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ABSTRACT 

J. Inst. Brew. 115(4), 328–333, 2009 

Antioxidant activity, malolactic fermentation and sensory eval-
uation of the grape must after fermentation in the presence of 
gallic acid and coumaric acid, as well as the inhibitory mecha-
nism of gallic acid and coumaric acid on pectin methyl esterase 
(PME), were investigated. The content of malic acid and lactic 
acid increased 40.4% and 36.9% compared to the control when 
commercial pectic enzyme (CPE) was used. The increase in 
malic acid content was enhanced by 64.8% and 83.4%, com-
pared to the control in the presence of CPE + Gallic acid and 
CPE + Coumaric acid respectively. Ferric reducing/antioxidant 
power (FRAP) increased in the samples with added CPE. In ad-
dition to an increase in the FRAP, antioxidant capacity was en-
hanced in the CPE + Gallic acid and CPE + Coumaric acid sam-
ples. No significant differences were found in the content of 
total anthocyanin and in the value of sensory characteristics. The 
content of total flavanols increased significantly in the samples 
with added CPE. Lineweaver-Burk plots of PME, with gallic 
acid or coumaric acid, indicated that gallic acid and coumaric 
acid were mixed inhibitors of PME. 

Key words: Commercial pectic enzyme, coumaric acid, gallic 
acid, pectin methyl esterase, wine. 

Abbreviations: PME: pectin methyl esterase, PAL: pectate 
lyase enzyme, PG: polygalacturonase, CPE: commercial pectic 
enzyme, DE: degree of esterification, EGCG: epigallocatechin 
gallate, DPPH: diphenyl-β-picrylhydrazyl, FRAP: ferric reduc-
ing/antioxidant power assay, TA: total anthocyanins, HM-CL-
AIS: highly methoxylated cross-linked alcohol-insoluble solid 
column, EGCG: epigallocatechin gallate, PMEI: PME inhibitor. 

INTRODUCTION 

Phenolic substances, which present in large amounts in 
plant derived products, are important components of the 
human diet. Phenolic acids are plant metabolites reported 
to act as major bioactive compounds useful in the preven-
tion of chronic diseases and the promotion of health bene-
fits. For example, they possess cytoprotective ability in the 
prevention of diabetic neuropathy complications16. Con-
sumption of products rich in phenolic acids, such as wine 
and the “Mediterranean diet”, has been reported to be cor-
related with a reduced risk of cardiovascular disease11,31. 

The methanol content of the freshly squeezed juices of 
fruits and vegetables increases during storage. This in-
crease in methanol is positively associated with activities 
of pectin methyl esterase (PME) and pectate lyase (PAL) 
enzymes in the fruit juices. It is also positively associated 
with PME activity, but is negatively associated with poly-
galacturonase (PG) activity in vegetable juices14. The ad-
dition of commercial pectic enzyme (CPE) plays an im-
portant role in the process of wine-making for extraction, 
clarification, and filtration of fruit juice and wine puree in 
order to increase the yield and quality (e.g., pigment, fla-
vor, transmittance, and viscosity)20,30. However, methanol 
is produced in large quantities after the enzymatic degra-
dation of internal natural pectins by PME in CPE during 
mashing, fermentation, and the aging stages of the wine-
making process. Hence, the use of CPE suffers the major 
drawback of high methanol content levels, especially 
when the levels are above the given safety limits in some 
wine products25,28,34,35. Blocking harmful PME activity, as 
well as removing PME activity in CPE, to avoid methanol 
levels in excess of the given safety limit is recom-
mended15,34,35. 

Hou et al.15 revealed that either the addition of gallic 
acid or coumaric acid in wine-making caused a decrease 
in methanol content and an increase in the healthy wine 
compounds. No related studies were found in the area of 
kinetics of phenolic acids on PME inhibition or on the 
antioxidant activity of wine enhanced by phenolic acids 
after fermentation. With the above facts in mind, this 
study aimed to investigate the inhibitory mechanism of 
gallic acid and coumaric acid on PME; the influence of 
gallic acid and coumaric acid on antioxidant activity; and 
malolactic fermentation and the sensory evaluation of 
grape must after fermentation. 
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MATERIALS AND METHODS 

Materials 

Fresh Black Queen grapes (Vitis vinifera × V. labrusca) 
were purchased from a local supermarket in Taichung 
County, Taiwan. The commercial liquid pectic enzyme 
was obtained from a microbial source (Peclyve CP) and 
the commercial wine yeast (RA-17 Saccharomyces cere-
visiae) was purchased from Lallemand Australia Pty. Ltd. 
(North Adelaide, Australia). Citrus pectin, with a degree 
of esterification (DE) of 90–93%, and methanol, were 
both purchased from Sigma (St. Louis, MO, USA). Citrus 
pectin with a DE of 60–66%, D-galacturonic acid, and 
polygalacturonic acid were purchased from Fluka (Buchs, 
Switzerland). Ethanol (95%) was purchased from the Tai-
wan Tobacco and Liquor Corporation, Taiwan. 

Preparation of the wine 

The red grapes were cleaned with distilled water and 
crushed into grape puree. Sucrose and Na-pyrosulfite 
were added to the grape puree to reach 25°Brix and 100 
ppm respectively. The grape puree was divided into the 
following four groups before yeast inoculation: (1) control 
group: without external enzyme added, (2) CPE group: 
with commercial pectic enzyme 0.2 mL/L CPE containing 
10 units of PE, 0.39 units of PG, and 70 units of PL, (3) 
CPE + Gallic acid group: with 0.2 mg/L gallic acid and 
0.2 mL/L CPE, (4) CPE + Coumaric acid group: with 0.2 
mg/L coumaric acid and 0.2 mL/L CPE. 

Commercial wine yeast RA-17 (0.25 g), previously ac-
tivated in 25 mL warm water (40–43°C) for 15 min to 
make a suspension was added to 1 kg of the grape puree. 
Fermentations were conducted at room temperature (25 ± 
2°C) for 15 days. During fermentation, sampling was con-
ducted every 3 days to determine the changes in physico-
chemical properties. Samples were centrifuged at 13,000 
× g for 20 min at 4°C. 

The α,α-diphenyl-β-picrylhydrazyl (DPPH) 
radical scavenging assay 

The DPPH radical scavenging activity analysis was 
performed according to the procedure reported by 
Yamaguchi et al.36 The sample solution (0.2 mL) was 
mixed with 0.1 M Tris-HCl buffer (pH 7.4, 0.8 mL) and 
then added to 1 mL of 0.125 mM DPPH in ethanol. This 
solution was incubated at room temperature for 20 min in 
the dark and the absorbance was measured at 517 nm by 
DPPH. 

The ferric reducing/antioxidant power (FRAP) 
assay 

This assay was conducted according to the procedure 
reported by Benzie and Strain4. The working FRAP re-
agent was produced by mixing 300 mM acetate buffer 
(pH 3.6), 10 mM 2,4,6-tripyridyl-s-triazine solution and 
20 mM FeCl3·6H2O in a 10:1:1 ratio prior to use and 
heated to 37°C in water bath. A total of 3.0 mL FRAP 
reagent was added to a test tube and a blank reading was 
taken at 593 nm using a spectrophotometer. A total of 100 
µL of wine and 300 µL of distilled water was added. After 
addition of the sample to the FRAP reagent, a second 

reading at 593 nm was performed after 90 min of incuba-
tion in a 37°C in water bath. The changes in absorbance 
after 90 min, from the initial blank reading, were com-
pared to the standard curve of FeSO4. 

Determination of total anthocyanins 

Total anthocyanins was determined according to 
Arnous et al.2 In brief, wine (0.02 mL) was mixed with 
20% sodium metabisulphite solution (0.02 mL) and the 
absorbance was measured at 520 nm ( 2

520
SOA ). Further, 

wine was mixed with 0.98 mL 1 N HCl solution and the 
absorbance of HCl was measured ( HClA520 ) after 180 min. 
The concentration of total anthocyanins (TA) was calcu-
lated as follows: 

TA (mg/L) = 20 × [ HClA520 – (5/3) × 2
520
SOA ] 

Determination of total flavanols 

Total flavanol content was estimated according to the 
procedure of Arnous et al.2 Wine (0.2 mL) was mixed 
with 1 mL 0.1% p-dimethylaminocinnamaldehyde solu-
tion. The absorbance at 640 nm was measured after 10 
min. The total flavanol concentration was estimated from 
a calibration curve constructed using catechin. 

Purification of pectin methyl esterase 

PME was purified from a commercial liquid pectic en-
zyme (North Adelaide, Australia) according to the proce-
dure of Wu et al.34 with some modifications. Commercial 
pectic enzyme (0.2 mL) was applied on highly methoxy-
lated cross-linked alcohol-insoluble solid (HM-CL-AIS) 
column (2.5 cm × 20.0 cm; flow rate, 40 mL/h) for sepa-
ration. The column was equilibrated with 0.01 M citric 
acid buffer (pH 4.5) and then eluted with the same buffer 
at a 0–1 M NaCl gradient. The 3 mL/tube fractions were 
collected and assayed for PME activity. The PME con-
taining fraction was collected, dialyzed, and further puri-
fied by gel filtration through a Sephacryl S-100 column 
(1.6 cm × 60.0 cm; flow rate, 40 mL/h), equilibrated with 
0.01 M citric acid buffer (pH 4.5) containing 0.1 M NaCl. 
The purified PME was then concentrated and stored at  
–20°C until required. 

Determination of pectin methyl esterase 
activity 

PME activity was determined using a 0.1 M NaCl / 
0.5% citrus pectin (DE 60–66%) solution, with a pH 
adjustment according to the method described by Jiang et 
al.18 One unit of enzyme activity was defined as one μmol 
of free carboxyl group formation from pectin per min. 
Michaelis constants (Km) and the maximum velocity 
(Vmax) of PME were determined using the Lineweaver-
Burk double reciprocal plot, in which the reciprocals of 
the initial rates of the PME activity were plotted against 
the reciprocals of the pectin concentrations. In addition, 
the inhibition kinetics of gallic acid and coumaric acid 
were analyzed using Lineweaver-Burk plots. 

Protein determination 

Protein concentrations were determined by the BIO-
RAD protein assay (Bio-Rad, USA), using bovine serum 
albumin as the standard. 
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Statistical analysis 

Statistical analysis was accomplished using SAS Sta-
tistical Software, Version 9.1 (SAS Institute). Triplicate 
samples were each analyzed twice in this study. The dif-
ference between the means was analyzed using Duncan's 
multiple range test. 

RESULTS AND DISCUSSION 
Effect of phenolic acids on malolactic 
fermentation 

The content of malic acid decreased from 72.1 to 46.0 
mg/L (control) in grape must after 15 days fermentation. 
It increased in the CPE added groups as compared to the 
control group (Table I). The content of malic acid in-
creased from 46.0 mg/L (control) to 75.9 and 84.8 mg/L 
in the presence of gallic acid and coumaric acid respec-
tively. 

The content of lactic acid decreased from 11.0 to 8.4 
mg/L (control) in grape must after 15 days fermentation. 
It increased in the CPE added groups as compared to the 
control group, however, the increase in lactic acid content 
was inhibited in the presence of gallic acid. No relation-
ship between the CPE activity and the level of malolactic 
fermentation was detected, even though the content of 
malic acid and lactic acid increased 40.4% and 36.9% of 
the control group by CPE. The increase of malic acid con-
tent was enhanced to 64.8% and 83.4% of the control 
group in the presence of gallic acid and coumaric acid 
respectively. 

The components or metabolic byproducts in wines pro-
duced during alcoholic fermentation (by wine yeast) and 
malolactic fermentation (by lactic acid bacteria) or aging 
are important for wine quality. Malolactic fermentation, 
which consists of the decarboxylation of L-malic acid to 
L-lactic acid, causes acid reduction, flavor modification 
and has a significant impact on the stability and organo-
leptic character of quality wines5,32. It is believed that this 
fermentation helps to improve the sensory complexity of 
wine by producing compounds with important flavor pro-
file contributions10. The utilization of CPE in wine-mak-
ing is beneficial to increase the yield and quality of pig-
ment, and for flavor, transmittance and viscosity of 
wine20,30. An increase in malic acid can contribute to the 
improvement of acidity of wines produced in hot climates 
with low acidity grape musts7. Wines from high acid 
musts can also benefit from malolactic fermentation. 
Therefore, the increase of malic acid in CPE, CPE + gallic 

acid and CPE + coumaric acid added groups suggests that 
adding CPE and phenolic acids in the wine-making proc-
ess might also be beneficial to the quality of wines, espe-
cially for the low acidity grape musts produced in hot 
climates. 

There were no significant differences found in the 
value of sensory characteristics of wine such as, color 
intensity, flavor complexity, mouthfeel complexity, flavor 
rich endurance, tannins, acidity, and balance (data not 
shown). In the presence of gallic acid or coumaric acid 
with CPE, the values of lightness, red content, yellow 
content, total pigment, and total phenolic acid increased 
significantly15. During the wine-making process, the malic 
acid concentration was found to be useful in controlling 
the progress of the malolactic fermentation. As for the 
quality of total acidity, taste and flavor characteristics of 
wine, these have been found to positively depend on the 
quantity of malic acid1. 

The effects of CPE, gallic acid and coumaric acid on 
the taste and quality of wine, from the point of sensory 
evaluation, were not changed by the spontaneous malolac-
tic fermentation in the current study. Malolactic fermenta-
tion can be induced by a starter culture (lactic acid bacte-
ria), hence the higher amount of malic acid with the CPE 
added groups, especially in the presence of gallic acid and 
coumaric acid, which suggests that the addition of gallic 
acid and coumaric acid could benefit malolactic fermenta-
tion and the quality of wine. 

Effect of phenolic acids on antioxidant 
activity 

The effect of gallic acid or coumaric acid on the anti-
oxidant activity of wine is shown in Table II. The DPPH 
scavenging effect and FRAP capacity of grape must in-
creased after fermenting into wine (Control group). They 
were enhanced in the presence of CPE (CPE added 
groups). No significant (p > 0.05) increase in DPPH scav-
enging effect was observed in the CPE + Gallic acid and 
CPE + Coumaric acid groups as compared to the CPE 
group. Nevertheless, the FRAP capacity of the CPE + Gal-
lic acid and CPE + Coumaric acid group was higher than 
the CPE group. 

The content of total flavanols increased from 74.9 to 
203.5 (control group) and 244–253 mg/L (CPE added 
group) in grape must after 15 of days fermentation (Table 
III), while the content of total anthocyanin increased from 
16.7 to 46.7–47.7 mg/L (control and CPE adding groups) 
in the grape must. Compared to the control group, there 
was no significant (p > 0.05) difference in the content of 

Table I. Effect of gallic acid or coumaric acid on the content of malic 
acid and lactic acid in wine.  

Condition* 
Malic acid 

(mg/L) 
Lactic acid 

(mg/L) 

Grape must 72.0 ± 7.8ab 11.0 ± 0.6a 
Control 46.0 ± 3.7d 8.4 ± 0.6b 
CPE 64.6 ± 1.7c 11.5 ± 0.2a 
CPE + Gallic acid 75.8 ± 2.2b 9.2 ± 0.5b 
CPE + Coumaric acid 84.8 ± 9.2a 11.0 ± 1.8ab 

* Grape must: without fermentation and no PME added; control: fer-
mented and no PME added. Means in each column with the same letter
are not significantly different (p > 0.05). 

Table II. Effect of gallic acid or coumaric acid on the antioxidant 
activity of wine. 

Condition* 
DPPH scavenging 

effect (%) 
FRAP capacity  

(mM Fe2+) 

Grape must 32.8 ± 1.0d 1.80 ± 0.04d 
Control 40.6 ± 2.8c 3.88 ± 0.07c 
CPE 50.5 ± 5.9ab 4.61 ± 0.07b 
CPE + Gallic acid 53.4 ± 8.1a 4.77 ± 0.08a 
CPE + Coumaric acid 48.3 ± 2.1ab 4.78 ± 0.03a 

* Grape must: without fermentation and no PME added; control: fer-
mented and no PME added. Means in each column with the same letter 
are not significantly different (p > 0.05). 
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total anthocyanin in the CPE added group; however, an 
increase in the content of total flavanols in the presence of 
CPE was detected. Thus, the increase of FRAP capacity in 
the presence of gallic acid and coumaric acid was not 
related to total flavanols and total anthocyanin. 

The antioxidant activity of wines is related to the total 
phenolics and total flavonoids and is considered to be 
highly beneficial to health13. A strong correlation among 
total phenolic and flavonoid levels and antioxidant activi-
ties (using the DPPH and FRAP methods) has also been 
reported by Lamien-Meda et al.19 According to a report by 
Cai et al.6, different categories of phenolic compounds 
(including flavanols, flavonols, chalcones, flavones, flava-
nones, isoflavones, tannins, stilbenes, curcuminoids, phe-
nolic acids, coumarins, lignans, and quinones) from tradi-
tional Chinese medicinal plants express different radical 
scavenging activity. Flavonoids, the most ubiquitous 
polyphenols, are classified into flavanols, flavones, flavo-
nols, flavanones, isoflavones, and anthocyanidins33. There 
was no correlation observed between antioxidant activity 
and total flavanols or total anthocyanin in this study, i.e., 
the increase of FRAP capacity caused by the addition of 
gallic acid and coumaric acid was not flavanol and antho-
cyanin related. 

Inhibition kinetics of phenolic acids on pectin 
methyl esterase 

The affinity constant of the substrate to the binding site 
(Km) and the maximum velocity (Vmax) of PME were 
estimated against PME, which was purified from micro-
bial CPE by an affinity HM-CL-AIS column and a 
Sephacryl S-100 column. The values of Km (x-intercept) 
and Vmax (y-intercept) of microbial PME were 5734.67 
mM and 16.67 U/mg protein, respectively (Table IV). In 
order to gain more insight to the reaction of gallic acid 
and coumaric acid on the demethoxylation of pectin, puri-
fied PME was used for inhibition kinetics. Lineweaver-
Burk plots of PME with gallic acid and coumaric acid 
(Fig. 1) indicated that gallic acid and coumaric acid were 

capable of binding to both PME and to the PME-pectin 
complex and showed as mixed-type inhibition against 
PME27. 

The inhibition type of polysaccharides (about 200 kDa) 
exhibited in potato was a noncompetitive inhibition to 
potato PME26, whereas methanol acted as a noncompeti-
tive inhibitor and polygalacturonic acid acted as a compet-
itive inhibitor to PME from Aspergillus niger8. Addition-
ally, a proteinaceous PME inhibitor from kiwi to banana 
and strawberry PME, followed a noncompetitive pattern, 
whereas carrot PME and kiwi PME followed a competi-
tive pattern3,24. 

Epigallocatechin gallate (EGCG) is reported to act as a 
competitive inhibitor to tomato PME, and the inhibitory 
interaction occurs at the catalytic binding site of PME via 
a hydrophobic interaction23. In this study, gallic acid and 
coumaric acid exhibited a mixed inhibition pattern on the 
PME from S. cerevisiae. 

The estimated Ki increased from 9.6 mM to 22.3 mM 
in the presence of 0.1% and 0.5% gallic acid respectively. 
It increased from 17.8 mM to 21.0 mM in the presence of 
0.1% and 0.5% coumaric acid respectively (Table IV). Ki 
values of EGCG and PME inhibitor (PMEI) from kiwi to 
tomato PME were 420 μM (measured by cyano-acetate 
substrate) and 0.053 μM (using citrus pectin as the sub-
strate) respectively9,23 and to kiwi PME with an Ki of 0.22 
μM (using citrus pectin as the substrate)3. The Ki values 
of gallic acid and coumaric acid were higher than that of 
EGCG and kiwi PMEI. 

Small molecule gallic acid and coumaric acid for PME 
inhibition both provide a lower cost method for enzymatic 
activity control of PME, during isolated life stages and 
tissues, as well as for food processing. The various inhibi-
tion patterns of phenolic acids (gallic acid and coumaric 
acid) indicate that the chemical structure and the hydro-
phobicity of phenolic acids might play an important role 
in inhibitory strength on PME. 

High intake of antioxidant food is found to lower the 
risk of incidental lifestyle-related diseases12,29. More and 
more evidence is accumulating that the consumption of 
grape and grape extracts and/or grape products rich in 
polyphenols, such as those found in red wine, is beneficial 
for the prevention of chronic degenerative diseases such 
as, cardiovascular disease22. Lee et al.21 have investigated 
the antioxidant action mechanism of p-coumaric acid in 
stressed bovine aortic endothelial cells and revealed that 
pretreatment with p-coumaric acid causes an induction of 
peroxidase and prevents lipid peroxidation and cell death 
caused by high glucose plus arachidonic acid exposure. 
Caffeic acid and cinnamic acid are reported to promote 
the insulin receptor tyrosyl phosphorylation, which up-
regulates the expression of the insulin signal associated 
proteins, increases the uptake of glucose, and alleviates 
insulin resistance in cells as a consequence17. Although 
plant phenolic compounds display antioxidant effects in 
biological systems, the action mechanism remains contro-
versial. 

A decrease in methanol content and an increase in total 
phenols (2330–2700 fold of the added amount of gallic 
acid and coumaric acid) were observed. Thus the addition 
of gallic acid and coumaric acid in the wine-making proc-
ess could potentially reduce methanol content, while in-

Table III. Effects of gallic acid or coumaric acid on total anthocyanins 
and flavanols of wine. 

Condition* Total anthocyanin 
(mg/L) 

Total flavanols 
(mg/L) 

Grape must 16.7 ± 0.9b 74.8 ± 22.2c 
Control 47.7 ± 0.2a 203.7 ± 8.8b 
CPE 46.7 ± 0.3a 252.9 ± 9.6a 
CPE + Gallic acid 46.8 ± 0.2a 244.3 ± 5.4a 
CPE + Coumaric acid 46.8 ± 0.5a 244.4 ± 14.1a 

* Grape must: without fermentation and no PME added; control: fer-
mented and no PME added. Means in each column with the same letter
are not significantly different (p > 0.05). 

Table IV. Comparison of the catalytic parameters of PME in the 
presence of gallic acid or coumaric acid. 

Condition 
Apparent 

Vmax (U/mg) 
Apparent Km 

(mM) Ki (mM) 

Control 16.6 ± 5.6 5698.0 ± 1927.0 -- 
+ 0.1% gallic acid 1.9 ± 0.3 1063.3 ± 172.8 9.6 ± 0.3 
+ 0.5% gallic acid 0.4 ± 0.0 333.6 ± 11.1 22.3 ± 0.3 
+ 0.1% coumaric acid 1.0 ± 0.0 487.7 ± 21.8 17.8 ± 2.3 
+ 0.5% coumaric acid 0.3 ± 0.0 254.4 ± 7.6 21.0 ± 1.0 
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creasing the release of malic acid, total phenolic acids and 
FRAP capacity and at the same time lowering the risk of 
disease. This health benefit could be applicable in wine 
marketing promotions. 
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