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Table 1. Levels of independent variables in experiments for 
purple corn sedds.

α = |1.41|

Purple corn is a pigmented variety of Zea mays L. that constitutes a

rich source of phenolic compounds, mainly anthocyanins with

recognized antioxidant and anticarcinogenic activities. Germination

enhances the phytochemical content of cereal grains, being the extent

of these changes dependent on germination conditions. Studies on the

effect of germination on purple corn phytochemical composition are

scarce. The objective was to optimize germination time and

temperature for production of purple corn sprouts with the highest

levels of Gamma-aminobutyric acid (GABA), total phenolic compounds

(TPC) and antioxidant activity.

Germination was carried out in a germination chamber and at the end

of the germination period the samples were frozen at –20°C, and then

freeze-dried. The effects of the variations in germination time and

temperature were analyzed using the Response Surface Methodology

(RSM), with a 22 central composite rotational design. The independent

variables studied were: germination time (12, 21, 42, 63 and 72 h) and

germination temperature (12, 14, 20, 26 and 28°C). The phenolic

composition of purple corn sprouts obtained in the optimal conditions

was analysed by HPLC-DAD-ESI/MS.

Independent variables  Levels 
Coded                  Real -α -1 0 +1 + α 

X1 Time of germination (h) 12 21 42 63 72 
X2 Temperature of germination (°C) 12 14 20 26 28 

 

Table 3. Observed response values with diferentes combinations of
gemination times and temperatures for purple corn

Table 2. Total Polyphenols, ORAC and GABA in non-germinated 
freeze-dried purple corn flour.

A

Fig 2. Response surface of germination time versus germination
temperature for purple corn : (A) TPC and (B) ORAC.

GABA, TPC and antioxidant activity of purple corn seeds were 15.27 mg

GABA/100g dw (dry weight), 1679.72 mg GAE/100g dw and 4837.06

mg TE/100g dw, respectively. Temperature and time were key factors

affecting the content of bioactive compounds and the antioxidant

activity of purple corn. GABA increased after seed germination ranging

from 22.40 to 53.17 mg/100g dw (P<0.05). In contrast, TPC and

antioxidant activity decreased (P<0.05), regardless of germination

temperature and time. In the optimal germination conditions (26°C and

63 h) a 3.5-fold increase of GABA and a reduction of total non-

anthocyanin compounds (30%) and antioxidant activity (14%) were

observed (P<0.05) while total anthocyanin content remained constant.

Anthocyanins were the most abundant phenolic class in purple corn

sprouts detected mainly as cyanidin, pelargonidin and peonidin

glycosides. These antocyanins were also detected as acylated with

malonic acid and condensed with flavanols by C-C linkages.

Hydroxycinnamic derivatives and flavonols such as quercetin and

kampferol glycosides were also detected as minor compounds in purple

corn sprouts.

 The germination conditions (in the ranges studied) modified the
content of bioactive compounds in puprle corn var. PNV 581.

 The optimal germination conditions from purple corn seeds were 26
and 63°C, with a 3.5-fold increase of GABA content.

 Anthocyanins were the most abundant phenolic class in purple corn
sprouts detected mainly as cyanidin, pelargonidin and peonidin
glycosides.

 Purple corn sprouts have an excellent potential as sources of health
promoting compounds such as GABA and anthocyanins.
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Coded level Response values 

 
Exp  

X1 
 

X2 
Total Polyphenol 
(GAE mg/100g) 

ORAC 
(mg TE/100g) 

GABA 
(mgGABA/100g S.P.) 

1 - 1 (21) - 1 (14) 1178.53 2649.02 25.03 

2 +1 (63) - 1 (14) 1042.82 2250.45 47.64 

3 - 1 (21) + 1 (26) 1223.39 2315.80 30.84 

4 +1 (63) + 1 (26) 1123.13 4092.37 53.17 

5 -α (12) 0 (20) 1158.86 3710.73 24.31 

6 
+ α (72) 0 (20) 1107.11 3186.75 22.45 

7 0 (42) -α (12) 1373.89 2060.83 25.15 

8 0 (42) + α (28) 1320.11 3538.04 40.48 

9 0 (42) 0 (20) 1357.49 3006.90 22.40 

10 0 (42) 0 (20) 1496.29 3214.09 25.75 

11 0 (42) 0 (20) 1448.32 3227.92 23.63 

A
B

Components 

Total Polyphenol (mg GAE/100g dry basis) 
     ORAC (mg TE/100 100g dry basis) 
     GABA (mg GABA TE/100 100g dry basis) 
 

(mg/100g dry basis) 

1679.72 
            4837.06 

    15.27 
                    

Fig 1. Development of radicle for purple corn germination
For best treatment: 63h at 26°C) 


