maalej H, Rekik D M, et al. Antioxidant,
HIE ARSI J5 VR N ARG e ek o 2R S antibacterial and in vivo wound healing properties of
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HIFRAE T R AR . International Journal of Biological Macromolecules, 2018,
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