55174 459 W 1 4 i A A Vol. 17 No. 9
2026 4E 5 H Journal of Food Safety & Quality May, 2026

DOI: 10.19812/j.cnki.jfsq11-5956/t5.20251229005

SIAMER: F3U, R7, KR, & BRSSO B AL BRI B T[], B2 A BRI 24, 2026,
17(9): 43-52.

WANG WX, WU N, ZHANG DC, et al. Analysis of the degradation products of Pseudoalteromonas carrageenovora Al on
Saccharina japonica [J]. Journal of Food Safety & Quality, 2026, 17(9): 43—52. (in Chinese with English abstract).

BRE FA SRR A AN oA A1 PRI =1 53 By

Exge ' 2 o7l kA ke mmae

(1. P EBEE BT T SRR AR YA SR, T8 2660005 2. P EREEBE AR B,
HE 266400 3. FIERABUEEIT TR 0 K S R TALR =, HE 266000)

B OE: BR PR MR ECR IR AL X R R ECR, IF R G0 T R I 2R
IR AR AT — bR AT R AR TR O B R AN SRS B AL, TR A R A 14 R AT
OPHT o R U S o3 AP BE UL G b AT T AR L OB o AT R A, XA B AT T
R BMBIEE . SR IXER ] B DR A RE . B e AR o R 2 S TR, Dl Py
ROyFIZHE, W R F 24 1.4~1.7 kDa BYZERE . W UTIEZ S k2 0 HT n s el & iy, o
TO%EEIUILIEIL 4.08%; HUBRALM M HTRI], DUBER & A Beml . FFUBAH ER0E, A0 H SRR iE e, IE
YRR IR SR W . R BREMSRECCR U Al B i, RO AR, R
HOLH AL S PR D RE o L 7 R, RERE A RIS AN R 201 1Tty 20 SR, DR R IR AT
Tt 2 S ZERE, R PDE R OB AR T B dh Tl A e it T8

REIA: W, BUEY R RS, BREASBSCR MU AL, WS SRR

Analysis of the degradation products of Pseudoalteromonas carrageenovora
A1 on Saccharina japonica
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ABSTRACT: Objective To evaluate the degradation effects of Pseudoalteromonas carrageenovora Al on
Saccharina japonica and systematically analyze the polysaccharide characteristics of the degradation products.
Methods A strain of Pseudoalteromonas carrageenovora Al capable of degrading Saccharina japonica was
obtained through screening. The fermentation broth acquired after Saccharina japonica fermentation was analyzed.

The content determination, monosaccharide composition analysis and molecular weight analysis were performed on
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the fermentation broth and its fractional ethanol precipitation components, and the Saccharina japonica residues were
observed by scanning electron microscopy. Results This strain could significantly damage the cell wall of
Saccharina japonica. The degradation products contained polysaccharides and oligosaccharides with a wide
molecular weight range, while the supernatant mainly enriched oligosaccharides of 1.4—1.7 kDa. Further analysis of
the precipitated components revealed that the content of fucose was relatively high, with 70% alcohol precipitation
reaching 4.08%; the monosaccharide composition analysis indicated that the precipitation was rich in fucose,
galactose and mannose, and the characteristic units of alginate were detected, confirming that the products contained
sulfated fucopolysaccharides and alginate. Conclusion Pseudoalteromonas carrageenovora Al has the function of
decomposing Saccharina japonica, destroying the cell wall and releasing the carbohydrate compounds.

Polysaccharides and oligosaccharides with different molecular weights from Saccharina japonica can be effectively

obtained by alcohol precipitation, providing a method to develop kelp polysaccharides and oligosaccharides through

FH1TE

fermentation technology and obtain bioactive materials for the food industry.
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Table 1 Existing degradation methods and characteristics
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BOEAT T RBETLASAG 3 AU ALy, Z0 AT o4 o0
B, R AR ST R SR A AT
TR MBNE, R IZERAEERECR . AUTF B 1R R
B2 BT SR B, 38 A 3 R IO SRS Xk K T 7 A T
RGO, R T AR >R X Be 2 S SRR I A S
BRRRTE, ShASHE R A e o 2R RS AL L

1 MR5ERE

1.1 #R5RF

R R B IR R o

CIE (g, EEREAR), E TR, PR, Win
2. M. AEALE(NaOH), ERFR(HC) ., — ke
AAEG(CaCly) . ~FIEAMRERRER . JOKBRAR M (NaySO,) |
YO BERREN . BEUR . BEERR . BRREAD . AEREROK . mhRiR
2% W% (phosphate buffered saline, PBS)., 1-ZEJk-3-H%k-5-
NEE 1 WK B (1-phenyl-3-methyl-5-pyrazolone, PMP)(43#7 4,
[ 25 B AL 7R A BR A W), K (R IR A= Rt
HA MR F]); Takara 2 B A K 20 DNA $& B0 & (52 H B2
HEEARGRRA A, BRARES H 205 (mannose, Man).
R IHA A Bl (glucosamine, GleN),  F 2 (rthamnose, Rha)
% Wi B B2 (glucuronic acid, GlcA) . 2k F W B B
(galacturonic acid, GalA) . & % 2 7L B¥ (galactosamine,
GalN). #i%jHE(glucose, Glc). ¥ F|HH(galactose, Gal), A
Bl (xylose, Xyl). F$i{f#¥#(arabinose, Ara). 7 #EMi(fucose,
Fuc)(3£[E Sigma 2~ ]).o
1.2 UF58&E

DHCO123A {7 i s A4 (L 10K % S 0 i A B
22 Hl); LC-20A 5 &M AH 6 3% AL (H A B A Al );
TU-1810PC $¢ANAT UL 235G BE T (b a3 Ao FH A A B
FHEAF]); HH-ZK4 PUFL/K - (R ST T AR BR 3¢
fE 7~ F]); Centrifuge 5804R & X /& 3 &5 .0 ML (1 =
Eppendorf /A ]); FD-1A-80 ¥ % T HL(AL 7 1 E AL 2%
FH R F]); ZORBAX SB-AQ C g (A (250 mmx4.6 mm,
5 um)(ZEE Alilent 23 5]); TSK G3000 PWx1 2 34E(300 mmx
7.8 mm, 5 pm). TSK G2000 PWx1 434:(300 mmx7.8 mm,
5 um)(H 4% Tosoh 2\ ¥)); S-3400N 434 H F W isEs(H A
Hitachi 23 A))o
1.3 SEWHE
1.3.1 H#ipid

B RS IR R EIZ M B L= 5, BL20 gt
A, FJCE BT TI0Y /N, AR E A 30 mL K A 3R
7K(0.9% NaCl =ffirf . 7£ 25 °C. 150 v/min AIS1E T IR
% 3 h g A=A B T mL W, INAE] 9 mL TR
FRERAK AT 10 15 ROV RE . W B 5 POV TR AT 7E 2216E
AR SRR RS o/L, BEEEM L /L, B 20 g/L, i

PEIE KB, pH 7.6~7.8) |, £ 25 °)CF 1535 7 d, HAMMRYE
WVR LS EPRE A WG, JFTE 2216 [ AR F 5k
TR AR IR, B AR R AlAE L R Y
TR AR s A5 1) T e A O 1B 15 7 B (W R Bl 20 g/L,
EAMS g/L, BERER 1 g/L, BIEH 20 g/L) |k, 1£ 25 °CF
B33 dJE, A 10% CaCl, VAW, B8 20~30 min, WL
AR B, DA PR 2 15 26 48 S A S -

T G 36 ) BT 4 I A B TS M W AR S, R
Takara 4 %35 [ 41 DNA $2B0A & 42 A1 B #EAY DNA,
i/l 27F (5-AGAGTTTGATCCTGGCTCAG-3")#l 1541R
(5-AAGGAGGTGATCCAGCCGCA-3")5 | ¥y, i 1t B 45 il
i JZ W (polymerase chain reaction, PCR)Y 1% 16S rRNA %
o PCR UWiAA &y 40 uL, f24& 1 uL27F, 1 uL 1541R, 20 uL
2xMix, DI 16 pL ddH,0., PCR ¥i% Bk st R 4 WAy
FRA AT 16S tRNA ZERM)F, I 5EEEREYHA
& &L 9.0 (National Center of Biotechnology Information,
NCBI) %4 J (https://www.ncbi.nlm.nih.gov/) ¥ 31 L % o #x
J&i, I MEGA 7.0 5, DISMERMERZ R EW, 2T
Btk Al SEEBFRBRNRREL TR R
132 A8k

Vgl 22 e K R I 2 B R A SRS R AL TR AL LA
WAL, ZHERRT 2021 4E 3 A 30 H A48T b %
YRR L, RS  CGMCC 22090, HA4h:
FHRLUE R K R R 2216E KE5R3E, ¥ Al HHRIEEF R 577
FA, 1E25°C, 150 r/min £04F N5 2 d R, Hl&3RASF
T 2 24 ¢ THARITAL 2~3 cm HARM/N, WA
F| 2216 WIAKGFRIED, K, IR 1.5 AR, & 3
ANEE, KEERFE 10d, AR RERECH DC-1, B3 {3 100 mL
KRR, 43318 0(9000 r/min, 5 min)5, ¥ FIEWAHT
PR, 15 5.34 g+0.08 g,
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B3 £ 100 mL i & B, 435125 .02(9000 t/min, 5 min)
Ja, IR CEEIUIE, LU 90% .70% .50%, B
ARG, B LB Ay 5B 04000 t/min, 10 min)lA3KTS
PLHE, #ILIERRIC N DCD-2, DCD-3, DCD-4; ¥ i
WEZEWE A G hRiC N DCU-2, DCU-3. DCU-4, JiiE5 i
WV VR TR IR
1.3.4 5F =5

SR FH 125 30T A - 05 g oL 12 DN 2 A % 40 1 PR A
{34 % TSK G3000 PWxI {41441 (300 mmx7.8 mm,
5 um). TSK G2000 PWxI f&i5%4£(300 mmx7.8 mm, 5 pm).
3 WA 0.05 mol/L Na,SO, /KIAK, Wi N
0.5 mL/min, IR N 40 °C, Kl R/ 2248
B i 2k 1 22 LAAS [R) 40 18 0 A e AR B R AUARHE L i S
M, FRUERRZER A 3 RS A . A4 0.05 mol/L
Na,SO, IR EC A 10 mg/mL AW, IR 20 uL
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K FHE B S R R R R L RE Fuc & 1 2L, il 3%
R IR ER R R IR MO 20 mg FFINRE AT 10 mL A3
W e AR, B 100 uL BHAWOE B E 1 mL, B
JEAEVOKIBH A 4.5 mL MR ERERIE R (6:1, V7)), BHRA
YIAE KIS F I 10 min JFAHIEZE R A 0.1 mL it
BC il 3% P hE 2 MR R ER AW, TRATEHHE 90 min, (i
AYIEEREHE 396 nm 1 427 nm P KT IO R

ok bR ek, e 0.103 mg/mL 1 Fuc bRUEE M,
HArRIEL0.0.1,0.2.0.3,0.4.0.5.0.6 mL FFMHEZE 1 mL,
P SRR S TR AR R A BRI T AL PR, 152G EE(E, X
B AT AL R, RIAT 53] Fue & .
1.3.6  SEAEL R AT

FESD AT AL B SR = 98 2 R A S 1 K o I K
R ERE, FEFIFREL 2 mg BEAL, A 1 mL KIS, KEE
A I mL4mol/L =H LR, HOE, BN ET 105°CT
K 4 ho KIETERUS, BHIZZEI, A 2 mol/L NaOH ¥
Wh R, SRIEHIE R E 10 mL 2R e 2 .

PR A AT R PMP AR G4 A - RO B3 T o
B 100 pL 7K A f5 BAE St B OHE A AR vE S, A 120 pL
PMP ¥ F1 100 uL 0.3 mol/L NaOH VAW, AT LA F 4y
RO, BRAIRAYE T 70°C K I 30 min,
RN RIE, BUBREIZEER, A 100 pL 0.3 mol/L HCI
WIRL AN . WA 0.5 mL =8 FEEIF B 02 3
W, WA T g AT

3% 50 (Bi%Hh ZORBAX SB-AQ Cig igf:
(250 mmx4.6 mm, 5 pm), FERARRE 25 °C, Kll#h —
Al

77,

100

98

0.0100

% & B4 21 46: 1 4% (diode array detector, PDA)RGIN 5 o SR —
JURBEEVENE, WEA N 0.1 mol/L PBS (pH=6.8)5 ZJi§
(83:17, V2V, T 0.8 mL/min, AR 20 pL, SRAERE] 50 min,
137 8T RM4E

Bk B e i e F AR FRER KIS VER T, & 4%k
TRV 4 °CREE 2 h R, HBHREE R CEEBK, BHK
10 min, )5 T 100% 2 BEH I K BAE L0609 &
15~20 min, CO, IR s T4, B e, B4, Bl
L

1.4 HIFEAIE

SEIEE R LIS Y A AR E IR 22 3R . i SE s
ST SPSS 26.0 k4T, MK P L 0.05. &
Gk E WA MEGA 7.0 B{AHHE, LK R H
GraphPad Prism 8.0.2 £+l

2 FER5HH

2.1 &K Al SR

L 2216 [ A RE 7 BB IR HE 5] 6 MR HA 1 SR AN
ZURBE AL, PRk Al WEEE RS KRR AL W
PCR = #i/i17 16S rRNA SEFWF 5 NCBI #4741t
X, WEWIZ R AR Al AR RAERE, FiZE T kR
Pseudoalteromonas carrageenovora FU: 551 (99.9%),
WiZ BN Pseudoalteromonas carrageenovora, i N
FEA AR AR BT A1, MEGA 7.0 3R1UFFTi M RS K
BERWE 1 R, Wk AL 5
carrageenovora RRTE—A4rX b, RN ZMHG K
EMRGEERR.

Pseudoalteromonas

Pseudoalteromonas carrageenovora IAM12662" (X82136)
Pseudoalteromonas agarivorans DSM 145857 (CP011011)
Pseudoalteromonas nigrifaciens KMM661T (CP011036)
Pseudoalteromonas antarctica CECT4664" (X98336)
Pseudoalteromonas fuliginea CIP105339T (AFS29062)

Pseudoalteromonas prydzensis RA15T (KU588400)

Pseudoalteromonas mariniglutinosa KMM 36357 (AJ507251)
Pseudoalteromonas gelatinilytica NHI53T (KT377064)
Pseudoalteromonas amylolytica W17 (KU535632)
—E Pseudoalteromonas byunsanensis FR1199T (DQ011289)
Pseudoalteromonas phenolica O-BC30" (AF332880)
Pseudoalteromonas luteoviolacea NCIMB1893" (X82144)

7 5_‘ E Pseudoalteromonas rubra ATCC295707 (X82147)

83 Pseudoalteromonas piscicida JICM20779" (CP011925)
Pseudoalteromonas xiamenensis CGMCC1.121577 (MT760042)
Alteromonas macleodii DSM6062" (Y 18228)

e T ARFB FE R (type strain).
1 JLTF 16S IDNA MH#k Al RELBEW

Fig.1

Phylogenetic tree of strain Al based on 16S rDNA gene sequences
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] DL 3 AR 2 MK IR A R G, w2
WS KAVER, M ZHRE e Rk, 1SR
IKIEWINA LB, 24 R B — 8 vk B i 2 iR S DT e
Wk, BRSO, WS BHBUTRE B 43 F 2 th KEN
My ZH . ARSI S R B T B A S BE, i B
WA R LB B N AR BSR4, BRI 48 5 SR
BT RPN 2 s AR T IS S5
LW NS R R T TR E, RIS TG
R, BT AT R, AR KRR UE G 22 (relative
standard deviation, RSD)}y 0.35<5, FEHIARIEEITSAET i
Ry 5 R BER TR B2 # R AT
VAU B A B i vl AT, B A E R M i —
HHT AT, BEE BEUTH R0, DUTE I BT AL B A
K, W BRI AEE AR/, R 2R SERE AT
HH B 2 TR B B M R, 3k -5 A A R R ek
BT PR MR A A e — 5, A8 e S Wil &
Ek 7 Z M R IO — 25 5, I B SRS AR S L
WA —E R PR B I RIS R AR b
B BB Ay F i KON 08, (8 TR 2240 .
23 SFESFTHOW

R TSK G3000 PWx1 4341300 mmx7.8 mm, 5 pm).,

TSK G2000 PWx1 {4 1541:(300 mmx7.8 mm, 5 pum)//3- X FE AR
Kooy B M oy AT 8 R B B €35 (gel permeation
chromatography, GPC)/¢ F & 43 #7. B BB F i h
2700~135350 Da 14 ZR 445 HEH 2 AT AR o il 2EA T 22 DA%
HIbRAERZE, 1T 3 RS . TSK G3000 PWxI {4
A8 & R H Y=0.003361870X°-0.1647723X°+
2.362994X-5.343511, 1”=0.9999; TSK G2000 PWxI (i} Fris:
B4 2 H ¥=0.008590899X°+0.416909 1.Y°~7.03570 LX+
45.03317, 7=0.9992, —# ¥ EATE LA, IEHA
BT A T A5

1

DCU-3 DCD-3  DCU-4 DCD-4
NG
B2 WA o B T )

Fig.2 Quality of liquor after grading-alcoholic
precipitation lyophilization

0
DCU-2 DCD-2

A G3000 ikt 4rF /45T, 4 GPC 1T
B FRERME 2 fin, SPERWE 3 fin. 8562
FEERPEA T, ATHIDC-1 8 WA RS S, 5
9 746.0 kD 1 1.6 kD, F#f# DC-1 i T/ F 2R 51
H5 (PR 20.600 min) A #E S EULALE S HHER, A
FIT 207 (K 3A).#E—2E%F DCU-2 & DCU-4 #4740#7, &
MA S BEEVUE, LIEWASFREPHE 1.4~1.7 kD Z
[, # H# DCU-4 #1 DCD-4, & IFE DCD-4 th 5 i
KL 50 650.0. 40.0 F1 2.7 kD, M EIHIE
T A R RE 4L IR 4 F R AN RN A 00 25 4385 H R
AR, ZEREEKEEP s R 8. A
TSK G2000 PWx1 S Hxt R M it 1 140 25 o (e 4), &3
Iy TR B S TSK G3000 PWxI (A48 5 —, 3ok
BRI EINFE RS FREE . APHERE, e kT
Mefrm p e it 22, R T SCBGAOR, S5 SN X B AR
WA TBR 2R, DIWRIE ZHiF5 5, @il 24X,
W 3 SR BT T A W Ko e I R R

T2 WMEVERBERSRASES FE5 % ER(TSK G3000 PWxI i)

Table 2 Molecular weight distribution of microbial degradation solution and fractional components (TSK G3000 PWxI column)

Eistan DC-1 DCU-2 DCU-3 DCU-4 DCD-2 DCD-3 DCD-4
4y T /KD 746.0, 1.6 536.0, 1.7 1.5 1.4 483.0,1.6  488.0,2.6,1.2 650.0, 40.0, 2.7
A 1500001 DC-1 B ¢

30000 —DCD-2 100000 _pcy-2
> 80000} —DCU-3
L 20.600 >
Ef(lOOOOO 20000 £ 60000} —DCU-4
g = #
= 2 10000 m 40000
& 50000 i ¥ 20000 —
19.794 g 0 0 T N—
. . . | 5 10 15 20 25 20000 5 10 15 20 25
0 5 10 15 20 25 ~10000- B )
{554 Bt ] /min 4 B3 1 [ /min {583 11 ] /min

B3 ol W R T B 43 B2 4310 -1 S0 A 1 R (TSK G3000 PWxI (i)

Fig.3 Molecular weight distribution spectra of microbial degradation solution and fractional components (TSK G3000 PWxI column)
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> 100000} E o
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= 0 1 La 1 0 L 1 0 IL L
10 zo' 30 10 201 30 10 20 30
i _s000L X —2000L S
—50000L AR B4R min 5000 AR B4R /min {5 B2l fmin
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5 20000 > 40000}
£ E
o L i
= 10000 & 20000
e
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150000F  pouss 60000F  pepag
= 100000 > 40000}
E E
i i
%’( 50000 = 20000F
ng‘ 0 1 L 1 Qg- 0 1 L) 1
10 20 30 10 20] 30
-50000* £ 84 B[] /min —20000% {5 B4 i (8] /min

B4 Tl YRR AR o S 43 09 43 T 0 A i 1] (TSK G2000 PWx1 aiiEE:)

Fig.4 Molecular weight distribution spectra of microbial degradation solution and fractional components (TSK G2000 PWxI column)
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WF5TIN E £3 2 Fuc Anif i 26 75 24 Y=14.466X+0.0317,
17=0.9963, 0I5 45 L 2% WY LA A v A b o 1 5T 5 B
AT DARIE ILHEF TR S 400 43 AR T 19 R B v FH B,
FESLHAREL 20 mg, ol 2 mg/mL AIHHAR AT Fue &
I, WESRME 3 iR, SREW, DCU RIS
1 Fuc % 5L T DCD RAIAE 5, IEMTHE S & —E =i
Fuc, R 32 BA7 76 T U0 3 1 A R A, e e ) G o 22
SrFIEEVTH, J5 S B A 4 Bt 5 0 25 R
AHHEPIE . DC-1 o' Fue & =8AK, &R 50 HH 51 4s
A —F, LR IR 0/ N F 2 O Bt s R Eh R
P SR AT E T, 2B UE AN F A R
T5 TG S B I A2 .
2.5 BPEERDINER

R AR B A A 5343 K JE R A PMP AR R AR 1%
Yo R BRI 2 BT AT, BREARIE S R 11 R

WEAh, S 7B AR R S AR B A SY, SR R et
AT RREATRAE vt 3R R (G H ke BT R (M) B A T i

TR LR Wy o A 0 D o 2L 5 ) B AL I o BT 285 514
R4, BEEA R HTIE NI 5 R o f T E MRS AT
ST AT LAA B, 4% 2 03 0 OB AL L i E AT AR L
HMAAE—EZ S . KA P EH Man, GIeN.| Gle
I Gal, b Gle ¥4 FUOR, d B 40 M BE RS ) 1 2 3%
IR IR o RIS, e A i BE WA 2 g v 2 A7 — s RO R T
Fa b, dpe— TR AR TR, DAIHTEVOTE Y OB AL
B B I Man®Y; 4RSS T ILARL1 4y, DCU-3 ik & A
DR GaIN H Arac i A8 35 BB R IR E 22 Fuc
YL, EAFEA S 5 1 Gal AL A BB, fiF 5% AR
SR T A P R A ) 2O b, 53 B v A A 2 1 R R
by, Hrp A —E B R R, 2 Gle Al Man [
R DUEM SRR T, Fue &EUIRAETE, EFEA
Gal &FHITHE, a0 FRaNras R, R AT

®3 WEMERAL S RASNLFEBI T

Table 3 Chemical composition analysis of microbial degradation solution and fractional components

EisLzD DC-1 DCU-2 DCU-3

DCU-4 DCD-2 DCD-3 DCD-4

R T H /% 0.560+0.091 0.290+0.018

0.369+0.026

0.406+0.014 2.097+0.198 4.079+0.158 3.980+0.236
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Table 4 Analysis of monosaccharide composition of microbial degradation solution and fractional component
O L(BE R LE)
N G/M
Man GleN Rha GlcA GalA GalN Gle Gal Xyl Ara Fuc
DC-1 0.49 0.06 0.07 0.12 - - 1.00 0.11 - - 0.45 4/1
DCU-2 0.11 0.02 0.01 - 0.01 - 1.00 0.01 - - - 1/1
DCU-3 0.18 0.04 0.01 0.01 - 0.01 1.00 0.02 - 0.01 - 7/1
DCU-4 0.31 0.05 - - - - 1.00 0.02 - - 0.02 10/1
DCD-2 0.96 0.14 0.14 0.21 - - 1.00 0.25 0.03 - 0.96 6/1
DCD-3 0.64 0.08 0.14 - - - 0.53 0.22 0.03 - 1.00 2/1
DCD-4 0.66 0.08 0.15 0.10 0.02 - 0.55 0.26 0.02 - 1.00 2/1
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Fig.5 Analysis spectrum of monosaccharide composition
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Fig.6 Electron microscopic images of untreated Saccharina japonica surface (A) and microbiodegradable Saccharina japonica surface (B, C)
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