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Abstract 

 

Bee bread is a nutrient-dense substance produced through the microbial fermentation of pollen, nectar, and bee 

secretions, serving as the primary nourishment for stingless bee colonies. This study aimed to evaluate  

the biochemical constituents of Heterotrigona itama bee bread, specifically investigating how bromelain-assisted 

extraction influences its antioxidant potential and nutrient solubility. Nutritional profiling of the fresh bee bread 

revealed a high content of carbohydrates (57.0%) and proteins (23.3%). The results demonstrated that bromelain 

treatment significantly improved the biochemical profile of the enzymatically-treated bee bread (EBB) compared 

to the raw (RBB) and water-extracted (WBB) controls. Post-treatment, the total soluble protein content increased 

substantially from 195.8 mg/mL in RBB to 456.7 mg/mL in EBB. Furthermore, enzymatic hydrolysis significantly 

retained and enhanced the antioxidant capacity, showing a 26.5% to 32.2% increase in radical-scavenging activity 

through DPPH and ABTS assays relative to the raw samples. The main phenolic acids found in all samples 

analyzed using HPLC were gallic acid, protocatechuic acid, 4-hydroxybenzoic acid, caffeic acid, and rutin. Proline 

was identified as the predominant free amino acid, with all nine essential amino acids present, alongside non-

protein amino acids such as gamma-aminobutyric acid (GABA). These findings indicate that bromelain-assisted 

extraction effectively enhances the nutritional composition and antioxidant potential of H. itama bee bread. 
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1. Introduction  

 
Bee bread is a unique, bioactive substance produced by bees through the natural fermentation of pollen mixed 

with nectar and bee secretions. Within the colony, this specialized product serves as the primary protein source 

and is essential for the development and health of larvae and worker bees [1]. Traditionally recognized for its 

complex nutritional profile, bee bread is rich in proteins, carbohydrates, lipids, and a diverse range of 

micronutrients, including minerals and vitamins. In Malaysia, bee bread from the Heterotrigona itama species has 

been found to be particularly high in carbohydrates (57.1%–58.9%) and protein (21.7%–23.3%) [2]. As  

a fermented product, it serves as a nutrient-dense source of antioxidants and probiotics that support immune 

function, digestive health, and energy levels while potentially offering anti-inflammatory and neuroprotective 

benefits [3].  

While the raw nutritional value of bee bread is high, its bioactive compounds, specifically phenolics and 

flavonoids, are often bound within the complex pollen wall matrix, which can limit their extractability and 

biological availability. Enzymatic hydrolysis has emerged as a critical method for overcoming these limitations. 

By breaking down complex protein molecules into smaller peptides and free amino acids, enzymes can enhance 

the solubility and functional properties of the substrate [4]. Bromelain, a proteolytic enzyme derived from 

pineapple (Ananas comosus), is particularly effective for this purpose due to its ability to remain active across  

a broad range of pH (3.0–8.0) and temperature (35°C–70°C). In other food substrates, bromelain treatment has 

been shown to significantly boost antioxidant activity and improve the release of bioactive phytochemicals [5]. 

Although recent studies, including an extensive overview by [6] has detailed various biotechnological 

techniques for degrading the pollen exine to enhance nutrient bioavailability, these investigations have 
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predominantly focused on honeybee (Apis mellifera) pollen. In contrast, existing research on H. itama bee bread 

has largely been restricted to its raw nutritional profiles across different geographical regions [2,7–9]. 

Consequently, there remains a critical research gap concerning the impact of specific proteolytic modifications on 

the biochemical liberation of nutrients from stingless bee products. Understanding this process is scientifically 

essential for maximizing the functional potential of bee bread and optimizing its extraction efficiency. To address 

this gap, the current study examines how bromelain-assisted extraction influences specific biochemical markers, 

including total soluble protein, phenolic and flavonoid concentrations, and the detailed profiles of both amino 

acids and phenolic compounds. Additionally, the research assesses changes in antioxidant performance through 

DPPH, ABTS, and ferric reducing antioxidant power (FRAP) assays. 

 

2. Materials and methods  

 

2.1 Sample preparation 

 

Bee bread from H. itama was collected from a stingless bee colony located at Universiti Putra Malaysia 

(UPM), Serdang. The samples were dried at 45°C for 30 hours and subsequently ground into a fine powder, which 

was then stored at 4°C until use. For enzymatic hydrolysis, 10 g of bee bread powder was dissolved in 100 mL of 

phosphate buffer (pH 7) and treated with 1% bromelain (CAS 9001-00-07) [10]. The mixture was incubated in  

a shaker incubator at 40°C and 120 rpm for one hour. Enzyme inactivation was carried out by heating the solution 

at 90°C for 15 minutes in a water bath. After centrifugation, the supernatant was collected and stored at –20°C for 

further analysis, labelled as enzymatically-treated bee bread (EBB). The control sample consisted of bee bread 

processed under the same conditions but without the addition of bromelain. Additionally, a raw bee bread extract 

was prepared by macerating the sample in water for 15 minutes, with the control and raw extracts labelled as 

WBB and RBB, respectively. 

 

2.2 Proximate analysis  

 

Proximate analysis of bee bread for moisture, ash, crude protein, crude fat, total dietary fiber, and 

carbohydrates was conducted using the AOAC standard methods. Moisture was measured by drying the samples 

to a constant weight, while ash content was determined by incineration at 550°C for 6 hours. The crude protein 

content was determined by multiplying the measured nitrogen value by a conversion factor of 6.25, according to 

the 955.04 method. Meanwhile, crude fat was extracted using petroleum ether in accordance with the 920.39 

method. Total dietary fiber was assessed using the Megazyme assay (method 985.29) [11]. 

 

2.3 Determination of Total Phenolic Content (TPC) 

 

Total phenolic content (TPC) was measured using the Folin-Ciocalteu method, with minor changes, by mixing 

1 mL sample extract with the Folin-Ciocalteu reagent (Sigma, USA) for 5 minutes. After adding 4 mL of 7.5% 

sodium carbonate, the mixture was incubated in the dark for 2 hours. Absorbance was read at 765 nm. Gallic acid 

was used for the standard curve, and results were expressed as mg GAE/mL. All samples were analyzed in 

triplicate [12]. 

 

2.4 Determination of Total Flavonoid Content (TFC) 

 

Total flavonoid content (TFC) was measured using the aluminum chloride colorimetric method [13]. About 

1.0 mL of sample extract was mixed with 0.3 mL of 5% sodium nitrite and left at room temperature for 5 minutes. 

Then, 0.3 mL of 10% aluminum chloride was added and incubated for another 6 minutes, followed by 2.0 mL of 

1 M sodium hydroxide and 2.4 mL of distilled water. The mixture was mixed well, and absorbance was measured 

at 510 nm using a UV-Vis spectrophotometer (Varian Cary 50, Australia). Quercetin was used to create  

the calibration curve, and results were expressed as mg quercetin equivalents per mL of sample (mg QUE/mL). 

All tests were done in triplicate. 

 

2.5 Ferric reducing antioxidant power (FRAP) assay 

 

The FRAP assay was carried out according to [14], with a few adjustments. A stock solution of 300 mM acetate 

buffer at pH 3.6, 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) in 40 mM HCl, and 20 mM FeCl3.6H2O solution was 

made. The FRAP working reagent was prepared by combining 25 mL of acetate buffer, 2.5 mL of TPTZ solution, 

and 2.5 mL of FeCl3.6H2O solution. The sample extract (150 μL) was allowed to react with 2850 μL of the working 

reagent for 30 minutes in the dark. The absorbance was measured at 593 nm, and ascorbic acid was employed as 

the standard. Results were expressed as mg ascorbic acid equivalent per mL of sample (mg AAE/mL). 
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2.6 DPPH and ABTS free radical scavenging activity  

 

The DPPH assay was performed with slight modifications from the method described by [14]. A stock solution 

was prepared by dissolving 24 mg of DPPH in 100 mL of methanol and stored at –20°C. A working solution was 

made by diluting 10 mL of the stock with 45 mL of methanol, then adjusted to an absorbance of 1.17 ± 0.02  

at 515 nm using a spectrophotometer. For the assay, 0.15 mL of sample extract was added to 2.85 mL of the DPPH 

working solution and incubated in the dark for 30 minutes. After incubation, absorbance was recorded at 515 nm. 

The ABTS assay was performed according to a modified method [15]. ABTS was prepared at 7 mM in distilled 

water and reacted with 2.45 mM potassium persulfate to generate ABTS∙⁺ radicals. The mixture was kept in the 

dark at room temperature for 12–16 hours. Prior to use, the solution was diluted with ethanol to an absorbance of 

0.70 ± 0.05 at 734 nm. For analysis, 190 µL of the sample was mixed with 10 µL of ABTS∙⁺ solution and incubated 

for 20 minutes before measuring absorbance at 734 nm. Ascorbic acid was used as the reference, and radical 

scavenging was calculated using Equation (1) below. 

 

Inhibition (%)=
𝐴𝑏𝑠 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑠 𝑠𝑎𝑚𝑝𝑙𝑒 

𝐴𝑏𝑠 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 
×100    (1) 

 

Where the Abs control represents the absorbance of DPPH/ABTS without the extract, while the Abs sample 

denotes the absorbance of DPPH/ABTS with the extract. 

 

2.7 Total soluble protein  

 

The total soluble protein content was determined using the Bradford assay [16]. Bovine serum albumin (BSA) 

was used as the standard to generate a calibration curve, and results were expressed in μg of protein per mL of 

extract (µg/mL). All measurements were performed in triplicate, and blanks were prepared using distilled water 

in place of the sample extract. 

 

2.8 Phenolics compound profile 

 

Phenolic compounds in the extract were analyzed using the Acquity UPLC system (Waters, Milford, MA, 

USA) operating at a flow rate of 0.4 mL/min. Separation was carried out on a Kinetex C18 100A column  

(100 mm × 2.1 mm; 1.7 μm), maintained at 30°C. UV detection was performed at wavelengths of 280, 330, and 

360 nm. A gradient elution was employed using mobile phase A (3% acetic acid in water) and mobile phase B 

(methanol). Quantification was based on calibration curves prepared from known concentrations of reference 

phenolic standards, identified by their retention times and characteristic UV absorbance profiles [17]. 

 

2.9 Free amino acid profile  

 

The free amino acid profile was determined using the procedure provided by [17]. The filtrated extract was 

initially treated with 70 μL of AccQ-Tag™ Ultra borate buffer and 20 μL of AccQ™ Flour reagent. The analysis 

was carried out using Ultra Performance Liquid Chromatography (UPLC) with a UV-PDA detector set to 260 nm 

(Waters, USA). The Acquity UPLC Taq Ultra Column (2.1 mm internal diameter, 100 mm × 1.7 mm particle size) 

was used to analyze amino acids individually. Waters Empower™ 2 software was used for data interpretation and 

quantification. Calibration curves were developed by injecting reference amino acids with known retention times. 

 

2.10 Statistical analysis  

 

The experiment data were analyzed with MINITAB Version 17. A one-way ANOVA was conducted, and  

a significance threshold was determined using Tukey’s test (p<0.05). Results are shown as the mean ± standard 

deviation. 

 

3. Results and discussion  

 

3.1 Proximate analysis of bee bread  

 

The proximate composition of the fresh bee bread was determined to establish a nutritional baseline and ensure 

the quality of the starting material (Table 1). These foundational results confirm that the fresh bee bread used in 

this study met the standard macronutrient profile required for subsequent enzymatic processing. The analysis 

revealed that carbohydrates were the major component (57.00 g/100 g), followed by significant amounts of protein 

(23.30 g/100 g) and total dietary fiber (14.05 g/100 g). These values are consistent with previous findings that 

reported carbohydrate concentrations ranging from 57.06 to 58.89 g/100 g and protein contents between 21.10 and 
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23.33 g/100 g in Malaysian stingless bee bread [2,19]. Total dietary fiber is a key nutritional component of bee 

bread, contributing significantly to its associated health benefits. While bee bread generally contains a moderate 

amount of dietary fiber, the reported values vary widely (0.50% to 18.18%) depending on factors such as botanical 

origin, environmental conditions, and analytical methods [20,21]. To date, there are limited data on the dietary 

fiber content of bee bread produced in Malaysia. In the present study, bee bread was found to contain a relatively 

high dietary fiber content of 14.05%. These findings underscore the potential of bee bread as a rich source of 

dietary fiber, complementing its content of proteins, carbohydrates, lipids, vitamins, and minerals. 

 

Table 1 The proximate composition of fresh dried bee bread  

 

Among the macronutrients analyzed, ash was the least abundant, averaging 2.80 g/100 g in H. itama bee bread. 

This result is in agreement with the guideline suggested by [21], which states that ash content in bee bread should 

not exceed 6 g/100 g. Comparable ash values have been reported for stingless bee bread from different species 

and regions, including Tetragonula biroi from the Philippines (3.58 g/100 g) [22], H. itama from Malaysia (1.70%) 

[23], and Lepidotrigona flavibasis from Thailand (2.20 g/100 g) [24]. The moisture content of the dried bee bread 

analyzed in this study was 11.45%, aligning with observations by [2] who reported moisture values ranging from 

11.09% to 12.51% for dried bee bread collected from various districts in Malaysia. In contrast, fresh bee bread 

exhibits considerably higher moisture levels due to the hygroscopic nature of pollen, which readily absorbs water 

from the environment. The moisture contents in fresh pot pollen from stingless bees, Melipona seminigra and 

Melipona interrupta in Brazil, can reach up to 53.39% [25] . Consequently, proper drying conditions are crucial 

for lowering moisture to acceptable levels, thereby enhancing the product’s shelf-life and minimizing the risk of 

microbial spoilage during storage. 

 

3.2 Total soluble protein and antioxidant properties of bee bread extract 

 

Bromelain, a proteolytic enzyme, hydrolyzes proteins into smaller peptides and amino acids, enhancing 

solubility by reducing molecular size and altering structure. This improves functional properties like 

emulsification and antioxidant activity. In this study, bromelain treatment significantly increased (p < 0.05)  

the soluble protein content of bee bread up to 456.67 µg/mL, more than double that of the untreated samples 

(WBB and RBB), as shown in Table 2. These findings are consistent with previous research on bromelain-treated 

plant proteins, such as soy, pea, rice, oat, and hemp, where extensive hydrolysis led to improved solubility and 

functionality [28,29]. 

 

Table 2 Total soluble protein, total phenolic and flavonoid content, and antioxidant properties of enzymatically 

treated bee bread (EBB), water-extracted bee bread (WBB), and raw bee bread (RBB). 
Biological properties  EBB WBB RBB 

Total soluble protein (µg/mL)  456.667 ± 36.717a 124.889 ± 10.814b 195.778 ± 6.890c 

Total phenolic (mg GAE/mL)  0.719 ± 0.129a 0.313 ± 0.042b 0.222 ± 0.028b 
Total flavonoid (mg QUE/mL)  0.214 ± 0.012a 0.148 ± 0.007b 0.151 ± 0.004b 

FRAP (mg AAE/mL) 0.062 ± 0.004a 0.094 ± 0.003b 0.101 ± 0.002b 

DPPH inhibition (%)  62.477 ± 1.709a 52.405 ± 2.624b 49.819 ± 2.631b 
ABTS inhibition (%)  93.068 ± 0.238a 77.409 ± 1.593b 70.393 ± 5.457b 

Values denoted by different letters within the same row are significantly different (p<0.05). 

 

Enzymatic hydrolysis enhances the nutritional profile and bioavailability of bee bread by liberating phenolic 

and flavonoid compounds from the pollen matrix. This release of bioactive constituents significantly amplifies 

antioxidant capacity, offering improved protection against oxidative stress-related diseases [29]. Furthermore,  

the generation of low-molecular-weight peptides via bromelain treatment further bolsters these effects, as smaller 

peptides exhibit superior free radical scavenging and metal ion chelation properties [4]. 

This study demonstrated that enzymatic hydrolysis significantly retained a higher amount of TPC and TFC of 

EBB, surpassing the levels found in WBB and RBB. Correspondingly, antioxidant activities measured via DPPH 

and ABTS assays showed increases of 26.5% and 32.2%, respectively, relative to RBB.  

These findings align with previous research, which showed that extraction processes using bromelain can 

increase the antioxidant capacity of the substrate. Corn gluten meal and mung bean protein treated with bromelain 

also exhibited enhanced antioxidant effects in DPPH and ABTS assays, particularly in peptide fractions ranging 

from 1 to 10 kDa [10]. The use of bromelain for enzymatic hydrolysis boosts the antioxidant capacity of hempseed 

Parameters  Values 

Carbohydrate (g/100 g) 57.00 ± 3.40  

Protein (g/100 g) 23.30 ± 1.20  

Moisture (%) 11.45 ± 0.85  
Total dietary fiber (g/100 g) 14.05 ± 3.45  

Crude fat (g/100 g) 5.45 ± 1.35  

Ash (%) 2.80 ± 0.01  
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protein isolate (BHPI-12) by making the protein more soluble, increasing its ability to neutralize DPPH radicals, 

and improving its oxygen radical antioxidant capacity (ORAC) [28]. Likewise, bromelain hydrolysis increased 

the release of polyphenols and flavonoids from materials like roasted butterfly pea seeds, which led to higher 

phytochemical concentrations and greater antioxidant potential [29].  

Interestingly, the FRAP assay in this study revealed a significant (p < 0.05) decline in FRAP values following 

bromelain hydrolysis. This observation may be attributed to biochemical changes during enzymatic treatment, 

which release bound phenolic compounds that, although more bioavailable, may exhibit lower ferric ion-reducing 

power compared to their polymer-bound forms. Additionally, changes in molecular structure and interactions can 

shift antioxidant mechanisms, resulting in increased radical scavenging (DPPH and ABTS) but decreased ferric 

reducing activity. However, a reduction in FRAP does not necessarily indicate diminished antioxidant potential, 

as hydrolysates may still retain or even improve their biological effectiveness through different antioxidant 

pathways [14]. 

 

3.3 Phenolic compounds of bee bread extract   

 

 Bee bread is a potent fermented product of pollen, nectar, and bee secretions, valued for its high nutritional 

and bioactive potential. Among its diverse constituents, phenolic compounds are the primary contributors to its 

health-promoting properties [1]. In this study, gallic acid was identified as the predominant phenolic across all 

samples, with concentrations ranging from 62.57 to 68.16 µg/g (Figure 1). Other key bioactive compounds 

detected include protocatechuic acid, caffeic acid, and the flavonoid rutin. These compounds are valued for their 

possible health benefits. For example, gallic acid and caffeic acid are well-known for their potent ability to reduce 

inflammation and protect nerve cells. Additionally, rutin and protocatechuic acid greatly improve heart health and 

shield cells from damage caused by oxidation [31]. Our results demonstrate that bromelain-mediated hydrolysis 

is an advanced extraction technology that far outperforms conventional techniques. While standard extraction 

primarily recovers surface-level or unbound phenolics, the enzymatic approach successfully modifies the phenolic 

profile by penetrating the complex structural matrix of the bee bread [34]. The substantial increase in phenolic 

and flavonoid concentrations post-treatment suggests that these compounds are naturally tethered to the protein-

carbohydrate matrix of the pollen exine. As a proteolytic enzyme, bromelain facilitates the structural degradation 

of pollen wall proteins, liberating sequestered phenolic acids that remain insoluble and unrecoverable during 

simple water extraction. 

 
 

Figure 1 Phenolic compounds composition of enzymatically treated bee bread (EBB), water-extracted bee bread 

(WBB), and raw bee bread (RBB). 

 

 The baseline phenolic profile of bee bread is typically dictated by its botanical and geographic origins, with 

natural fermentation acting as a preservative for these compounds [7]. However, the extraction technique is the 

decisive factor in the variety of phenolics detected. While previous research in Turkey [8] and Malaysia [2] 

identified prevalent acids like gallic and protocatechuic, this study demonstrated that a more rigorous enzymatic 

approach substantially broadens the diversity of the recovered profile. 

 Most notably, ferulic acid and p-coumaric acid were identified exclusively after enzymatic hydrolysis. Their 

absence in the raw samples confirms that these compounds are chemically bound to cell wall components or 
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proteins via ester, ether, or hydrophobic bonds. The release of these particular acids holds biological importance. 

Ferulic acid acts as a potent antioxidant, recognized for its capacity to reduce cholesterol levels and guard against 

skin damage caused by UV radiation. In parallel, p-coumaric acid has been correlated with a decreased likelihood 

of stomach cancer and reduced levels of inflammation [33]. Bromelain works by breaking down the cell walls and 

cutting the chemical bonds that keep phenolic acids “locked” inside the bee bread. Although the process might 

slightly alter some compounds or cause them to bind with peptides [9], it significantly increases the total amount 

of bioactive compounds recovered. This proves that enzymatic hydrolysis is a superior extraction method that 

captures high-value nutrients usually lost during standard processing. 

 

3.4 Free amino acid profile of bee bread extract  

 

This study identified 20 free amino acids in the bee bread samples that were enzymatically broken down, 

revealing all 9 essential amino acids, as illustrated in Figure 2. The specific composition of amino acids in each 

sample evaluated is detailed in Table 3. 

 

 
 

Figure 2 The chromatographic profiles from amino acid analysis of enzymatically hydrolyzed bee bread (EBB).  

 

 The free amino acid profile is a vital indicator of both the nutritional accessibility and functional potential of 

bee bread. Table 3 shows that amino acid concentrations vary significantly depending on the extraction method 

used, with bromelain-assisted extraction (EBB) showing a selective enrichment of specific components compared 

to water extraction (WBB) and raw bee bread (RBB). Proline was identified as the predominant amino acid across 

all samples, with levels ranging from 619.677 to 719.618 mg/100 g. Although proline is a non-essential amino 

acid, it is considered conditionally essential during periods of physiological stress or illness, playing a critical role 

in collagen synthesis, wound healing, and immune support [34]. Notably, EBB significantly increased the 

concentrations of arginine (53.260 ± 3.216 mg/100 g), tryptophan (5.440 ± 0.701mg/100 g), and tyrosine  

(32.322 ± 2.434 mg/100 g) compared to WBB. This suggests that bromelain specifically targets and cleaves 

peptide bonds within the pollen matrix or interior proteins. While water extraction is limited to recovering pre-

existing free amino acids, the proteolytic action of bromelain actively generates a new pool of bioavailable 

nutrients. This is further evidenced by isoleucine reaching its highest concentration in the EBB group  

(17.318 ± 0.773 mg/100 g), indicating that enzymatic treatment successfully disrupts the cell wall to release 

sequestered essential amino acids. The liberation of tryptophan and tyrosine is particularly significant, as these 

aromatic amino acids donate protons to free radicals, directly contributing to the higher antioxidant activity 

observed in enzymatic samples compared to water-extracted controls [35].  

 However, enzymatic hydrolysis did not result in a uniform increase for all amino acids; for instance, glutamate 

and proline levels remained lower in EBB than in RBB. This may occur because certain amino acids remain bound 

within unhydrolyzed peptide chains or form complexes with liberated peptides during processing, reducing  

their detection as free monomers. Despite these variations, the overall EBB profile includes all nine essential 

amino acids and significant levels of gamma-aminobutyric acid (GABA), which ranged from 70.240 to 78.790 

mg/100 g. As a key inhibitory neurotransmitter, GABA plays a crucial role in reducing neuronal activity, 

promoting relaxation, and alleviating anxiety [17]. Its presence, along with the improved amino acid profile, 

confirms that bromelain-assisted extraction effectively enhances the functional value, muscle recuperation 

potential, and overall bioavailability of bee bread nutrients. 
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Table 3 Amino acid composition in enzymatically treated bee bread (EBB), water-extracted bee bread (WBB), 

and raw bee bread (RBB). 
Amino acid content (mg/100 g) RBB WBB EBB 

Essential amino acid     

Histidine (His)  46.853 ± 3.298a 41.725 ± 1.038b 43.150 ± 1.745b 
Isoleucine (Ile)  15.035 ± 1.504a 13.067 ± 1.115b 17.318 ± 0.773c 

Leucine (Leu)  54.100 ± 1.727a 48.420 ± 3.968b 53.657 ± 1.452a 

Lysine (Lys)  41.348 ± 0.798a 35.198 ± 6.213b 40.570 ± 1.043ab 
Methionine (Met)  17.730 ± 1.157a 16.035 ± 0.608b 18.653 ± 0.698a 

Phenylalanine (Phe) 100.537 ± 4.985a 91.477 ± 3.558b 105.925 ± 10.417a 

Threonine (Thr) 34.162 ± 1.586a 30.232 ± 2.442b 31.972 ± 1.572ab 
Tryptophan (Tyrp) 4.115 ± 0.396a 3.547 ± 0.207a 5.440 ± 0.701b 

Valine (Val)  

 

32.503 ± 1.124a 26.863 ± 2.222b 30.857 ± 0.344a 

Non-essential amino acid     

Arginine (Arg)  44.818 ± 2.769a 41.573 ± 1.758a 53.260 ± 3.216b 

Cysteine (Cys)  1.020 ± 0.141a 0.893 ± 0.147ab 0.762 ± 0.099b 
Aspartate (Asp) 63.343 ± 2.105a 56.530 ± 6.828a 57.952 ± 3.369a 

Alanine (Ala)  114.727 ± 2.276a 98.362 ± 11.653b 101.698 ± 0.730b 

Glutamate (Glu)  30.852 ± 1.262a 25.742 ± 2.339b 22.903 ± 1.668c 
Glycine (Gly) 38.045 ± 1.825a 33.822 ± 1.333b 35.867 ± 1.098b 

Proline (Pro) 719.618 ± 25.000a 627.227 ± 69.000b 619.677 ± 20.736b 

Serine (Ser) 62.247 ± 2.914a 54.653 ± 4.250b 55.333 ± 2.382b 
Tyrosine (Tyr) 29.437 ± 1.229a 27.978 ± 0.484a 32.322 ± 2.434b 

Hydroxyproline (Hproline) 21.957 ± 1.469a 19.618 ± 0.851b 20.618 ± 1.129ab 

Gamma-Aminobutyric Acid (GABA) 78.790 ± 2.456a 70.240 ± 9.273b 72.760 ± 3.013ab 

Values denoted by different letters within the same row are significantly different (p<0.05). 

 

4. Conclusion  

 

This study demonstrates that bromelain-assisted extraction is a superior method for enhancing the functional 

value of H. itama bee bread. Treating bee bread with bromelain more than doubled the amount of soluble protein. 

This process also efficiently broke down the pollen structure, releasing trapped phenolic compounds. Notably, 

ferulic and p-coumaric acids were recovered exclusively after enzymatic hydrolysis. The bee bread further 

comprised all essential amino acids, as well as non-protein amino acids like GABA. In conclusion, enzymatic 

hydrolysis facilitated by bromelain improved both the antioxidant capabilities and the preservation of bioactive 

compounds within the bee bread. 
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