Printed in the Republic of Korea

ANALYTICAL SCIENCE
& TECHNOLOGY

Vol. 30, No. 5, 295-302, 2017
https://doi.org/10.5806/AST.2017.30.5.295

Analytical method validation and monitoring of levulinic acid
in soy sauce and their application to food

Dan-Bi Kim, Sunyoung Kim', Sanghee Lee, and Miyoung Yoo*
Korea Food Research Institute, Seongnam 13539, Korea
1Food Safety Center, Food R&D Division, Kwangdong Pharm Co., Ltd, 271,
Digital-ro Guro-gu, Seoul 08381, Korea
(Received August 31, 2017; Revised October 14, 2017; Accepted October 17, 2017)

2 5| - goOjY*
BRI, BTAL UL LU
1 A, 2017. 10. 17. &92l)

Abstract: This study presents a method validation for extraction and quantitative analysis of levulinic acid in
soy sacues using high performance liquid chromatograph-photodiode array detector (HPLC-PDA). The levulinic
acid in samples were extracted with distilled water, and then purified with C18 Sep-Pak cartridge. The calibration
curves showed good linearity (R>0.999) in a relatively wide concentration range (2.5-400 pg/mL). Mean
recoveries and relative standard deviation (RSD) of levulinic acid spiked in soy sauce samples at different spiking
levels (2.5-400 pg/mL; 6 point). Recoveries were 87.58-97.26 % with RSD less than 15 %, and limit of detection
(LOD) and limit of quantification (LOQ) were 0.64 and 1.64 pg/mL, respectively. According to monitoring
result with the established method, levulinic acid was found in 43 of 59 domestic commercial soy sauces, soy
sauce based sauces and seasoned meats. The contamination levels were 0.44-1.23 mg/mL for soy sauces, 0.03-
0.83 mg/mL for soy sauce based sauces and 8.43-38.94 mg/mL for seasoned meats. The results indicated to
be rapidly and accurately qualifying levulinic acid and can be used as a suitable quality control method for
soy sauce and soy sauce related commodities.
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TH ok 2y AREe A2 thEA ] HVPEA,
Hatt 7H TS g st

OH
O

3 2 9] -2-(3-monochloropropandiol, 3-MCPD), |22
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Fig. 1. Molecular structure (A) and spectrophotometer spectrum (B) of levulinic acid.
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Levulinic acid 3<% Sigma-Aldrich (St. Louis,
MO, USA)A T 3ste] AFE319 32, HPLC grade
2] methanol, Acetonitrile 5 &7 Merck (Darmstadt,
Germany)2H-8 T+ 3t AFHE-3FH S 0.IN hydro-
chloric acid (HCl)== DAEJUNG (Daejung Chemicals
& Metals Co. Ltd.)Z ¥, formic acid= Wako (Osaka,
Japan)oll A -9 3le] A8} T} Sep-pak® Vac C18
F}E 2] A Waters (Waters Associates, Milford, MA,
USA)ZFH F4staitt. AAls =W f5 A 1+,
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WAAE iR Fsle] #25e & 4 °ColA A3}
o] AMg-SFSTE YU A2 levulinic acid 50 mgS T
F 50 mLE §3la5te] 4 °Coll Bt on, o]&
SRR F43ke] 25, 25, 50, 100, 200, 400 pg/mL
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Table 1. HPLC-PDA operating conditions for the determination
of levulinic acid

Conditions

YMC C30 Column (150 mm x 4.6 mm,
3 um)
Column temp. 30 °C
0.1 % formic acid-water/acetonitrile (97/

Instrument

Column

Mobile phase

3, v/v)
Detector Waters 996 Photodiode Array Detector
Wavelength 270 nm
Flow rate 0.6 mL/min
Injection volume 10 pL
Run time 20 min
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Us] gol dstA st
o o8 FE89S filter paper (No.2, Whatman,
Maidstone, Kent, UK)E ©]&3}] o #3515t} ths
C18 Sep-Pak 7FE 2] A] (Waters Sep-Pak® Vac 6cc)©ll
methanol, T, 0.0IN HCIS 5 mLA 282 &2
ste] 43t ARl & FE8 5 mLE loading3}S)
th e TFF 10 mL& } st EEAIA e
02 um FEE o73te] AFgd oz A8

(e}
Tt

23. 717124

Levulinic acid ¥4]& Bevilaqua 52| WS H
st} Falatg o, Al Al4d 7]7]= Waters
€2695 Separation Module HPLC system3} Water 2998
Photodiode Array Detector (Waters Co., Milford, MA,
USA)Z Z71L Table 13+ 72+ 28 column
YMC C30 Column (150 x 4.6 mm, 3 pm particle size;
YMC Europe, Dinslaken, Germany)< ©]-&3}1t}.
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3. &3 o nF
3.1. HPLC 2M=71 &9l
Levulinic acidol] thst 22 EA a3 A€s]r]
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g A3, 266 nm7tF HHFF 3¢ (dmax) = €l F o]
270 nm= A ugo 2 Aestk(Fig 1). ol 5o
2= SFFY acetonitrile EF-E0]E AFE-5FH oH,
97/3(viv)<] isocratic Z71°1A levulinic acid®] $-4=3%F

w5 e ST 4 Ao, 8 BojdlA HEH
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Fig. 2. Chromatogram of levulinic acid at A; levulinic acid 400 pg/mL, B; soy sauce, C; soy sauce based sauce, D; seasoned meat.

Analytical Science & Technology



Analytical method validation and monitoring of levulinic acid in soy sauce and their application to food

0.054 A
0.04-
0.03
0.02
0.01

0.00

T T T 1
250 300 350 400

-0.01-

0.006+

0.0044

0.0024

0.000 T T 1
300 350 400
nm

250

-0.002-

299

0.005+

0.004+ B
0.003+
0.002+
0.001 4
0.000

T T M 1
250 300 350 400
-0.001-

0.06+
0.04+
0.02+

0.00

T T 1
300 350 400

nm

T
250

-0.02-

Fig. 3. HPLC-PDA spectrum of A; levulinic acid, B; soy sauce, C; soy sauce based sauce and seasoned D; meat.

Table 2. Results of equation, LOD and LOQ for levulinic acid analysis

Concentration range Regression equation R LOD LOQ
(ng/mL) Slope Intercept (hg/mL) (ng/mL)
2.5-400 671.904 -5553.542 0.999 0.64 1.93
37] SalAE M2 Evhmaix effectel] e W AHERL MR AFINE FUH 2D
d=d T LHfordith mat & ATl e Efo] & A EH e Sold& Eelstirh(Fig. 3)
71% B3-S v" o 2 levulinic acidE &= H 3
B2 SFHFE AAALITN Al HHEE S 34. BEEIZMO MM, AT, dAESHH
AAS7) S5 Fgolm, o] FgolNel gule) del  HasH ol
M= EAgE gk ¥ =2 AgdS a3 Levulinic acid 589 S/FFE o] &3k 2.5,
2 B e vFHER S & S3se 54 25, 50, 100, 200, 400 ug/mLO. & THA F o 7 3]4 &}
7HE CI8E Adsiien, ojy3t 545 Fal o] 919 AAIS HPLC 222 A3t} 244
matrixo| Al A4, Tl A gl AukabRel 22 7HE 2 levulinic acid®] FAAIFR)E 0992 -8 A
A HFAPAEL S aF o2 AAT = A ARE YePRATE A& AA F EAlee &
33. Sold =l Table 3. Precision of levulinic acid analysis
Eold& A8 ExE, LilE 5o SAE H .
AN BAsA s EAE AdH0z AotebA  Compoung Mo DY Recovery”
o A - (ng/mL)  Inter-day Intra-day (%)
29T F 9t FHo 7 AP B0 B
Wy o= sk Hrk B2 levulinic acids} 7 2 e e
25 3.02 2.15 87.58 £2.53
2, anf B PaFel 53 849 chromatogram Levulinic 50 525 567 89.28+ 426
< Hlwate] Elgk A3, Fig 29 2ol th& £3 9] acid 100 3.44 570 88.56 + 1.53
244 glol 29 levulinic acid7} B Je F 200 5.45 569 93.33+5.86
8909 peak VI T-F A7H3} FEE 0 RE A7 40 529 228 9726321
o] A&ttt 3t FF LM A g F&He] PDA YMean values of three replicate with standard deviation.
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Table 4. Monitoring of levulinic acid in soy sauces

Analysis conc.”
(mg/mL)
ND? BSS® 100 %
ND BSS 100 %
ND BSS 100 %
ND BSS 100 %
ND BSS 100 %
ND BSS 100 %
ND BSS 100 %
ND BSS 100 %
1.23 £ 0.03 BSS 30 %, AHSS? 70 %
1.16 £ 0.03 BSS 10 %, AHSS 90 %
0.71 £ 0.01 BSS 30 %, AHSS 70 %
12 1.17 £ 0.07 BSS 30 %, AHSS 70 %
13 0.82 £ 0.01 BSS 30 %, AHSS 70 %
Soy sauce 14 1.17 £ 0.01 BSS 20 %, AHSS 80 %
15 0.76 = 0.01 BSS 20 %, AHSS 80 %
16 0.45 £ 0.01 BSS 50 %, AHSS 50 %
17 0.64 = 0.01 BSS 20 %, AHSS 80 %
18 ND BSS
19 0.59 £ 0.01 BSS 17 %, AHSS 83 %
20 0.46 £ 0.01 BSS 5%, AHSS 95 %
21 0.53 £ 0.01 BSS 30 %, AHSS 70 %
22 0.46 = 0.03 BSS 10 %, AHSS 90 %
23 0.76 = 0.03 BSS 20 %, AHSS 80 %
24 0.75 £ 0.02 BSS 10 %, AHSS 90 %
25 0.44 = 0.01 BSS 10 %, AHSS 90 %
26 0.58 £ 0.05 BSS 5 %, AHSS 95 %
27 ND BSS

Food type No. Remarks

TS 000U kW —

DMean values of three replicate with standard deviations.
IND: Not detected

9BSS: Brewed soy sauce

DAHSS: Acid hydrolyzed soy sauce

35 HUN gHol I My ol
AarE AAE Bz oA £A 5t A&
SRS S vletH, ol EEH 2H(relative

standard deviation, RSD %)E ©|&3}l] L ER A T]
Levulinic acid®] Y=+ 2.5, 25, 50, 100, 200, 400
pg/mLe] FEE H7tele] 3902 £l o,
Tuble 38+ 7+0] 2 7Minter-day) AR =X 242} 3.02-
10.86 %= YEFN 32, Yli(intra-day) A E =0l X &=

1.40-5.70 %= JEbTE AL I-E&e S5t
yepiglon y52 93 g b A8
on_O_ 71—7]- 67]' ] .E-: J
o AEHe
levulinic ac1d‘—: uﬂ% = 2.5, 25, 50, 100, 200,
400 pg/mLell wek 2H7} 87.58-97.26 %2 3
EFA A TE Codex 7}ol=zhel
70-120 % B9 B EA 0 2} 20 % ] Fhe]|
5 VElfo] EAH o2 A A3EHS RISk

&S Y

AN Agste 158
=8

=

36. AR

0!‘1
I_-é

& levdinc acid &
AFAdA o= de 1, a2 =
thAte 2 597148 473k levulinic acidE #2413 4
= Table 49} 24t} & 5974 = 4349 A levulinic
acid7b A& 0] 728 %% A&E&S YUt A&
SEHEZ = 7oA 1740] AEEHYoH AEHYE
0.44-123 mg/mLo|3L, ZHEE A7 TAAFelA] AF
7o) sl o M%% glol3}4t}. Jurado-Sanchez
59 Aol M= AR 259 levulinic acid 3o
4852 mghg® 2 B E|o] B ATe] Ashury vle v
& FAE YEP AT Sano T AF+A A0 o5t
100 % A+ =7 (naturally brewed soy sauces)oll A=
levulinic acid’} A& %A ¥k, HVP/F £34 7+
ol 2.98-21.66 mgmLe] o] 7415101 ERSET
Ak A7E AT BRI A sﬁﬂ %
EMEL 5090 %0l oM, AHE3 H@% =drlE
W2 levulinic acid®] T ARSI 7HT 0] 50% ©] 0}4
7% ¥ 045 mgmL, 70% ©]3lo1A 0.89 mg/mL,
85% ©]&toll A 0.78 mg/mL, 95 % ©]&tllA] 0.64 mg/mL
Z ARSI 7Y E3a] g0l Wt levulinic acide] o)
Hlg|ste] S8k STt A & 59 A+4
P A= 2HESNZHY Ak oA H4d == 3-MCPD
o] ghego] M &} HlEsHA] BaS BaLstitt o
= 7 AF[A e ARSI R Al A AREEE E4),
3R T2 vlEo] tE7] o2 AR HT
22R7e] 79207 FolA 16 Aol AEEHAL A
9 9E 0.03-0.83 mgmLE YElS O™, AEH A
Fo= ;@‘_31—7]-;(]—7 z]7};<]— A F wgol W oAk
oo] Fiuelsl Aoz Belngt 2 754
AP S SN 2L Fe o] 7RI Fo] Bol
Y= 3 Qlom, P RtEANA 2K 7P 5
HE o] AY 7HEe FdSol JgE U=
A 2 F dvh 2y s A
A FAlE Hol ot el £3HE A

O

n:°1' r—{n:
r

0
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Table 5. Monitoring of levulinic acid in soy sauce based sauces and seasoned meats

Analysis conc.

)]

Food type No. (mg/mL) Remarks
1 0.05 + 0.00 BSS® 40 %
2 0.23 £ 0.01 Contain mixed soy sauce
3 0.21 £ 0.01 Contain mixed soy sauce
4 0.21 £ 0.01 Contain mixed soy sauce
5 0.05 £ 0.01 Contain mixed soy sauce
6 0.05 £ 0.01 Contain mixed soy sauce
7 0.09 £ 0.00 Contain mixed soy sauce
8 0.08 £+ 0.00 Contain thick soy sauce 15.38 %
9 0.03 £ 0.01 Contain concentrated soy sauce
10 0.04 £ 0.00 Contain naturally fermented soy sauce
Soy sauce based sauce . . . .
11 0.03 £ 0.00 Contain amino acid solution
12 ND? Contain soy sauce 51.84 %
13 ND Contain defatted soybean
14 ND Contain soy sauce 84 %
15 ND Contain BSS
16 0.83 £ 0.03 Contain mixed soy sauce
17 0.30 £ 0.02 Contain mixed soy sauce
18 0.28 £ 0.01 Contain mixed soy sauce
19 0.31 £ 0.01 Contain mixed soy sauce
20 0.11 = 0.02 Contain thick soy sauce 25 %, AHSS 37 %
21 ND
22 10.87 + 0.83
23 38.94 + 3.98 Contain amino acid solution
24 13.01 + 0.09
25 22.54 + 0.65
26 8.43 £ 0.30
Seasoned meat 27 13.48 < 0.79
28 16.88 + 0.62
29 ND
30 16.44 +2.23
31 20.64 + 4.12
32 12.41 £ 1.05

DMean values of three replicate with standard deviations.
PND: Not detected

9BSS: Brewed soy sauce

YAHSS: Acid hydrolyzed soy sauce

AR BAZE HoI A 2 97 Bk A
AHEE 5] 9ol 127 F 171(Table 5, No.
23) A7 2ol Bk ARI7E F7]E o] AAek S
S 4 9] levulinic acidE #2443 A3}, SN E
1271 F 10do] A=A ASH = 843-38.94
mg/mLE BHEHFE 1736 mg/mLE YEFSTE o] &
FAAFRO] WERSl= No. 23¢] A9 ofm]=itelo]
‘6]—0 qul J8 xS #‘o] O]—OjU]-(Table 5)

Fd S 9] levulinic acid B AETFS 7+

[e]

rlo
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74 mg/mL Hol= oF 23 6, &

3 F 0.18 mg/mL Rt} <F 90 HH =
FFo g Uelgon, ol FdSol ARzl
*F%ﬁ& Ao A, A7

D% 118 %HMW e B =9
7&%“11/\1 3-MCPDE 0.3 ppmo]3t2 A8t Urh.
ey 2HEE g B S el AR THE Al
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taiA= 3-MCPDell thek #4171 glom, dFdSolA
Jboz A S 7hpEE] & o A E = levulinic
acid®] o]l A YEhd ALSE Hol 3-MCPDS
T S A0 AMEHY, B} He HY AF
A FAZF Bod Ao 2 ALFTH 3 levulinic
acid= Hd/deo] g43d] dex HHO] 0}‘47] o<zl
;(]_J_XJ o] W

vl

vt Niow g9 wae
HVP EYoffol ta] a&2ow
AR AA e FREE 285

43}o] A gt HPLC-PDAZ #4319t} 49
;g—,_ 5];]]‘6/“41}0 270 nm% A€} }og‘ou:] 0]51\1-__
0.1% formic acid’} £ = ‘E—rg} acetonitrile 2 97/
3(v/v)-°4 v]&2 E3tsle] ARE-3le] 581 (isocratic)>-

2935} t} Levulinic acid®] 241418 &0l A=}
*MA]T 0.999% Ueiston, A& 8 A=
7} 0.64, 1.93 pg/mL = S E A7, 3] 58-S 87.58-
9726 %2 M= UebETh SHE AN S Tk
U Al S I, aaF B FaSe BUE

AN A F 5974 % 43 79 A levulinic acid7} e

&
= Sep pak C18< ©]
B A

2 A4 dye /\]?.ﬂt'é'fi levulinic acidZ "J——‘T ]
e 24T < e AT SNl ASEA
o, Sl Al 9 AV, anF W FESe] A
74 B HVPE Ejiof - 5 4] £ B ok
£ flel A8 7hed Ao Ve
UAtel 2

£ A7E 20179% H37|eGHFAT Ao
SHa 2 F A9 A YU(ER160400-02)S Wro} =) ¢
AT AU
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