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Extraction properties and chemical stability of turmeric pigments in salt,
sucrose, and acetic acid preservation

Smee Kang', Yunkyung Sung', and Jungil Hong"*

'Division of Applied Food System, College of Natural Science, Seoul Women's University

Abstract Turmeric pigments have been used as coloring agents and functional ingredients. In this study, the extraction
property and chemical stability of the pigments were evaluated in several preservative solutions containing NaCl, sucrose,
and acetic acid. After 72 h of infusion, the protein and polyphenol levels and antioxidant activity of the turmeric extracts
in the solutions were less pronounced than those in water. Acetic acid (12%) was more efficient at extracting curcuminoids
from turmeric than water, NaCl (20%), or sucrose (25%). Curcumin was highly abundant in all solutions. The relative
yield of bisdemethoxycurcumin (BMC) was the highest in acetic acid, whereas that of curcumin was highest in NaCl and
sucrose solutions. Curcuminoids were relatively stable in sucrose and acetic acid; among them, BMC had the highest
stability. The stability of the curcuminoid solution decreased based on the increase in NaCl content, whereas it was
significantly enhanced in sucrose and acetic acid. The observations from this study can be applied to the processing and
storage of turmeric-derived products in these preservative agents.
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g A2 A% 7F8dsx2EH el Jindo, Korea)
oAl FUBIRL, EFAxE AFL E35te] 100 mesh (0.15
mmE AE FEE F= ol&aitt AFer FE FE3
A 820 2~ (oleoresin  turmeric, A7} 6500 CU)= ES7|&dT4&
(Gunpo, Korea)ZHE 43It} NaCl3} acetic acide Ad3}st
(Seoul, Korea)oll41, sucroses= H4H(Yongin, Korea)oll 4] #|Z2E Al
kS ALY EEEAE AFEH FEY(a mixture of cur-
cumin, DMC, and BMC; 794, 16.8, and 3.8% (w/w), average
molecular weight 361.05)2 Acros Organics (Morris Plains, NJ,
USA)IA, DMC (>98%), BMC (>98%)2 E3sh=s v Aok
Sigma-Aldrich (St. Louis, MO, USA)9llA] 4313t}

HEMAo| & U ME

748 BE=S NaCl (5, 10, 20%, w/v), sucrose (5, 10, 25%,
wiv) 2 acetic acid (3, 6, 12%, v/v) £ Z}ZF 10 = 2 mg/
mLe] FE2 FAAAIA 25°CoAlA 1-3¢7F FE33T) Tde =
AdA 90% EtOHZ A3+ AEQ2mgmL)E H|ZTOE AL
STk FE92 10,000xg= 5%7F Y4E2] (Force 1418, Labnet
International, Inc., New York, NY, USA)3}3L A5HS FHslo] 2
ol ARgalSth Al Ao sleby A ke flste] 20 e
50 pgmlL F== zF JA&Aol el § 25°Ce] HiYI(VS-
1203P3N, Vision Scientific Co., Daejeon, Korea)oll4] 1-3d7F A
=

7} go A G 78 A A o] AAH] HAE= 420 nmel]
Ae] FEE29t 350-600 nmoA 5 S ERS mlo] AR F 0]
E ¥=7](Spectra Max M3, Molecular device, Sunnyvale, CA,
USA)E £231%tHSong} Hong, 2017). &2 stgke 483
dHMS FFEAF 313 Coomassie brilliant blue G250 AR
alo] 343113 (Bradford, 1976), & #lE7d 7% ke E9 A
OFS 0|85} tannic acid (Sigma-Aldrich)E EFEZZ 3lo] 24
3 thPark 5, 2015).
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A&7 (Sung 5, 2018), DPPH Blt|zdt &AL 7|Ee] Wy
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FROC0IE 32 ¥ sisiorEy 24
7} ool BAG BF F2E) TRvwolE §F L 7}

AR &l AdollA Alg Aol 518tegd/d-2 HPLC (Agilent 1100
series, Agilent Technologies, Santa Clara, CA, USA)E ©]-&-3}¢]
Aol wh A8 th(Sung 5, 2018). THFSF 1% citric
acid ZHTE 40:60 (viv) HI&E AZ3 3 x5} AT ENT
(KOH) €8S ARS8 pH 308 2A sl o]5Ao® ARE-3l4]
o} 2G4 2 HPLC packed column C18 (4.6 mm IDx150 mm
x5 um, Shiseido, Tokyo, Japan)S AME-SIAAL, 20 FE= 50 ule]
AEE FY3st 30°ColA 9 1mLe] F&50=2 FA3Th

ZX|S0HolM slEAo] BAF oHEY FX

<75, DMSO X+ F5& 283t NaCl, sucrose, acetic acid
golof] A3 MAE 50ugmL T2 HAAIZL F 2,500, 5,000,
10,0002} 15,000xg2] L2 Aol 5E7F A4EE] (Force 1418,
Labnet International, Inc.)3}At}. 2+ ZA0A AR & A+
SAE 100 pLA Fsle] 350-750 nm WSS T2 SHEHI 420
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SH X2

AFAAE 33 o) EA st F+EFAAAE Jep, 7
A W Foxte dUmA EAHEA] (one-way ANOVA)ZH
Tukey’s HSD tests AAI3I 95%<] Folgola HAG3tATh
(SPSS Inc., Chicago, IL, USA).
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Fig. 1. Characteristics of turmeric infusion using NaCl, sucrose, or acetic acid solution. After 3 day extraction (10 mg/mL, or 2 mg/mL for
EtOH), absorbance spectrum (A), absorbance at 420 nm (B), protein (C), and polyphenol contents (D) of each infusion were analyzed. Each
value represents the mean+SD (n=3-4). Different letters in a same solution indicate a significant difference (p<0.05).
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Fig. 2. Radical scavenging activities of turmeric infusion (each 2
mg/mL, 3 days) using different preservative solutions. Each value
represents the meantSD (n=3) and different letters indicate a
significant difference (p<0.05).
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9] 11.9%°1 M= ATk NaCl (20%)3} sucrose (25%) 8- oljA]
£ AE §AR 8% AEE HolW, EOH &% ¥l 27t 67
9 62% FFP| o= TS e ATHFg. 3C). ZF A
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Fig. 3. Individual curcuminoid levels of turmeric infusions (each 2 mg/mL, 3 days) using different preservative solutions. A standard
curve (A), chromatograms (B) of each curcuminoid in the current HPLC, individual curcuminoid level (C), and relative yields (D) based on 90%
EtOH extract were shown. Each value represents the mean+SD (n=3-6). Different letters in a same curcuminoid (C) or a same solution (D)

indicate a significant difference (»<0.05).
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Fig. 4. Chemical stability of turmeric pigments dissolved in different preservative solutions. After 3 day storage of turmeric pigments in
each preservative solution (20 pg/mL) at 25°C, absorbance spectrum (A), relative color intensity at 420 nm based on fresh solution, individual
curcuminoid (C), and their relative residual levels (D) were analyzed. Each value represents the meantSD (n=3-4). Different letters in a same
solution (B and D) or a same curcuminoid (C) indicate a significant difference (»<0.05).

Table 1. Levels of hydrogen peroxide (nM) from turmeric (50 pg/mL) dissolved in different concentrations of NaCl, sucrose, and acetic

acid for different time periods (0, 24, 48, and 72 h)

Oh 24h 48 h 72h
Turmeric only 0.9941.05%" 1.57+0.92°* 2.2941.09%* 1.38+0.57%*
with 5% 0.67+1.41% 0.27+0.38" 2.394+0.32%* 3.29+1.24°
with 10% 0.18+0.13* 0.33+0.74* 1.5+£0.73™ 2.76+1.01%
with 20% NaCl ND? ND 2.0440.45% 2.8440.64™
Turmeric only 0.99+1.05* 1.57+0.92" 2.2941.09" 1.38+0.57*
with 5% 2.18+0.84™ 2.8240.68" 3.48+0.82% 1.35+0.53"
with 10% 2.56+0.85" 2.66+0.52" 6.7740.77¢ 4.43+1.31™
with 25% sucrose 2.94+1.61° 2.58+1.42" 6.5441.93% 9.1542.24¢
Turmeric only 0.99+1.05* 1.57+0.92* 2.29+1.09° 1.38+0.57*
with 3% 2.16+£0.23° 1.18+0.33* 1.06+0.11° 1.93+0.22*
with 6% 1.93+0.13* 1.11£0.33° 1.72+0.34* 1.79+0.22°
with 12% acetic acid 1.69+0.17° 1.13+0.12% 1.68+0.79* 1.55+0.15*

DEach value represents the mean=SD (n=3). Different letters in a same section indicate a significant difference (p<0.05) based on one-way ANOVA

and the Tukey’s HSD test.
PNot detected
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Fig. 5. Changes in solution stability of turmeric pigments in
different preservative solutions. Turmeric pigments dissolved in
each preservative solvent (50 pg/mL) were precipitated under
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in sucrose (B) and acetic acid (C) after different speeds of
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meantSD (n=3-6) and different letters indicate a significant
difference (p<0.05).
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