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Foh (soy sauce) & LyMAR SR ¢ RE & AR o *‘”‘ o TR E AR
VAR~ »ﬁr E O Feu EELOR RS iR R S M R (a01d hydrolyzed vegetable
protein, acid-HVP) # Foh s PR ER Y W e ﬁpﬁlﬁ 7 (naturally brewed soy
sauce, NBS) % 12} 5 7f§_ B HRE A R 'fr *‘7 7 (blended soy sauce) ° i#
Seenpig 5 WAL A ga 4R bERL > TP % MR L%‘m EC & A SE Rl
LI S F 21 ﬁ? R 1F R R R Y WTEE ,,pfglg T fdndk e AT H B L E
»Tay ik 40 & 5 (high-performance liquid chromatography, HPLC) #pe ¥ ¢k id g
# (UV detector) | 25 # % #pk (levulinicacid) 2 7 £ > &= - Bi-E - §
EAEITE B FATHE Z 2 00 B u] §_ 4:“% IE 7 P - W Lo [ S <
5 235 o # * HPLC-UV % InertSustain® Cg ?. BT R ORERE R 4T L B A 4T
EE L TR 03% mpaokiAR T 5 03% FApiZ TR = 95:5(vv) #iFE =
7 #% (isocratic elution) i Pl £ 5 268 nm> kB2 FFTHFF G5 21.17 » 45 -
SMER R B A A28 5 y=982.9x+ 61263 H R 5 0.9997 > % 77 - 3 % E 5
UAFZ SR Tre R e KB i‘g’f‘r’l\ﬂ%{;/ 2R TR RIRFE B
¢ fac fig (ethyl acetate) &% F B~ %> HBo=i = =7 @ X B~ & 249 (£ 5) mg/L;
Foo FTRKE L fh g (zinc acetate) 3 Ir4%F it 47 (potassium hexacyanoferrate
(1)) % % e » ﬁz-i Ao g T 4E o St ¥R L 311 #2) mgl - 5 Fow
BT EEE O RFRREEE O DA HBRRGE o ORFEEPER
Flb v v FOTKGE 5 i e i P BRR RS R v A
Bl % 98.28 (£0.01)~95.61 (£0.01) % 89.04 (£ 0.04)% - % #Efa2. 7 v fe @ik
BE L 0.0125F » 2825w B R g2 B RHET (limit of detection, LOD) 3
2.016 mg/L > Z_ & &2 (limit of quantiation, LOQ) % 6.720 mg/L - {63 &7 &
®& i E W J\ﬁ”’ P P bR o BEor HOomApoRfERE G SRR A 2
AR A2 g éﬁfﬂ%ﬁﬂﬂ*%%m’@f.v%fﬁtﬁg,o
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%’f‘ 7 (soy sauce) i ;MA@ 2 it ¢ K& & R (Yokotsuka, 1986) - @
SR AR RMPEEZREZE T RA R E L HEF (Aspergillus oryzae) & Lf]ff
@ $i# (Aspergillus sojac) W s > &Z @ -k rdo> SRR 436 " g ik
2R AT EREAY §EBPRIFES L0 0 2 FT PR AR T L W
KA R AA A NG A A BB M L PR AR E B
7R b vk 0] 5 (Kaneko ef al., 2006) - 75 @ ;i_ﬁ' e ¥4 F P jLpEend AR
X% %’C‘ W< 84 & - 4L (Sasaki & Nunomura, 2003; Yang et al., 2011)° F]
Bk B ] B e ey R Bl ] PR kR S g 1
4 APFRF 2 2 A (Yong & Wood, 1974) - *‘”‘ o 7k AR A S e
8% v q_ﬁ& K fE S enpL R R e 4 1 B0 (a(:ld hydrolyzed vegetable protein,
acid- HVP) Foh R B Y Wk Jﬁiés,g 2 (naturally brewed soy sauce, NBS)
2R 7}@ *‘7 W B S A R ffr d: (blended soy sauce) (CNS, 2002) -

l%%y%frx (levulinic acid) % 3-¥ % 3 = i (3-monochloro-1,2-propanodiol,
3-MCPD) ‘¥ ¥ %% }\ﬁ”" Zw A 4 gl A F (Hamlet, 1998 ; Crews et al., 2002) >
43 3-H i = ﬁ%dﬁ/& TURALEEE AFAR 0 B A R R uRIT Ry
~EWE R WUREARY AP 3 EEFF o BEMAIRNRT S Fpt i 3-8
FA SRR A R A Jﬁle Fob 2 RRERF E MY 0.1% 0 it
%%?;&143;3%2%,}1;4 #ffﬁ_éf%%ﬁﬁfiélj\@% )T LU
A e #ﬂ #% (Lee & Khor, 2015; Jiang et al., 2007) °

PP S aERi2 7 2 H i § 40K 47 R (gas chromatograph, GC) #fe
Ligdg S o p| ® (fame ionization detector, FID) (CNS, 2002; Wang et al., 1999;
Yang & Choongt, 2007) & #fiz 5 3% & (mass spectrometer) 5 F4p % B~ 1538 {7 &
#] (Jurado-Sancheza et al., 2011) » 2 % »xi ;% 49 & 47 & (high-performance liquid
chromatography, HPLC) 45 fic % ¢t % @ B] ® (UV detector) = & 3# & & # %
(Jiang et al., 2006; Sano et al., 2007; Yeh-Chen & Hsu, 1985) -

3 0 o B N i FERE R *ﬁ»%’ﬁ) R S ﬁ?ie?w & E A 'fr 22016
£ 79 Al wAARTIRNE B IL%{“,&: 2R FRoFEL o e ;?'Fwérin«
LERTRE R R AR ITIE I 2017 & T P AE T (FRIREL ABTIIN
2016) - P ale LRG> 2 Tlﬁ?fe e | L f\??m AR ERNE A
T F B R vy AR kAT (hlgh performance liquid chromatography, HPLC) #‘5‘ fie
ek Rl E (UV detector) ] =5 ¢ & HEfk (levulinic acid) 2. z & » &= -
Bk o fEARICR B RARL S p BN L E P FR R A
RN T SR
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# * HPLC-PDA "t £ 192-360 nm i& {7 $5 » % #EL 2. UV w3 fz L 23 Bl 4r
Bl— #7F 0 B A L 210nm 2 268 nm ¥ F ST o Fgt o 0 R ERERER
e HE A £ 210nm % 268nm"1%§+‘rﬂa& (4cBl= ~ =) 3 210nm T i
i?J BEARJATARRE o L g HRIFIArE > P R XA ST B

Zizf o F]pt o 3F F AN R 268 nm T i (T K pERL 2 R 2 2 Jiang ef al. (2007)
EL'F;}%%\‘&/? | & AP o

WY Z sk g 3 2 £ 4 (Kaneko er al., 2006) > Fgt o 5@
SRR LR SRR R 2 A FYARM 2 R A R B EARIE A
150 TR EAGKR S fRTRZ PR > A F R B Rt o

F A B2 0.1% Fipa k3% (Jiangefal., 2007) i7" 3 pF > S aEpL 2 R
MEFTRE 286 24N (Ble) d BT g PREFIEZFHEELR
Foo TIPSR R ATRIERE B T 03% 2 * 0.3% FEf-RiAR (A) 27 03%
FEfez P fE (B) (TR Adedp > A B[AFEHE 5 80:20-90:10% 95 5(V/V)
E% 4B I - A7 o1 (A)1(B)=80:20 (v/v) & # # 4P i isocratic elution B »
FREZFTHFEFOGA A4 TR LFRFF & (B7) Blomug
FRAPTFRREE . RERE RS BT RE L LR R o F i (A)
(B)=90: 10(v/v) PRPEFTRET L 1294 44 ‘,g_uv'"i&f%%“.; e ().
* (A) t(B)=95:5(viv) s BEARE > KRR F TR L 2117 2 4
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302070 AaB IR - E o QRS ERERS 2 FTER (RS ) T Fl o
i * HPLC-PDA %?;;stfz 190-360 nm it 7445 > B4 ° & 12 UV ek R
RS T o B R AR S UV e kR (B-) $R > 5§ A3 L% 2
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BSmL § AR Bk RS A Sl 4 2.5 - 12,5 - 25.0 mg/mL 2 %
Bt 5idi ImLo e fReRBiR s GART 4w it s ymkAl o B g s
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WS BB R BN B S0 BB A N B0 i R
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Figure 1. UV spectrum of levulinic acid standard.
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Figure 2. HPLC chromatogram of levulinic acid standard detecting at 210 nm.
Mobile phase: 0.1% phosphoric acid aqueous solution
Column: InertSustain® C g
Flow rate: 1.0 mL/min
Peak identification: 1. levulinic acid
Bl= ~ S4B 20 £ 210 nm RI2 B »ait e 4p & 47 B -
#Hodp 1 0.1% Fafa-RiA R
B InertSustain® Cig
it 110 EH/ 048
G A M Y v 4
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Figure 3. HPLC chromatogram of levulinic acid standard detecting at 268 nm.
Mobile phase: 0.1% phosphoric acid aqueous solution
Column: InertSustain® C g
Flow rate: 1.0 mL/min
Peak identification: 1. levulinic acid
Bl= > SRR St £ 268 nm iR 2 B Aot kAR & 7 W o
#Hodp 1 0.1% Fafa-RiA R
B InertSustain® Cig
it 110 EH/ 048
G A M Y v 4
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Figure 4. HPLC chromatogram of levulinic acid standard by using the mobile phase
of 0.1% phosphoric acid aqueous solution for isocratic elution.
Column: InertSustain® C g
Detector: UV detector at 268 nm
Flow rate: 1.0 mL/min
Peak identification: 1. levulinic acid
Ble s 8% 0.1% BEfe-Kid ik 5 45 540 (% i 31 P 5 B 108 52 3 »it iR 4p
SEE
B InertSustain® Cig
MR ek Sk RN K 268 nm
i 110 EH/ 448
G A M Y v 4
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Figure 5. HPLC chromatogram of levulinic acid standard by using the mobile phase
of 0.3% phosphoric acid in water : 0.3% phosphoric acid in methanol =80 : 20 (v/v)
for isocratic elution.

Column: InertSustain® C g

Detector: UV detector at 268 nm

Flow rate: 1.0 mL/min

Peak identification: 1. levulinic acid
BT ~@* 03% BEfa-ki3m 1 03% Bipa2 @ f5=80:20 (v/v) 5 ##4p i
PP R R RARIE F2 B oAy i AR K AT Bl -
B InertSustain® Cig
MR ek Sk RN K 268 nm
i 110 EH/ 448
G A M Y v 4
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Figure 6. HPLC chromatogram of levulinic acid standard by using the mobile phase
of 0.3% phosphoric acid in water - 0.3% phosphoric acid in methanol =90 : 10 (v/v)

for isocratic elution.
Column: InertSustain® Cs
Detector: UV detector at 268 nm
Flow rate: 1.0 mL/min
Peak identification: 1. levulinic acid
Bl ~ &% 03% Fipa- k3% 2 0.3% Bifi2 ? =90
AR R R 2 B oTa iR AR K 1T Bl -
B InertSustain® Cig
MR ek Sk RN K 268 nm
ik 1 1.0 /LA
G A M Y v 4
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Figure 7. HPLC chromatogram of levulinic acid standard by using the mobile phase

of 0.3% phosphoric acid in water : 0.3% phosphoric acid in methanol = 95 : 5 (v/v) for
isocratic elution.

Column: InertSustain® Cs
Detector: UV detector at 268 nm
Flow rate: 1.0 mL/min
Peak identification: 1. levulinic acid
Bl- ~ &% 03% Bpa k3R 1 03% Frpaz " [E=95:5(V/v) s BFipmE =
AR R R 2 B oTa iR AR K 1T Bl -
B InertSustain® Cig
MR ek Sk RN K 268 nm
ik D10 B/ 048
G A M Y v 4
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Figure 8. Calibration curve for levulinic acid standard.
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Figure 9. HPLC chromatogram of soy sauce (brand E).

Column: InertSustain® C g

Detector: UV detector at 268 nm

Flow rate: 1.0 mL/min

Peak identification: 1. levulinic acid
B4~ kR0 B2 rnic i dp K 1T B -
R InertSustain® Cig
MR ek Sk RN K 268 nm
ik 1 1.0 /LA
G A M Y v 4
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Figure 10. UV spectrum obtained by HPLC-PDA for peak1 of figure 9.
B+ ~ 2 HPLC-PDA | = B4 2 &% 1 #7182 UV Sz L F -
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Figure 11. HPLC chromatogram of soy sauce (brand E) extracted by liquid-liquid
extraction with anhydrous ether as the extractant.

Column: InertSustain® C g

Detector: UV detector at 268 nm

Flow rate: 1.0 mL/min
Bl - ok e BE SRR R R FEK R W2 B ok 0 15 B o
R InertSustain® Cig
MR ek Sk RN K 268 nm
it 110 EH/ 048
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Figure 12. HPLC chromatogram of soy sauce (brand E) extracted by liquid-liquid
extraction with ethyl acetate as the extractant.

Column: InertSustain® C g

Detector: UV detector at 268 nm

Flow rate: 1.0 mL/min
Peak identification: 1. levulinic acid
B+ -~z pae fig s XBH) i&i&—*‘?g"*ﬁ’*’fié E %% 2. % »xae e 4p K 47 B3 -
B InertSustain® Cig
MR ek Sk RN K 268 nm
it 110 EH/ 048
G A M Y v 4

21



30

25 A

20 A

15 -

10 +

Response (mAU)

200 220 240 260 280 300 320 340 360

Wavelentgh (nm)

Figure 13. UV spectrum obtained by HPLC-PDA for peak 1 of figure 12.
B+ = ~ 2 HPLC—PDA B 2 B+ = 2. % 1 #7182 UV sk HE -
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Figure 14. The effect of numbers of extraction times on the amounts of levulinic acid
extracted by liquid — liquid extraction. Values are means of triplicate determinations
and standard are shown as error bars. Different letters represents signicant difference
in levulinic acid (p < 0.05).
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Figure 15. HPLC chromatogram of soy sauce (brand E) extracted by protein

25

30

precipitation using zinc acetate and potassium hexacyanoferrate (II) as the precipitant.

Column: InertSustain® C 18
Detector: UV detector at 268 nm
Flow rate: 1.0 mL/min

Peak identification: 1. levulinic acid

BT~ e s s LA (4 5 R AL Bon TR 418 Bk i 5

Pk 2o B vxae kAR K AT BlGE o

B InertSustain® Cig

MR ek Sk RN K 268 nm
ik 0 1.0 B/ A4

BE LA L kAR
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Figure 16. UV spectrum obtained by HPLC-PDA for peak 1 of figure 15.
Bl ~ 12 HPLC —-PDA B| T B+ 7 2. A% 1 #riF 2. UV Sk HH o
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Figure 17. HPLC chromatogram of soy sauce (brand E) extracted by protein
precipitation using methanol as the precipitant.

Column: InertSustain® C g

Detector: UV detector at 268 nm

Flow rate: 1.0 mL/min
Peak identification: 1. levulinic acid
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Figure 18. UV spectrum obtained by HPLC-PDA for peak 1 of figure 18.
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Figure 19. The detection limit calibration curve for levulinic acid.
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Table 1. The recovery of levulinic acid from soy sause products
o~ FR AR FREL YRS

Added (mg/mL) Found (mg/mL) Recovery (%)

Levulinic acid 0 0 —
2.5 2.46+£0.03 08.28 +0.01
12.5 11.95+£0.01 95.61 +£0.01
25.0 22.26 £0.08 89.04 + 0.04

Value of + SD are standard deriation (n = 3).
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Table 2. The limit of detection (LOD) and limit of quantitation (LOQ) of levulinic
acid
2~ REp G RHELE T 4E

LOD LOQ
(mg/L) (mg/L)

Regression equation R’ SD*

Levulinic acid y=0.0186x +6.1306 0.9879  0.0125 2.016 6.720

*The standard deviation of the blank response.

1.R*: coefficient of determination

2. LOD : limit of detection.

LOD =3 x SD +m (m : slope of the calibration curve)
3. LOQ : limit of quantitation.

LOQ =10 x SD +m (m - slope of the calibration curve)
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Table 3. Contents of levulinic acid in soy sauce products
B R ASY MR G E

Brand Sampling location Concentration (mg/L)
A Supermarket at Keelung ND?*
B Supermarket at Keelung ND*
C Supermarket at Keelung ND?*
D Restaurant at Keelung ND*
E Restaurant at Keelung 3112

Value of = SD are standard deriation (n = 3).

ND?® means not detected.
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W

(Verevkin et al., 2012)

Appendicular figure 1. The structure of levulinic acid.
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Appendicular figure 2. The process of experiment.
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