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Abstract: The pacaya palm (Chamaedorea tepejilote Liebm) is an important food that is commonly 
consumed in Mexico and Central America due to its nutritive value. It is also used as a nutraceutical 
food against some chronic diseases, such as hypertension and hyperglycemia. However, few reports 
have indicated its possible potential. For this reason, the goal of this research was to evaluate the 
effects of the enzymatic activity of the pacaya palm inflorescence rachis on both hypertension and 
hyperglycemia and the effects of thermal treatments on the enzymatic activity. The enzymatic inhi-
bition of ACE (angiotensin-converting enzyme), DPP-IV (dipeptidyl peptidase-IV), α-glucosidase 
and α-amylase were evaluated, all with powder extracts of pacaya palm inflorescences rachis. The 
results indicated that thermally treated rachis showed increased enzymatic inhibitory activity 
against α-amylase and DPP-IV. However, all rachis, both with and without thermal treatment, 
showed low- or no enzymatic activity against α-glucosidase and ACE. Apparently, the mechanism 
of action of the antidiabetic effect of rachis is mediated by the inhibition of α-amylase and DPP-IV 
and does not contribute with a significant effect on enzymes involved in the hypertension mecha-
nism. Finally, the properties of the extract were modified via the extraction method and the temper-
ature tested. 
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1. Introduction 
Chronic diseases such as diabetes and hypertension are a major cause of morbidity 

and mortality worldwide [1], with diabetes mellitus being a disease characterized by 
chronic hyperglycemia caused by changes in insulin secretion [2]. Some mechanisms of 
action of the drugs used in the treatment of diabetes mellitus involve the inhibition of 
some enzymes such as α-amylase and α-glucosidase, which are responsible for the hy-
drolysis of complex carbohydrates to simple carbohydrates such as glucose [3]. For this 
reason, it has been documented that inhibitors of α-amylase and α-glucosidase reduce the 
absorption of dietary carbohydrates, suppress postprandial hyperglycemia and could be 
an alternative in the treatment of patients with diabetes mellitus [4]. Recent studies have 
shown that iminosugars with conformational changes in the side chain have a high ther-
apeutic efficacy [5]. An example of these compounds is miglitol, an antidiabetic agent that 
focuses on the inhibition of the enzyme α-glucosidase [6]. In addition, structurally modi-
fied carbohydrates have been reported to act as mimetics of natural carbohydrates and 
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exhibit various biological activities [7]. One example are annulated sugars such as pel-
talosa, which is found in Psacalium peltatum and exhibits antidiabetic activity [8]. 

On the other hand, inhibitors of the DPP-IV enzyme are used in the treatment of di-
abetes because they increase the half-life of incretins [9], which are peptide hormones that 
stimulate more than 50% of insulin secretion, especially the hormone glucagon peptide 
(GLP-1) [10]. By inhibiting the DPP-IV enzyme, the half-life of incretins is increased and, 
for this reason, the effect of incretins is also enhanced and greater stimulation of β-pan-
creatic cells is produced [11]. 

Another common chronic disease is hypertension, which could affect 29% of the 
world’s adult population by 2025 [12]. Considering that hypertension is a progressive dis-
ease that triggers other chronic diseases such as cardiovascular disease and stroke [13], it 
is important to study the renin–angiotensin system, which regulates blood pressure as 
follows: renin activates angiotensinogen to produce angiotensin I, which is subsequently 
converted to angiotensin II by the action of the ACE enzyme. For this reason, ACE inhibi-
tors are a therapeutic target against high blood pressure that reduce the concentration of 
angiotensin II and thus lower blood pressure [14]. 

Due to the therapeutic efficacy of enzyme inhibitors, the search for plants with a cer-
tain nutraceutical activity is a priority, e.g., Acacia nilotica, Acacia Senegal, Withania somnif-
era, Ficus hispida, Hibiscus sabdriffa, Ginkgo biloba, Ocimum sanctum and Allium sativum have 
shown antihypertensive and diuretic properties, and ACE enzyme inhibitory activity has 
also been reported in “in vitro” and in “in vivo” tests [15]. On the other hand, plants such 
as Abelmoschus moschatus, Bidens pilosa, Acacia arabica and Ferula assafoetida L. have been 
reported to have antidiabetic properties [16–19]. 

Chamaedorea tepejilote Liebm (pacaya palm) is a plant that is eaten in Central America 
and Mexico and is also used in traditional medicine as a supportive therapy for respira-
tory diseases such as coughs, bronchitis, pneumonia and colds [20]. Some studies (such as 
that carried out by Pérez et al. [21]) have shown that methanol extracts from pacaya palm 
have antitussive effects; meanwhile, Jiménez et al. [22] reported that pacaya palm has an-
timicrobial activity against Mycobacterium tuberculosis. In some regions of Mexico, the pa-
caya palm is used as a medicinal plant due to its antidiabetic effect. In addition, tepejilote 
inflorescences have been reported to lower postprandial blood glucose in normoglycemic 
mice without heat treatment [23], and male inflorescences of powdered tepejilote have 
also been shown to inhibit the enzyme DPP-IV [24]. On the other hand, people principally 
consume two parts of the pacaya palm inflorescences after thermal treatment: the rachis 
and rachilla. Some studies have reported that thermal treatment modifies the structures 
of some components, such as proteins [25], and changes the extractability of other compo-
nents (e.g., an increase in the extractability of lutein and β-carotene in nopalitos was re-
ported by Jaramillo et al. [26]). Additionally, other authors have indicated that thermal 
treatment improves the extractability of coumarins [27] and phenolic compounds [28], as 
well as impacting the stability and bioactivity of dietary flavonoids [29]. Heat treatment 
has been reported to alter not only the extractability of bioactive compounds, but also the 
biological activity of foods, such as by increasing antioxidant activity [30], enhancing cy-
totoxic activity against colon cancer cells [31] and increasing α-glucosidase inhibitory ac-
tivity [32]. It has also been observed to positively alter antimicrobial activity [33].The ben-
eficial effects of thermal treatment on diverse biological activity have been reported; how-
ever, other studies have also indicated that thermal treatment reduces the ability of some 
compounds to inhibit chronic diseases or biological activity. For example, an 8% reduction 
in the antioxidant activity of betalains following thermal treatment has been reported [34]. 
On the other hand, it has also been reported that the degree and duration of thermal pro-
cessing are important factors for the preservation of components, such as phenolic com-
pounds, and their antiproliferative activity [35]. In addition, it has been observed that the 
antihypertensive effect of onion disappears after even mild thermal treatment. For the 
above reasons, and also considering that both the rachis and rachilla of the pacaya palm 
inflorescences are commonly consumed after thermal treatment and that few studies have 
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reported on the effects of the pacaya palm inflorescences on the enzymatic activity related 
to chronic diseases, such as diabetes and hypertension, the aim of this study was to deter-
mine the effects of thermal treatments on the enzymatic activities of samples of vacuum-
packed rachis. 

2. Results and Discussion 
2.1. Effects of Extraction Solvent on Extract Yields 

As shown in Table 1, all thermal treatments increased the extraction yield; however, 
a higher extraction percentage was obtained when water was used as an extraction solvent 
than when hexane was used. Treatment with steam at elevated pressure showed the high-
est extraction yield: about 0.7-fold and 1.3-fold for water and hexane, respectively, com-
pared to the extract yields obtained from rachis without thermal treatment. 

Table 1. Percentage yields of pacaya palm inflorescence rachis extracts after different thermal treat-
ments. 

Treatment 
Yield (%) 

Water Hexane 
Without thermal treatment 10.51 b ± 0.24 2.77 d ± 0.14 

Microwaving 10.85 b ± 0.24 4.10 c ± 0.15 
Hydrothermal processing 17.08 a ± 1.56 4.51 b,c ± 0.18 

Steaming at elevated pressure 17.88 a ± 0.54 6.44 a ± 0.20 
Values in the same column followed by different lowercase superscript letters differed significantly 
(p < 0.05). 

Other studies have also found differences between extraction yields when water and 
hexane were used as solvents, e.g., in a study on the Datura metel plant, a yield percentage 
of 78% was reported when water was used as a solvent, while 19.4% was obtained when 
hexane was used [36]. On the other hand, Anthurium schlechtendalii is a plant belonging to 
the Araceae family, and in one study, percentage yields of 18% (water) and 1.4% (hexane) 
were reported and, apparently, higher yields are obtained when water is used as a solvent 
due as the natural hydrophilic compounds predominate in the extracts of the plants studied 
[37]. 

According to our results, the thermal treatments improved the extraction of compo-
nents from the rachis matrices. This was in concordance with the results reported by Es-
teves et al. [38], who indicated that the extractive contents increased in the first hours of 
thermal treatment, while Lambri et al. [39], reported that the application of high temper-
atures resulted in the same extraction yields of the anthocyanins. Other authors have also 
reported that steam treatment could increase the percentage yields of methanolic extracts 
from sweet potato flour three- or four-fold [40]. These results indicate that structural cel-
lular damage occurs, as does the partial hydrolysis of biopolymers, thereby enhancing the 
percentage yields of components. 

2.2. Modifications to the Total Phenolic Compound Content 
In the rachis extracts, both aqueous and hexanoic, a significant increase (p < 0.05) in 

total phenolic content was observed after thermal treatment; however, as shown in Table 2, 
a more efficient extraction process was achieved when water was used as the extraction sol-
vent. The effects of the thermal treatments were lower in the aqueous extracts than the hex-
ane extracts; apparently the use of water as the extraction solvent or as an adjuvant in the 
thermal process enhanced the extractability of phenolic compounds. For this reason, in the 
hexane extracts, the total phenolic content was higher when a wet treatment was used (i.e., 
hydrothermal processing and steaming at an elevated pressure) than when a dry treatment 
(microwaving) was used. 
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Table 2. Total phenolic content in the rachis extracts after different thermal treatments. 

Treatment 
Total Phenolic Content  
(µg EAG/g of Extract) 

Water Hexane 
Without thermal treatment 14340.17 d ± 38.52 197.71 a ± 22.21 

Microwaving 14551.45 c ± 47.18 330.04 b ± 42.50 
Hydrothermal processing 14851.68 a ± 94.36 629.16 c ± 10.00 

Steaming at elevated pressure 14651.53 b  ± 66.72 660.30 c ± 29.15 
Values in the same column followed by different lowercase superscript letters differed significantly 
(p < 0.05). 

It has been observed that various thermal treatments can modify the extractability of 
phenolic compounds. For example, in bitter gourd, a higher phenolic compound content 
was extracted following a roasting process of between 200 and 250 °C compared to that 
from fresh bitter gourd [41]. Additionally, our results were in concordance with those re-
ported by Chumyam et al. [42], who used similar thermal treatment (boiling, steaming 
and microwaving) and found that thermally treated eggplant had a higher phenolic com-
pound content than fresh eggplant. 

The highest extractability of phenolic compounds was obtained when hexane was used 
as extraction solvent in hydrothermal processing and steam treatment at elevated pressure, 
which is due to the fact that a lot of moisture is retained in these treatments, facilitating the 
migration of the solvent. In addition, the solubilization of the pectic compounds in the la-
mella media increases the permeability of the cell walls [43], while the lower extraction of 
the phenolic compounds in the microwave-treated samples is due to the stiffness of the ra-
chis cell walls. Some authors have pointed out that this phenomenon is caused by the crys-
tallization of cellulose and hemicellulose during dry heat treatment, which reduces the mi-
gration of the solvent and the extraction of the phenolic components [44]. A study on the 
rachis of Moringa oleifera shows that the antioxidant activity could be due to the total content 
of polyphenols [45], which is consistent with the results obtained in this study. In addition, 
the presence of flavonoids has been reported in the Aracaceae family [46], to which Chamae-
dorea tepejilote Liebm belongs. For this reason, new studies are needed to identify the specific 
component responsible for the antioxidant and enzymatic activities. 

2.3. Effects of Thermal Treatment on the α-Amylase Inhibition Activity of the Rachis 
As shown in Table 3, at a concentration of 250 µg, the thermally treated samples (both 

powder and aqueous extract) showed higher α-amylase inhibitory activity than the sam-
ples without thermal treatment or acarbose (positive control); however, at a concentration 
of 500 µg, a similar patron was detected only in the aqueous extracts. A lower percentage 
inhibition of α-amylase was observed in the powder than in the aqueous extracts. Never-
theless, a lower α-amylase inhibitory activity was observed in the thermally treated pow-
der samples than in the aqueous extracts at a dose of 500 µg, but the α-amylase inhibitory 
activity did not exceed the values obtained for the positive control (acarbose). Different 
results were obtained for the aqueous extracts. 

A dose-dependent effect was observed among the aqueous extracts; however, it was 
more evident in samples that had undergone a wet treatment. The highest dose-depend-
ent increase in enzymatic inhibition activity was observed in the rachis without thermal 
treatment. 
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Table 3. Inhibition of α-amylase in rachis aqueous extracts and powder. 

Treatment 

Inhibition of α-Amylase (%) 
Concentration of Extract/Acarbose 

250 µg/mL 500 µg/mL 
Powder Aqueous Extract Powder Aqueous Extract 

Positive control (Acarbose) 44.00 𝑏𝑏𝐵𝐵 ± 4.00 44.00 𝑏𝑏𝐵𝐵 ± 4.00 73.33 𝑎𝑎𝐴𝐴 ± 2.31 73.33 𝑏𝑏𝐴𝐴 ± 2.31 

Without thermal treatment 26.00 𝑐𝑐𝐶𝐶±2.83 38.67 𝑐𝑐𝐵𝐵 ± 2.31 38.00 𝑒𝑒𝐵𝐵 ± 2.83 72.00 𝑏𝑏𝐴𝐴 ± 4.00 

Microwaving 49.33 𝑎𝑎, 𝑏𝑏
𝐵𝐵  ± 2.31 54.00 𝑎𝑎, 𝑏𝑏

𝐵𝐵  ± 2.83 54.67 𝑑𝑑𝐵𝐵 ± 2.31 70.00 𝑏𝑏𝐴𝐴 ± 2.83 

Hydrothermal processing 56.00 𝑎𝑎𝐶𝐶 ± 5.66 57.33 
𝑎𝑎
𝐵𝐵,𝐶𝐶 ± 2.31 66.00 𝑐𝑐𝐵𝐵 ± 2.83 85.33 𝑎𝑎𝐴𝐴 ± 2.31 

Steaming at elevated pressure 46.67 𝑏𝑏𝐶𝐶 ± 2.31 52.00 𝑎𝑎, 𝑏𝑏
𝐶𝐶  ± 5.66 69.33 𝑏𝑏, 𝑐𝑐

𝐵𝐵
  ± 2.31 81.33 𝑎𝑎, 𝑏𝑏

𝐴𝐴   ± 2.31 
Values in the same column followed by different lowercase superscript letters differed significantly 
(p < 0.05); values in the same row followed by different uppercase subscript letters differed signifi-
cantly (p < 0.05); acarbose was used as a pharmacology agent inhibitor. 

Some other authors have also reported that thermal treatments increase α-amylase 
inhibition activity, e.g., the α-amylase inhibition activity in roasted beans was reportedly 
12% higher than that in beans without thermal treatment [47]. Additionally, Chelladurai 
and Chinnachamy [48] reported that the IC50 of α-amylase inhibition activity was reached 
when a 735 µg concentration of an aqueous extract of Salacia oblonga was used; those 
values are higher than the results obtained in this study. The rachis aqueous extraction 
process made the α-amylase inhibition activity more efficient due to the high concentra-
tions of phenolic compounds in the extract. It has also been reported that both polyphe-
nols and flavonoids act as natural antidiabetic agents that inhibit digestive enzymes and 
free radical production, thereby lowering oxidative stress and decreasing postprandial 
glucose levels [49]. 

2.4. The α-Glucosidase Inhibition Activity 
The α-glucosidase inhibition activity by the action of acarbose at concentrations of 

0.5 mg/mL, 1 mg/mL and 5 mg/mL was 15.83%, 18.72% and 53.85%, respectively. How-
ever, the aqueous extracts and powder samples did not show any α-glucosidase inhibition 
activity, so we concluded that the antidiabetic activity of Chamaedorea tepejilote Liebm is 
not mediated by this mechanism of action. 

Some plant extracts have been reported to have higher α-glucosidase inhibitory ac-
tivity due to their high tannin content [50]. It has also been reported that the glycosides 
present in the plant extracts act as a substrate for the α-glucosidase enzyme and may be 
responsible for the inhibitory effect [51]. It is worth noting that the presence of tannins 
and glycosides in the rachis extracts was not reported and, probably for this reason, no 
inhibition of the α-glucosidase enzyme was observed. 

2.5. The Potential of Rachis as Dipeptidyl Peptidase-IV Inhibitors 
As shown in Table 4, the DPP-IV inhibition activity was different according to thermal 

treatment and dose tested. The rachis extracts that had undergone steaming at an elevated 
pressure showed the highest inhibition activity at the lowest doses; however, all thermal 
treatments and doses showed inhibition activity that was higher than 10%. 
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Table 4. Inhibition of dipeptidyl peptidase-IV (DPP-IV) by the rachis extracts. 

Treatment 
Inhibition of DPP-IV (%) 

IC50 
(µg/mL) 

Concentration of Extract 
10 µg/mL 50 µg/mL 500 µg/mL 600 µg/mL 

Without thermal treatment 28.95 𝑏𝑏𝐶𝐶 ± 1.14 33.00 𝑏𝑏𝐵𝐵 ± 0.16 64.62 𝑎𝑎𝐴𝐴 ± 0.12 29.50 𝑐𝑐𝐶𝐶 ± 0.16 496.66 

Microwaving 21.78 𝑐𝑐𝐶𝐶 ± 1.27 40.42 𝑎𝑎𝐴𝐴 ± 0.13 23.17 𝑐𝑐𝐶𝐶 ± 0.92 29.82 𝑐𝑐𝐵𝐵 ± 0.31 20.83 

Hydrothermal processing 14.99 𝑑𝑑𝐵𝐵 ± 1.55 14.18 𝑑𝑑𝐵𝐵 ± 0.13 14.04 𝑑𝑑𝐵𝐵 ± 0.38 37.43 𝑎𝑎𝐴𝐴 ± 0.13 622.64 

Steaming at elevated pressure 62.57 𝑎𝑎𝐴𝐴 ± 0.12 23.68 𝑐𝑐𝐶𝐶 ± 0.44 30.48 𝑏𝑏𝐵𝐵 ± 0.22 31.94 𝑏𝑏𝐵𝐵 ± 0.13 6.12 
Values in the same column followed by different lowercase superscript letters differed significantly 
(p < 0.05); values in the same row followed by different uppercase subscript letters differed signifi-
cantly (p < 0.05). 

When rachis powder was used as an inhibitor agent of DPP-IV, low inhibition activity 
values were obtained (Table 5). The highest inhibition activity was observed in rachis pow-
der samples that had undergone steaming at an elevated pressure. Additionally, inhibi-
tion activity was observed in a greater number of doses among rachis powder samples 
that had undergone wet treatments than dry or no thermal treatment. 

Table 5. Inhibition of DPP-IV by the rachis powder. 

Treatment 
Inhibition of DPP-IV (%) 
Concentration of Extract 

10 µg/mL 50 µg/mL 500 µg/mL 600 µg/mL 

Without thermal treatment n.d. 4.86 𝑏𝑏𝐵𝐵 ± 0.19 10.17 𝑎𝑎𝐴𝐴 ± 0.26 n.d. 

Microwaving n.d. 8.05 𝑎𝑎𝐴𝐴 ± 0.15 n.d. n.d. 

Hydrothermal Processing 3.05 𝑏𝑏𝐴𝐴 ± 0.27 n.d. 4.07 𝑐𝑐𝐴𝐴 ± 0.22 1.49 𝑎𝑎𝐵𝐵 ± 0.15 

Steaming at Elevated Pressure 12.85 𝑎𝑎𝐴𝐴 ± 0.22 2.49 𝑐𝑐𝐵𝐵 ± 0.19 15.78 𝑏𝑏𝐴𝐴 ± 0.22 n.d. 
Values in the same column followed by different lowercase superscript letters differed significantly 
(p < 0.05); values in the same row followed by different uppercase subscript letters differed signifi-
cantly (p < 0.05); n.d., not detected at this concentration. 

The highest DPP-IV inhibition activity was observed in rachis extracts at a dose of 10 
µg/mL that had undergone steaming at an elevated pressure; however, at higher doses, 
the high concentrations of inhibitor components in the rachis samples probably saturated 
the medium, thereby its inhibition efficiency was reduced. In addition, the non-specific 
composition of the powder samples generated diverse reactions, which decreased the in-
hibition of specific enzymes by their components. For this reason, the inhibition activity 
in the rachis extract samples was higher than the powder. The results obtained were in 
concordance with those reported by Zeytünlüoğlu and Zihnioğlu [52], who tested the an-
tidiabetic activity of extracts and demonstrated that thermal treatment improved the DPP-
IV inhibitory effect of Vitis vinífera and Artemisia dracunculus. 

It has been reported that thermally treated samples increase their enzyme inhibition 
capacity against the DPP—IV enzyme, e.g., thermally treated samples of Phaseolus vulgaris 
showed higher inhibitory activity than crude Phaseolus vulgaris samples [53]. Some au-
thors have attributed the inhibitory effect of the extracts to flavonoids such as cirsimaritin, 
hispidulin, naringenin, galangin and quercetin [54–56]. On the other hand, coumarins 
have also been reported to be able to inhibit the DPP-IV enzyme [57]. Previous qualitative 
studies have shown that flavonoids and coumarins are present in the aqueous extracts of 
rachis and that these compounds may be responsible for the DPP-IV inhibitory activity. 
For all samples, a Gaussian behavior was observed; for this reason, the DPP-IV inhibition 



Plants 2024, 13, 400 7 of 14 
 

 

tends to increase at the beginning with low inhibitor concentrations, then decrease with 
higher inhibitor concentrations after reaching the maximum value. 

2.6. The Angiotensin-Converting Enzyme (ACE) Inhibition Activity 
As can be seen in Table 6, no inhibition of ACE was observed in the extracts obtained 

from samples subjected to dry thermal treatment or no thermal treatment at the concen-
trations tested. However, in the two wet thermal treatments (hydrothermal processing 
and steaming at elevated pressure), the highest inhibitory activity against ACE was only 
achieved at the higher dose tested. 

ACE inhibition activity was only observed in the powder samples that had under-
gone the hydrothermal processing treatment. The highest ACE inhibition activity in the 
samples only reached about 10% of the maximal inhibition activity of the captopril. For 
this reason, the antihypertensive activity of the samples mediated by ACE inhibition was 
considered to be low, also taking into account the fact that methanolic and aqueous ex-
tracts of Phoenix sylvestris showed inhibition levels of 35% and 33%, respectively [58]. 

Table 6. The inhibition of angiotensin-converting enzyme (ACE) in rachis aqueous extracts and 
powder. 

Sample Treatment 
Inhibition of ACE (%) 

Concentration of Extract/Captopril 
160 µg/mL 240 µg/mL 320 µg/mL 400 µg/mL 500 µg/mL 

Captopril (Positive Control) 91.29 𝑎𝑎𝐴𝐴 ± 0.66 93.18 𝑎𝑎𝐴𝐴 ± 1.14 95.08 𝑎𝑎𝐴𝐴 ± 0.66 96.59 𝑎𝑎𝐴𝐴 ± 1.14 97.35 𝑎𝑎𝐴𝐴 ± 1.14 

Extracts 

No treatment n.d. n.d. n.d. n.d. n.d. 
Microwaving n.d. n.d. n.d. n.d. n.d. 

Hydrothermal processing 1.70 𝑐𝑐𝐶𝐶 ± 0.80 4.55 𝑏𝑏𝐵𝐵 ± 1.61 5.11 𝑏𝑏, 𝑐𝑐
𝐵𝐵  ± 0.80 7.95 𝑏𝑏𝐴𝐴 ± 1.61 8.52 𝑏𝑏𝐴𝐴 ± 0.80 

Steaming at elevated pressure 3.03 𝑏𝑏𝐵𝐵 ± 0.66 4.17 𝑏𝑏𝐵𝐵 ± 1.14 7.19 𝑏𝑏𝐴𝐴 ± 0.66 8.33 𝑏𝑏𝐴𝐴 ± 1.31 8.71 𝑏𝑏𝐴𝐴 ± 0.66 

Powder 

No treatment n.d. n.d. n.d. n.d. n.d. 
Microwaving n.d. n.d. n.d. n.d. n.d. 

Hydrothermal processing n.d. 5.68 𝑏𝑏𝐶𝐶 ± 1.97 4.17 𝑐𝑐𝐶𝐶 ± 1.74 7.58 𝑏𝑏𝐵𝐵 ± 1.74 9.09 𝑏𝑏𝐴𝐴 ± 1.97 

Steaming at elevated pressure n.d. n.d. n.d. n.d. n.d. 
Values in the same column followed by different lowercase superscript letters differed significantly 
(p < 0.05); values in the same row followed by different uppercase subscript letters differed signifi-
cantly (p < 0.05); n.d., not detected at this concentration; captopril was used as a pharmacology agent 
inhibitor. 

In the extracts, a higher number of samples showed inhibition of ACE, probably due 
to the fact that, in the powder, the concentration of antihypertensive compounds is low 
due to the number of compounds that make up the food matrix. Whereas in the aqueous 
extracts there are probably more specific compounds such as flavonoids, quinones, phe-
nols and coumarins. Thermal treatments have been reported to increase activity against 
ACE in some samples. For example, Ahmed et al. [59] reported that hydrothermal treat-
ment of Ficus racemosa increased the antihypertensive activity by 100-fold to reach the IC50 
value against ACE, while 400 µg/mL and 4 µg/mL were required to achieve 90% ACE 
inhibition in the fresh sample and 100% in the hydrothermally treated sample, respec-
tively. 

2.7. Pearson Correlation Analysis 
A moderate Pearson correlation was observed between the total phenolic compounds 

of the rachis extracts and the DPP-IV and α-amylase inhibition activity, with values of r = 
0.662 and r = 0.794, respectively. These results were concordant with those reported by 
Lacroix and Li [60], who indicated that total phenolic compounds and digestive enzymes 
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had positive correlations. Additionally, Saliu et al. [61] indicated that the phenolic com-
pounds extracted from Vernonia amigdalina samples had positive correlations with α-am-
ylase inhibition activity. Our obtained results could be a first step toward the characteri-
zation of pacaya palm inflorescence rachis as an adjuvant therapy for the treatment of 
glucose metabolism disorders. 

3. Materials and Methods 
3.1. Plant Materials 

The pacaya palm was obtained from a local market in Tapachula, Chiapas, Mexico. The 
pacaya palm was transported to the laboratory in a cardboard box. The bracts of male inflo-
rescences were removed, and the rachis were cut into cubes that were approximately 0.5 cm 
in length. The rachis were then packed into PVC bags in batches of 300 g and stored at 4 °C 
in a refrigerator (GR-452SH model, LG electronics, Monterrey, N.L., Mexico) for no more 
than 24 h. For all thermal treatments, the samples were vacuum packed into PVC bags. 

3.2. Thermal Treatments 
We evaluated three heat treatments involving different heat transfer mechanisms, as 

described by Hernández et al. [25]. 
For steaming at an elevated pressure, a 300 g sample of rachis was placed on a tray in 

a pressure cooker and steamed for 15 min at 125 °C under a pressure of 124,106 Pa. For the 
hydrothermal processing treatment, a 300 g sample of rachis was placed in a water bath at 
90 °C for 15 min. Finally, for the microwave treatment, a 300 g sample of rachis was placed 
in a 1500 W microwave oven with an operating frequency of 2450 MHz (Goldstar MS-157XC 
model, LG Corp., Seoul, Republic of Korea) and cooked for 15 min at 90 °C. 

All thermally treated samples and a sample without thermal treatment (control) were 
then cooled to room temperature and frozen at −20 °C for 24 h. They were later lyophilized 
using a laboratory freeze dryer (Scientz-10N, Ningbo, China). 

3.3. Preparation of Powder 
After the freeze-drying process, all samples were milled into a fine powder and 

sieved through a size 80 mesh. The powder was packaged in 25 g glass bottles and stored 
at 25 °C until use. 

3.4. Preparation of Rachis Extracts 
To prepare the rachis extracts, 5 g of the rachis powder was mixed with 100 mL of 

solvent (water or hexane) in a conical flask. The samples were then shaken with a mechan-
ical shaker (Eberbach, 5900, Ann Arbor, MI, USA) for 24 h at room temperature. The ex-
tracts were filtered through Whatman No. 4 filter paper. For the samples with hexane, the 
solvent was evaporated using a rotary evaporator (DragonLab, RE100-Pro, China), while 
the aqueous extracts were lyophilized to eliminate any remaining water. The extracts 
without solvent were stored in a nitrogen atmosphere at 4 °C in the dark until analysis 
[62]. The yields of the extracts were calculated using Equation (1): 

Extract yield (%) =  
Final weigth
Initial weight  ×  100 (1) 

where Initial weight is the amount of rachis mixed and Final weight is the amount of ex-
tract recovered after eliminating the solvent. 

3.5. Determination of the Total Phenol Content of the Extracts 
To establish the total phenolic content, phenolic extraction was carried out according 

to Cardador et al. [63]. The quantification of the total phenol content was carried out ac-
cording to Rajha et al. [64], with some modifications. In brief, 200 µg of dry sample was 
mixed with 1580 µL of water and 100 µL of Folin–Ciocalteu reagent (Folin & Ciocalteu’s 
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phenol reagent, Sigma Aldrich, St. Louis, MO, USA). Then, the mixture was left to stand 
at room temperature for 8 min and later, 300 µL of 30% sodium carbonate solution was 
added. The absorbance was measured at 760 nm after 90 min of rest at room temperature 
using a spectrophotometer (Optima Plus, SP 3000 nano, USA). The results were expressed 
as the gallic acid equivalent (GAE) in milligrams per gram of extract using a gallic acid 
(Sigma-Aldrich, St. Louis, MO, USA) standard curve. 

3.6. Evaluation of α-Amylase Inhibition Activity 
The ability of the rachis extract and powder samples to inhibit α-amylase activity was 

assessed according to the methodology of Nair et al. [65]. Briefly, 200 µL of 0.02 M, pH 6.9 
sodium phosphate buffer, 20 µL of the enzyme at a concentration of 1 U/mL (α-amylase 
from Bacillus licheniformis, Sigma Aldrich Co., EU) and samples (aqueous extract or heat-
treated and untreated tepejilote rachis powder) at concentrations of 250–500 µg/mL were 
incubated for 10 min at room temperature and then 200 µL of 1% soluble starch was added 
to all test tubes. The reaction was terminated with the addition of 400 µL of DNS (3,5-
dinitrosalicylic acid, Sigma Aldrich, St. Louis, MO, USA) reagent and the samples were 
then placed in a boiling water bath for 5 min, cooled and diluted with 15 mL of distilled 
water. Absorbance was measured at 540 nm. The negative control was prepared without 
adding any extract. As a positive control, acarbose samples at concentrations of 250–500 
µg/mL were prepared under same conditions. The % inhibition was calculated using 
Equation (2): 

% Inhibition =
A − B

A ∗ 100  (2) 

where A is the absorbance of the negative control (100% enzyme activity) and B is the 
absorbance of the sample.  

3.7. Evaluation of α-Glucosidase Inhibition Activity 
The evaluation of the α-glucosidase inhibition activity was carried out following the 

methodology of Zheng et al. [66], with some modifications. Briefly, 560 µL of buffer (so-
dium phosphate buffer, pH 6.8–6.9, at 0.1 M), 100 µL of α-glucosidase (0.4 U/mL in a so-
dium phosphate buffer, pH 6.8–6.9, at 0.1 M) (Sigma Aldrich, St. Louis, MO, USA) and 40 
µL of sample (aqueous extract or heat-treated and untreated tepejilote rachis powder) 
were incubated at 37 °C for 15 min. Then, 100 µL of the substrate p-nitrophenyl-α-gluco-
pyranoside (5 mM, Sigma Aldrich, St. Louis, MO, USA) (reconstituted in the sodium phos-
phate buffer, pH 6.8–6.9, at 0.1 M) was added and the samples were incubated again at 37 
°C for 30 min. The enzymatic reaction was terminated by adding sodium carbonate (0.2 
M). The absorbance was determined at 405 nm using a UV-VIS spectrophotometer (Op-
tima Plus, SP 3000 nano, USA). Acarbose at concentrations of 0.5 mg/mL, 1 mg/mL and 5 
mg/mL (Sigma Aldrich, St. Louis, MO, USA) was used as the positive control and the neg-
ative control received no treatment. The % of inhibition was calculated using Equation (3): 

𝐼𝐼𝐼𝐼ℎ𝑖𝑖𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼 (%) =
1 − (𝐴𝐴 − 𝐵𝐵)

(𝐶𝐶 − 𝐵𝐵) ∗ 100 (3) 

where A is the absorbance of the sample (sample, enzyme and substrate), B is the absorb-
ance of the blank (buffer only) and C is the absorbance of the negative control (enzyme 
and substrate without a sample). For the positive control, acarbose was used instead of a 
sample and was considered as A. 

3.8. Evaluation of Dipeptidyl Peptidase-IV (DPP-IV) Inhibition Activity 
The evaluation of the dipeptidyl peptidase-IV (DPP-IV) inhibition activity was car-

ried out based on the methodology of Lin et al. [67], with some modifications. In brief, 50 
µL of the test sample (aqueous extract or heat-treated and untreated tepejilote rachis pow-
der) at different concentrations (10–600 µg/mL) was mixed with 50 µL of DPP-IV (Sigma 



Plants 2024, 13, 400 10 of 14 
 

 

Aldrich, Co., St. Louis, MO, USA) (previously reconstituted (0.002 U/mL) in a Tris buffer, 
pH 8, at 0.1 M0). The mixture was then incubated at 37 °C for 10 min. Next, 50 µL of the 
substrate Gly-Pro p-nitroanilide (Sigma Aldrich, Co., St. Louis, MO, USA) (1 mM recon-
stituted in the Tris buffer, pH 8 at 0.1 M) and 50 µL of the Tris buffer (pH 8, at 0.1 M) were 
added and incubated at 37 °C for 60 min. Then, 50 µL of 3% acetic acid was added to stop 
the reaction. The absorbance was measured at 405 nm using a spectrophotometer (Optima 
Plus, SP 3000 nano, USA). Sitagliptin (Merck Sharp & Dohme, Rahway, NJ, USA) at a con-
centration of 0.1 µM was used as the positive control. The sample background was each 
sample with the Tris buffer only. The % inhibition was calculated using Equation (4): 

DPP − IV Inhibition (%) =
A − (B − C)

(A) ∗ 100  (4) 

where A is the absorbance of the negative control (enzyme and substrate), B is the absorb-
ance of the sample (sample, enzyme and substrate) and C is the absorbance of the back-
ground (sample and buffer). 

3.9. Evaluation of Angiotensin-Converting Enzyme (ACE) Inhibition Activity 
The ACE inhibition activity was determined using the method of Chaudhary et al. 

[68]. In brief, 50 µL of sample (aqueous extract or heat-treated and untreated tepejilote 
rachis powder) and 50 µL of ACE solution (Sigma-Aldrich, A2580) (25 mU/mL) were pre-
incubated at 37 °C for 10 min. Then, the mixture was incubated with 150 µL of substrate 
(8.3 mM n-hypuryl-histidyl-leucine, 0.3% w/v; 50 mM of borate buffer with 0.3 M NaCl, 
pH 8.3, reconstituted in 50 mM of sodium borate buffer containing 0.3 M NaCl, pH 8.3) 
for 30 min at the same temperature. The reaction was terminated by the addition of 250 
µL of 1.0 M HCl. The resulting hippuric acid was extracted using 0.5 mL of ethyl acetate 
and centrifuged using a Hermle Z323K centrifuge (Hermle, Laborthechnic Germany) for 
15 min at 1000 rpm. Then, 200 µL of the upper layer was transferred into a test tube and 
evaporated at room temperature for 2 h in a vacuum. The hippuric acid was dissolved in 
1.0 mL of distilled water and the absorbance was measured at 228 nm using a UV spectro-
photometer (Optima Plus, SP 3000 nano, USA). The % inhibition was calculated using 
Equation (5): 

ACE Inhibition (%) =
(A − C)
(A − B) ∗ 100 (5) 

where A is the absorbance of the negative control (substrate and enzyme), B is the absorb-
ance of the blank (buffer only) and C is the absorbance of the sample (enzyme, substrate 
and sample). For the positive control, captopril was used instead of a sample and was 
considered as C. 

3.10. Experimental Design and Statistical Analysis 
A randomized 2 × 4 factorial design was used for the extraction method. Two solvents 

were considered for the extraction factor (hexane and water) and four levels were used for 
the thermal treatment factor (without thermal treatment, hydrothermal treatment, boiling 
in the microwave and steam pressure). A randomized 2 × 4 factorial design was used for the 
enzymatic test. The samples tested were aqueous extract and powder with the thermal treat-
ment factor at the four levels of thermal treatment. The response variables considered were 
total phenolic and enzymatic activity (α-amylase, α-glucosidase and ACE). 

The quantitative data were expressed as the means ± standard deviation and an analy-
sis of variance (ANOVA) was performed, followed by Tukey’s test. SAS software was used 
for the data analysis and all experimental determinations were performed in triplicate. 

The Pearson correlation coefficient (r) was assessed to determine the correlations be-
tween total phenolic compound (TPC) content and the inhibitory effects of α-amylase and 
dipeptidyl peptidase-IV (DPP-IV). Correlations were determined to be significant at p < 
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0.05. The Origin Pro, Version 2021 (OriginLab Corporation, Northampton, MA, USA) sta-
tistical package was used. 

4. Conclusions 
For the extraction of nutraceutical components from the rachis, water is the better 

extractant than hexane, as a four-fold yield was obtained in some samples when water 
was used as the extractant. On the other hand, a more efficient extraction of phenolic com-
pounds was observed with a wet process than with a dry process. The rachis of pacaya 
shows an inhibitory effect on the enzymes α-amylase and DPP-IV, which are involved in 
glucose metabolism and, for this reason, may then contribute to its blood glucose-lower-
ing effect. Thermal treatment increases the inhibition of α-amylase, also thermal treatment 
with steam under pressure allowed the greatest release of inhibitory components against 
DPP-IV, as it showed a percentage inhibition of over 50% at low doses. On the other hand, 
no inhibitory effect was observed against α-glucosidase, so rachis does not seem to be 
involved in this pathway of glucose metabolism, apparently due to the fact that extracts 
of tepejilote rachis do not contain inhibitory compounds against this enzyme. A slight 
ACE inhibitory activity was observed, so that the rachis of the pacaya palm could be used 
as a supportive therapy in the treatment of hypertension, especially the extracts obtained 
from the rachis subjected to a wet thermal treatment. The results obtained show that not 
only the extraction yield but also the extracted properties were modified by the extraction 
method and the temperature used. 

Significant positive correlations were found between TPC content and α-amylase and 
DPP-IV inhibitory activity, supporting the idea that the phenolic compounds in the plants 
are potent inhibitors of the enzymes involved in glucose metabolism. 
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