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Abstract 

 

When garlic or onions are macerated, blue, green, or pink colors are often generated 

within several hours or a few days later. The green or blue discoloration is one of the major 

problems in crushed garlic products and causes great economic losses.  In onions, the puree 

becomes pink, especially in the hot white onions like the dehydrator type.  However, the 

discoloration phenomenon known as “greening or pinking” is not well understood. It has 

been proposed that the discoloration is a multi-step process including (i) formation of 

thiosulfinates resulting from hydrolysis of 1-propenyl-L-cysteine sulfoxide (1-PeCSO) and 

2-propenyl-L-cysteine sulfoxide (2-PeCSO) by alliinase and (ii) formation of the pigments 

by reacting thiosulfinate with free amino acids.  In this presentation, we developed a model 

system to generate the color compounds by reacting the thiosulfinates from garlic or onion 

and various amino acids.  The green-blue pigments were produced when 2-PeCSO and 1-

PeCSO were existed in garlic, while the red pigments were generated when only 1-PeCSO 

was existed in onions.  Each amino acid produced different blue or red color compounds 

with slightly different colors.  For this reason, 20+ natural amino acids could produce the 

same numbers of different color compounds and their derivatives.  Therefore, uncountable 

numbers of peaks were observed in the color compound analysis and purification and 

identification of these compounds were extremely difficult. 

 

Introduction 

 

Pink or blue-green discoloration often occurs after a while when Allium plants such 

as garlic, onion, and leek were crushed.  The blue-green pigments were specifically found 

in crushed garlic, while pink pigments in white onion and leek and these discoloration 

could cause a problem in the color quality of their products.   

The pink discoloration known as ‘pinking’ is not well understood and only a few 

researches have been reported since 1950’s. Lukes (1959) was the first to report the pinking 

phenomenon in the commercial dehydration of white onion flakes and the pinking was once 

believed to be caused by some pink fungi or bacteria. Shannon et al.(1967) proposed that 

the pinking of crushed onion might be three multi-step processes. This multi-step process 

has been recently supported by several studies, which are related with the greening of 
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crushed garlic (Cho et al., 2009; Lee et al., 2010).   

The greening in crushed garlic was a mixture of yellow and blue pigments, and 

furthermore, the blue color was consisted of at least 8 or more pigments, depending on 

garlic’s free amino acid and thiosulfinate compositions (Cho et al., 2009). The greening was 

often observed from minced garlic products, which are popular in Asia.   

We have demonstrated that the pinking and greening were caused by many 

pigments produced from reaction between various amino acids and 1-PeCSO. We have also 

tested several selected amino acids for their color-forming potential and separated them by 

using an analytical HPLC-DAD system. 

 

Materials and Methods 

 

Preparation of flavor precursor compounds: The natural forms of 1-PeCSO and 2-

propenyl-L-cysteine sulfoxide (2-PeCSO) in onion and garlic, respectively, were isolated 

and obtained by cation exchange column as described in the method of Cho et al., (2009).  

 

Generation of naturally-occurring pink and blue pigments: Fresh white onions (500g) 

were homogenized with 100 mL of distilled H2O using a blender and the slurry was filtered 

through the filter paper. Fresh garlic (200 g) and onion were peeled and microwaved for 3 

min to inactive alliinase then fresh garlic (10 g) added.  The juice obtained was centrifuged 

at 13000 × g for 30 min and the aqueous upper layer was incubated at 40 
o
C until color was 

observed. The juice (10 mL) with color was passed through a SPE C18 cartridge and the 

pigment was eluted with 2 mL 90% MeOH with 1% formic acid.  

 

Model system to generate the pigments: Selected amino acids were used to generate 

pigments. The solutions of individual amino acid were added to onion thiosulfinate solution.  

Each amino acid was dissolved in distilled H2O at a concentration of 10 mg/mL. Then 1 

mL each amino acid solution was mixed with 5 mL thiosulfinate solution followed by 

incubation at 40 
o
C until pinking was observed. 

 

Comparison of 1-PeCSO and 2-PeCSO alone and together on color generation and 

HPLC analysis of the pigments:  Please refer to authors’ publications (Cho et al., 2009; 

Lee et al., 2010). 

. 

Results and Discussion 

 

Analysis of naturally-occurring pink and blue pigments in onion and garlic juices : 

We first tried and separated various naturally-occurring pink and blue pigments in onion 

and garlic juices using the HPLC-DAD.  Countless pigments were detected at 515 for pink 

pigments and at 580 nm for blue pigments with a hill-shaped baseline (Figure 1 and 2).  

The hill-shaped baseline indicated that there were very many inseparable pink compounds 

in the onion juice.   

 

Comparison of 2-dimensional spectra of pigments generated from selected amino 

acids 
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 The pigments generated by reacting onion thiosulfinate with selected amino acids 

were individually separated using the HPLC-DAD system and their spectra were presented 

in Figure 3.  In our study, most free amino acids tested could generate various pink or red 

color pigments by the reaction with onion thiosulfinate. Each pink-red pigment showed 

either a single or 2~3 major peaks in the chromatograms detected at 515 nm.  

 

Comparison of 1-PeCSO, 2-PECSO, and their mixture on color generation 

Blue, pink, or yellow pigments were produced by the 3 reaction systems comprising 

1-PeCSO, 2-PeCSO, 1- and 2-PeCSO mixture, Gly, and garlic alliinase (Figure 4).  A vivid 

blue color showing a maximum absorbance at 580 nm was produced by a reaction system 

A, comprising of 1-PeCSO and 2-PeCSO (3:7, v/v) with Gly and alliinase (Figure 4A).  

A bright pink color showing a maximum absorbance at 510 nm was produced in a 

system B comprising only in 1-PeCSO with Gly and alliinase (Figure 4B). A reaction 

system C composed of 2-PeCSO only with Gly and alliinase showed very faint yellow 

color and absorbance maximum at 396 nm (Figure 4C).   

From the above observation, we could conclude that thiosulfinate or 1-propenyl 

derivatives from 1-PeCSO is absolutely necessary for the both pink pigment in onion and 

blue pigment developments in garlic, respectively.  

In our study, pink pigment did not develop in the absence of the amino acid. Their 

absorption spectra data of garlic blue-green pigments with maxima at 396, 530, and 580 nm 

was the reflection of mixtures of yellow, pink, and blue pigments detected in this study.  
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      Figure 1.  Two dimensional spectrum 

(top) and chromatogram (bottom) of 

naturally-occurring pink-red pigments 

in onion juice detected at 515 nm. 

 
 

Figure 2. Spectrum of blue pigments in 

natural garlic juice.  Garlic bulbs were 

homogenated and filtered then the filtrate 

was incubated at 60 ◦C for 3 h to generate 

blue pigments. 

 

 

 

 

 
 

Figure 3.  Two dimensional spectra of 

pink-red pigments generated by the 

reaction with onion thiosulfinate and 

selected amino acids detected at 515 nm.  

 

 

 

 

 

 

  

 
 

Figure 4.  Blue (A), pink (B), and yellow 

(C) pigments generated by 3 reaction 

systems (A-C) and their absorption 

spectra between 200 and 700 nm by the 

HPLC-DAD. A. mixture of 1-PeCSO and 

2-PeCSO (3:7, v/v); B. 1-PeCSO; C. 2-

PeCSO.  All reaction systems contained 

both glycine and purified garlic alliinase.  


