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Abstract  The effects of temperature, light, oxidant, soluble sugar, food additive (i.e. citric acid, benzoic acid, and 
ascorbic acid) and metal ions of K+, Ca2+, Cu2+, Al3+, Mn2+, Fe3+, Sn2+, Mg2+ on the stability of anthocyanin extracted 
from the kernels of novel inbred line super dark maize (SDM) with the strategy of HCl-carbinol were systematically 
analyzed. The results showed that the extracted anthocyanin was steady in acid conditions (pH≤ 3) and stable to heat 
and light; it had good anti-oxidation and maintained sensitive to reducing agents and insensitive to soluble sugar. 
Citric acid had positive effect on the stability of anthocyanin while benzoic acid and ascorbic acid negative; metal 
ions (1 mMol·L-1) of K+、Ca2+、Cu2+、Al3+、Mn2+ exhibited no obvious effect on the anthocyanin while ions of 
Fe3+、Sn2+、Mg2+ obvious. 
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1. Introduction 
Anthocyanin, belonging to flavonoids as plant 

secondary metabolite, exists ubiquitously in the plant 
kingdom and endows fruits and vegetables with the bright 
red, blue and purple color [1,2,3]. It was recognized as a 
functional compound for human health and was utilized 
extensively in food and medicine industries. Particularly, 
it exhibited positive functions in inhibiting free radicals, 
stimulation of phase II detoxifying enzymes, and reducing 
the risk of cardiac diseases and cancers by restraining cell 
proliferation [4,5,6,7]. Furthermore, another research 
showed that regular consumption of flavonoids may 
increase human life-span by reducing inflammation and 
coronary heart disease (CHD) [8,9,10].  

Numerous researches had been done to black maize 
which is a kind of excellent natural pigment resources. As 
the main pigment composition of the black maize kernels, 
anthocyanin possesses complicated physical and chemical 
properties due to its transformable structure. Some 
properties were described in different materials. The 
antioxidant activity and the effect of light and temperature 
had been demonstrated on the anthocyanin of kernel and 
cob in maize [11-16]; and the research on the effect of 
preservative, redox and metal ions on anthocyanin had 
also been mentioned [17]. Previous studies had confirmed 
that anthocyanin played an important role in maintaining 
human health. Therefore it is necessary to develop new 
resources rich in anthocyanin for the daily supply. 

A completely new black maize inbred line named Super 
Dark Maize (SDM) was created by Maize Research 
Institute of Southwest University (Chongqing, China) in 
recent years. Its kernels and cobs were a utter inkiness and 
were notably distinguished from normal black maize with 
mere black top of kernels. The anthocyanin content of the 
SDM kernels was 12 times as much as that of the normal 
black maize. The property analysis of anthocyanin was 
prerequisite for the SDM kernels exploitation and 
utilization. Therefore, a systematic analysis was done to 
the physicochemical characteristics of anthocyanin in 
SDM kernels. The effects of pH, temperature, light, 
oxidant, soluble sugar, food additives and metal ions on 
anthocyanin stability were investigated in this paper. The 
absorbance or residual rate of anthocyanin in different 
time was made as a criterion based on the pH differential 
method. 

2. Materials and Methods 

2.1. Sample Preparation 
For the test sample preparation, dry maize kernels were 

soaked in distilled water for 24 hours, the purple or dark 
episperm were collected. After the episperm was dried in 
oven at constant temperature 55°C, 0.1 g dried sample was 
put in the centrifuge tube, then 5 mL 5% hydrochloric 
acid-methanol solution was added to the tube. The tube 
was water bathed for 1 hour at 50°C and then centrifuged 
for 5 minutes at 10000 r/min. The extracted supernatant 
was metered to a volume of 15 mL. The anthocyanin 
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solution was scaned in the wavelength 200-800 nm using 
the UV1000 Spectrophotometer. Then the anthocyanin 
absorbance was measured in the maximum wavelength 
(507 nm).  

The pH differential method was adopted to calculate the 
mass fraction of anthocyanin [18,19,20]. 20 mL sample 
solution in total was prepared for analysis and 3 mL 
sample solution was used for every colorimetric assay and 
not recycled. KCl (pH 1.0) and NaAc (pH 4.5) buffer 
solutions were used to metered to a volume of 10 mL 
independently. Moreover, the control groups were made 
by using another 10 mL corresponding absolute buffer 
solution. Absorbance of the anthocyanin was measured in 
the wave length 507 nm and 700 nm respectively. The 
mass fraction of anthocyanin was calculated by the 

formula A V N MMF
mε

× × ×
=

×
, in which MF representes 

mass fraction of anthocyanin (mg·g-1), A=(Amax-A700)pH1.0-
0.1(Amax-A700)pH4.5, V means determined volume (mL), N 
means dilute multiple, M and ε means molecular weight 
and extinction coefficient of Cyanidin-3-glucoside 
respectively, m means sample weight (g).  

2.2. pH Stability Analysis 
The sample solutions with pH value of 1, 3, 5, 7, 9, 12 

were darkly kept in 4°C refrigerator. The absorbance A 
was measured and the residual rate of anthocyanin was 
calculated using formula R = (MF/MF0) × 100% every 5 
days, in which MF represented mass fraction of 
anthocyanin after reaction, MF0 represented mass fraction 
of anthocyanin initially. 

2.3. Light and Thermal Stability 
For the light stability assay, corresponding solutions 

were darkly and brightly kept for 30 days at 4°C 
separately, the absorbance A was measured and the 
residual rate of anthocyanin was calculated every 5 days. 
For the thermal stability assay, every sample solution was 
incubated for 2 hours by the water bath in darkness at 
30°C, 50°C, 60°C, 80°C, 100°C respectively, then the 
solution absorbance A was determined with colorimetric 
method after cooling. 

2.4. Antioxidant and Anti-reducing Agent 
Capacity Assay 

The sample solutions darkly kept at 4°C with different 
concentrations of H2O2 (0.03%-3%) and Na2SO3 (0.2×10-

4-3×10-3 mol/L) were designed for antioxidant and anti-
reducing agent capacity assays separately. Subsequently, 
each solution absorbance and residual rate of anthocyanin 
were measured and calculated after 0.5, 2, 5, 10 hours 
respectively. 

2.5. Effects of Soluble Sugar and Food 
Additives  

The sample solutions with different concentrations 
(0.03%-3%) of glucose, maltose, sucrose were used to 
analyze the effects of soluble sugar on anthocyanin. And 
for the effects of food additives assays, the sample 
solutions with different concentrations of ascorbic acid 
(0.5%-10%), citric acid and benzoic acid (0.04%-3%) 

were prepared. All sample solutions were darkly kept at 
4°C and the absorbance and residual rate of anthocyanin 
were determined every 5 days. 

2.6. Effects of Metal Ions on Anthocyanin 
Stability 

The sample solutions with 1 mMol·L-1 metal ions Fe3+, 
Sn2+, K+, Ca2+, Cu2+, Mg2+, Al3+, Mn2+ and check were 
darkly stored in 4°C. The absorbances of different 
treatments were measured on 0.5, 2, 5,10 hours separately. 

2.7. Statistical Analysis 
Statistical analysis and charting for all physical and 

chemical properties of anthocyanin were conducted by 
using Microsoft Office Excel 2010.  

3. Result and Discussion 

3.1. pH Stability 

 

Figure 1. Change of residual rate of anthocyanin with time under 
different pH values 

To elaborate the pH stability of anthocyanin in SDM 
kernels, the pH profile of anthocyanin stability was 
determined from pH 1.0 to pH 12. The residual rate 
exhibited a gentle decrease when the solution with the pH 
value of 1, 3 had been placed for 10 days and a similar 
linear decrease when the solution with pH value of 5, 7, 9, 
12 had been placed for 15 days (Figure 1). The notable 
difference of the residual rate in acidic and alkaline 
conditions indicated that the anthocyanin was more stable 
in acidic conditions, especially in pH≤ 3. Additionally, the 
residual rate of anthocyanin was less than 50% when 
solution pH> 7, while residual rates were 76%, 71%, and 
64% respectively when pH values were 1, 3, 5 on the 20th 
day.  

The structures of anthocyanin were transformed with 
the changes of pH values in the solution medium and 
maintained an equilibrium state including four main kinds 
of structures in particular pH value [14]. The specific 
characteristics of structures endow anthocyanin with 
relatively complex and quite unstable physical and 
chemical properties [21,22,23,24]. In the involvement of 
the multitudinous degradation progresses of anthocyanin, 
the chalcone route was experienced in most situations; 
however, the intermediate product chalcone degradated 
into secondary products rapidly (i.e. benzoic acid and 
2,4,6-Trihydroxybenzaldehyde) for its unstable structure 
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[19]. In our results, the remarkable decrease of residual 
rate in alkaline conditions might be led by the changed 
structures depending on the raising pH value. 

3.2. Light and Thermal Stability 

 

Figure 2. Change of residual rate of anthocyanin with time under 
different light conditions 

 

Figure 3. Change of absorbance of anthocyanin with time under 
different temperatures 

The light stability of anthocyanin in SDM kernels was 
investigated under the lightness and darkness conditions. 
As shown in Figure 2, in darkness condition, the residual 
rate of anthocyanin barely changed for the first 5 days. 
But in lightness condition, the residual rate of anthocyanin 
decreased to a certain extent on the 5th day. In both 
conditions, the residual rates of anthocyanin rapidly 
decreased over 5 days, which indicated that long-term 
storage for anthocyanin was inappropriate and it would be 
better to avoid light.  

The thermal stability of anthocyanin was assayed 
between 30°C and 100°C (Figure 3). The anthocyanin 
absorbance basically unchanged with the extension of 
incubation time at 30°C. At 50°C or 60°C, the absorbance 
increased in some extent. The maximum value appeared 
on 30th minute. At 80°C or 100°C, the absorbance of 
anthocyanin slightly decreased for the first 30 minutes, 
whereas that of anthocyanin rapidly decreased between 30 
to 120 minutes. These results indicated that anthocyanin 
had a good thermo stability and the formation of 
anthocyanin was promoted by heating properly.  

Light and temperature played an important role in 
keeping the stability of anthocyanin structure [25]. In light 
condition, the intermediate product C4 hydroxyl 
glycosides were prior to be formed. Next, the chalcone 
and the ultimate products benzoic acid were generated 
depending on hydrolysis and unlocking loops at the point 

of C2 [19]. For the effect of temperature on anthocyanin, 
the absorbance was augmented with the increasing 
temperature at a given range (< 60°C) due to the 
dissolving rate of anthocyanin was amplified in the 
solution. In contrast, the absorbance declined because of 
the extremely unstable chalcone type structures that 
generated effortlessly at exorbitant temperature. 

3.3. Antioxidant and Anti-reducing Agent 
Capacity 

 

Figure 4. Change of residual rate of anthocyanin with time under 
different densities of H2O2 

 

Figure 5. Change of residual rate of anthocyanin with time under 
different densities of Na2SO3 

The results showed that the H2O2 and Na2SO3 
influenced anthocyanin solution instantly. The residual 
rate of anthocyanin continuously decreased with 
increasing time duration and H2O2 density, whereas that of 
anthocyanin changed unobviously along with the time 
continuation in the analysis of Na2SO3. The residual rate 
of anthocyanin differed slightly for 0.03%, 0.3% of H2O2 
in first 0.5 hour, but approximate 15% anthocyanin was 
left for 3% of H2O2 at 0.5 hour (Figure 4). These results 
indicated that the decomposition of anthocyanin could be 
accelerated by adding oxidant and the degradation rate 
was proportional to the concentration of oxidant, which 
was consistent with Neungnapa’s result [13]. Nevertheless, 
anthocyanin still exhibited strong antioxidant ability in a 
given limitation. Therefore, high levels of strong oxidant 
should be avoided in the food processing and application. 

The reducing agent affected the absolute content of 
anthocyanin significantly but showed no distinct 
differences with the extension of time (Figure 5). The 
lower concentration range of reducing agent Na2SO3 (0.02 
mM and 0.1 mM) presented a synergistic effect on 
anthocyanin but residual rate of anthocyanin decreased 
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dramatically with increasing concentration (≥ 0.5 mM) 
(Figure 5). These results indicated that anthocyanin was 
sensitive to reducing agent, and advisable concentration of 
the reducing agent was less than 0.1 mM. The previous 
study reported that the anthocyanin of kernel and cob in 
purple maize possessed excellent antioxidant activity and 
that low concentration of Na2SO3 affected the stability of 
anthocyanin inapparently [12,17]. Here, we also 
confirmed these properties of anthocyanin in SDM kernels, 
but the synergistic mechanism was still unclear. 

3.4. Effects of Soluble Sugar and Food 
Additives Analysis 

 

Figure 6. Change of residual rate of anthocyanin with time under 
different densities of glucose 

 

Figure 7. Change of residual rate of anthocyanin with time under 
different densities of sucrose 

 

Figure 8. Change of residual rate of anthocyanin with time under 
different densities of maltose 

 

Figure 9. Change of residual rate of anthocyanin with time under 
different densities of ascorbic acid 

 

Figure 10. Change of residual rate of anthocyanin with time under 
different densities of citric acid 

 

Figure 11. Change of residual rate of anthocyanin with time under 
different densities of benzoic acid 

It had already been known that sugars had a positive 
effect on anthocyanin biosynthetic pathway in some plant 
[26]. Here, the effects of glucose, sucrose and maltose on 
anthocyanin were analysed (Figure 6, Figure 7, Figure 8). 
Compared with the control group, residual rates of 
anthocyanin for all three soluble sugars changed similarly 
with the time changing and the approximate 14% of 
residual rate of anthocyanin was decreased for all samples 
and all time points. These results suggested that the effects 
of soluble sugar on anthocyanin were inapparent and 
soluble sugar could be added in the practical application. 
Similarly, the effects of food additives on anthocyanin 
were exploited based on different concentrations of 
ascorbic acid, citric acid and benzoic acid (Figure 9, 
Figure 10, Figure 11). The ascorbic acid and citric acid 
exhibited a synergistic impact on anthocyanin in brief time, 
the mechanism was still unclear. With the extension of 
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time, no obvious change of the residual rate was observed 
in the citric acid test. In contrast, the anthocyanin was 
seriously damaged by ascorbic acid and the residual rate 
decreased sharply because H2O2 would be produced after 
ascorbic acid and benzoic acid were oxidated (Figure 9, 
Figure 11). Moreover, although the residual rate of 
anthocyanin reduced heavily and immediately as benzoic 
acid was added, the absolute quantity of reducing showed 
no conspicuous differentiation (Figure 11). In a word, 
anthocyanin should be avoided contacting with ascorbic 
acid and benzoic acid but citric acid could be added 
appropriately. 

3.5. Effects of Metal Ions on Anthocyanin 
Absorbance  

 

Figure 12. The effect of metal ions on absorbance of anthocyanin 

The impacts of all the metal ions on anthocyanin were 
transient and had no remarkable changes with the 
extension of time (Figure 12). Ions of Ca2+, Al3+, K+, Cu2+ 
showed no obvious effect while Mn2+ exhibit positive 
effect on anthocyanin absorbance. The ions of Mg2+, Zn2+, 
Fe3+ made the absorbance decrease significantly and the 
largest degrees of decreasing was led by Fe3+. These 
results suggested that it was necessary for anthocyanin 
solution to avoid contacting with Fe, Zn, and Mg in saving. 
However, it could be stored in containers made of 
aluminum. As reported previously, metal ions of Na+, Al3+ 
weakly affected the stability of anthocyanin and low 
concentration of K+ affected partly, but Ca2+ could make 
absorbance of anthocyanin reduce obviously [17]. Apart 
from this, it was confirmed that metal ions of Zn2+, Mg2+ 
also seriously affected anthocyanin in this research. 

The metal ions exhibited different effects on 
anthocyanin based on the property of ortho-position 
hydroxyl structure of anthocyanin. In the anthocyanin 
solution, the compound with binary effects on the 
structure stability of anthocyanin was formed with metal 
ions [19]. In our study, a kind of destructive effect 
compound might be formed with metal ions of Zn2+, Fe3+, 
Mg2+ and weakened the structure stability of anthocyanin. 
On the other hand, a sort of compound with protective and 
synergistic effects on anthocyanin might be produced by 
interacting with metal ions of Mn2+, Al3+ and stabilized the 
anthocyanin structures. 

4. Conclusion 

In this study, the extraction and characterization of 
anthocyanin in SDM kernels were described and the 
antioxidant property and the stability under acid solvent, 
different temperatures and light were elucidated. In 
conclusion, the anthocyanin in SDM kernels maintained 
sensitivity to reducing agents and insensitivity to soluble 
sugar; citric acid exhibited positive effect on the stability 
of anthocyanin whereas benzoic acid and ascorbic acid 
negative; metal ions of K+, Ca2+, Cu2+, Al3+, Mn2+ showed 
no obvious effect on the stability of anthocyanin while 
ions of Fe3+、Sn2+、Mg2+ obvious. Moreover, the metal 
ions of Zn2+ seriously affected anthocyanin and couldn’t 
coexist with anthocyanin. It is suggested to store 
anthocyanin in aluminium vessel. 
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