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TEMPERATURE EFFECTS ON PHENOLIC COMPOUND ACCUMULATION AND ANTIOXIDANT CAPACITY OF HAEMATOCOCCUS PLUVIALIS MICROALGAE



ABSTRACT

Haematococcus pluvialis is a commercially valuable freshwater green microalga with the remarkable ability to produce abundant natural astaxanthin, a compound referred to the "super antioxidant." Adverse cultivation conditions are known to significantly impact the accumulation of phenolic compounds and the antioxidant capabilities of microalgae. In this study, the effects of three temperature treatments (10℃, 25℃, and 35℃) on the accumulation of antioxidant compounds in H. pluvialis were investigated via two culture media: BG11 and OHM. The results demonstrated that H. pluvialis accumulated the greatest phenolic content per cell (0,104 pg/cell) and hightest cellular antioxidant capacity (0,005 I%/cell) when cultivated at 35℃ in the OHM medium. At 25℃, optimal growth conditions were observed, with the phenolic content and antioxidant capacity increasing proportionally with cell density. Notably, the potential for the accumulation of antioxidant compounds in H. pluvialis was significantly greater in OHM than in BG11 medium. These findings not only confirm the biological value of H. pluvialis but also suggest potential applications in industrial and medical fields.
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1. INTRODUCTION

Recently, algae have emerged as novel food sources with extensive nutritional benefits and significant potential in industrial and medical applications. These microorganisms provide numerous bioactive compounds characterized by remarkable properties, including antiviral capabilities, antibacterial properties, potent antioxidant effects, anti-inflammatory characteristics, cholesterol and lipid reduction, and potential anti-cancer mechanisms. Globally, the trend of seeking natural antioxidants from plant sources is increasingly prevalent, with algae representing a highly promising natural antioxidant reservoir [1].
Haematococcus pluvialis, a unicellular freshwater green alga belonging to the Chlorophyceae class, the Volvocales order, and the Haematococcaseae family, is widely distributed across temporary freshwater environments worldwide [2]. This microalga has garnered significant attention as the most abundant natural source of astaxanthin, a pigment attracting international market interest because of its high value and substantial demand. Compared with synthetic alternatives, natural astaxanthin produced by H. pluvialis has substantially superior antioxidant capabilities.
Chemically identified as 3,3′-dihydroxy-β,β′-carotene-4,4′-dione, astaxanthin is a vibrant red carotenoid with extensive applications in the food industries, cosmetic sectors, aquaculture, and pharmaceutical developments. Its powerful antioxidant properties contribute to preventing cancer, diabetes, cardiovascular diseases, ulcerative conditions, and inflammatory processes [3].
H. pluvialis employs two sophisticated mechanisms to counteract oxidative environmental stress: antioxidant enzymes within vegetative cells and astaxanthin, a ketocarotenoid that protects encystment cells from oxidation [4]. Astaxanthin accumulation and encystment in H. pluvialis are triggered by adverse environmental conditions, including nitrogen and phosphorus deficiency, high salinity stress, and elevated environmental temperatures. These factors have been conclusively demonstrated as primary agents that promote cellular transformation and astaxanthin accumulation [5].
This research aims to comprehensively evaluate phenolic compound accumulation and antioxidant activity in H. pluvialis under three distinct temperature conditions (10°C, 25°C, and 35°C) across two culture media: BG11 and OHM.

2. MATERIALS AND METHODS

2.1 Haematococcus pluvialis strain and cultivation conditions
 
The freshwater microalga Haematococcus pluvialis (UTEX 2505) was cultured in the Biochemistry and Toxicology Laboratory at Nguyen Tat Thanh University. H. pluvialis was cultivated in 50 mL Erlenmeyer flasks with BG11 [6] medium (pH 7.1) and OHM medium (pH 7.5)[7]. The cultivation conditions included white light with an intensity of approximately 20 µmol photons/m²/s, a 12:12-hour light-dark cycle, a temperature of 25°C ± 2°C, and continuous aeration.

2.2 Determination of cell density

A 1000 µL algae suspension was transferred to a 1.5 mL Eppendorf tube. Subsequently, 100 µL of the suspension was diluted with 900 µL of distilled water in a new 1.5 mL Eppendorf tube. The algae were fixed with 10 µL of Lugol's solution. A 10 µL aliquot from the diluted suspension was placed on a pre-gridded microscope slide. The number of microalgae cells was counted via an optical microscope at 100x magnification.

2.3 Determination of phenolic content

A 1 mL algae suspension was centrifuged at 13,000 rpm for 5 minutes, the supernatant was discarded, and the algal pellet was collected. The pellet was resuspended in 1 mL of absolute methanol and vortexed. After centrifugation at 13,000 rpm for 5 minutes, 0.5 mL of the extract was transferred to a 2 mL Eppendorf tube. Folin-Ciocalteu's phenol reagent (0.5 mL) was added, followed by the addition of  0.5 mL of 10% Na₂CO₃ solution. The mixture was incubated in darkness for 90 minutes, and the absorbance was measured at 750 nm [8]. A gallic acid standard curve was prepared at concentrations ranging from 0.5 to 5 mg/L, with the phenolic content determined via the following equation: 
y = 0.032x - 0.0091; R² = 0.999.

2.4 Determination of antioxidant capacity

DPPH reagent was prepared by dissolving 0.04 g of 1,1-diphenyl-2-picrylhydrazyl (DPPH) in methanol, and the volume was adjusted to 100 mL. A 1 mL algae suspension was centrifuged at 13,000 rpm for 5 minutes. The pellet was subsequently resuspended in 1 mL of absolute ethanol, vortexed, and incubated for 4 hours at 4°C. After centrifugation, 0.5 mL of the extract was mixed with 1 mL of DPPH reagent, vortexed, and incubated in darkness for 30 minutes. The absorbance was measured at 517 nm. The antioxidant capacity (I%) was calculated via the following formula [9]:
I% = ((A blank - A sample)/ A blank) × 100%

2.5 Data Processing

The experiments were performed in triplicate. The data were processed via Microsoft Office Excel and analyzed using one-way ANOVA with SPSS 20.0 software at the 95% confidence level. All experimental data are presented as the mean ± standard Error (SE).

3. RESULTS AND DISCUSSION

3.1 Phenolic Content of H. pluvialis 

The phenolic content gradually increased during cultivation, reaching its peak on day 21 at 25°C, with values of 4,003 µg/ml in BG11 medium and 4,764 µg/ml in OHM medium, indicating significant differences compared with the other conditions (p<0.05). At 10°C, the phenolic content continuously decreased from day 9 to day 18 in both media. At 35°C, the phenolic content remained nearly unchanged in the BG11 medium but tended to increase in the OHM medium (Figure 1 and 2).
The per-cell phenolic content in both culture media was significantly greater at 35°C than at the other temperatures. In BG11 and OHM media, phenolic accumulation per cell increased dramatically, peaking on day 21, with values of 0,167 (pgGAE/cell) and 0,104 (pgGAE/cell), respectively. At 10°C and 25°C, the phenolic content per cell showed minimal variation, indicating less disrupted accumulation (Figure 3 and 4).
In summary, temperature plays a crucial role in phenolic accumulation in H. pluvialis. The 35°C temperature was identified as optimal, enabling the microalgae to achieve the highest per-cell phenolic content. At 25°C, favorable growth conditions resulted in the phenolic content increasing proportionally with cell density. Conversely, 10°C has been shown to be a suboptimal environment, leading to limited microalgae development and low phenolic content.



Figure 1. Effect of temperature on the phenolic content (µgGAE/mL) of H. pluvialis cultured in BG11 medium



Figure 2. Effect of temperature on the phenolic content (µgGAE/mL) of H. pluvialis cultured in OHM medium



Figure 3. Effect of temperature on the phenolic content (pgGAE/cell) of H. pluvialis cultured in BG11 medium



Figure 4. Effect of temperature on the phenolic content (pgGAE/cell) of H. pluvialis cultured in OHM medium



3.2 Antioxidant capacity of H. pluvialis

The antioxidant capacity (I%) of H. pluvialis was greater when it was cultured in OHM than in BG11 medium. At 25°C, the volume-based antioxidant capacity (I%/mL) increased gradually from day 9, reaching maximum values on day 21: 46,720 I%/mL in BG11 and 76,751 µg/mL in OHM, with statistically significant differences (p<0.05). In contrast, at 10°C and 35°C, the antioxidant capacity increased only slightly, with no significant differences between cultivation days in either medium (Figure 5 and 6).
The per-cell antioxidant capacity (I%/cell) notably increased at 35°C, gradually increased from day 9 and reached peak values on day 21: 0,003 I%/cell in BG11 and 0,005 I%/cell in OHM. At 10°C and 25°C, H. pluvialis presented a lower antioxidant capacity than it did at 35°C condition, with no significant variation across cultivation days (Figure 7 and 8).
The study revealed that red H. pluvialis cells, which are capable of accumulating high astaxanthin levels, demonstrate superior antioxidant activity compared to green H. pluvialis cells in the vegetative growth phase [10]. When cultivated at 35°C, red H. pluvialis cells accumulated astaxanthin at relatively high concentrations and exhibited more potent antioxidant activity than green H. pluvialis cells grown at 10°C and 25°C.



Figure 5. Effect of temperature on the antioxidant capacity (I%/mL) of H. pluvialis cultured in BG11 medium



Figure 6. Effect of temperature on the antioxidant capacity (I%/mL) of H. pluvialis cultured in OHM medium



Figure 7. Effect of temperature on the antioxidant capacity (I%/cell) of H. pluvialis cultured in BG11 medium



Figure 8. Effect of temperature on the antioxidant capacity (I%/cell) of H. pluvialis cultured in OHM medium

4. CONCLUSION

These results demonstrate that temperature plays a crucial role in influencing the phenolic accumulation and antioxidant activity of H. pluvialis. Specifically, 35°C was identified as the optimal temperature for microalgae to accumulate phenolics and achieve the highest antioxidant activity. At 25°C, although the microalgae grew well, phenolic accumulation and antioxidant capacity showed only minimal changes compared with those at 35°C.
Moreover, H. pluvialis red cells, with their greater astaxanthin accumulation capacity, exhibit significantly stronger antioxidant activity than green cells do during the vegetative growth stage. The study of cultivation under different temperature conditions helps confirm the importance of temperature conditions in improving the quality of biological products from H. pluvialis.
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10℃	1.9948516755331899E-3	3.0419981479831297E-4	1.9596604644882601E-3	3.4736996713792298E-3	5.6143105507339896E-3	1.02921175755227E-3	2.1834194826934601E-3	1.9948516755331899E-3	3.0419981479831297E-4	1.9596604644882601E-3	3.4736996713792298E-3	5.6143105507339896E-3	1.02921175755227E-3	2.1834194826934601E-3	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	3.3156473853868197E-2	1.5499878875969E-2	2.6478324010327001E-2	3.8556006493506399E-2	4.0759141791044701E-2	1.56164722711267E-2	2.8934239130434702E-2	25℃	4.8358916172587502E-4	8.4827745827770001E-4	1.61685948520101E-3	2.1650635094610799E-4	6.0624733879730604E-4	8.5763238596490304E-4	6.7363051875767802E-4	4.8358916172587502E-4	8.4827745827770001E-4	1.61685948520101E-3	2.1650635094610799E-4	6.0624733879730604E-4	8.5763238596490304E-4	6.7363051875767802E-4	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	1.8572659220532299E-2	1.51036480686696E-2	2.3226025763358801E-2	2.1314041095890301E-2	1.36955288461538E-2	1.6924524221453199E-2	1.94522138228941E-2	35℃	3.5465502545968799E-3	2.51736769268294E-3	4.3289397687925699E-3	7.0107280725643798E-3	2.1641494063547799E-3	3.1873576100977601E-3	9.3163158650245107E-3	3.5465502545968799E-3	2.51736769268294E-3	4.3289397687925699E-3	7.0107280725643798E-3	2.1641494063547799E-3	3.1873576100977601E-3	9.3163158650245107E-3	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	5.1061046511627899E-2	4.3470263092885299E-2	5.5239442567567403E-2	6.2840667040358594E-2	2.7478032178217902E-2	3.6185231854838601E-2	0.166579326923077	Days


Phenolic content (pgGAE/cell)







10℃	2.45426126039171E-3	1.03476841299657E-3	4.5179781175372E-4	2.9467472356160202E-3	3.8498218944116899E-3	2.72366599493326E-3	3.6739301700876E-3	2.45426126039171E-3	1.03476841299657E-3	4.5179781175372E-4	2.9467472356160202E-3	3.8498218944116899E-3	2.72366599493326E-3	3.6739301700876E-3	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	5.9442869928400897E-3	3.7745794663573001E-3	8.0226838235294105E-3	2.1429687499999999E-2	4.6506786616161498E-2	3.7762202380952299E-2	3.5477757352941099E-2	25℃	1.51036364217629E-3	4.5470507566870998E-4	3.5414860224085602E-4	3.17868491301045E-4	2.4366451870845801E-4	1.7214615596260999E-4	1.16907144213477E-4	1.51036364217629E-3	4.5470507566870998E-4	3.5414860224085602E-4	3.17868491301045E-4	2.4366451870845801E-4	1.7214615596260999E-4	1.16907144213477E-4	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	1.4443707912457899E-2	6.2958603896103704E-3	7.37002567394094E-3	8.5789013029712608E-3	8.4087064979313508E-3	8.9038789428814904E-3	1.2576305368143101E-2	35℃	3.4029489799546602E-3	1.2675770265548E-3	8.9881809654622207E-3	6.7739094512094603E-3	4.0038932448262302E-3	1.31631050877707E-2	9.3078890173909704E-3	3.4029489799546602E-3	1.2675770265548E-3	8.9881809654622207E-3	6.7739094512094603E-3	4.0038932448262302E-3	1.31631050877707E-2	9.3078890173909704E-3	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	1.0396784855769199E-2	2.2506445312500001E-2	4.9256471893491E-2	4.7775057164634101E-2	3.4647865853658401E-2	6.3893749999999805E-2	0.104354166666666	Days


Phenolic content (pgGAE/cell)







10℃	1.0486454928373401	0.70966988911009898	0.86325913397477005	5.99894019042711E-2	0.29178675682163302	1.92809891012681	0.63231033167869199	1.0486454928373401	0.70966988911009898	0.86325913397477005	5.99894019042711E-2	0.29178675682163302	1.92809891012681	0.63231033167869199	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	31.788136884704599	36.900727877956001	16.359370594632399	22.800968587359499	21.683223464986401	25.870173205777501	30.402147864701998	25℃	0.72534197798657596	0.330019452224868	0.41704412935426199	0.57055170366402896	0.39331171144740301	0.52455304404216996	0.58948245310079395	0.72534197798657596	0.330019452224868	0.41704412935426199	0.57055170366402896	0.39331171144740301	0.52455304404216996	0.58948245310079395	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	35.7198638603383	37.527132436972401	30.589228414537601	35.2879671196252	43.837118628498999	45.0662365233255	46.720258880491599	35℃	0.96367283795345304	2.5512470768190399E-2	0.82943257266752202	3.4353567235268397E-2	3.2530558111795997E-2	0.86007897349737295	0.122421352805512	0.96367283795345304	2.5512470768190399E-2	0.82943257266752202	3.4353567235268397E-2	3.2530558111795997E-2	0.86007897349737295	0.122421352805512	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	30.670437035406401	37.3698525069223	12.702630130365399	21.294967684439101	23.701289690876798	30.824257212069199	32.586795780969197	Days


I%/ml







10℃	0.31862437938649502	0.58119966483746099	0.59193026407605998	0.51087348892365803	0.58377609787254403	0.93804768510045	0.29547722212324201	0.31862437938649502	0.58119966483746099	0.59193026407605998	0.51087348892365803	0.58377609787254403	0.93804768510045	0.29547722212324201	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	34.033425334846001	25.951111758795701	22.9093988089734	45.755906744363401	38.8214941058962	36.628328173480703	36.280012419286699	25℃	0.43183223141446597	0.202725096246335	0.65197857223288203	0.52487748536161705	0.360454463612015	0.625216606815168	0.39703636382986401	0.43183223141446597	0.202725096246335	0.65197857223288203	0.52487748536161705	0.360454463612015	0.625216606815168	0.39703636382986401	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	34.403135953400898	57.621672201811798	52.757252452695496	66.821501017472002	67.526523029773998	71.8141822496044	76.750643068194407	35℃	5.99766988075651E-2	0.58136668820001103	0.71782598181041102	0.78143932348011402	0.32201289304459602	0.57826393935741605	0.60931224639545101	5.99766988075651E-2	0.58136668820001103	0.71782598181041102	0.78143932348011402	0.32201289304459602	0.57826393935741605	0.60931224639545101	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	31.873935350593499	28.195353546200099	18.363263042530701	46.301581640639299	41.093177393369999	44.910114384919801	48.933017413731598	Days


I%/ml







10℃	2.70424339127109E-5	8.2519754547685994E-6	1.3372344588249401E-5	2.3372494248417199E-6	7.8390471981931592E-6	3.0550863012572603E-5	1.64950521307485E-5	2.70424339127109E-5	8.2519754547685994E-6	1.3372344588249401E-5	2.3372494248417199E-6	7.8390471981931592E-6	3.0550863012572603E-5	1.64950521307485E-5	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	8.1975138098091995E-4	4.2907823113902302E-4	2.5341537926280801E-4	8.8834942548153702E-4	5.8253436174590396E-4	4.0991471628872798E-4	7.93099509513965E-4	25℃	6.2053971500752597E-6	2.5495064978745298E-6	4.7753144582549099E-6	4.6894660575125504E-6	1.8152848220649399E-6	2.72259365419811E-6	2.8646555496258899E-6	6.2053971500752597E-6	2.5495064978745298E-6	4.7753144582549099E-6	4.6894660575125504E-6	1.8152848220649399E-6	2.72259365419811E-6	2.8646555496258899E-6	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	3.0558818891924399E-4	2.8990917762468003E-4	3.5025834062447599E-4	2.90038085914727E-4	2.02325162900764E-4	2.3390780202418E-4	2.27042294775607E-4	35℃	3.3616494347213397E-5	9.0755824867082495E-7	3.3625644837872502E-5	1.3864668390915499E-6	1.4493813020107399E-6	6.2425086786099601E-5	1.28115369215071E-5	3.3616494347213397E-5	9.0755824867082495E-7	3.3625644837872502E-5	1.3864668390915499E-6	1.4493813020107399E-6	6.2425086786099601E-5	1.28115369215071E-5	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	1.0698989663513901E-3	1.3293623421434799E-3	5.1497149177156805E-4	8.5943815766794296E-4	1.0559980555341201E-3	2.2372444750695299E-3	3.4102460701014199E-3	Days


I%/cell







10℃	6.8439604164163696E-6	1.21364199153994E-5	1.2534993827493E-5	1.1973597396648201E-5	1.7690184784016601E-5	2.6801362431441399E-5	7.8214558797328793E-6	6.8439604164163696E-6	1.21364199153994E-5	1.2534993827493E-5	1.1973597396648201E-5	1.7690184784016601E-5	2.6801362431441399E-5	7.8214558797328793E-6	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	7.3102822914943499E-4	5.4190256572891296E-4	4.8514021007237801E-4	1.07240406432102E-3	1.1764089122998801E-3	1.0465236620994501E-3	9.6035326992229301E-4	25℃	4.3619417314592701E-6	7.4047315999067003E-7	1.50649734277174E-6	1.1504864511092401E-6	7.8950843818645295E-7	1.59901945477025E-6	1.0482039526162401E-6	4.3619417314592701E-6	7.4047315999067003E-7	1.50649734277174E-6	1.1504864511092401E-6	7.8950843818645295E-7	1.59901945477025E-6	1.0482039526162401E-6	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	3.47506423771727E-4	2.1046877021765599E-4	1.21903792573622E-4	1.46467001743119E-4	1.47904285049395E-4	1.8366798529310599E-4	2.02627101089395E-4	35℃	2.5951456214812199E-6	3.2701876211250499E-5	3.8227419149666803E-5	4.2883865312933099E-5	2.35619190032631E-5	3.8550929290494398E-5	6.0931224639545101E-5	2.5951456214812199E-6	3.2701876211250499E-5	3.8227419149666803E-5	4.2883865312933099E-5	2.35619190032631E-5	3.8550929290494398E-5	6.0931224639545101E-5	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	1.3791606642083701E-3	1.58598863697376E-3	9.779252507856591E-4	2.5409404558887501E-3	3.0068178580514499E-3	2.99400762566132E-3	4.89330174137316E-3	Days


I%/cell







10℃	7.7355914973453704E-2	2.61611840726549E-2	0.12650696998529801	8.9158291565401296E-2	0.20897711494398699	6.4954697587744095E-2	8.36977468365835E-2	7.7355914973453704E-2	2.61611840726549E-2	0.12650696998529801	8.9158291565401296E-2	0.20897711494398699	6.4954697587744095E-2	8.36977468365835E-2	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	1.2857343750000001	1.3329895833333301	1.7093229166666699	0.98960416666666695	1.5171458333333301	0.98557291666666602	1.1091458333333299	25℃	5.6526199792846801E-2	0.109804804321502	0.14120572837422199	2.63416060317768E-2	0.13135359007274999	0.16523717302923799	0.138618191193247	5.6526199792846801E-2	0.109804804321502	0.14120572837422199	2.63416060317768E-2	0.13135359007274999	0.16523717302923799	0.138618191193247	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	2.1709375	1.95508333333333	2.0284062500000002	2.59320833333333	2.96736458333333	3.2607916666666701	4.0028333333333297	35℃	0.10166777396511099	7.0766002916531595E-2	0.106780514296883	0.173710262242429	4.8573131120407301E-2	4.3914704850235901E-2	9.4198304857469994E-2	0.10166777396511099	7.0766002916531595E-2	0.106780514296883	0.173710262242429	4.8573131120407301E-2	4.3914704850235901E-2	9.4198304857469994E-2	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	1.4637500000000001	1.2219973958333299	1.36257291666667	1.5570520833333299	0.61672916666666699	0.49855208333333301	1.68430208333333	Days


Phenolic content (µgGAE/mL)







10℃	0.11425949645601401	4.9553909555724703E-2	2.13348966661479E-2	0.12572788205295099	0.127044122515586	9.5328309822664103E-2	0.138792917536643	0.11425949645601401	4.9553909555724703E-2	2.13348966661479E-2	0.12572788205295099	0.127044122515586	9.5328309822664103E-2	0.138792917536643	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	0.27673958333333298	0.18076041666666701	0.37884895833333299	0.914333333333333	1.5347239583333301	1.32167708333333	1.34027083333333	25℃	0.14952600057545301	0.124488145160856	0.15326764508090401	0.14501866947578801	0.111246389708117	6.7309146981380699E-2	4.4281828291526999E-2	0.14952600057545301	0.124488145160856	0.15326764508090401	0.14501866947578801	0.111246389708117	6.7309146981380699E-2	4.4281828291526999E-2	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	1.42992708333333	1.72366666666667	3.1895833333333301	3.9138854166666701	3.8390416666666698	3.4814166666666702	4.7636250000000002	35℃	7.8645931981174297E-2	2.2534702694307601E-2	0.16877806479590299	0.123435683333151	5.4719874345958597E-2	0.19744657631656201	9.30788901739108E-2	7.8645931981174297E-2	2.2534702694307601E-2	0.16877806479590299	0.123435683333151	5.4719874345958597E-2	0.19744657631656201	9.30788901739108E-2	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	Day 21	0.24028125	0.400114583333333	0.92492708333333296	0.87056770833333297	0.473520833333333	0.95840625000000002	1.0435416666666699	Days


Phenolic content (µgGAE/mL)










