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Abstract: The aim of this study is to establish an ion chromatography method for simultaneous determination of glucose,
fructose, arabinose, galactose, mannose and ribose in beef hydrolysates. The pretreatment and chromatography conditions
were optimized. Finally, the protein was precipitated by 1% trichloroacetic acid and polysaccharide was hydrolyzed by
4 mol/L sulfuric acid. The CarboPac™ PA20 column was selected for separation. 5 mmol/L sodium hydroxide solution was
used as the eluent for gradient elution, with the detection of pulse amperometric detector(PAD). The results showed that the
six sugars could be separated completely under the above conditions, the linear relationship of glucose and other sugars
within the range of 0.25~2.50 pg/mL and 0.025~0.25 pg/mL, respectively, was good. And the correlation coefficient was
more than 0.998. The RSD of method was within 2.3%~5.5%, and the recovery was within 79.6%~116.5%. The method has
the advantages of simple operation, high sensitivity and good resolution, and can be used to determine the content of sugars
in beef hydrolysates accurately and rapidly.

Wts
S
1E&

HH#A: 2021-07-09
TH: 2020 ST T HF FRSKTFAS G EZHR"H A .
BT Bis (1987-) , %, A, TAR)F, 077 @) R 3R &5 %4>, E-mail: xiuhong2006@163.com.

*BEIEE: x4 (1986-) , B, 5+, L4207, 7 @) %55 %4, E-mail: livjial @cofco.com.,


https://doi.org/10.13386/j.issn1002-0306.2021070122
https://doi.org/10.13386/j.issn1002-0306.2021070122
mailto:xiuhong2006@163.com

- 268 - £ Tl B4

2022 4 6 H

Key words: ion chromatography; pulsed amperometric detection; beef; hydrolysates; monosaccharides

AR SR SRR AR IR, BB
ARSI, AP AR ER EEH RN g,
HAASIE IS TAG A . BRI S AR B AR
W ARV R DA SR B 28R el s, FR s B A
AT R e B 352587, X4 S BT bR A& i 2
SFEARPE I T LR IOk, B B LA A
TR A A A AW 8 35 AT HT, A T B thre
H 2% “3E4k”, ANy i WGl bR & I S5 KIR G A
Fr s s AR P9 i 7 2ok B ARG A, s
I —2m o T 0, A K EE, fE SR
PB4 S TE R B R LIRS #, T2 5Kk 4568 e
M AT K 43 BH 1R K 43R RS PO, X & 5 204 GB
5009.3-2016 K it % 4= [ RARUEED S Th K 3 2 )
S IR K Sy M A RARATG, IS 24 K
Sy mARAR IS G AR I F AR T i i, S0l
Y EHERT “HEOKT AR TR RS AR, TP
T E B MR 25 U R 2 At e .

AR E ZEARME GB 2760-2014 ¢ B 522 4 E 5RbR
WEE S INGRM e FARE ), SRV T i & R
2945 40 Fh, Horp gl s T 2 B R ZE N
AR TURKE , BEIERE, BEEAET ., B, & ph
IXCE RPLE—Fh s TR AR UERIN 7%, BJS201804
CE AR A R YA NY/T 3876-2021 35 A
RPN AR (AT — FR BT ), TCIR S
JFHREE B B pfam P RUAGI . R T F i 22 ik 7k
A, AN EI Y SR Canasi 2800 | eZUbE . Pk B
EEbE L BAIRARRAS) LA B MR . o BT R S TR
B BN R T R 2 4310, S H T
b A2 1 i ol A= ) B SR /NGy B REA T s o
El ARSI i HObE S B 0 vk TR TR AR T L RS
ARG WO PR L B gy AR 0 e
TEEREA PR, RiAbPRFERT I WAH (kv s 22
AR 72 SRAF ALK, SP-Ar st TR s YROTRED FHSOA A5 B8 B,
LEIR 5 22 FE TN R )5 B8 - (oS e B ELAT R
RTAL BT B0, o fiT e, Ho—Phom | REUE = a0t

AFFERE TR B AU S, FIFAL2ETR
fi 04 7 2K AR SR BB, 38 oL 28 i - DK v 22 B i)
7, [FVHE 432 I g 2F TR 7K =) s BT P Ae b L 220
WL RIANE . HERE . SOBE . S 6 Pl . B
TEGES, —FhERVERTE . RAUE & | 438U, fetgti
B ERHLINSE 6 FPEL STk, BB AR K =)
6 FOlELH 43 B AS IR B, S SC IR A I B
ARSI e —Fop i BB AN 7] o
1 MRI5EE
1.1 MRS

AP dbaT SR AR PR S T s IR BB
WiTL—in YR A BRS Fl; IR AR . 2200 4
PR, HESBE . SO0 P AndES, TP ERHERE

WFFEBE; 50% FAARALFNEM  FE2E Merck 23 Fl; it
iz, oK ZIEE  S3rbral, E255EN; =8OR bt
ali, Brhr TiFIAF]; S pH 40 NEWSTAR B
A S E K ERT & B AR GB/T6682-2008 i
RE M —oK, Ad AT A

ICS-5000" & 1 A Ik rp 22 55K 2%, Au T
YEHIK, Ag/AgCl Z: Lt HiAK, Chromenleon6.80 SR15
B3 TAEYE) 55 ThermoFisher 23 #]; GM2000 JJ
P f8[E Retsch 23w HS4 w4 F14idEds 18
E IKA 227l Allegra 64R S RES. DAL S DL
v /s FH]; SR-2DS k4 H A< TAITEC 2~ Fl s
KQ-500DB B ¥z 75 i i vk ar BRI #B Y
#%; SWT-100 TEHIE/KGEFEIR - UM KER{L £ ; BPG-
9070A MG AT HeAE il —ERI22{U4%; BSA
224-CW KF-(JFHA 0.0001 g)  ZE[E Sartorius 2\ 7;
Milli-Q BA/K RS  FEE Merck 23 H] .
1.2 KWHE
1.2.1 PR Ok 2 PRI . 20
D . H RN SRPE . RS ARESD 10 mg RS
% 0.0001 g), MI/K Bt A2 45 2 10 mL, 19N
1.0 mg/mL FIFRUERG R o K35 W IBGE &, IO ki
HEPNEHE S 10 pg/mL . HABPANER N 1 pg/mL /Y
TR G PRI o TR A PR UEIS N KB A R AR 1
FRIN T AEW, 2RAS A B B2/ 0.25, 0.50. 1.00,
1.50. 2.00. 2.50 pg/mL, HALMEAEE A 0.025. 0.05,
0.10. 0.15. 0.20. 0.25 pg/mL AJIER, I HIHEC o
1.2.2 {ERAPEIFE A PIRESLZE ] S i,
. AWFELUTR TR ), AHERA R K5
FREL 0.5 g IR G, I 1 mL Je/K 2 BsEAERE 145
PEER EBEPEH PRI T EIA 4 C VAT
7K 10 mL, IR 44FTF 100 r/min F85034E 2 h L E
il 5 TR SRR W o W B PR EURE iy 5 g OF i 22
0.001 g)T* 50 mL E.08 T, I 2 mL il &4 iJR
IR SR IR WL, FE 53 10 TR SIS HL ) 25 1 e 4+ Y
e
1.2.3 FERATANEE R ERFREBORAEES, 5 g E
0.001 g) T 50 mL B.0E T QFERA R 1.2.2 #il4),
IMAJRMRE N 1% =E LREHE 50 mL, JR54%
7= 10 min, 4 °C 254 F 10000 r/min &[> 5 min,
R EIZVEROA 80 °C /KIEHA T N 5 minl'e'8
AREEPUTE, VKK, 4 °C Z51FF 10000 r/min
B> 5 min, ¥ 10.0 mL _iE W E] 20 mL /K4
L IMAHE A 4.0 mol/L BRERE W 1.8 mL, £ 55 F%
51, B ERCTEEFE T 100 °C oK g 2 W', )
FEEIR, ¥R E 100 mL @A, I 20 mL AE4L
IKE VR IRE G IR B A, /D3 4.0 mol/L &4
AEENVENY pH & 6.0~8.0, IIZKELS, #2515 2.0 mL
£ 10 mL HFEEJEH, HKER . i 0.22 pm /KR IE
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1.2.4 FTARERSAAL RS S FREANHEARE L 5 g Ok
% 0.001 g) T° 50 mL .04, X8 1 BITTE: UL
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BRIV ) S THA PRI 2R B2 .

1.2.5 0%t {Ai%ff: Dionex CarboPac™ PA20
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30 °C, K75 PO FL A7 P DLER 15 SRAEATTE]: 20 min,
SR AR St s W ke LA i SRR 53T, 4K
e PR B TR e, SRAHSMIR R E &

1 BENE R 2 B Y

Table 1 Integrated pulsed amperometric detection waveforms
for sugars
I TE] (s) AAL(V) i
0.00 +0.1
0.20 +0.1 iRl
0.40 +0.1 5
0.41 2.0
0.42 -2.0
0.43 +0.6
0.44 0.1
0.50 —-0.1
1.3 HEREAIE
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1k, FIBHAZEEE T ANFIFREE . B RS K a4
2.1.1 HEHTUWE HILWBREAW I IEaEERE
A ERTET A HLAFITEP N, pH ULTETRP >, ik
ARPEVRPY G5 ARSI RTA BT R S 5 58 Tk
BRI 1% =58 LR AE S HR A 7 B 001 W78 T
B, BRI 1% = LR ReE T P RBOR pH mifliE
F BT AR P i v P B s TE MR EPE ST 60, 80,
90 °C FAIRNEE T M 1R ULTENS O, 45 R FR 0,
80 °C 454 F UK LA BRIk B s B IR A .
I, B E 1% =S ORISR AE N B VUL TE R I+ 55 B
80 °C MIFADTTERC I BT /2 B F (O3 43 A I 22
SR, nE 1 TR

K1 EATERCRIE
Fig.1 Efficacy of protein precipitation
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[ —o— b3l
| —5— T
| —a— HEEh

Wi (mg/kg)
S oo o =
N A N0 O
T T T T T

0.0 b——t———
10 15 20 25 30

IKAFISHTE] (h)
12 [ —o— k3L

OF —— #japs
L4T —a— HEm
1.2
1.0
0.8
0.6
0.4
0.2

0.0 I 1 I I 1 I 1 I J
1.4 1.6 1.8 2.0 2.2

JKARIRE (mL)
P2 N[RI KAk I TR) R AR & B 52 )
Fig.2 Effects of different hydrolysis time and acid volume on
sugar contents
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L 2.0 h, S EREESIK RS R A KON, A
MR ol AT A 20, Bl 1 FH iR, 2Lk
HERE . AN S e S RRIG, IR 1.8 mL
BUZK AR B [HT] S~ 1.2 mol/L B = F el o H % 5,
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TE: 1 BTRCARE; 2. 2B FUME; 3. M40 4. HHERHE 5: 0 6: 1%
;5 & 4~IE] 6 [A]; a: 10 mmol/L #k 75 b: 5 mmol/L kYL ;
c: 3 mmol/L IR -

()L 28 R AR AR B B [e]ERER, ANl 3c s, £/ A
K128, 8BSy 8 B 4 ey F HE W ) 1B 35 LAY 5 mmol/L
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mi, ARl 4 fiR . SICEGFRAA, B LE P R, IRt
[Er] P AT, €0 i 04 TR A 22 ) o {1 R M i R 1y
0.2 mL/min B, A0 4a Jros, H0EEE | 3G 04
Vi M N AEAIK, SRAE R 75 2R A 40 min; 247t
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Fig.6 Chromatogram of mixed sugar standards
2.3 FEFERIWN
2.3.1 FRUEMMZR SRR B ROV UE TAEUAR
AT SRR ST, 43501 LA B R T AR A . 20
A bR RIBRUE T LR, JF TR pE [m )9 7 FRAIAH OG22
oo XTPRUEE WA T B A RE, LIMEMR L S/N 55T
3 AT R AR B S R Y PR o 2 SRR B, A A R
0.25~2.50 pg/mL; BATRIAFEE . 20 . HEshh . S0,
ZHETIE 0.025~0.25 ng/mL LB M R R, 4%
HOARZH LR L IR L AR SC R B L KR
SENLER 2,
232 JREEAEN BUREERM 6 4, 2 1.2.3 £
TP THAE, TR B (i 55 T _EALER:
Sy AT, THEARE S 6 FIOBEZE S35 B AIAR X AR v
P22, L5 R IR 3. S5 RRM, AIXIPRUEN 22 RSD St
T 2.3%~5.5%, iz IR EE R
233 JrEAnAR AR AR PIARS 12 0, 253k
4 41, B 3 AT Hrb, 1 A AREIIE, 34k
3 AR, L =R BRI AR A bR
W, TR SR IFINAE, 4359 HA 6 Al 53 1Y
EN R, PSR IR 4, 45 R BoR, 6 PP 4AY
[ ISR RLAT, JUEIE 79.6%~116.5% Z[a], HATH
FAHERRRE
2.3.4 MBS ST SRET A RIS T, AR
SLEG PR HTTE 30 10321 PAAE St o H LA ST 59 2%
XPBATRLAFARE | P FUPE . R . HEE R SR b
6 FIPELH & A TIIE, S5 R WL 5. MPES R I
7N, AR YRS B WA 50 T A PR ARG N 2 UBE L A
Wi, HERE . PR 2R, X 5 RAESEEBL A 5 A
VA NI A P AR b . RObE . H R

2 6 LAY AT, R ER(S/N=3) | EfFR(S/N=10)
Table 2 Linear ranges, regression equations, LODs (S/N=3) and LOQs (S/N=10) of the six compounds

=L’ LAEYEE (pg/mL) ISy FHRFRE it BR (pg/mL) A2 R (pg/mL)
BT AT 0.025~0.25 Y=1.6389X 0.9986 0.005 0.015
e 0.025~0.25 Y=2.3734X 0.9994 0.006 0.020
A 0.25~2.50 Y=2.2939X 0.9985 0.005 0.015
Hghk 0.025~0.25 Y=1.8137X 0.9975 0.009 0.030
P 0.025~0.25 Y=0.851X 0.9998 0.025 0.075
vk 0.025~0.25 Y=2.2952X 0.9998 0.007 0.020
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Table 3 Repeatability test results (n=6)
=L’ 1 2 3 4 5 6 {E (mg/kg) RSD(%)
B AT / / / / / / / /
R 4.98 5.14 5.16 487 5.07 5.14 5.04 23
T 326.83 346.19 336.26 367.45 354.42 32831 346.2 46
HERp 21.15 20.46 21.68 20.61 21.33 21.79 21.05 2.6
P 62.17 65.84 62.17 69.24 61.86 69.30 64.26 5.5
bk 202.9 224.8 203.9 212.1 202.2 204.2 209.2 43
e N FRAK T AL,
# 4 RPN E 455 (n=3)
Table 4 Recovery test results (n=3)
&=} AJERAE (mg/kg) Jipr i (mg/kg) S5 5E (B (mg/kg) SRR (%) RSD(%)
5 4.472 88.4~90.4 1.1
IEERR(sEi / 10 9.590 95.0~96.9 1.0
25 23.14 90.8~94.4 1.9
5 9.074 80.6~83.1 0.7
e ph 4.981 10 13.04 79.6~81.5 0.7
25 28.12 92.3~92.8 0.2
100 2732 81.9~98.5 3.0
ikl 183.0 200 403.0 105.9~114.2 2.1
500 703.0 103.9~104.1 0.0
20 37.24 88.4~92.2 1.0
HEm 19.18 40 65.38 114.5~116.5 0.6
100 1187 91.0~108.0 72
5 8.830 90.3~90.5 0.1
gk 431 10 13.75 85.6~103.3 6.4
25 31.44 108.1~109.0 0.3
100 260.0 80.3~99.7 3.7
Wk 170.0 200 390.0 108.0~112.1 1.1
500 690.2 103.0~105.1 0.8
Fs5 WEARRES 6 Pl eSS R
Table 5 Determination results of six sugars in commercial beef samples
BSR4 FR i me/ke) R
g RASE bk T B Hg b S vk sy
T / 10.28 161.9 39.39 15.96 156.24 383.8 0.10
4R / 6.14 653.4 44.94 12.82 135.92 853.2 0.05
AR / 10.19 56.8 26.79 11.14 28.67 143.6 0.19
LS / 487 820.1 67.35 58.58 204.20 1155 0.06
TR, ] / 9.66 475.8 38.69 37.76 169.52 731.5 0.05
AR R / 3.50 550.1 4532 82.73 158.40 840.1 0.05
A BRI / 8.54 1034.5 289.9 138.4 281.2 1753 0.17
AR / 11.97 1983.5 2177 1312 204.9 2549 0.09
4= i A / 13.12 546.9 83.71 29.42 183.80 857.0 0.10
ISR / 11.24 160.2 56.53 11.81 107.32 347.1 0.16
2 Je i P / 12.32 276.7 190.5 10.12 272.20 763.1 0.24
4A / 7.81 694.4 79.24 51.41 212.06 1045.0 0.08
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