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Abstract 

Thai basil leaves (Ocimum basilicum var. thyrsiflorum) have been used in food flavoring 

and traditional medicine. Hot-air drying is a convenient and low-cost method to preserve 

them for long-term use but causes the loss of their bioactive compounds during the 

process. In this work, the effect of pre-blanching on preserving these characteristics of 

Thai basil leaves dried at different air temperatures was studied. The antioxidant 

characteristics were evaluated by the contents of total phenolics, total flavonoids and total 

chlorophylls and the scavenging capacity against 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

radicals. In addition, the inhibitory activities against starch-digesting enzymes were 

assessed with α-amylase and amyloglucosidase. At the air temperature of 50oC, 

antioxidant characteristics of dried leaves with pre-blanching were proven better than 

those without blanching and came close to those of the fresh sample. The drying 

temperature had more evident effects on inhibitory activities against starch-digesting 

enzymes than blanching. These activities of hot-air dried leaves were comparable to those 

of the fresh one. This study could provide insights into the integration of blanching and 

hot-air drying to preserve medicinal plants.  

1. Introduction 

Basil (Ocimum basilicum L.) is a popular herb used 

in various dishes in the US and Mediterranean area. It is 

originated from the warm tropical countries such as 

Africa and southern Asia but now broadly cultivated 

around the world (Hiltunen and Holm, 2003). It has been 

reported to possess antioxidant activities implying its 

potential human health benefits (Yanishlieva et al., 

2006). Its antioxidant activities are attributed to its 

phenolic and aromatic compounds. The importance, 

historic usage, phenolics and essential oils of basil have 

been comprehensively summarized by Makri and 

Kintzios (2008). It has diverse varieties with between 65 

and 150 species reported. Thai basil (Ocimum basilicum 

var. thyrsiflorum) is a type of basil native to Southeast 

Asia.  

In order to preserve this seasonal and easily spoiled 

herb available to consumers during the whole year, many 

technologies can be applied, such as drying (Beatovic et 

al., 2015). Drying is among the most ancient 

preservation technologies, which can terminate certain 

biochemical changes in perishable plants by reducing 

their moisture content. As a result, it lengthens the 

storage period, minimize packaging requirements and 

lessen transport weights (Okos, 1992). In the ancient era, 

natural sun drying was used for food preservation, 

including agricultural products. However, this technique 

has several drawbacks such as highly possible 

contamination with foreign objects; severe weather 

dependence and long drying duration possibly leading to 

the deterioration of active compounds. Therefore, close 

systems/equipment are required to conduct drying for 

better control and quality preservation of the final 

products (Ertekin and Yaldiz, 2004). With that 

consideration, hot air dryers, which promote faster and 

more uniform drying process with higher hygiene, have 

become common for industrial practices. 

In this study, hot-air drying was applied to preserve 
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Thai basil leaves and blanching was employed and 

different air temperatures were studied to investigate 

their impacts on the contents of phytochemicals such as 

phenolics, flavonoids and chlorophylls, their antioxidant 

activity and inhibitory effects against digesting enzymes 

such as alpha-amylase and amyloglucosidase in the dried 

leaves. The integration of pre-blanching and hot-air 

drying could be as an efficient and low-cost alternative 

approach for plant preservation.  

 

2. Materials and methods 

2.1 Materials and chemicals  

Thai basil was purchased from a local farm in Ho 

Chi Minh City, Vietnam. The chemicals used for the 

analyses include methanol, ethanol, Folin-Ciocalteu 

reagent, sodium carbonate, aluminum chloride, 

potassium acetate, sodium chloride, dinitrosalicylic acid, 

rutin, gallic acid and 2,2-diphenyl-1-picrylhydrazyl 

(DPPH), p-nitrophenyl α-D-glucoside, of analytical 

grade purchased from Merk or Sigma-Aldrich. The 

enzymes alpha-amylase from Aspergillus oryzae (~30 U/

mg) and amyloglucosidase from Asperigillus niger (~300 

U/mL) was purchased from Sigma-Aldrich.  

2.2 Drying experiments 

The whole basil was washed with tap water and 

drained off. If blanching pre-treatment was employed, 

the basil would be blanched in boiling water 

(approximate 100oC) for 10 s. The excess water was 

removed by tissues. The leaves were then separated from 

stems. Drying experiments were performed in a 

laboratory-scale cabinet air-ventilated and forced-

convection dryer (SOF-W155, Korea) with a constant air 

velocity of 1.2 m/s. The air temperature was kept at 50, 

60, 70, and 80oC. The dryer was operated for 30 mins to 

obtain the set air temperature before loading the samples. 

Basil leaves of 100±0.5 g for each experiment were 

uniformly distributed on trays and put in the dryer. The 

drying process was conducted until the moisture content 

reached approximately 7% (wet basis), which was low 

enough for their long practical storage (Phahom et al., 

2017). The drying durations for the leaves without 

blanching at 50, 60, 70 and 80oC were 270, 175, 115 and 

70 mins, respectively. These values were 175, 110, 65 

and 60 min respectively for the processes with pre-

blanching. The dried leaves were ground by an IKA A11 

grinder and stored in clean bags in a desiccator until 

extraction for chemical analyses. 

2.3 Chemical analyses 

The antioxidant properties of dried leaves were 

characterized by the contents of total phenolics (TPC) 

(Thaipong et al., 2006), total flavonoids (TFC) (Chang et 

al., 2002) and chlorophylls (TCC) (Kumar et al., 2015); 

and the antioxidant capacity of scavenging 2,2-diphenyl-

1-picrylhydrazyl (DPPH) free radicals (Thaipong et al., 

2006). The inhibitory capacities of dried leaves against 

starch digestibility were in vitro analyzed through their 

effects on carbohydrate digesting enzymes including α-

amylase and amyloglucosidase (Bhandari et al., 2008). 

For TPC, TFC, DPPH and enzyme inhibition tests, the 

basil weight of 1 g was extracted 3 times with 20 mL 

methanol at room temperature. For TCC determination, 

the basil weight of 1 g was extracted 3 times with 10 mL 

80% (v/v) acetone at room temperature. 

2.4 Statistical analysis 

All data were the means of triplicate measurements. 

The statistical analyses were conducted using one-way 

ANOVA with the SPSS software version 22.0 at a level 

of confidence of 95%. 

 

3. Results and discussion 

3.1 Antioxidant characteristics of dried leaves 

Antioxidant characteristics of dried leaves were 

evaluated through the contents of various potential 

antioxidants such as phenolics, flavonoids and 

chlorophylls; and through their capacity in scavenging 

DPPH free radicals. Table 1 illustrates that total phenolic 

content (TPC) ranged from 4.83 to 15.44 mg gallic acid 

equivalent (GAE)/g dry matter (DM) for hot-air dried 

leaves without blanching pre-treatment. In addition, it 

Sample 

TPC  
(mg GAE/g DM) 

TFC  
(mg RE/g DM) 

TCC  
(µg/g DM) 

DPPH scavenging capacity 
(%) 

No Blanching 
With 

Blanching 
No Blanching 

With 
Blanching 

No Blanching 
With 

Blanching 
No Blanching 

With 
Blanching 

Fresh 80.67 ± 0.60d 129.17±1.96a 14.94±0.20c 20.71±1.70a 191.1±20.3a 187.4±1.2a 89.54±0.11a 92.85±0.93a 

50oC 14.17±1.41e 108.33±13.54b 8.53±0.20de 18.11±1.70b 214.9±28.4a 139.5±7.5b 40.15±0.92b 93.11±0.57a 

60oC 4.83±0.51f 95.56±7.74c 7.38±0.45e 14.43±0.82c 217.7±11.6a 136.0±11.9b 23.36±0.02c 89.38±0.11a 

70oC 7.44±3.36ef 90.78±2.58c 9.09±0.71d 13.62±0.15c 198.9±13.6a 126.9±23.9bc 22.15±1.23c 89.53±0.56a 

80oC 15.44±3.85e 107.83±3.50b 8.24±0.20de 14.86±1.03c 120.5±0.6bc 89.7±23.4c 23.93±2.04c 89.29±0.23a 

Table 1. Effects of blanching pre-treatment and hot air temperature on total phenolic content (TPC), total flavonoid content 

(TFC), total chlorophyll content (TCC) and DPPH scavenging capacity of air-dried Thai basil leaves 

Values are expressed as mean±standard deviation. Values with different superscript within the column are significantly different 

(p<0.05).  
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also shows that 50oC and 80oC could preserve phenolic 

compounds better than 60oC and 70oC. There was no 

statistically significant difference (p>0.05) in total 

phenolic contents (TPCs) at 50oC and 80oC. The 

degradation of antioxidants depends not only on the air 

temperature but also on processing time. Higher 

temperature and/or longer duration promote more 

degradation. At 80oC, shorter drying time induced by 

high temperature leads to higher retention of bioactive 

compounds than at 70oC. Besides, the elevated 

temperature may also denature catalytic enzymes that 

oxidize phenolic compounds. Similar results have also 

been reported in previous studies (Deng et al., 2016). An 

identical trend was also observed for the blanched Thai 

basil leaves. However, blanching could retain total 

phenolic content better during drying, which was in the 

range of 90.78 to 108.33 mg GAE/g DM. This is because 

blanching could prevent enzymatically induced 

deterioration of phenolic compounds in vegetables and 

fruits such as the enzyme polyphenoloxidase or 

peroxidase (Heras-Ramírez et al., 2012). Table 1 also 

expresses that the fresh samples unsurprisingly had 

significantly higher TPC values (p<0.05). However, the 

differences in TPC between hot-air dried and fresh 

samples significantly reduces with the aid of blanching. 

The total flavonoid content (TFC) of dried Thai basil 

leaves was also significantly affected by hot air 

temperature and blanching pre-treatment (p<0.05) (Table 

1). Their TFC values were in the ranges of 7.38-9.09 mg 

rutin equivalent (RE)/g DM and 13.62-18.11 mg RE/g 

DM for hot-air dried leaves without and with blanching, 

respectively. Among them, the blanched sample dried at 

50oC showed the highest TFC, indicating this condition 

is the best in retaining flavonoids. Identical effects have 

also been reported for other materials (Heras-Ramírez et 

al., 2012). Similarly to the trend observed for TPC, fresh 

samples contained significantly higher TFCs (p < 0.05) 

than dried samples, but blanching could narrow the 

difference. 

In addition to its action as an antioxidant, 

chlorophyll is also a natural pigment to make green color 

for Thai basil leaves. Table 1 exhibited that except for 

the sample dried at 80oC, the samples dried at lower 

temperatures showed no statistically significant 

differences on chlorophyll content (p>0.05). These 

contents were also insignificantly different (p>0.05) with 

that of the fresh sample in case of no blanching 

treatment. High temperature is believed to have negative 

effects on chlorophyll retention. It denatures lipoproteins 

that are bound with chlorophyll, lowers their protective 

effects and hence leads to chlorophyll losses (Inyang and 

Ike, 1998). During heat treatment, the magnesium in 

chlorophyll molecules is also readily leaked out to 

transform chlorophyll into pheophytin (Arslan and 

Özcan, 2010). These undesirable impacts were observed 

at 80oC. Similar results were reported for other leafy 

vegetables dried at 100oC (Negi and Roy, 2000). In 

addition, Table 1 indicates that blanching unexpectedly 

and significantly reduced the chlorophyll content of 

samples. In fact, blanching has two contrary effects on 

chlorophyll retention of agricultural produces. On the 

one hand, it deactivates the chlorophyll-degrading 

enzyme chlorophyllase and reduces oxygen in plant 

tissues facilitating the preservation of chlorophyll in the 

later stages (Brewer et al., 1995). On the other hand, it 

also creates irreversible changes in cell structure, 

increases the permeability of cytoplasmic membranes or 

disrupts chloroplast and chromoplasts (Cui et al., 2004). 

These changes lead to the diffusion of chlorophyll into 

blanching medium causing its physical loss or making 

chlorophyll readily exposed to unfavorable conditions 

causing its degradation. The latter reason explains the 

reduction of chlorophyll content caused by blanching in 

this study. 

The antioxidant capacity of  Thai basil leaves dried 

at different air temperatures and pre-treatments are 

evaluated through the scavenging capacity of DPPH free 

radicals as shown in Table 1. The DPPH method is 

preferable because it is quick, easy and reliable. Table 1 

indicates that drying temperature had an evident effect 

on the antioxidant capacity of unblanched Thai basil 

leaves but such differences among blanched samples 

were insignificant (p>0.05), which was comparable 

(p>0.05) with the value of the fresh sample. Blanching 

significantly improved the antioxidant capacity of dried 

leaves, for example increasing from 40.2% to 93.1% at 

50oC. A high correlation (R2 = 0.932) was confirmed for 

the relationship of DPPH radical scavenging capacity 

and total phenolic content while no obvious correlations 

were found for total flavonoid and chlorophyll contents. 

This implies that the contribution of phenolic compounds 

to antioxidant properties of Thai basil leaves may be 

dominant.  

3.2 Inhibitory capacities against starch-hydrolyzing 

enzymes of dried leaves 

Inhibition of enteric enzymes including α-amylase 

and amyloglucosidase is considered as a therapeutic 

approach to limit carbohydrate absorption after food 

intake, which helps to control blood glucose levels and 

reduce the risk of diabetes development (Inzucchi, 

2002). Table 2 expresses that dried Thai basil leaves had 

inhibitory capacities against both α-amylase and 

amyloglucosidase, where the effect on α-amylase was 

stronger. The drying temperature had significant effects 

(p<0.05) on inhibitory capacities against both enzymes 
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while blanching did not show obvious effects, except at 

80oC for α-amylase and the fresh sample for 

amyloglucosidase. The dried leaves at 50oC and 60oC 

exhibited the highest inhibitory capacity against α-

amylase which was statistically equivalent (p>0.05) to 

that of the fresh sample. Interestingly, the drying 

temperature of 70oC indicated the strongest inhibitory 

capacity against amyloglucosidase which was 

significantly higher than that of the fresh sample. No 

evident correlations between TPC or TFC and α-amylase 

and amyloglucosidase inhibitory activities were found. 

Several previous reports have suggested a correlation 

between polyphenolic content of plants and their 

inhibitory effect (Mai et al., 2007; Apostolidis and Lee, 

2010; Ramkumar et al., 2010). However, besides 

phenolics, many other phytochemicals have also been 

identified to possess the inhibitory activity such as 

flavonoids (Cui et al., 2019), alkaloids (Ramkumar et al., 

2007), limonoids (Ponnusamy et al., 2015), peptides (Yu 

et al., 2011), terpenoids (Loizzo et al., 2007; Bhat et al., 

2011), and miscellaneous substances (Kumar et al., 

2011). As a result, it is not feasible to predict the 

inhibitory activities of the extract against α-amylase and 

amyloglucosidase based on a specific substance. 

 

4. Conclusion  

In this study, the effects of blanching pre-treatment 

and air temperature on antioxidant properties and 

enzyme inhibition of dried Thai basil leaves were 

investigated in-depth. The results showed that the 

combination of pre-blanching and hot air drying at 50oC 

could minimize the loss of bioactive compounds and 

their activities, providing close values with those of fresh 

samples. There was an evident correlation between total 

phenolic content and the DPPH scavenging capacity 

while no clear correlation was found among the contents 

of studied bioactive compounds with inhibitory 

capacities against alpha-amylase and amyloglucosidase.  
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