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ARTICLE INFO ABSTRACT

Keywords: Fermented rose petals are a traditional delicacy of the Dali Bai community in Yunnan, China.
Rosa rugosa ‘Mohong’ Fermentation enhances the quality and nutritional value of roses, as well as their efficacy, by
Fermentation

increasing the levels of phenolic compounds. This study aimed to investigate the significant
variations in four active compounds throughout the traditional fermentation process. Four
compounds in Rosa rugosa ‘Mohong’ were examined, and significant variations among poly-
phenols and antioxidant and anti-inflammatory activities were observed. These variations were
studied during fermentation by Saccharomyces rouxii at varying temperatures and durations.
Moreover, the results showed that gallic acid and syringic acid content significantly increased (P
< 0.05) with a rise in temperature from 20°C-35 °C during fermentation. Simultaneously, rutin
and quercetin levels significantly decreased (P < 0.05) at all four temperatures throughout the
five periods. The antioxidant and anti-inflammatory activities of fermented R. rugosa ‘Mohong’
methanol extracts were dose-dependent. Our results provide valuable insights into optimizing the
processing scale and quality control of fermented rose products.
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1. Introduction

The genus Rosa, encompassing over 100 wild species, is widely distributed in the temperate and subtropical regions of the northern
hemisphere [1]. Among these, the beach rose (Rosa rugosa) stands out as an important species within the genus, utilized for horti-
cultural and edible purposes and pharmaceutical applications, owing to its abundant bioactive ingredients. The wild R. rugosa grows in
small, scattered populations in Northeastern China, and its genetic biodiversity is lower than that of cultivated individuals, attributable
to long-term asexual reproduction [2]. The cultivation and breeding of R. rugosa, primarily driven by its ornamental and medicinal
value, began in China. It was introduced to Europe in the 18th century from the Far East and subsequently to America in 1845 [3,4].
R. rugosa is cultivated extensively in China, where its blossoms are used for extracting essential oils, curing chronic diseases, making
tea, and other healthcare foods. The extracts from R. rugosa hips have great potential in the cosmetics and pharmaceutical industries
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due to their high content of bioactive compounds, such as phenols and flavonoids [5,6]. For over 500 years, R. rugosa has been used in
the production of distinctive fermented foods in China’s Yunnan Province. The traditionally fermented ‘Mohong’ petals of R. rugosa,
produced in Dali Prefecture, have not only become a cultural symbol in Yunnan province but also a popular source for native food
products. These include rose (flower) cakes, native rose juices, traditional snacks such as rose-flavored glutinous rice wine, and
preserved fruits with rose additives, among others. As mentioned by Lang et al. [7], R. rugosa ‘Mohong’ (RM) and its derived products
possess significant cultural value.

Natural antioxidants, such as phenolic acids, flavonoids, and ascorbic acid, protect human cells and organs from the harmful effects
of oxidative stress and are used to preserve food [8]. Andrzej Cendrowski evaluated the effect of different harvest seasons on the total
phenolic content and antioxidant activity in R. rugosa petals. His findings revealed a strong correlation between antioxidant properties
and total phenolic content [9]. The DPPH (2,2-diphenyl-1-picrylhydrazyl) free-radical-generating assay and the ABTS (2,2-azino-bis
[3-ethylbenzothiazoline-6-sulfonic acid]) decolorization assay have been used to evaluate the overall antioxidant capacities of many
plant materials [10-12], including rose plants and extracts. These rose derivatives are known to contain high levels of potent anti-
oxidant polyphenols [13].

Various phytochemicals contribute to the anti-inflammatory effects of R. rugosa [14], with phenolic compounds playing a
particularly significant role [15]. Traditional fermentation techniques not only preserve the nutritional value of rose but also modify its
chemical composition, thus altering its biological activity. This modification is evident through the examination of different param-
eters [16].

R. rugosa petals possess many important physiological activities, attributable to their rich composition of flavonoids [17], phenols
[18], anthocyanins [19], polysaccharides [20], and tannins. The major active phenols identified in R. rugosa flowers are gallic acid,
ferulic acid, syringic acid, 4-caffeic acid, vanillic acid, catechin, and p-coumaric acid. The principal bioactive flavonoids are rutin,
quercitrin, isoquercitrin, naringenin, hesperidin, quercetin, luteolin, apigenin, and kaempferol [10,21]. The main polyphenol fraction
in R. rugosa petals is ellagitannins, which, according to Andrzej Cendrowski, constitute approximately 69-74% of the total poly-
phenolic content of the petals [22]. Various phenolic acids and flavonoids are present in R. rugosa petals, including gallic acid, syringic
acid, rutin, and quercetin, among which gallic acid and quercetin are notable for their strong antioxidant activity [17,23,24]. Gallic
acid, syringic acid, rutin, and quercetin are widely used in the healthcare industry due to their antioxidant, anti-inflammatory,
anti-allergic, anti-microbial, and whitening properties [25-33]. As R. rugosa contains the aforementioned phenolic compounds and
its fermented products play a role in the treatment of stomach disorders and chronic inflammation in traditional medicine, the fer-
mented petals are rich in biologically active ingredients with substantial commercial applications. These applications also span the
pharmacological, food, and cosmetics industries, underscoring their industrial relevance and value. Consequently, optimizing the
fermentation temperature and duration is crucial to maximizing the production of the major bioactive compounds in fermented
R. rugosa ‘Mohong’ methanol extract (FRME).

Rose fruits exhibit diversity not only in botanical and species characteristics but also in terms of physical properties and chemical
composition. The antioxidant content in rose fruits, as well as associated activities, can influenced by morphological and genetic
diversity, stage of maturity, processing (under different conditions), and storage conditions [33,34]. For instance, Andrzej Cen-
drowski’s study on L-ascorbic acid in wines made from rose fruits (Rosa rugosa) found that the mixing process, which introduces
additional oxygen, leads to further degradation of the vitamin. His findings show that the vitamin C content in wines before
fermentation (509-1009 mg GAE/100 mL) lost approximately 30-40% after aging for one month [35,36]. The optimum fermentation
temperatures for achieving maximum production of gallic acid in various plants, using different microbial strains, were identified as
30 °C [35,37] and 32 °C, according to Yao et al. [38]. Similar results were obtained for syringic acid content; both compounds
exhibited stronger antioxidant properties following microbiological fermentation [38,39].

During fermentation, the nutritional and sensory qualities, and functional properties of food, are enhanced due to changes in the
composition and quantity of flavor compounds comprising polyphenolic acids [40-42]. Most previous studies on rose petals have
focused on exploring their chemical composition, total flavonoids, total polyphenols, and corresponding biological activities. These
studies have varied in their approach, encompassing different rose varieties, processing techniques, and fermentation methods
[43-45]. Rose jams fermented with Pediococcus pentosaceus MP13 showed higher total phenol, anthocyanin, and antioxidant activity
compared to spontaneously fermented rose jam [43]. Lang et al. [7] previously isolated the yeast strain TFR-1 (Saccharomyces rouxii)
from naturally fermented rose petals. They found that fermenting the petals of R. rugosa ‘Dianhong’ with TFR-1 increased total
phenolic and total flavonoid contents after 30 days at 28 °C. However, further in-depth research is needed to evaluate the
anti-inflammatory and antioxidant effects, as well as to identify and quantify phenols and flavonoids in FRME during fermentation at
different temperatures.

Moreover, few studies have focused on changes in bioactive components during traditional fermentation or how to improve
industrial-scale production and quality standardization. The local population produces fermented rose through spontaneous
fermentation, relying on personal knowledge and experience. As a result, this craft fermentation process is time-consuming
(approximately half a year), and the quality characteristics of the final products vary due to factors such as the microbiological
composition, temperature, and fermentation period.

R. rugosa petals, recognized for their high polyphenol content, are a valuable raw material for human dietary supplements [46].
Thus, different experimental designs have been used to find the optimal fermentation conditions to produce fermented R. rugosa
‘Mohong’(FRM), aiming to generate a high polyphenol content and enhance its various biological effects. The HPLC-DAD method has
been used to identify and quantify phenols and flavonoids over the past decades [47-49]. Therefore, in this study, in order to identify
and evaluate FRM, a rapid HPLC method was developed to compare the changes in the polyphenol content of methanol extracts from
FRM under various fermentation parameters. Finally, the antioxidant and anti-inflammatory activities of FRME were examined. Our
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study aimed to determine the changes in polyphenol content, and antioxidant and anti-inflammatory activities of FRM during
fermentation. Additionally, we sought to identify the optimum fermentation conditions for FRMP that would yield not only high
polyphenol content but also various biological effects. Hence, the findings of this study can be instrumental in the certification and
quality control of traditionally fermented roses in the food, pharmaceutical, and cosmetics sectors.

2. Materials and methods
2.1. Samples

R. rugosa ‘Mohong’ flowers were collected from Heqing County, Dali Prefecture, Yunnan, China, in May 2021. Fresh petals were
handpicked and preserved at —20 °C for further study. All voucher specimens were identified by a taxonomist at Kunming Institute of
Botany, Chinese Academy of Sciences.

2.2. Strains, cells, and chemicals

Yeast strain TFR-1 (Saccharomyces rouxii) was purchased from the China General Microbial Culture Collection Center (CGMCC)
(Sr1, Beijing, China) under sample No. CGMCC19335. Agar powder was acquired from the BioFroxx company (Einhausen, Germany),
sucrose from Lanjike Technology Co., Ltd. (Beijing, China), yeast extract was provided by BBI Co., Ltd. (Shanghai, China), and finally
peptone sourced at Beijing Aoboxing Biotechnology Co., Ltd. (Beijing, China). Phenolic and flavonoid standards such as gallic acid
(Cat. No. H20003, >99%), rutin (Cat. No. H355003, >97%), and quercetin (Cat. No. K913157, >98%) were obtained from D&B
(Shanghai, China), and syringic acid (Cat. No. M026278, >98%) were purchased from MREDA (Beijing, China). The gallic acid
(>99.0%) standard was provided by Tianjin Zhiyuan Chemical Reagent Company (Tianjin, China). Methanol (HPLC grade), formic
acid (HPLC grade), and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were from MREDA (Beijing, China). 95% (v/v) methanol solution was
purchased from Kunming Renke Trading Co., Ltd. (Kunming, China). Methanol (analytical grade) was from Shanghai Titan Scientific
Co., Ltd. (Shanghai, China).

The mouse monocyte macrophage line RAW264.7 used for the anti-inflammatory assay was from the National Collection of
Authenticated Cell Cultures (Shanghai, China). Griess Reagent, LPS, and the control drug L-NMMA were from the Sigma-Aldrich
Company (St. Louis, MO, USA). Dulbecco’s Modified Eagle’s Medium (DMEM) and fetal bovine serum were purchased from the
Biological Industries Company (Biological Industries, Beit Haemek, Israel).

2.3. Preparation of rose tissue: fermentation and sampling

Yeast strain TFR-1 (S. rouxii) isolated from traditional fermented R. rugosa ‘Dianhong’ [7] was used to ferment R. rugosa ‘Mohong’
petals (RMP). Active dried TFR-1 was rehydrated and reactivated with sterile water. The diluent was inoculated into the YPD medium
(1%, w/v, yeast extract; 0.4%, w/v, peptone; 1.2%, w/v, agar; 0.4%, w/v, sucrose) for culture at 28 °C for 36 h using the coating
method. Prior to inoculation, the YPD medium was autoclaved at 120 °C for 45 min to kill all existing bacteria or fungi. A single colony
of S. rouxii was transferred to 600 mL of YPD liquid culture medium above (without agar) at 28 °C for about 36h, shaking until used for
rose fermentation. The populations of yeast cells were counted after coating the YPD medium with yeast cells. All fermentations were
done in triplicate.

Fermented R. rugosa ‘Mohong’ (FRM) was prepared using the traditional method of fully kneading a 1:1 ratio blend of fresh
R. rugosa ‘Mohong’ petals and brown sugar for approximately 1 h. The mixtures were placed on a laminar flow hood for sterilization by
ultraviolet light for 2 h and transferred to 1 L fermentation bottles. The FRM was prepared by combining 1.0 kg of a mixture of petals
and brown sugar and 20 mL of TFR-1 (5.0 x 10° CFU/mL) and fermenting the mixtures at 20, 25, 30, and 35 °C for 35 d. Samples were
taken weekly during the fermentation process, i.e., 7, 14, 21, 28, and 35 d.

2.4. HPLC analysis of free phenolic acids and flavonoids

FRM was extracted for HPLC analysis as follows: 0.4 L of 95% (v/v) aqueous methanol was added into 100 g of FRM and extracted
twice. The FRM was completely ground in methanol, and the solutions were pooled together and evaporated under reduced pressure to
dryness at 55 °C to obtain the total extract (FRME). A 0.2 g sample of FRME was dissolved in 1 mL methanol (HPLC grade), and the
solution was filtered the solution through a 0.22 pm filter into vials before HPLC analysis.

The peak area of the polyphenols was integrated from the HPLC chromatogram at 280 nm, using Agilent Open Lab data analysis
(version 2.205.0.1344) and plotted against content. The stock solutions were prepared by dissolving 0.2 mg of each standard in 1 mL of
methanol (HPLC grade). Calibration curves were prepared at five different concentrations (0.2 pg, 0.6 pg, 0.1 pg, 0.14 pg, 0.18 pg, and
2.0 pg). Calibration curves for solutions of the four standard compounds were established by plotting versus peak areas against the
content solution (pg) and calculated as linear relationship: y = ax + b, x stands for peak area. The results showed high linearity (r> = 1)
for each curve.

A new HPLC-DAD method was developed using an Agilent 1260 Infinity II HPLC connected to a diode array detector (Agilent,
Munich, Germany). A ZORBAX SB-C18 reverse phase column (500 mm x 4.6 mm, 5 pm particle size) was applied at 30 °C with mobile
phases consisting of 0.3% (v/v) aqueous formic acid and methanol (solvent A and B, respectively), and the flow rate set to 1 mL/min.
Gradient programming applied (in v/v) time (min)/percentage solvent B: 0/10, 10/20, 25/25, 30/25, 35/50, 45/80, 48/0.
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2.5. DPPH radical-scavenging assay

On the basis of the solution’s discoloration, the antioxidant activity was measured by the 2, 2-diphenyl-1-picrylhydrazyl (DPPH)
free-radical method with minor modifications [23]. Briefly, a 100-uM solution of DPPH in methanol was prepared, and 20 pL of this
solution was added to 180 pL of different dilutions of samples (0.375, 0.25, 0.125, 0.0625 mg/mL), and total volume was 200 pL.
Sample reaction time was 30 min at room temperature, not exposed to light. Then, the absorbance values of the FRME and gallic acid
solutions were measured at 517 nm using an Infinite M200 microplate reader (Tecan, Austria) against a blank (without extract). 20 pL
of gallic acid at a concentration of 25 pg/mL was added to 20 pL of DPPH solution and 160 pL of methanol for positive control. All rose
samples were examined at least in triplicate, and all stock solutions were prepared daily. The antioxidant capacity was calculated as
follows: Percentage inhibition (%) = (Acontrol — A FRME/Acontrol) X 100, where Acontrol and Appyme are the respective absorbance of
samples with and without FRME.

2.6. ABTS free radical scavenging rate test

ABTS free radical scavenging ability was assessed using a method adapted from the literature with slight modifications [12]. The
FRME was prepared with methanol to 0.2 mg/mL FRME sample solution to be tested, 7 mmoL/L ABTS stock solution and 1.4 mmoL/L
potassium persulfate solution were mixed evenly in equal volumes and protected from light for 12-16 h. Methanol was used to adjust
the absorbance value of the ABTS working solution to 0.7 + 0.02. In brief, 160 pL of this working solution was added to 40 pL. FRME
sample solution to be tested in the 96-well plate. The mixture was allowed to react in the dark for 10 min. The absorbance value was
then measured at a wavelength of 734 nm. Vitamin C was used as a positive control. The absorbance value obtained was used to
calculate the clearance rate of antioxidant activity:

Percentage inhibition (%) = [1 - (A1 - A2)1/Ag) x 100%

In the formula: Ag is the absorbance of methanol 4+ ABTS solution; A; is the absorbance of FRME sample + ABTS T solution; A, is the
absorbance of FRME sample + methanol.

2.7. Assay for the inhibition of NO production by RAW264.7 cells

RAW 264.7 cells were seeded in 96-well plates and stimulated with 1 pg/mL of LPS while being treated with samples at a final
concentration of 200 pg/mL, 400 pg/mL, or 600 pg/mL. The cells were incubated for 18 h, and the culture medium was collected to
detect NO production. The absorbance was measured at 570 nm. The cell viability of the residual medium was tested by adding MTS,

which confirmed that the compounds had no toxic effects on the cells.
Rate of inhibition of NO production (%) = (OD control — OD FRME sample)/OD control X 100%.

2.8. Statistical analysis

All average values were calculated as means + standard deviation of three replicates, and differences between groups were
considered significant at p < 0.05. SPSS software (IBM SPSS Statistics 28.0) was used to perform two-way variance analysis (ANOVA)
with Duncan’s multiple range test.
3. Results

3.1. Optimization of HPLC chromatographic conditions

The methanol extraction method described above was used to quantify the four standard compounds in FRME (HPLC
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Fig. 1. Information on the four phytochemical standards: (A) HPLC chromatograms of 2 mg/mL mixed standards recorded at 280 nm; (B) Chemical
structures of gallic acid (1), syringic acid (2), rutin (3), quercetin (4).
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chromatographic peaks shown in Fig. 1A and structures shown in Fig. 1B). To get the best fingerprint chromatograms of FRME, the
conditions for the gradient elution procedure, detection wavelength, and mobile phase composition were optimized. Two types of
mobile phase were acetonitrile and methanol. To obtain good separation and shapes, formic acid (0.1%, 0.2%, or 0.3%, all v/v) was
used in the water phase. 0.3% (v/v) aqueous formic acid was chosen as an optimized mobile phase to analyze FRME, as many peaks
were collected in the chromatogram within 53 min. More detectable peaks were obtained, and an improved baseline at around 280 nm
was noticed, resulting in better chromatographic separations for analysis. Therefore, chromatographic were collected patterns using
280 nm as the detection wavelength, yielding improved results for all target compounds in FRME, in comparison to the reference.

3.2. Quantitative determination of four components in FRME

Regression analysis was performed to determine the relationship between peak area and content in the standardized solutions for
the four compounds. For each compound, the peak area (y) was plotted against the content in the solution (x, mg), resulting in the
following: y = 275.23x + 14.101, R% = 1(for gallic acid, the linear range was 0.2-2.0 pg); y = 259.23x + 3.106, R? = 1 (for syringic
acid, the linear range was 0.2-2.0 pg); y = 59.672x + 4.4568, R% = 1 (for rutin, the linear range was 0.2-2.0 pg); y = 129.64x —6. 2028,
R? = 1 (for quercetin, the linear range was 0.2-2.0 pg). The precision of HPLC was evaluated by calculating the relative standard
deviation ( RSD, % ) of the peak areas. The RSD values obtained were less than 2%. The HPLC method was optimized successfully,
allowing for the simultaneous determination of the content of four polyphenols in FRME. For this analysis, the external standard
method was applied.

3.3. Changes in contents of the four compounds during RMP fermentation

By employing HPLC-DAD, the contents of main individual phenols and flavonoids in FRME samples following fermentation at
different temperatures for different periods of time were quantified (Fig. 2). Gallic acid, syringic acid, rutin, and quercetin were
detected in rose petal samples that had undergone 7, 14, 21, 28, and 35 d of anaerobic fermentation. The composition of FRME was
significantly affected by fermentation temperature (P < 0.05), with the amounts of phenolic acids and flavonoids in FRME as follows:
gallic acid ranging from 112.61 to 419.58 pug/g, syringic acid from 31.86 to 62.58 pg/g, rutin from 299.40 to 705.06 pg/g, and
quercetin from 80.90 to 148.29 pg/g. Throughout the entire fermentation period, the gallic acid and syringic acid contents tended to
increase slowly (Fig. 2 A and B), whereas the rutin and quercetin contents tended to decline slowly (Fig. 2C and D).

Specifically, the gallic acid content in FRME significantly increased as the fermentation period increased from 7 d to 35 d (P < 0.05)
at the temperatures of 20 °C, 30 °C, and 35 °C and reached peak levels of 148.33, 272.83 and 419.58 pg/g at 35 d of fermentation,
respectively. The levels of gallic acid significantly increased (P < 0.05) from 7 to 28 d at 25 °C and reached their peak level (185.32 pg/
g) at 21 d of fermentation. Syringic acid content (50.32-62.58 pg/g) in FRME was the highest following fermentation at 35 °C,
compared to the other three temperatures. The mean levels of syringic acid significantly increased (P < 0.05) with a temperature
increase (from 20 °C to 35 °C). However, the contents of syringic acid in FRME fermented at 20 °C or 25 °C did not exhibit a significant
difference (P > 0.05) across the different time points (Fig. 2B).

These findings show gallic acid and syringic acid contents increased with rising temperatures, from 20 °C to 35 °C, indicating that
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Fig. 2. Changes in gallic acid (A), syringic acid (B), rutin (C), and quercetin (D) contents of fermented R. rugosa ‘Mohong’ extracts (FRME) during
the fermentation at different temperatures. Values are presented in mean =+ standard deviation(n = 3) and evaluated using a two-way ANOVA test
(post test: Duncan test). The different letters(a-1) in the same compounds denote significant differences at p < 0.05.
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higher temperatures promote the accumulation of these acids. Previous studies have revealed an increase in total phenol and total
flavonoid levels in fermented roses [50], leading to an increase in antioxidant activity [41]. This is confirmed by our findings, where
higher levels of gallic and syringic acid contents were observed with a temperature increases from 20 °C to 35 °C (Fig. 2A and B).
Therefore, we recommend that the optimum fermentation temperature to obtain high levels of these two phenolic acids is 35 °C with a
fermentation period of 35 d.

Rutin and quercetin levels in FRME decreased gradually throughout the entire fermentation period at all four temperatures
(Fig. 2C). After 35 d of fermentation, the rutin contents in FRME (from 20 to 35 °C) were 54.06, 65.43, 44.40, and 56.31% of their 7-
d values, respectively. The rutin contents (at 7 d) were 705.06, 656.24, 701.74 and 526.63 pg/g at 20 °C, 25 °C, 30 °C and 35 °C,
respectively. They significantly decreased (P < 0.05) by 45.94, 34.57, 55.60, and 43.69% of their 7-d values after 35 d of fermentation.
The largest decline in rutin contents (55.60%) was detected in FRME fermented at 30 °C, whereas the smallest decline (34.7%) was
observed in FRME fermented at 25 °C. Notably, the rutin content decreased with increasing temperature (25 °C to 35 °C) at 14, 21, 28,
and 35 d of fermentation.

The quercetin content reached its highest level at 7 d of fermentation at 30 °C (148.29 pg/g). From 7d to 35d of fermentation, the
quercetin content significantly decreased (P < 0.05), with a decrease of 34.57, 21.11, 44.62 and 29.58% at 20, 25, 30, and 35 °C,
respectively, indicating that the fastest decline occurred at 30 °C and the slowest at 25 °C. In summary, the highest levels of rutin and
quercetin in FRME fermented at 20 °C for 7 d, and 25 °C was the most favorable temperature for maintaining rutin and quercetin
contents in FRME. We hypothesize that the significant and continuous decrease in rutin and quercetin levels (P < 0.05) at all four
temperatures during fermentation (Fig. 3C and D) is due to degradation and structural changes [51]. Therefore, both fermentation
temperature and duration have clear effects on the contents of these four phenolics and flavonoids in FRME.

3.4. Changes in the DPPH radical-scavenging activity during fermentation

The DPPH radical-scavenging activity of FRME is shown in Fig. 3. Overall, FRME exhibited notable DPPH radical-scavenging
activity (16.68-86.67%). When the concentration of FRME increased from 0.0625 to 0.375 mg/mL (Fig. 3), antioxidant capacity
significantly increased (P < 0.05). The radical-scavenging activity of FRME fermented at 20 °C showed irregular fluctuations during
fermentation (Fig. 3A), whereas we noticed relatively little change in this activity in FRME during fermentation at 25 °C, 30 °C, and
35 °C (Fig. 3B-D). FRME fermented at 30 °C for 14 days exhibited the greatest radical-scavenging activity (86.67 + 0.19%), followed
by 35 °Cfor 14 d (86.37 + 0.62%), 25 °C for 14 d (86.42 + 1.33%), and 20 °C for 21 d (82.79 + 2.70%). In addition, the DPPH radical-
scavenging activity of FRME (25 °C to 35 °C) fermented for 14 d had no significant difference (P > 0.05) with that at 7 d.

These results indicate that both fermentation temperature and time affect the antioxidant activity of FRME. FRME had strong
antioxidant capacity after fermentation at different temperatures and different time points, especially at the highest concentration
(0.375 mg/mL), where the free-radical scavenging capacity ranged from 78.33% to 86.67%; even the lowest concentration (0.0625
mg/mL) of FRME had an antioxidant effect (16.68%-32.59%) (Fig. 3). The highest DPPH radical-scavenging activity (86.67%) is
similar to the previously determined antioxidant activity of R. rugosa ‘Dianhong’ petals (0.625 mg/mL) fermented at 28 °C for 30
d (>85%) [7]. Therefore, the free-radical scavenging activity of FRME appears to be dose-dependent. The scavenging activity of FRME
was significantly higher (P < 0.05) at elevated temperatures (from 25 °C to 35 °C) compared to lower temperatures (20 °C), partic-
ularly with shorter fermentation times (7-14d).

A B m0.0625 mg/ml ©0.125 mg/ml  ©0.25 mg/ml
00375 mg/ml MGA(0.25mg/ml)

DPPH scavenging activity(%)
DPPH scavenging activity(%)

DPPH scavenging activity(%)
DPPH scavenging activity(%)

Con 7 14 21 28 35 Con 7 14 21 28 35

Fermentation period (d) Fermentation period (d)

Fig. 3. Effects of different concentrations of fermented R. rugosa ‘Mohong’ extracts (FRME) on DPPH scavenging activity during fermentation (A:
20°C, B: 25 °C, C: 30 °C, D:35 °C). Values are presented in mean =+ standard deviation(n = 3) and evaluated using a two-way ANOVA test (post test:
Duncan test). Different letters at the same temperature indicate that FRME is significantly different (p < 0.05).
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3.5. Changes in the ABTS scavenging activity of FRME during fermentation

The ABTS radical-scavenging activity of FRME is shown in Fig. 4. Overall, FRME exhibited strong ABTS radical-scavenging activity
(12.89-92.26%). The scavenging ability of FRME against ABTS radicals was concentration dependent. At the highest concentration
(0.375 mg/mL), the free-radical scavenging capacity ranged from 89.03% to 91.52% (Fig. 4), and there was no significant difference
(P > 0.05) in this capacity across different temperatures and fermentation periods. At the concentration of 0.25 mg/ml, FRME at 30 °C
and 14 d of fermentation showed the highest ability (92.27%) to scavenge ABTS radicals (Fig. 4C), followed by 91.64% at 35 °C and 7
d of fermentation. At the concentration of 0.125 mg/ml, except at 35 °C, the ABTS radical-scavenging activity showed a decreasing
trend as fermentation time increased, and the highest value (54.71%) occurred in FRME at 30 °C and 7 d of fermentation (Fig. 4C). At
the lowest tested concentration (0.0625 mg/mL), the ABTS radical-scavenging activity was highest at 7d of fermentation and showed a
decreasing trend thereafter. The highest value was also at 7 d of fermentation at 30 °C (Fig. 4). Therefore, as the concentration of FRME
increased from 0.0625 to 0.375 mg/mL (Fig. 4), antioxidant capacity significantly increased (P < 0.05). In addition, the ABTS radical-
scavenging activity was higher at elevated temperatures (from 30 °C to 35 °C) compared to lower temperatures (from 20 °C to 25 °C),
and the highest values occurred at 7-14d of fermentation at 30 °C, across all concentrations.

3.6. Effect of FRME on RAW 264.7 cell viability

The cytotoxicity of FRME was examined using MTS assays. RAW 264.7 cells were treated with FRME (200 pg/mL, 400 pg/mL and
600 pg/mL). FRME did not affect the viability of the RAW 264.7 cells.

3.7. Effect of FRME on NO production

The ability of FRME to decrease NO accumulation in LPS-stimulated RAW264.7 cells to measure anti-inflammatory activity was
evaluated (Fig. 5A-D). FRME fermented at all four temperatures tested significantly inhibited NO production at a concentration of
200-600 pg/mL and showed a concentration-dependent manner. During fermentation, the inhibitory effect on LPS-stimulated NO
generation displayed erratic variations (Fig. 5). At 20 °C, the inhibition rates of NO production showed a fluctuating decreasing trend
from 7 to 35 d of fermentation, and the highest value was 14.99% at the 7d of fermentation (Fig. 5A). At 25 °C, the highest inhibition
rates of NO production were achieved (21.06%) at 21d of fermentation, with no significant increase (P > 0.05) observed after 21d
(Fig. 5B). At 30 °C, the inhibition rate of NO production of FRME (16.57-17.31%) exhibited no significant changes (P > 0.05) from 7 to
35 d of fermentation at high concentration (600 pg/mL). However, a significant decreasing (P < 0.05) trend was observed during
fermentation at lower concentrations (200 and 400 pg/mL) (Fig. 5C). At 35 °C, the highest inhibition rate (22.50%) occurred at 35 d of
fermentation and had no significant difference with 7 d of fermentation (20.72%) (Fig. 5D). These findings indicated that FRME
fermented at all four temperatures (from 20 °C to 35 °C) had anti-inflammatory activity in a dose-dependent manner. In general, the
results indicated that optimum conditions were a fermentation period of 21 d at 25 °C or a fermentation period of 7 d at 20 °C, 30 °C,
and 35 °C.
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Fig. 4. Effects of different concentrations of fermented R. rugosa ‘Mohong’ extracts (FRME) on ABTS scavenging activity during fermentation at
different temperatures (A: 20 °C, B: 25 °C, C: 30 °C, D: 35 °C). Values are presented in mean =+ standard deviation(n = 3) and evaluated using a two-
way ANOVA test (post test: Duncan test). Different letters(a-k) in the same concentration denote significant differences at p < 0.05.
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Fig. 5. Positive dose-response relationship between the concentration and anti-inflammatory activity of fermented R. rugosa ‘Mohong’ extracts
(FRME) at different temperatures(A: 20 °C, B: 25 °C, C: 30 °C, D:35 °C). Values are presented in mean =+ standard deviation(n = 3) and evaluated
using a two-way ANOVA test (post test: Duncan test). Different letters(a-i) in the same concentration denote significant differences at p < 0.05.

4. Discussion

Fermented products are more nutritious, have a longer shelf life, and are more biochemically active than their unfermented
counterparts [50]. Microorganisms affect the bioactivity and phenolic content of traditional fermented foods during fermentation
under different parameters [52]. FRM is a popular native health food in the Bai community of Dali, Yunnan, and this traditional
fermented product has numerous chemical compounds that are characterized by their strong stability and low toxicity profiles.
Antioxidant and anti-inflammatory components are increasingly recognized for their crucial role in cancer research. The results of this
study indicate that FRME contains high levels of bioactive substances that possess strong antioxidant and anti-inflammatory activities.

Numerous studies have shown that fermentation significantly changes the polyphenol profiles of plant-based foods [53,54].
Traditional naturally fermented rose petals are usually fermented at room temperature (approximately 20-22 °C). However, it takes
more than half a year to complete this procedure. Although it is difficult to clearly determine the optimal fermentation time for
producing FRM due to temperature dependencies, it is possible to ascertain the optimum duration of R. rugosa ‘Mohong’ fermentation
by simultaneously measuring polyphenolic metabolites during fermentation. R. rugosa and fermented R. rugosa exhibit high antiox-
idant activity due to their high contents of biologically active compounds [55]. The results showed the highest levels of both phenolic
acids and antioxidant activity after 35 d of fermentation at a higher temperature (35 °C) in FRME, which supports the results of many
previous studies [56,57]. Avila [58] reported that some strains of Lactobacillus are capable of degrading the glycosides anthocyanins,
subsequently converting them into phenolic acids, such as gallic acid or syringic acid. As reported by De Noronha [59], gallic acid and
some phenolic acids increased during black tea fermentation, whereas some flavonoids decreased. Silva [60] suggested that the
concentrations of phenolic acids in red wine increase post-fermentation, primarily due to the breakdown of plant cell walls by yeast. He
[61] reported that the addition of gallic acid during ensiling increased the preservation of the antioxidant capacity of Drumstick tree
(Moringa oleifera) leaves in silage. Gallic acid level is considered to be a quality index of fermented tea due to its high antioxidant
ability, which is known to increase with higher fermentation temperatures [57]. In this study, gallic acid content increased with time in
FRME, especially at higher temperatures. Ajila [62] suggested that the contents of gallic acid and syringic acid increase with rising
fermentation temperatures, probably because higher temperatures decrease the viscosity of FRM and accelerate the dissolution and
diffusion of these two compounds.

The polyphenols in plant-based foods produced during fermentation exhibit structural changes and degradation during storage,
thereby changing antioxidant activity [8]. For example, Chen et al. [63] fermented strawberry juice with two Lactobacillus species,
detecting a decline in flavonoids such as rutin and (+)-catechin, while noting an increase in many phenolic acids such as gallic acid,
chlorogenic acid and protocatechuic acid. Alvarez-Fernandez [64] reported that the antioxidant activity of a fermented strawberry
(Fragaria x ananassa) beverage reached its peak value after 60 d of storage, following which it began to decrease. The highest rutin and
quercetin contents were detected after 7d of fermentation and they gradually decreased thereafter. The significant differences (P <
0.05) in the antioxidant content and activities of FRME underscore the vital importance of fermentation temperature and duration in
the processing of RMP. Hence, FRME, when fermented under optimal conditions (temperature and time) and exhibiting high anti-
oxidant activity, has potential applications as a preservative and antioxidant used in food and cosmetic products.

FRME was found to inhibit NO accumulation, with higher doses of FRME showing greater anti-inflammatory effects (Fig. 5).
Although the anti-inflammatory activity of FRME fluctuated during fermentation, it peaked at 7d of fermentation (30 °C or 35 °C).
Beyond this point, there was no significant increase in activity (P > 0.05), indicating that higher fermentation temperatures enable
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higher anti-inflammatory activity in a shorter time. NO is important in regulating symptoms of various diseases, such as inflammation,
tumor growth, and diseases of the cardiovascular system. Zhang [57] reported that excessive production of NO can induce
inflammation-related tissue damage. Therefore, in this study, we focused on examining the inhibition of NO production, a direct and
widely used method, to determine the anti-inflammatory activity of FRME. A recent study suggested that the polyphenolic-rich extracts
of R. rugosa flower, stem leaf, and fruit reduce the production of inflammatory molecules (including NO) stimulated by LPS [15]. In
summary, the current findings indicate that FRME reduces the production of NO, confirming the notion that FRME represents a po-
tential anti-inflammatory agent.

The roles of the main individual components in FRME and their contributions to its antioxidant and anti-inflammatory properties
may provide insights into the changes in bioactivities during fermentation. Analysis of S. rouxii strains isolated from chocolate syrup
showed that the optimum sucrose concentration for these cells to grow in PDA medium ranges from 0 to 60%. Notably, the optimum
temperature of S. rouxii strains increases with the sucrose content, from 28 °C to 35 °C. Additionally, it has been reported that the
optimum growth temperature for Saccharomyces species is approximately 28 °C to 35 °C [65]. Therefore, to improve traditional
fermentation processes, we recommend a temperature range of 30 °C to 35 °C for the fermentation of roses, as this range is more
favorable than other temperatures. A fermentation period of 7-21 d results in FRME with a relatively balanced content of active
compounds and high antioxidant and anti-inflammatory activities. This work lays the foundation for applied research on industrial
scaling, quality control, and safety assurance of RMP products.

5. Conclusion

In this study, a fast, reliable HPLC-DAD method was developed for detecting major compounds in FRM. This method not only serves
as a reference to improve the quality of traditional fermented rose products but also has the potential to be applied in the quality
control of other rose-based products in the food and cosmetics industries. The study shows temperature and duration are vital for both
RM fermentation and the quality of FRM. The results indicate that a shorter fermentation period (around 7 d), combined with higher
temperatures, can yield FRM with tangible quality. This approach is more efficient compared to traditional fermentation time
(approximately half a year). Given its edible and medicinal properties, this information is valuable in the development of nutraceutical
products based on FRM.

However, rose fermentation differs depending on the rose variety, sugar ratio, fermentation techniques and storage conditions.
Further studies are needed to shed light on the underlying mechanisms affecting the accumulation of bioactive compounds and other
bioactivities in traditional fermented rose products. Such studies are crucial for enhancing the production of safe, high-quality
traditional fermented rose. Nonetheless, the current results highlight the importance of traditional knowledge and techniques in
rose fermentation. They demonstrate that FRM has strong antioxidant and anti-inflammatory activities, underscoring its considerable
potential for application in food products, healthcare items, and cosmetics.
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