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Abstract 21 

Bee-derived products such as apitoxin, royal jelly, propolis, bee pollen, and honey are 22 

increasingly being used as part of cosmetic products, because all of them contain a large 23 

number of bioactive compounds with antioxidant, anti-inflammatory, anti-microbial, and 24 

regenerative properties, which enable them to be used for therapeutic purposes. The aim 25 

of this investigation was to assess the performance of an automated growth-based system 26 

in order to make a quantitative examination of the total of aerobic mesophiles in bee-de- 27 

rived personal care products using NF-TVC vials that contain a nutrient-based medium 28 

with dextrose as the carbon source. According to USP general chapter <1223>, pivotal val- 29 

idation criteria such as linearity, equivalence of results, operative range, precision, accu- 30 

racy, ruggedness, limit of quantification, and limit of detection have demonstrated that 31 

the automated system can be used for reliable mesophile quantitative assessment. More- 32 

over, the actual research demonstrated that polysorbates efficiently block the anti-micro- 33 

biological potential of bioactive compounds such as phenols, flavonoids, melittin, and 34 

fatty acids, which naturally occur in apitoxin, royal jelly, propolis, bee pollen, and honey, 35 

allowing an efficient microorganism recovery from the bee-made products tested. There- 36 

fore, this groundbreaking technology could be applied efficiently within the cosmetic in- 37 

dustry to assess the total of aerobic mesophiles in bee-derived products such as shampoo, 38 

lip protector toothpaste, and anti-aging cream, affording several benefits associated with 39 

faster product release into the market. 40 

Keywords: apitoxin, royal jelly, propolis, bee pollen, honey, bacteria, yeast, molds, auto- 41 

mated growth-based system. 42 

 43 

Academic Editor: Firstname Last-

name 

Received: date 

Revised: date 

Accepted: date 

Published: date 

Citation: To be added by editorial 

staff during production. 

Copyright: © 2025 by the authors. 

Submitted for possible open access 

publication under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org/li-

censes/by/4.0/). 

mailto:lafauriegloria@unbosque.edu.co


Microorganisms 2025, 13, x FOR PEER REVIEW 2 of 13 
 

 

1. Introduction 44 

Natural products such as apitoxin, royal jelly, propolis, bee pollen, and honey are 45 

increasingly being used in the cosmetic industry, because the wide spectrum of bioactive 46 

compounds such as phenols, flavonoids, enzymes, proteins, and fatty acids have wound- 47 

healing properties, high nutritional values, and regenerative potential that enable them to 48 

be included in several personal care formulations [1–13]. These biological compounds are 49 

active in fighting oxidative stress, boosting collagen production, reducing inflammation, 50 

diminishing facial line expression, and inducing capillary cellular regeneration [1–13]. The 51 

present investigation aims to assess the performance of an automated growth-based sys- 52 

tem (AGBS) to carry out a quantitative examination of the aerobic mesophiles from bee- 53 

derived personal care products. This cutting-edge technology brings an array of benefits, 54 

such as reducing microbiological process time for total aerobic mesophile assessment 55 

from 7 days, as with the reference standard method (RSM), to just 2 days, with reliable 56 

outcomes, since the AGBS meets all the requirements outlined in general chapter <1223>, 57 

which are suitability of the method, linearity, equivalence of results, operative range, pre- 58 

cision, accuracy, robustness, specificity, limit of detection, and limit of quantification [13– 59 

19]. Previously, we have proven the good performance of the AGBS as a quantitative 60 

method using as a pharmaceutical matrix an antacid oral suspension targeting objection- 61 

able pathogens like the Burkorderia cepacia complex, yeasts, and molds [13,14]. However, 62 

its performance using bee-made products such as propolis-based lip protectors, apitoxin- 63 

royal jelly-based anti-aging creams, propolis-honey-based toothpaste, and bee pollen, ap- 64 

itoxin, and royal jelly-based creams have been unexplored for quantitative total aerobic 65 

mesophile assessment. Regarding the antimicrobial properties of honey, apitoxin, royal 66 

jelly, bee pollen, and propolis, which prevent microbiological harvesting, it is interesting 67 

to test polysorbate as a chemical neutralizer of these bioactive compounds [1–13]. There- 68 

fore, tests of the suitability of the method were carried out for all the bee-derived personal 69 

care products under study by means of chemical neutralization. Mesophile examination 70 

was performed by testing Staphylococcus aures, Escherichia coli, Pseudomonas aeruginosa, 71 

Candida albicans, and Aspergillus brasiliensis as suitable representatives of mesophiles. 72 

Regarding this matter, personal care products are not required to be completely asep- 73 

tic, but a rapid and accurate microbiological assessment is required to examine the micro- 74 

biological product’s quality in order to guarantee that the product complies with micro- 75 

biological specifications. Therefore, in microbiological specification terms, cosmetic prod- 76 

ucts with bioregulator activity must have a total viable aerobic microorganism count <102 77 

CFU/mL or g., and harmful pathogens such as S. aureus, P. aeruginosa, and E. coli must be 78 

undetectable in 1 mL or g [16]. 79 

To assess the AGBS performance, the suitability of the method with propolis-based 80 

lip protectors, apitoxin-royal jelly-based anti-aging creams, propolis-honey-based tooth- 81 

paste, and bee pollen and apitoxin-royal jelly-based creams was tested and was shown to 82 

provide chemical neutralization of the all of these antimicrobials agents. Once the suita- 83 

bility of the method was proven, calibration curves were constructed by effecting a sim- 84 

ultaneous recovery of the microorganisms by means of the RSM and AGBS for each bee- 85 

made product using S. aures, E. coli, P. aeruginosa, C. albicans, and A. brasiliensis as repre- 86 

sentatives of all aerobic mesophiles’ viable count in order to demonstrate compliance with 87 

essential validation criteria such as linearity, equivalence of results, operative range, pre- 88 

cision, accuracy, ruggedness, limit of detection, and limit of quantification [13]. 89 

The AGBS is based on microbial metabolism using a nutrient-based liquid medium 90 

with dextrose as the carbon source (NF-TVC vials). NF-TVC vials are divided into two 91 

zones, growing and reading. Microorganisms are allowed to grow in the growing zone 92 

(liquid-enriched medium), which permits the growth of a broad spectrum of aerobic mi- 93 

croorganisms including bacteria, yeasts, and molds. In this way, mesophiles grow in the 94 
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NF-TVC vial yielding carbon dioxide, which diffuses through a gas-permeable layer from 95 

the growth medium toward the reading zone, which is a soft agar plug containing a dye 96 

indicator of the Soleris NF-TVC vial. Only gases can enter the reading zone; microorgan- 97 

isms, medium, and particulates are blocked. When carbon dioxide reaches the reading 98 

zone of the vial, it will trigger a color change from green (absence of microorganisms) to 99 

yellow (presence of microorganism) [13–19]. This colorimetric change is detected and rec- 100 

orded by the equipment’s software and corresponds to the detection time (DT, h), indica- 101 

tive of a positive test result [13–19]. 102 

 103 

                           104 

                          2. Materials and Methods 105 

 106 

                             (a) Reagents 107 

The bee-made products chosen to carry out the present investigation, as well as their 108 

antimicrobial agents, are summarized in Table 1, as described in the literature. For each 109 

bee-made product, three different lots were chosen to carry out microorganism recovery 110 

for both the AGBS and the RSM. The strains A. brasiliensis (Cat. No. ATCC 16404), C. albi- 111 

cans (Cat. No. ATCC 10231), P. aeruginosa (Cat. No. ATCC 9027), E. coli (Cat. No. ATCC 112 

8739), and S. aureus (Cat. No. ATCC 6538) were studied. Test microorganisms were from 113 

frozen stocks using culture maintenance techniques to ensure that viable microorganisms 114 

used for inoculation were not more than five passages removed from the master seed-lot. 115 

The reagents, namely tryptic soy broth, TSB (Scharlab, code 02-200); sabouraud dextrose 116 

agar, SDA (Neogen, cat. No. NCM0008); tryptic soy agar, TSA (Scharlab, code 02-200); and 117 

Tween® 80 (Scharlab, code 73625), were used as provided. 118 

 119 

                            (b) Automated growth-based system 120 

The Soleris® 128 instruments and supplies were acquired from Neogen. This system 121 

includes four incubator drawers (128 vial places) with a precise temperature control for 122 

each drawer (28.5 ± 0.5 °C) with dedicated software and computer. The design qualifica- 123 

tion (DQ), installation qualification (IQ), operational qualification (OQ), and performance 124 

qualification (PQ) of the system were satisfactorily fulfilled by both user and supplier. NF- 125 

TVC vials containing a nutrient-based medium with dextrose as the carbon source were 126 

used to quantify the S. aures, E. coli, P. aeruginosa, C. albicans, and A. brasiliensis as repre- 127 

sentatives of the total aerobic viable count. 128 

 129 

                          (c) Inoculum standardization 130 

S. aures, E. coli, and P. aeruginosa were reactivated from frozen stocks in TSA and 131 

incubated for 48 h at 30–35 °C. C. albicans and A. brasiliensis were reactivated from frozen 132 

stocks in SDA and incubated for 48 hours at 20–25 °C. After the growth time was com- 133 

pleted, isolated colonies were taken and resuspended in 0.9% saline solution until they 134 

reached a McFarland standard of 2 (equivalent to 1.0x108 CFU/mL). 135 

                     136 

 137 

                             (d) Suitability of the method  138 

The bee-derived product’s preservatives (phenols, flavonoids, enzymes, fatty acids, 139 

melittin-peptide, and other antimicrobial agents) were neutralized using polysorbate 80 140 

to obtain a successful microbiological determination by means of RSM and AGBS, in order 141 

to set up an equivalence between the methods and generate a calibration curve for prop- 142 

olis-based lip protectors, apitoxin-royal jelly-based anti-aging creams, propolis-honey- 143 

based toothpaste, and bee pollen, apitoxin, and royal jelly-based creams for the validation. 144 
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Thus, carrying out independent assays, 1 mL of inoculum dilution from each microorgan- 145 

ism (S. aures, E. coli, P. aeruginosa, C. albicans and A. brasiliensis) was added to a Schott 146 

bottle and mixed with 90 mL of tryptic soy broth in the presence of the selected neutraliz- 147 

ing agent (1 mL /L of Tween® 80 in TSB). Then 10 g or 10 mL of the corresponding bee- 148 

derived product was added and vigorously shaken to ensure homogenization of the sam- 149 

ple. 150 

 151 

 152 

                             (f) Calibration curve  153 

Once proven the efficacy of the neutralizing polysorbate on bioactive compounds of 154 

apitoxin, royal jelly, propolis, bee pollen, and honey-based products, calibration curves 155 

were built by testing the 5 strains. From this, a serial dilution was performed. From each 156 

dilution (D1–D5), 1 mL was placed directly into each NF-TVC vial, and they were incu- 157 

bated for 48 hours at 28.5 °C in the Soleris® equipment. The NF-TVC vials were inoculated 158 

in duplicate. Simultaneously, TSA plates were also inoculated in duplicate with 1 mL of 159 

each dilution by means of the spread plate technique. The plates were incubated at 30 °C 160 

for 7 days. This series of experiments was performed using at least three different lots for 161 

each bee-derived product. An uninoculated NF-TVC vial was used as a negative control, 162 

and an inoculated vial with 1 mL of the dilution (count of 10–100 CFU/mL) was used as a 163 

positive control for each strain tested. Each detection time (DT) recorded by the Soleris® 164 

system within the incubation period (48 h), also confirmed by color change, was an indi- 165 

cation of the presence of microorganisms. Data generated by both the AGBS (detection 166 

times, DT) and RSM (colony forming unit, CFU) were plotted in Soleris@ software to gen- 167 

erate calibration curves by plotting DTs relative to the corresponding log CFU values. 168 

                          169 

                            (g) Linearity and equivalence of results 170 

The plotted values in the calibration curve were fit to a least-squares regression, and 171 

the coefficient of determination (R2) was calculated. The linearity was determined using 172 

the chi-square (x2) goodness-of-fit test model in order to evaluate the relationship between 173 

the CFUs and the DT data obtained from the RSM and the AGBS, respectively. In this way, 174 

for each bee-product tested, 5 calibration curves were constructed, corresponding to the 175 

S. aures, E. coli, P. aeruginosa, C. albicans, and A. brasiliensis strains tested. 176 

 177 

                             (h) Accuracy 178 

The coefficient of correlation (CC) obtained from the calibration curves was a meas- 179 

ure of accuracy, according to USP general chapter <1223>. Additionally, DT values and 180 

their log 10 equivalent CFU counterparts were statistically analyzed using the Pearson 181 

goodness-of-fit test based on a Poisson distribution. In this way, DT yields with AGBS 182 

were automatically converted into CFU by means of calibration curves constructed for 183 

each microorganism tested. Thus using the Pearson goodness-of-fit test, it was possible to 184 

predict CFU from DT with a 95% confidence interval. 185 

 186 

                            (i) Limit of detection and limit of quantification  187 

 188 

The limit of detection (LOD) and limit of quantification (LOQ) were determined from 189 

the calibration curves based on the fewest number of recoverable microorganisms (<10 190 

CFU). The LOD and LOQ for both methodologies (RSM and AGBS) were calculated using 191 

the following equations: LOD=3.3*SD/m and LOQ=10*SD/m, where SD is the standard 192 

deviation and m is the slope of the linear regression obtained for each calibration curve, 193 

as stated in the International Council of Harmonization (Q2)R2 and USP guidelines [21]. 194 

 195 
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                         (j) Precision  196 

S. aures, E. coli, P. aeruginosa, C. albicans, and A. brasiliensis were used to determine the 197 

suitability of the method with propolis-based lip protectors, apitoxin-royal jelly-based 198 

anti-aging creams, propolis honey-based toothpastes, and bee pollen, apitoxin, and royal 199 

jelly-based creams using three different lots for each bee-derived product tested. Serial 200 

dilutions were carried out, and the microorganisms were recovered simultaneously via 201 

RSM and AGBS. Dilutions that recovered microorganisms in the 10 to 300 CFU range via 202 

the RSM and AGBS were analyzed in order to determine the standard deviation (SD) and 203 

coefficient of variation (CV).  204 

 205 

 206 

                        3. Results  207 

3.1. Suitability of the method (antimicrobial neutralization) 208 

Antimicrobial activity has been widely described in apitoxin, honey, royal jelly, propolis, 209 

and bee pollen because of the existence of bioactive compounds with antimicrobial 210 

activity, which prevent microbial harvesting [1–13] (Table 1). Hence it is important to 211 

consider that suppression of antimicrobial activity needs to be done in all the bee-made 212 

products in order to successfully recover microorganisms and guarantee the product's 213 

microbiological quality assessment. Therefore, polysorbate 80 was used to neutralize the 214 

antimicrobial activity of the bee-derived products (Table 1). As outlined in USP <61>, 215 

polysorbate is able to neutralize quaternary ammonium compounds (QACs), iodine, and 216 

parabens [23]. In the current investigation, it was shown that polysorbate 80 can neutralize 217 

bioactive preservative compounds such as flavonoids, phenols, enzymes, royal jelly major 218 

proteins, melittin, and fatty acid such as 10 HDA, permitting a suitable microorganism 219 

recovery, as observed for the S. aures, E. coli, P. aeruginosa, C. albicans and A. brasiliensis 220 

calibration curves (Table 1). 221 

 222 

Table 1. Antimicrobial activity reported for apitoxin, royal jelly, propolis, bee pollen, and honey. 223 

Bee-made products 

Propolis-based lip protectors. Antimicrobial agents: Phenols and flavonoids [3].  

Apitoxin-royal jelly based anti-aging cream. Antimicrobial agents: Melittin, 10-hydroxy-2-decenoic 

acid [4,6,23,24]. 

Propolis-honey based toothpaste. Antimicrobial agents: Enzymes, phenols, and flavonoids [3,23,24]. 

Bee pollen, apitoxin, royal jelly-based cream. Antimicrobial agents: Fatty acids, flavonoids, and phe-

nols [1,4,6,23,24] 

 224 

 225 
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 226 

 227 

Figure 1. (a) Experimental design used for the validation testing of the AGBS. Construction of 228 

correlation curves. The suitability of the method test was carried out for each bee-derived product. 229 

From this, a serial dilution was performed. From each dilution (D1–D5), 1mL was placed directly 230 

into each NF-TVC vial, and then incubated for 48 h at 28.5 °C in the Soleris equipment. 231 

Simultaneously, agar plates were also inoculated in duplicate with 1mL of each dilution by means 232 

of the pour-plate technique. The plates were incubated at 25 °C for 7 days for yeast and molds 233 

recovery and at 30 °C for 5 days for mesophiles recovery. Data generated by both the alternative 234 

and conventional method were plotted to generate calibration curves by plotting DTs relative to the 235 

corresponding log CFU values. For each bee-product tested, 5 calibration curves were constructed, 236 

corresponding to the S. aures, E. coli, P. aeruginosa, C. albicans, and A. brasiliensis. 237 

 238 

 239 

 240 

 241 

3.2 Linearity, operative range, and equivalence of results 242 

Considering that the RSM and AGBS yield quantitative data with different units (CFU vs. 243 

DT), an equivalence of results correlation needs to be done through building calibration 244 

curves. Thus calibration curves for all bee-made products were derived by plotting DT 245 

values with their respective equivalents in log CFU. Linear regression analysis yielded the 246 

relationship between DTs and log CFU values, as shown in Table 2. The linearity observed 247 

in all bee-derived products was consistent with USP <1223> (R2 ≥ 0.9025), and linearity for 248 

all bee-made products tested ranged from 1 CFU to around 1000 CFU (Table 2). 249 

 250 
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Table 2. Linearity data obtained for the calibration curves constructed for S. aures, E. coli, P. 251 

aeruginosa, C. albicans, and A. brasiliensis of each bee-made product 252 

 253 

 254 

 255 

 256 

3.3 Accuracy 257 

The Pearson goodness-of-fit test was chosen to assess the comparison of the results 258 

obtained by AGBS and those by RSM for each bee-made product for all the strains tested. 259 

As shown in Table 3 , DT values can be calibrated in CFU values according to the Pearson 260 

goodness-of-fit test, P ≥ 0.05, (Table 3). 261 

 262 

 263 

 264 

 265 

 266 

 267 

 268 

 269 

Bee-made product Microorganisms Linear Regression R2  
x2 square test 

(P ≤ 0.05) 

Upper Range 

of Quantifica-

tion 
 

Propolis-based lip 

protectors 

S. aureus y=-9.9104x+50.398 0.9146 P ≤ 0.05  2.0 x 103  

E. coli y=--9.6532x+48.509 0.9394 P ≤ 0.05  2.0 x 103  

P. aeruginosa y=-9.6646x+48.719 0.9500 P ≤ 0.05  2.0 x 103  

C. albicans y= -9.6015x+48.469 0.9500 P ≤ 0.05  2.0 x 103  

A. brasiliensis y= -6.9339x + 39.286 0.9652 P ≤ 0.05  1.8 x 103  

Apitoxin-royal jelly 

based anti-aging 

creams 

S. aureus y= -6.6123x + 40.113 0.9514 P ≤ 0.05  2.0 x 103  

E. coli y= -6.1642x + 39.283 0.9669 P ≤ 0.05  1.9 x 103  

P. aeruginosa y= -7.4869x + 41.32 0.9620 P ≤ 0.05  2.0 x 103  

C. albicans y= -8.0677x + 42.84 0.9620 P ≤ 0.05  1.9 x 103  

A. brasiliensis y = -5.7369x + 36.135 0.9421 P ≤ 0.05  1.4 x 103  

Propolis-honey 

based toothpaste 

S. aureus y= -6.1686x + 40.52 0.9702 P ≤ 0.05  2.0 x 103  

E. coli y= -7.5735x+44.338 0.9327 P ≤ 0.05  1.9 x 103  

P. aeruginosa  y= -7.2541x+43.516 0.9834 P ≤ 0.05  1.9 x 103  

C. albicans y = -10.627x + 50.37 0.9116 P ≤ 0.05  1.5 x 103  

A. brasiliensis y= -6.8186x + 40.6 0.9693 P ≤ 0.05  2.0 x 103  

Bee pollen, api-

toxin, royal jelly-

based cream  

S. aureus y = -2.5676x + 20.618 0.9241 P ≤ 0.05  4.1 x 102  

E. coli y = -1.8052x + 12.46 0.9166 P ≤ 0.05  5.0 x 102  

P. aeruginosa y = -2.5797x + 18.917 0.9204 P ≤ 0.05  6.0 x 102  

C. albicans y = -3.6917x + 28.444 0.9206 P ≤ 0.05  5.0 x 102  

A. brasiliensis y = -5.8226x + 41.169 0.9107 P ≤ 0.05  1.0 x 103  
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 270 

Table 3. Accuracy. Goodness-of-fit test (Pearson) and correlation coefficient obtained for all the bee- 271 

derived products  272 

 273 

 274 

 275 

 276 

 277 

3.4 Limit of detection and limit of quantification 278 

  The LOD and LOQ were calculated using the standard deviation of data obtained for 279 

the fewest number of recoverable microorganisms (<10 CFUs) and the slope of the 280 

corresponding calibration curves constructed for S. aures, E. coli, P. aeruginosa C. albicans, 281 

and A. brasiliensis. As is shown in Table 4, the LOD and the LOQ of the AGBS for all bee- 282 

made products tested were 1 CFU for all the strains tested, showing that it is not inferior 283 

in terms of sensibility compared to the RSM. 284 

 285 

 286 

 287 

 288 

 289 

 290 

Bee -made 

product 

Strains used to build calibra-

tion curves 
Goodness-of-Fit Tests 

Coefficient of Corre-

lation  

Propolis-based 

lip protectors 

S. aureus 0.9740 0.9600  

E. coli 0.9980 0.9700  

P. aeruginosa 0.6870 0.9700  

C. albicans 0.1930 0.9500  

A. brasiliensis 0.9440 0.9700  

Apitoxin-royal 

jelly based anti-

aging creams 

S. aureus 1.0000 0.9800  

E. coli 0.9940 0.9800  

P. aeruginosa 1.0000 0.9800  

C. albicans 0.9870 0.9800  

A. brasiliensis 1.0000 0.9700  

Propolis-honey 

based tooth-

paste 

S. aureus 1.0000 0.9900  

E. coli 1.0000 0.9700  

P. aeruginosa 0.9920 0.9900  

C. albicans 0.1080 0.9500  

A. brasiliensis 0.9990 0.9800  

Bee pollen, api-

toxin, royal 

jelly-based 

cream  

S. aureus 0.9980* 0.9613  

E. coli 0.9990* 0.9574  

P. aeruginosa 1.0000* 0.9594  

C. albicans 0.9990* 0.9595  

A. brasiliensis 0.5830* 0.9543  
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Table 4. Limit of Detection (LOD) and Quantification (LOQ) for RSM and AGBS at lowest microbial 292 

threshold before total decay of response (SD: standard deviation). 293 

 294 

 295 

 296 

3.5 Intermediate Precision and Ruggedness 297 

The precision was measured based on a dilution that recovered CFUs within a range of 298 

10–300 using AGBS and its equivalent in RSM for all the strains tested (S. aures, E. coli, P. 299 

aeruginosa C. albicans, and A. brasiliensis). As shown in Table 5, for all bee-made products 300 

tested, the coefficient of variation (CV) was below USP specification, <15% (30–300 CFUs). 301 

For this experiment, the ruggedness was interpreted as intermediate precision, a type 302 

of intra-laboratory precision involving the effect of different lots on the test result 303 

variability, as well as on the repeatability (CV <15%).  304 

 305 

 306 

 307 

Bee-made 

products 

Strains used to build cali-

bration curves 

RSM, CFU/Sample AGBS, CFU/Sample 

LOD LOQ SD LOD LOQ SD 

Propolis-based 

lip protectors 

S. aureus 1 2 2 1 2 1 

E. coli 1 2 2 1 2 1 

P. aeruginosa 1 3 2 1 3 2 

C. albicans 1 2 2 1 1 2 

A. brasiliensis 1 3 2 1 6 3 

Apitoxin-royal 

jelly based 

anti-aging 

creams 

S. aureus 1 3 2 1 3 2 

E. coli 1 3 2 1 5 2 

P. aeruginosa 1 5 3 1 4 2 

C. albicans 1 4 3 1 1 1 

A. brasiliensis 1 3 1 1 2 1 

Propolis-

honey based 

toothpaste 

S. aureus 1 3 2 1 2 1 

E. coli 1 3 2 1 3 2 

P. aeruginosa 1 2 1 1 2 1 

C. albicans 1 2 2 1 8 5 

A. brasiliensis 1 4 2 1 4 2 

Bee pollen, ap-

itoxin, royal 

jelly-based 

cream  

S. aureus 2 5 1 3 8 2 

E. coli 3 8 2 7 22 4 

P. aeruginosa 3 8 2 3 11 3 

C. albicans 1 2 1 1 3 1 

A. brasiliensis 4 13 4 8 24 8 
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                        Table 5. Precision of alternative and traditional methods for each bee-made product 308 

 309 

                                                   310 

 311 

 312 

 313 

 314 

 315 

 316 

 317 

 318 

 319 

 320 

 321 

 322 

 323 

 324 

 325 

 326 

 327 

 328 

                             329 

Bee-made 

product 

Strains used to build 

calibration curves 

Mean 

DT 

Standard 

Deviation 

Coefficient 

of variation 

Mean 

CFU 

Standard 

Deviation 

Coefficient of 

variation  

Propolis-

based lip 

protectors 

S. aureus 33 1.3 3.9 78 10.6 13.5  

E. coli 32.9 1.8 5.4 61.1 19.1 31.2  

P. aeruginosa 29.7 1.6 5.4 28.1 6.6 23.4  

C. albicans 30.6 2.9 9.5 53.5 13.4 25  

A. brasiliensis 28.5 0.6 2 26.8 2.4 9.1  

Apitoxin-

royal jelly 

based anti-

aging creams 

S. aureus 28.8 1.5 5.4 69.3 24.3 35.1  

E. coli 28.7 1 3.5 43.3 10.4 24  

P. aeruginosa 31.3 2.8 9 15.6 2.1 13.7  

C. albicans 28.5 1.1 3.9 59.4 8.3 14  

A. brasiliensis 27.2 1.3 4.7 70.7 20.5 29  

Propolis-

honey based 

toothpaste 

S. aureus 30.3 0.7 2.2 50.2 11 21.9  

E. coli 32.3 1.1 3.3 73.3 24.5 33.5  

P. aeruginosa 31.6 2.2 7 42.1 11.3 26.9  

C. albicans 29.2 1.1 3.8 57.1 9.7 17.1  

A. brasiliensis 30.6 1.8 5.9 26.1 6.6 25.4  

Bee pollen, 

apitoxin, 

royal jelly-

based sham-

poo  

S. aureus 16.35 0.77 4.71 38.55 6.25 16.21  

E. coli 9.40 0.23 2.48 49.67 6.08 12.24  

P. aeruginosa 14.22 0.41 2.92 56.13 6.69 11.91  

C. albicans 22.42 0.80 3.61 39.86 6.01 15.08  

A. brasiliensis 27.70 0.00 0.00 110 10.00 9.09  
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4. Discussion and Conclusions 330 

We have shown that polysorbate 80 can be used as a suitable chemical neutralizer of 331 

bioactive compounds with well-known antimicrobial potential, such as melittin, phenols, 332 

flavonoids, enzymes, and fatty acids such 10 HDA. This is a notable finding, since chem- 333 

ical neutralization is pivotal in routine pharmaceutical analyses to assess the microbiolog- 334 

ical quality through a total aerobic mesophile enumeration. Therefore, thanks to the suit- 335 

ability of the method, an optimal microorganism’s recovery was possible from the four 336 

different bee-made matrices tested by means of AGBS and RSM. Hence, using S. aures, E. 337 

coli, P. aeruginosa C. albicans, and A. brasiliensis as suitable representatives of all aerobic 338 

mesophiles, it was possible to prove essential validation criteria such as linearity, opera- 339 

tive range, equivalence of results, precision, accuracy, ruggedness, limit of detection, and 340 

limit of quantification. 341 

Statistical analysis of the x2 goodness-of-fit test demonstrated that there exists a 342 

strong relationship between threshold bioburden (dilutions) in NF-TVC vials and DTs. 343 

This occurs because carbon dioxide is a direct measure of the microbial burden in the NF- 344 

TVC, so a high concentration of aerobic mesophiles in AGBS yields low DT values, while 345 

at low bioburden this automated system yields high DT values. 346 

Using the Pearson goodness-of-fit test, the AGBS was able to predict the CFUs from 347 

the DT values with a 95% confidence interval in the calibration curves constructed for S. 348 

aures, E. coli, P. aeruginosa, C. albicans, and A. brasiliensis (P ≥ 0.05, Table 3). Therefore, 349 

AGBS is able to predict an equivalent CFU result from a DT through the calibration curve. 350 

Each tested product should have its own calibration curve, since the active chemical and 351 

biological principle of the bee-made produtc may have a strong impact on the kinetic of 352 

the microorganism’s recovery. Even though AGBS yielded quantitative results in DT, 353 

those results will be converted automatically into equivalent CFU, meaning that the AGBS 354 

would have the same specification as described by the RSM (CFU/mL). 355 

The use of this broth-based technique (with dextrose as the carbon source) for routine 356 

analyses of bee-made products such as propolis-based lip protectors, apitoxin-royal jelly- 357 

based anti-aging creams, propolis-honey-based toothpaste, and bee pollen, apitoxin, and 358 

royal jelly-based creams enables reducing the microbiological assessment from 7 days, as 359 

is usual with the RSM, to just 2 days. This fact was clearly demonstrated by means of the 360 

calibration curves obtained for each bee-made product, in which the AGBS was able to 361 

detect 1 CFU for total viable counts in a maximum incubation time of 48 h, while the RSM 362 

was able to detect 1 CFU within a maximum time of 7 days of incubation. The implemen- 363 

tation of this ground-breaking method is supported by USP guidelines, since it provides 364 

benefits such as being less labor intensive, reducing company warehousing costs, improv- 365 

ing efficiency in inventory control, increasing the ability to respond more quickly to ad- 366 

verse microbiological results, and allowing faster product release into the market, as well 367 

as being more sensitive than the RSM. 368 
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