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Conclusions

• 4-Vinylphenol was a more efficient cofactor for the 

synthesis of PACNs than pCA.

• The most efficient anthocyanin:4-vinylphenol ratios 

were 1:5 and 1:10 wherein 1:10 formed slightly 

more PACNs, while 1:5 saved as twice as much 

cofactors.

• Our results can help the food industry produce more 

stable pigments derived from nature more efficiently.
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Introduction

• Color is an important attribute in foods because it 

serves as an indicator of food qualities for consumer 

perception, including nutritional value, flavor, etc. 

(Sigurdson et al., 2017).

• Consumers have expressed their concerns about 

consumption of artificial colorants and advocated the 

transition from artificial colorant to natural 

counterparts (Sigurdson et al., 2017).

• Anthocyanin (ACN)-rich juice concentrates can be 

used as natural food colorant replacing synthetic ones.

• However, their use is limited by their lack of stability 

against high temperature, light, pH, and bleaching 

effect of ascorbic acid.

• Pyranoanthocyanins (PACNs) are ACN-derived 

pigments that can be found in some fruits and wines, 

characterized by an extra pyranic ring compared with 

their ACN precursors (Sousa et al., 2013).

• But their formation is time-consuming, which limits 

their use as food colorants.

Figure 1. Formation of PACN from ACN and 4-vinylphenol 

(Modified from Schwarz et al., 2003).

Materials and Methods

• ACNs from commercial black carrot powder were 

extracted, saponified and semi-purified.

• ACN extracts, pCA and 4-vinylphenol,were dissolved 

in pH 3.1 HCl water.

• ACNs were mixed with 4-vinylphenol at 5 molar ratios: 

1:1, 1:5, 1:10, 1:20, 1:30.

• A positive control composed of ACN and p-coumaric 

acid in the molar ratio of 1:30 was prepared.

• PACN formation and remaining pigment were 

monitored using HPLC-PDA-MS after 24 hr

incubation at 45°C in the dark.

Figure 2. Schematic of formation of two 4-vinylphenol 

adducts of black carrot ACNs.

Figure 4. PACN formation yield and pigment remaining after 

24 hr incubation of ACN with 4-vinylphenol or p-coumaric 

acid. ACN: ACN without cofactor or acidified water control 

(pH 3.1). ns: not significant. * means statistical difference.

Figure 5. Color produced with 4-vinylphenol and pCA after 

24 hr incubation.

• Two ACNs were obtained after saponification (Fig.2)

• PACN formation from 4-vinylphenol was much more 

efficient (>34 times greater) than from pCA (Fig.3)

• Molar ratio of 1:10 of ACN:4-vinylphenol produced 

the highest yield of PACNs (39.1%) (Fig.3)

• Increasing concentration of 4-vinylphenol decreased 

PACN formation yield and pigment remaining maybe 

due to aggregation of 4-vinylphenol (Trouillas et al., 

2016).

• Molar ratios of 1:5 and 1:10 had significantly higher 

% pigment remaining than that of acidified water 

control, but lower than the positive control (Fig.4)

• pCA interacts with ACNs by forming non-covalent 

copigment complex, stabilized by π−π stacking 

between aromatic rings and probable hydrogen 

bonding (Trouillas et al., 2016) possibly protecting 

the ACN. 

Objectives

• To determine the most efficient 

molar ratio of ACN to 4-vinylphenol 

for production of PACNs.

• To analyze if 4-vinylphenol was 

more efficient than p-coumaric acid 

(pCA) for PACN formation..

Results and Discussion

Black carrot powder
ACN were saponified

ACN were mixed with cofactors

ACN + cofactors 

incubated for 24 hr

at 45 °C

PACN formation 

was monitored by 

uHPLC-PDA

Figure 3. Formation of PACNs (orange line) and remaining 

ACNs (red line) after 24 hr incubation of different molar 

ratios of ACN to 4-vinylphenol and two controls. PACNs % 

yield is displayed on the right.

CFAES provides research and related educational programs to clientele on a nondiscriminatory basis. For more information, visit cfaesdiversity.osu.edu. For an accessible format of this publication, visit cfaes.osu.edu/accessibility.


