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Variation Pattern of Vitamin B, Content During Laver Processing
YAO Shuwen!, YANG Shifan', ZHANG Bin!-?*
(1. Food and Pharmacy College, Zhejiang Ocean University, Zhoushan 316022, Zhejiang, China;
2. Pisa Marine Graduate School of Zhejiang Ocean University, Zhoushan 316022,
Zhejiang, China)

Abstract: To explore the changes in stability of vitamin B, during laver processing and analyze the key factors
influencing vitamin B, loss in each processing step, laver samples from different origins were selected, and the
vitamin B; content was detected using ultra-high performance liquid chromatography - high - resolution mass
spectrometry (UHPLC-HRMS). The results showed that significant differences existed in the vitamin B, con-
tent of raw laver from different origins. During dynamic processing, the soaking step was the key stage for vita-
min B, loss, accounting for more than half of the total loss. The washing and draining steps further decreased
the vitamin B; content, but the loss was relatively small. During drying, higher temperatures significantly ac-
celerated the thermal degradation of vitamin B;, leading to a marked decrease in content. During storage,
vacuum and low-temperature conditions effectively delayed the degradation of vitamin B;. Therefore, vitamin
B, loss occurred primarily during the soaking and drying steps. To maximize the retention of vitamin B, and en-
hance nutritional quality, the optimal pre-treatment conditions as follows: soaking time 20 min, drying tem-
perature 40 “C, and vacuum low-temperature storage should be adopted.

Key words: laver processing; vitamin B;; stability; loss rate; ultra-high performance liquid chromatography-
high-resolution mass spectrometry (UHPLC-HRMS)
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KR T LA BRI A TR E Ui
X, R EE AL T EY 22—, B R SR X%
LR FILIR WL AR DL AT TR, SR E
EARINE A I~ E- S 7 sk AV IR e 31
Hrp B R G EEE MEg R B, 44 & B,.
e 2 By YR Be MR R By M4 K B, ¥ 2
M ke B4 A AR GEREHLAR E F AR R AL
PRAg Ry T, R AEEAS AT S G E . Hoh ik
B NIRRT S S IR DL R
FRAC 4 — 2R3 &2 2R (0 A B A A BE 1 Qi ik
TR R BTN . N FES I Z R, 4E
R B, TA R, R D6 IR E A A
WK, 5 R e R RN o DRI 8 SR A T T L B
BB, e R Bl IR R BRI ARG 2R S &
FERR I E FRMER,

LRI TR B AR TE e T LT
VIR A 6387 . fEIR IR, SR R Eh /05 D
2Bk HR T4 ER B, HASKIEY:, 5K ARk,
12 0 B ) 5 35 T TR Y A 4 A R B AR E T
A R R, RS T B L KO by ik Ay
WS I St — 1 A &R B, PR, TR
Y By RS2 SRR i T e A R A, LI i
R T T R i R A AN AT S i A
AT i R B fEEACE N Bl o0 i, U HAE H R
FERR R A S A E T, B IR G2 0 Sk 3, T LA 1K
TEAEAE AV REA BOR S H A i . 5838 m Tad
HHA R B E S RO 4 A B, R MR B R e A7 7
P52 R AYUE T U TR 4R R B IR R
T i I B 5 b 61,

ULAFR , Bt 58 3 77 M A PR 2 Ji , o) 77 i it I S
BRI TS A ER . E NS SRR
SRS MY RO T A AR T T KRS, KB B
L R IR R BRI RE R, R R B A
Yert Z B 4T AR R EA EZEN. 45 B &
AR 2 3 [ B A KB ORI i
H5IMT. T ESH0E DM, (PR = R4
BT ESHE YA R B, KRS, IR ™
BRMEMT S5 1. HIL, AR SCRA P&
T R oA B, BT A BUAE B 45 ER T R A
DN SR IN T A M Ay o R R R
MR AR S8

1 #Rl5AZX
L1 AR5t

Tl SRS R A VL5 rE T, AR S 20 °C
ORI B0 BR800 RS 2o R R i AR R
PE—B0 S5 R T 5

R S (B g al) LR (S Hr k) « 2235 58
R RO AT BRI 5 48R Z B, AR (2E)299% ) -
%[ Sigma 2AH]

1.2 SR

Q Exactive Orbitrap i % {¥ . Vanquish UPLC # &
WO AR 635 A Z2 5« 36 [# Thermo Fisher Scientific 2y
) ; Tissuelyser-48 BT AUBRRAN « 1 1RF 55 Sk & AT
PR F] 5 5430R A1 2 2 VR 2500 1L : 72 [ Eppendorf 2
) 3 KQ-500DE HY 8 75  F pe i « B 1L A A A PR A
3 GZX-9240MBE HL PAME IR T4 4 - i R R Y7 A=
WA A A PR 2 ) o
1.3 )k
1.3.1 kAL TAb

TEHIFRIN A AR UNZR B2 i v 7 At 10 4T 56
SN JFURL B i 28220 “CYR VRIRAF IR AT B T 4 °Cid
PR B B R D S A AR B, in TR AR R =
WOEGE BT BT R AR I, I i R
WL 1:10 (g/mL) A SR, 7230 T 235 10,
20,3040 min, Y [A] A2 G0 PR f ER 00 11 o T BE S
Wit R A L RV AT B IE K R FR Pk 3 K, R i
IRFE]) R 1 min, 25 BRFR HIG B 670 AR BT, Bl e R L3
SIPET AN R, 380 5 min I I E Sl ko
S5 I S B M A o BT R R AR T AN B
FEAE, AR BVEEL T8R4, 205 T 40,5060, 70 “CHE
T, K> E B <10% (BT i 70 50 , Tk 72 rh e 3
SR GG L) . Ul TRRASRERE R I R =,
Y1y 2~3 em S o VIR RERRICRAR 000 3 4
T B2 (25 °C) AR 2 A L (4 °C) M B zs % 3t
P (4 °C) I 21 d, o BTBORER N . AN i TR
W IGLEREOG IE TR T e, &AL TRIE 3 IR
i
132 K2

A 0 PR IEUAL F1E )RR 5 50 mg, & T 2 mL =R
HLOMA 0.5 mL 7 1% LRI 80% W BHA AT 42
VR, SR FH P G B R IO SR AR K B, RIS
#2300 W AR 40 kHz AR 15 min. $2H
SEMLE 10 000 r/min 5.0 10 min WE B, BE 2
B3 WG IF BIEWOTHE 5 R R LU B 17 5 2k
W pr . B RBGS R SR IO & T 4 CHREETR
DRAF B7 1L ZEAE 2R By DRIIRLEE T i 10 2 A e
133 MEsh4EA R B, e

R e 2 B, & i R B = OB (3% - 15
% B (ultra-high performance liquid chromatogra-
phy-high-resolution mass spectrometry, UHPLC-HRMS)
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1.3.3.1 UHPLC 4/

K Hl Waters ACQUITY UPLC HSS T3 ff 3 #F
(50 mmx2.1 mm, 1.8 wm), JisAH A 4K 0.1%
LIR) B HZNE(F 0.1% LTR) o i 0.3 mL/min, #
40 °CLHEFERE 2 Lo BREEVENLAR T : 0~1 min, 90%
A;1~5min,90% A~10% A;5~7 min, 10% A;7~7.1 min,
10% A~90% A;7.1~9 min,90% A , LASEIRA: P-4 .
1.3.3.2  JEiE&ME

JO S A A R 55 E B AR AT B TR S
BB AL E 3000 V, BRI 320 °CL RS
T 40 arb, fl Bh W E 10 arbo, 745 555 BN m/z
95~1 400,

HArfb & 94 4 2 B, 19 B8 5 A b (m/z)
265.111 76, 52 Ffr e Ry 265.11 A% B IHA] 0.45 min.,
it S A R ) e 3 2 5 b o i 2 AR ) A 41
PRI T AT

DLYEA: 22 B, A5 I A TR B (pug/mL) by £ A8 A
(X)), LA Ay e T AR R N A s (Y ) 22 il b v il 2 7 e
HRFRAEMZ TN Y=1999.4X+12.7,R?=0.999 8.,

Yert R B, TN T ARG TE,

CXVXF
Csamp]e = T

P : Conpe AFEMYEAER B, &5, nglg; € HTE
FEMUEE  ng/mL; V R SEBORART, mL; F R #6 BT 4K
M RFES BT me; 1 000 S5 R AL
1.4 s ab B

BRAEEIRULEA SN, AWF S T A IR A 3 IR
Bl A K 25 3538 48 TraceFinder 4.1 A4 HR , 24040
SRR R B2 S AT A TR E . SR SPSS 17.0 Giit4k
AT 2253000 S5 R LY o br i 22 0 U PE

x 1000

2 GR5H5
2.1 JERbgEE R B, S8

RS SR AR e L BVEAT 4R A K By S A, 45

UL 1,
1 BEREEBELEEB IREE

Table 1 Initial vitamin B, content in raw laver

FE b Hef Bt img B4R B, &/ (ng/g)
R 15 48.22 46.55+0.44"
IR 2 5 48.84 47.03+0.36

AR 15 50.83 52.62+0.38
AR 25 49.80 51.38+0.52
w145 49.25 45.73+0.41"
mEi 2% 49.85 42.16+0.26°
Bk 1S 50.11 51.88+0.47
Bk 2 5 49.63 50.42+0.32
S {E 48.47+0.40

TE : A SR NG P RER R 22 5 0. 3% (P<0.05) o

HE 1AL 8 RS I dE A R B, AT
42.16~52.62 nglg Z[8] ,*F-¥J{E Ky 48.47 nglg. H,J5
K15 5ERBEM 15 & RE, 7500 52.62 nglg
F151.88 ng/g; UNAR 2 5 Ear i fik, 7y 42.16 ng/g. 5%
T RN R i A R B IR S AR 22 57, X
AT AE S 2R T A KRS KR B AR N R A
Ko /DB SO ARG R B, AN [R) 38 AN [)
IR E A R R SR X 22 R
SIMT R R X AR SR A R B, T R ERHE .
Yi k& B, 7 EOR R E Pk R, TG R, o b
Fr RN G S T IR S AR A 2 S
2.2 BITXGEAE B RRE MR R

SN TR LA AR LA 2 BR R R 4y, I ER
XY B R MR R R [ B )
YA B AR R LR 2,

% 2 AT, Bt 5 12 A () 4K 4% b KRR 2
AE B FREEREEE . PR BHEY A R
48.47 ng/g(F 1), 120 10 min 54 Z 43.38 ng/g, R A

K2 ARFAHENEREER B, SEHM

Table 2 Effect of different soaking time on vitamin B, content in laver

ng/g
‘r?z%?nkiljl‘ﬂ/ %ﬁifkg(’/' %ﬁ?ﬁg@ PR RA2E WR1E Wk J’iz:l%%% fil J’iz:;z%‘ﬁ LIy
10 43.60+0.51*  43.20+0.64* 44.1420.44* 43.72+047* 42.91x0.42* 41.55+0.50° 44.04£0.43* 43.87+0.38  43.38+0.47
20 40.70+0.42"  40.40£0.49> 41.00£0.33" 40.80+0.42" 40.30£0.34" 39.20+0.38" 40.90+0.29" 40.70+0.35"  40.53+0.38
30 36.8240.33°  36.6420.39°  36.90+0.40° 36.73+0.34° 36.51+0.32° 36.09+0.36° 36.94+0.41c 36.73x0.30° 36.67+0.36
40 33.94x0.32¢  33.57+0.33¢ 33.85£0.40' 33.77x0.35¢ 33.42+0.41¢ 33.26x0.40' 33.89+0.33¢ 33.76£0.37' 33.62+0.36

T - RIS R NG R R 22 5 .35 (P<0.05) .

10.50%; i1, 20 min W25 5 0 40.53 ng/g; 30 min
if, B gt — 2P % & 36.67 nglg; =29 40 min
Ji PR E AL 33.62 ng/g, BRI HIK 30.64%,

Wl SR P 4R R By 7K I P RS E VR 22, B R
TR, ELIR M TA] B, 151 B 2. 25
i b, BARIER BRI AT B T SR A I LB
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o AN SRR B LR . W UESE
RS D4 R By & AR RS2 . 1R 20 min
HIRE AL AR R B 5P 2R (83.6% ) 5 W) P 2 4K 2 6] ik
FI A, BRI 20 min A BRI R]

2.3 WS UITIRRLEA R B RRE TR
IEVES W T EFERIE 20 min E I RAY
B AL B, BEX R T R AR R B, & AR AL AT RS
I, 45250038 3 s

x3 BREDTIBEREEZB, IETUL
Table 3 Changes in vitamin B, content of laver during washing and draining process
ng/g
e IR ERIRAT 7 i 7 HE R
sk R HRIRY b pgon mkiw mpom EAEEHE EREEE 4
15 25 1= 255

bRV 41.88+0.35* 41.40+0.41* 41.06£0.32* 42.82+0.29* 40.89+0.38* 39.98+0.36* 41.22+0.28* 40.85+0.35* 41.26+0.34
Mk 40.59+0.31"  40.02+£0.35> 39.28+0.43" 39.90+0.34" 39.04+0.35" 38.22+0.33"> 39.29+0.37" 38.96+0.31" 39.41+0.35
WTE 39.02+0.33¢  38.55+0.30° 38.01+0.30° 38.34+0.31° 37.88+0.42¢ 37.45+0.47¢ 38.29+0.35¢ 37.66+0.37° 38.15+0.36

T FSUAR R NG TR 3R 22 53 8.5 (P<0.05)

W3R 3 PR BRI diAE R B, Frgi e HF
Y4 B 12 M0 45 R I Y 41.26 ng/g [ 2 39.41 ng/g,
VR 4.48% . T B4, DRI 28 35 3% 1T i 5 7K 43 Ul
A FR B K R ] WS O R R
38.15 ng/g, MER T LR FIK 7.54% . WFFERW], T VE
PR PR A LB bl IR 4 AR R B, B
Tk P, SRR K 43 1 T R LT R B 43 vk
AAER B —HURIY, EFT RS R, RARIKIR

PEAEAE AR 2 AR, HEMTE U i ] BE 2 X 5%
S I — 2 HOAUAS 15 , IR AR I 254 , S B30 e 3 2
AR By BYBECRIR R o DRMAE SE BN v, AT e
ATE VKU i S pem a] , DA — D B 4 AR R By Y

*ﬁﬁo
2.4 MEFIRXILEAER B RRENERIR I

SRMET I P44 R B, & B TR A L
TR OL AN 4 FITs

R4 TRMFREMERELEER B BN

Table 4 Effect of different drying temperatures on vitamin B, content in laver

ng/g

R . IRV YIRS 2 HE B 2 HE
e RS BIEY s pgan mgis mgoy EARHE ESEEE
=2 = = =2

40 38.25+0.29¢  37.41+0.28* 36.98+0.30* 37.13+0.34* 36.39+0.35* 36.44+0.39* 37.09+0.40* 36.43+0.37* 37.02+0.34
50 35.08+0.32" 34.26+0.30" 33.11+0.47"> 34.78+0.39> 34.97+0.33> 33.58+0.35"> 34.57+0.27" 33.01+0.31> 34.17+0.34
60 32.26+0.30¢  31.85+0.29¢ 31.03+0.38¢ 31.27+0.32¢ 32.19+0.37¢ 31.48+0.34c 32.14+0.31¢ 31.20+0.32¢ 31.68+0.33
70 28.91+0.444 27.83+0.38¢ 26.96+0.34¢ 26.84+0.41¢ 26.73+0.41¢ 25.95+0.36¢ 26.72+0.40¢ 26.60+0.37¢ 27.07+0.39

T : [FIFUA RN 5 R 3R 28 5 .35 (P<0.05)

H3R 4 I 7E 40 CHRMEN SR iR B &
AR R KOE S F N 37.02 ng/g, BEHT— TF
(38.15 ng/g) L F#AR 2.96% , Al L2/, HLASRE S
i & B, S HTE 36.39~38.25 ng/g Z 0], Z R A G
Coad SFPHEFR TSR E R T & i h 4e 4 K B, 4k
HFE B, AR B M4 K E K BIMEF R
FE PR A & IR [R] A B AR R L T e 4 A R
WY REfR . “EHE R B, 16 1~40 °C 1Y IR B0 Bl N X R 9
RGP CE M. IR TR & 50 CCH RS 4R R
2 B, Gt TR, P YIEY 34.17 ng/g, B 40 CF
R 7.70% , & WAAE LR T 4 A= R B, R 4G H B0 Sk i)
RIS, B THRE 60 C, 44K B, 1 5 ok
BE JE— A, S A R 31.68 nglg, BN
16.96% , UL 42 N 4 R B, B2 B ™ E 11
IR, TR HE— DR T 2 70 CR L, 4EAE R B,

Wik it Tk B B i KT, WU RE it R 4B AR 3R B B B i
1R 27.07 nglg, 55 40 CHILLIB > T 9.95 nglg, Sk
3K 29.04% , R AEE R B B EH R =02 —.
SRR, AR B R TR R PR R
PR S R R IR T R B S A B R RN A3
IR, 4 AE &R B TEm i A5 o0, U HETEK
SPAFAERY NG OL TSl BTl WL 4E A OB AE R IR
BN R TR 2 FLRR AR SR R IEA R R
40 CLAN B, i 42 By X ARE 550 "CRIL A I F A,
MBI IZ IR B I AR AR R B IV B, O 23 5 4R
SEMVE SR E B AT BEBR IS PR S5 M . 4E2E R B, X
T Ao URk AR E AR A A T ORI
TR BBARZES AR, SR & R EBOLR
RN, P, i KRR B 2R A & B,
A BCKHE T R PRI AR 40 °C, ] 2R FH 2 B THE A L
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fg IR P T 98 1) O X, DA R AT A R i XU, A
JE i i B
2.5 AEEATIXTHEA R B RRE MR N

A E R B R RS L T, A
AR AR 20 min 54T 40 CHIPEILAL & TR
AEFRAE S TTE 2= W TH BT XA 11 J7 hm? IR0
W R AP T IX, TSR i e A
H40%. DI4E 50 AR ZIX IR BN B Fh 3 Y
B SE R B A 140 SN T A, 4E 7= (H
401275, AL, R HABE 5T 2% BH B AR 7 X0 SR B 45 SR A
AR B R . T HA A R A
SRS BOZ X B F T 5 e I i Re e R T . A
IR AF 25 T30 i R B, b L3k 5.

*5 TRAMESHETEREESEB BT

Table 5 Changes in vitamin B, content in laver under different

storage conditions

ng/g
fEFERTIRl A F R RS LA
0 37.4620.39 36.78+0.39 37.78+0.39
7 35.1420.31 35.96:0.36 36.49+0.35
14 32.92+0.42° 34.25+0.34 36.080.37
21 30.0520.301 32.90+0.41¢ 35.71+0.42

T [FBA [Rl/ING b3 22 57 .3 (P<0.05)

W 5 Fis BT IR LSRN 44 R B, & B AEE(T
T AR ST R A R A R A2 A A 2 5 sk ]
SR . A 21 d BUREAFI N, T 5 BTG e Y 2 e 4t
R B, S 37.46 ng/g FEZE 30.05 ng/g, M4 Rk
19.78% , Bt W i o AR L2 T AR IR 2 J V4 i W Al 411
il T AR AR (R 10.55%) , 1T H.25 35 B A I 4%
PRI ROR A, i R OB, O B R i (R R R
125.48%) . H5E A KIWFFRLER—, B4t R B, 7
R G A, U R IR A IR S R0,

fe il T U A2 N LS e A OB, IR
IR A AF AT LAV 223X — b B, DA I 35 5 A A 0
BT S B E AR LRAFS19

Y R B, 4y F X AR A B0, B2 %
b 3 2 HE R A, AR AR ] T H AR AL R A ik A%
oL R, A R B, 7St B rh S5 A0k T AE W T
PER =8 . BLAS AR ) V2 R SR A B 0 SRR A
HEFRR(NGEER B, LR O WA T B2,

RAA T RE S D28 JT A b2 s 1 AR AR 2 o7 114) 328
B OXASEEAE R By AL FIK AR, A5 AR
T S A AL REI il B 2 7K 53 2 5 B K A BN, 348 BE ik
SR 4 B T A AL O

Zr b SR YR R B, YRR T s B T A
oo FLAS 9 BE A T BR AL — R R AR 4R
PET S AR OR 5 AR U0 2o PR AV s 17 2 g 2 8, 4T

I 2% o A A 5 T L9 7 DU DR DI 3 WL 4 A 7 A S
PN AF Z MR R, S B4R B Rk
W, RS PR AR = v S i R BIR EE R B 585K W (9B SR A
{8, e R B s SR R AL, I LU HE I s

3 &g

AR R IN TR 44 R B et fb. 45
R, AFE SR R A R B, =R, n]
RES A KRR EA L, TR, R4 R B,
Tk EEH B, 12U 40 min P12k ik 30.64%; 50k S
Wil B SR B /N, ey 7.54% 5 L3415
ERFFESZ R, 70 CHE R FIE 29.04%

T I, AN 5Tl 0 2 0 20 min LR 40 °C
J LSRRI T2 RS IIE , B B
G REAE R AL A 2 B, MR AR, 1R R 5.48% ., 253
T AR B R G BT R 5 iR A R
B, B AL 1 AL R R AL T 20 & LA IR A
AT S AEAE R B R EA S R S i T R
FEPK

Sk
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