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Abstract

This study aimed to investigate the extraction of total phenolic compounds of sugarcane bagasse using various
solvents. In addition, the Sugarcane Bagasse Water Extract (SBWE) was used in refrigerated fresh meat as natural
preservative. The fresh meat was dipped into water solutions containing various phenolic compounds
concentrations (T1:125, T2:250 and T3:500 ppm). During 10 days of storage at 4 °C for all the treated samples were
compared with untreated one. The results revealed that SBWE showed relevant values of total phenolic compounds
(17.90 mg/g) and total flavonoids content (4.50 mg/g), as well as 45.90% of antioxidant content. On the other hand,
microbiological examination and sensory evaluation have turned out to be the best treatment for T3:500 ppm. The
SBWE showed an antibacterial impact on Staphylococcus sp. and a reduction in the Total Plate Count and in the
group of Psychrotrophs. The shelf-life of refrigerated fresh meat treated with SBWE by dipping it into water solutions
was also extended to more than 10 days.

Keywords: Sugarcane bagasse; Phenolic compounds; Fresh meat; Dipping; Extraction; Pathogenic bacteria.

Resumo

O objetivo deste estudo foi investigar a extragdo de compostos fendlicos totais do bagaco de cana usando vérios
solventes. Além disso, o extrato aquoso de bagaco de cana (EABC) foi utilizado como conservante natural na carne
fresca refrigerada. A carne fresca foi mergulhada em solu¢des aquosas contendo varias concentracdes de
compostos fendlicos (T1: 125, T2: 250 e T3: 500 ppm). Durante 10 dias de armazenamento a 4 °C, todas as amostras
tratadas foram comparadas com a carne sem tratamento. Os resultados revelaram que o EABC apresentou valores
relevantes de compostos fendlicos totais (17,90 mg/g), flavonoides totais (4,50 mg/g) e 45,90% de conteddo
antioxidante. Avaliagdes microbiolégica e sensorial indicaram que os melhores resultados foram obtidos com o
tratamento T3: 500 ppm. O EABC apresentou efeito antibacteriano em Staphylococcus sp. e reducdo na contagem
total e no grupo de psicrotroficos. A vida Gtil da carne fresca refrigerada tratada com EABC por imersdo em solucdo
aquosa foi estendida para mais de 10 dias.

Palavras-chave: Bagaco de cana; Compostos fendlicos; Carne fresca; Mergulho; Extracdo; Bactéria patogénica.
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1 Introduction

Sugarcane is one of the most important crops, and the production of sugarcane generates a huge quantity
of by-products and waste that may constitute a substantial extraction of useful compounds. Several products
can be produced from it, as following: (1) sucrose, syrups and jaggery (as a source of food); (2) cellulose (as
a source of fiber); (3) bagasse, alcohol and molasses (as a source of fuel and chemicals) (4) green leaves and
sugarcane tops (as a source of fodder); (5) pressing mud and washing (as a source of fertilizer); (6) bagasse
extract was utilized as natural source of phenolic compounds, antioxidants and antimicrobial agents
(Solomon, 2011).Sugarcane bagasse is known to be one of the by-products from the sugar industry and
commercial products and also being the most abundant agro-industrial by-products, with a global output of
over 540 million tons per year (Bezerra & Ragauskas, 2016). Sugarcane bagasse is the fibrous debris and
also the product of grinding sugarcane. Due to the high moisture content (50%), it is named 'mill wet bagasse'
after the sugarcane milling stage. Bagasse accounts for around one-third of cane land. The dry bagasse is
made of cellulose (45%), hemicellulose (28%), lignin (20%), sugar (5%), minerals (1%), and ash (2%)).
Cellulose (45%) and pentosanes (28%) are the principal components of dry bagasse (Nikodinovic-
Runic et al., 2013); while the composition of the aqueous extract of sugarcane bagasse contains an average
38.83% of cellulose, 27.32% of hemicellulose, 25.92% of lignin, 0.43% of ash and 10.24% of extractives
(Philippini et al., 2019). Carvalho et al. (2009) reported that sugarcane bagasse aqueous extract contains
about 42.50% of cellulose, 20.90% of lignin, 24.88% of hemicelluloses, 1.64% of ash and 5.83% of
extractives.

The phenolic quality of bagasse is already being utilized by both researchers as a natural preservative
source that has greatly prevented the production of foodborne pathogens. According to Zhao et al. (2015),
phenolic content of sugarcane bagasse produced more than 4 mg/g of dry bagasse. It may also be used against
other pathogenic bacteria organisms such as Staphylococcus aureus, Listeria monocytogenes, Escherichia
coli and Salmonella typhimurium as a natural product with bacteriostatic operation. In fact, sugarcane bagasse
extract improved the electrical conductivity of suspensions in bacterial cells, inducing Electrolyte Leakage
(EL) in the cell (Zhao et al., 2015).

Therefore, phenolic compounds can scavenge free radicals, meaning that the residue has antioxidant
function on the vegetable matrix. Many research have lately been focused on the effectiveness of phenolic
substances such as anti-angiogenic, anti-obesity, anticancer, anti-arthritic, antiviral and anti-inflammatory
activities as well as cardiovascular, immunomodulatory neuroprotective effects, and diabetes (Munro et al.,
2015; Tsuda, 2016). In addition, there is another possible use in the food industry of phenolic compounds as
preservative content to improve nutritional value and increase food shelf-life (Rai et al., 2016). Different
methods were used to facilitate the efficient extraction of polyphenols as valuable compounds from plant
sources such as Supercritical Fluid Extraction (SFE), microwave, Pressurized Fluid Extraction (PFE),
Subcritical Water Extraction (SWE), Ultrasound-Assisted Extraction (UAE) and Accelerated Solvent
Extraction (ASE) (Dai & Mumper, 2010). Solvents have been used as one of the efficient methods to recover
polyphenols from their sources, such as ethanol, methanol and/or water, depending on the polarity, cost and
safety of the extracted compounds (Do et al., 2014; Smuda et al., 2018).

Meat and meat products are an important source of several essential nutrients especially high biological
value protein, which also represents the main cause for its biological spoilage (Gill & Gill, 2015). There are
two main factors affecting the commercial life of fresh meat as following: a) the growth of bacteria, which
cause changes for organoleptic properties of meat products; b) moisture loss and mechanical damage during
transport, distribution and storage (Fernandez-Pan et al., 2012).

Meat products are one of the most food industries using chemical preservatives (sodium nitrite or sodium
nitrate) to extend the shelf-life, which acts as antimicrobial agents against many pathogenic bacteria, seeing
that it causes health problems. Recently, different studies have been investigated the use of natural
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preservatives such as phytochemicals (mainly phenolic compounds), which showed significant antibacterial,
antiviral, and antiseptic effects (Li et al., 2010).

The agribusiness encompasses an important economic activity in the world, and sugarcane bagasse was
used as a strengthening in phenolic thermoset matrices. Therefore, this study aimed (i) to convert fiber from
plant waste into a usable resource (sugarcane bagasse extract) by using different solvents; and (ii) to treat the
refrigerated fresh meat by aqueous sugarcane bagasse extract as a neutral preservative to extend the shelf-
life.

2 Materials and methods

2.1 Chemicals

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) and all solvents were obtained from Sigma Chemical
Company (St. Louis, Mo. USA). Aluminum chloride, Folin reagent, Gallic acid, potassium acetate and
catechin were obtained from Fluka Chemie AG (Buchs, Switzerland). Plate Count Agar (PCA) and mannitol
salt agar gar were obtained from Merck (Darmstadt, Germany).

2.2 Raw material

Sugarcane bagasse was collected from El-Hawamdeya Sugar Plant (Giza, Egypt). The sugarcane bagasse
was dried at 65 °C for 24 h, milled and then screened (by a sieve with 0.50 mm). Finally, the particle size
less than 0.50 mm was collected and kept dry at -20 °C in glass bottles of 250 mL with Blue Screw Cap
autoclavable and sealed (Glass Schott Duran Bottle).

2.3 Preparation of sugarcane bagasse extract

The phytochemical profiles of Dried Sugarcane Bagasse (DSB) were extracted using different solvents as
follows: Water Extract (WE); Methanol Extract (ME 95%); Ethanol Extract (EE 95%); Water-Ethanol
Extract (WEE, 1:2); and Water-Methanol Extract (WME, 1:2) for 24 h at 4 °C. The DSB extracts were
centrifuged at 1000g for 10 min and then filtrated. After that, the supernatant for each solvent was
concentrated using a rotary evaporator (EYELA, SB-1000, Rikakikai Co. Ltd., Tokyo, Japan) at 65 °C for a
different time to quantify the volume of sugarcane bagasse extract.

2.4 Phytochemical analysis of sugarcane bagasse extracts

2.4.1 Total Phenolic Compound (TPC)

Total Phenolic Compound (TPC) was carried out by the Folin-Ciocalteu method according to
Altemimi et al. (2021) with some modification. In brief, 1 mL of each sample (extracts before evaporation)
was added to a test tube and then 1 mL of Folin reagent was added. After 3 min, 1 mL of sodium carbonate
(7.50%) was added. The mixture was stood for 1 h in the dark and the absorbance at 760 nm was measured.
The TPC was calculated using a standard curve of gallic acid and expressed as mg gallic acid/g sample.

2.4.2 Total Flavonoids Content (TFC)

The Total Flavonoids Content (TFC) was carried out using the method of Abedelmaksoud et al. (2019a).
In brief, 0.25 mL of each sample was added to 0.75 mL of methanol and then 50 pL of aluminum chloride
10% and 50 pL of potassium acetate were added. The mixture was completed to 1.40 mL with distilled water
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and kept for 40 min in the dark. The absorbance was measured at 430 nm. The TFC was calculated using a
standard curve of catechin acid and expressed as mg catechin/g sample.

2.4.3 Antioxidant activity

The antioxidant activity of each sample was evaluated according to DPPH method according to El-
Mogy et al. (2019) and calculated according to Equation 1:

Antioxidant activity % = (abs. blank —abs. sample / abs. blank)* 100 @)

2.5 Preparation of meat samples

Regarding the preparation of meat samples, four samples were used. Three of them were dipped into the
sugarcane bagasse extract (WE) at different concentrations of TPC for 2 min, filtered and then packaged in
polypropylene packages (T1: meat sample treated with sugarcane bagasse extract containing 125 ppm of
TPC, T2: meat sample treated with sugarcane bagasse extract containing 250 ppm of TPC, and T3: meat
sample treated with sugarcane bagasse extract containing 500 ppm of TPC and the last one is a control (fresh
meat sample). All treated samples were stored at 4 °C for 10 days.

2.6 Microbiological analysis

Thirty grams of meat were aseptically taken from each sample and homogenized with Peptone water
(0.10%) to reach a final dilution at 1/10 in a Lab-Blender for 3 min. Serial dilutions were made using the
same diluents and then plated each dilution in duplicate for bacterial counts. Total plate count was determined
by PCA after 48 h incubation at 30 °C (Abedelmaksoud et al., 2019b). Psychrotrophs were determined by
PCA after 10 days of incubation at 7 °C. Staphylococcus sp. was determined by using isolates from mannitol
salt agar after 48 h incubation at 37 °C (Busta et al., 2003).

2.7 Sensory evaluation

Samples were assessed for several sensory characteristics by 50 members of Faculty of Agriculture, Cairo
University, Egypt. They were selected regarding the basis of experience and interest in sensory evaluation.
Panelists were instructed to evaluate color, smell and appearance using 9-point hedonic scale for grading the
quality of samples where nine (9) points indicated the highest acceptability. On the other hand, five (5) points
indicated unacceptable samples (Berry, 1992).

2.8 Statistical analysis

The experiments were carried out in triplicate for each treatment and the statistical analysis system used
in this research was SPSS v.22 (SPSS Inc., Chicago, IL, USA). Duncan’s multiple comparison tests were
used to compare means (differences were considered significant at p < 0.05).

3 Results and discussion

3.1 Effect of different solvents on the extraction of phytochemical profiles from sugarcane
bagasse

The presented data in Table 1 showed the effect of different solvents on TPC, TFC and antioxidant activity
of dried sugarcane bagasse extracts.
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Table 1. Effect of different extraction solvents on phytochemicals profiles of sugarcane bagasse.

TPC TFC Antioxidant activity
Types of extractions
(mg gallic acid/g sample) (mg catechin/g sample) (%)

WE 179 £0.153 ¢ 4.5+0.000 © 45.9 +£0.306°

ME 95% 10.0 £0.360 ¢ 3.2+0.000¢ 38.1+0.010¢

EE 95% 6.20 £ 0.040 © 1.5+£0.050° 26.3+£0.210°¢
WME (1:2) 21.20+0.100 2 6.5+£0.1532 54.0+£0.1432
WEE (1:2) 19.53+0.351° 5.9+0.007° 51.1+0.100°

Means followed by different superscripts within each column are significantly different at the 5% level; data are means +SD; TPC: Total
Phenolic Compound; TFC: Total Flavonoids Content; WE: Water Extract; ME; Methanol Extract; EE; Ethanol Extract; WME: Water-
Methanol Extract; WEE: Water-Ethanol Extract.

The highest TPC of DSB was obtained with WME (21.20) followed by WEE (19.50) and WE (17.90). In
addition, the results showed that antioxidant activity % values of DSB were 54, 51.10 and 45.90 with WME,
WEE and WE, respectively. The TFC of the samples was consistent with the previous results of 6.50, 5.90
and 4.50 mg/g of DSB for WME, WEE and WE, respectively. On the other hand, ME 95% and EE 95%
observed the lowest values for TPC, TFC and antioxidant activity %. From Table 1, the results showed that
the polarity had a clear effect on the extraction efficiency of TPC. Indeed, it could be noted that the
concentrated solvents were the least efficient in the extraction. On the other hand, mixing both ethanol and
methanol with water led to an increase in the hydrogen bonds, thus increasing the extraction efficiency
(Zheng et al., 2017). With respect to Zhao et al. (2015), they reported that the flavonoid content was 0.47 g
of quercetin/g regarding DSB.

According to the obtained result in Table 1, it could be clarified that WME (1:2) was the best solvent for
phytochemicals extraction compared to other used solvents, and this result was probably due to the presence
of hydrogen bonds that improves the efficiency of the extraction process of the phenolic compounds and
flavonoids, thus increasing the antioxidant activity. Based on previous studies, it has been reported that the
most abundant phenolic acids which could be identified using High Performance Liquid Chromatography
(HPLC) in sugarcane bagasse water extract were 4.36 mg/g gallic acid, 1.87 mg/g ferulic acid, 1.66 mg/g
coumaric acid and 1.63 mg/g chlorogenic acid (Zhao et al., 2015). Although, it could be observed that the
results indicated that the water extract was not the best solvent in the extraction process. However, the water
extract was preferred for meat preservation. Indeed, using water as a solvent for the extraction of phenolic
compounds depends on natural material which can be nontoxic, safe and low-priced.

3.2 Microbiological assessment

Figures 1 to 3 indicated a microbiological analysis of the treated meat samples (T1: meat sample treated
with sugarcane bagasse extract containing 125 ppm of TPC, T2: meat sample treated with sugarcane bagasse
extract containing 250 ppm of TPC, and T3: meat sample treated with sugarcane bagasse extract containing
500 ppm of TPC.
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Figure 1. Total plate count (log CFU/g) of treated and untreated meat samples during storage at 4 °C.

—&—Control —#—T1 T2 =T3

8

7
QO 6 /
E 3 //
o /.
O 4 /’/_’__.//x
o /k__
= 3 Jé ) /

2 [ = —r— >

l E

0

0 3 5 8 10
STORAGE TIME (DAY)

Figure 2. Staphylococcus sp. (log CFU/g) of treated and untreated meat samples during storage at 4 °C.
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Figure 3. Psychrotrophic bacterial count (log CFU/g) of treated and untreated meat samples during storage at 4 °C.

Figures 1 to 3 demonstrated the relationship between the microbial count (total plate count, Staphylococcus
sp. and psychrotrophic bacteria) and the concentration of the used polyphenols during storage (4 °C, 10 days).
Results indicated no significant (p < 0.05) changes in the initial number of total plate count, Staphylococcus
sp. and psychrotrophic bacteria for all treated samples when compared to control at zero time. The effect of
phenolic extracts at different concentrations (T1, T2 and T3) could be observed after 3 days of the storage at
4 °C. All treated meat samples were remained in accordance with the guidelines for the maximum limits of
total plate count (< 7 Log CFU/g) (Korea, 2015) during storage at 4 °C for 10 days. On the other hand, the
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control exceeded the maximum limits after 8 days of storage. At the end of storage concerning the fresh
control meat samples (4 °C, 10 days), total plate count, Staphylococcus sp. and psychrotrophic bacteria were
detected in 9.56, 6.62 and 6.00 Log CFU/g, respectively. While a significant reduction in the count of all
stated microbiological analysis was observed in T3 (5.33, 3.50 and 3.61 Log CFU/g) followed by T2 (5.94,
4.57 and 4.57 Log CFU/g) and T1 (6.93, 5.08 and 5.41 Log CFU/g), respectively, when compared to control.
It was noted significant differences (p < 0.05) between all tested concentrations (125 ppm, 250 ppm,
500 ppm). Bacteriostatic mechanism of the sugarcane bagasse extract may have been attributed to the toxicity
of polyphenolic compounds on these microorganisms (Borges et al., 2013; Abbas et al., 2014).

The sugarcane bagasse extract (SCBE) has also shown bacteriostatic activity against the growth of variable
strains such as S. aureus, L. monocytogenes, E. coli and S. typhimurium. Additionally, the antibacterial effect
was possibly underestimated insofar as the SCBE may inactivate cellular proteins. The SCBE can increase
the electrical conductivity of bacterial cell suspensions and induce EL in the cell (Zheng et al., 2017).

3.3 Sensory evaluation

The data presented in Table 2 indicated that a sensory analysis of both samples concerning treated and
untreated meat was compatible with the microbiological assessment findings. Sensory evaluation of all
samples (treated and untreated meat) during storage (4 °C, 10 days) was analyzed in terms of color and odor,
and appearance. No substantial differences were observed between all samples except from the control and
T1 after 3 days of storage, with respect to odor. This fact may be associated to all treated samples that were
below the maximum limits of acceptable level of microorganisms present in meat (below 7 Log CFU/g),
meanwhile the control sample surpassed that limit and reached 8 Log CFU/g after 8 days of storage, and at
that limit the odor begins to develop 9 (Barnes, 1957). On the other hand, there were significant differences
between all the samples after storage for 5, 8 and 10 days, except from T3, which was the best sample
regarding all sensory evaluation terms. Increasing the concentration of phenolic compounds resulted in
inhibiting microbial growth, which kept the sensorial properties at acceptable levels to consumers and led to
extend shelf-life.

Table 2. Sensory evaluation of treated and untreated meat samples during storage at 4 °C.

Control T1 T2 T3
3 days
Color 9+0.00? 9+0.00? 9+0.00? 9+0.00?
Smell 8+0.01° 8+£0.03" 9+0.002 9+0.002
Appearance 9+0.00? 9+0.00? 9+0.00? 9+0.00?
5 days
Color 4+0.0149 7+0.00° 8+£0.02° 9+0.00?
Smell 4+0.009 7+0.03°¢ 8+£0.01" 9+0.002
Appearance 5+0.03°¢ 8+0.01° 9+0.00? 9+0.00?
8 days
Color 1+0.014 3+£0.03°¢ 8+£0.02° 9+0.00?
Smell 0 0 7+0.00" 8+£0.00°
Appearance 1+0.004 3+£0.00° 7+0.01° 8+£0.012
10 days
Color 0 0 7+£0.01" 8+0.00?
Smell 0 0 7+0.00" 8+£0.00°
Appearance 0 0 7+0.00° 8+£0.002

Means followed by different superscripts within each rows are significantly different at the 5% level; data are means =SD; (T1: meat sample
treated with sugarcane bagasse extract containing 125 ppm of TPC, T2: meat sample treated with sugarcane bagasse extract containing 250 ppm
of TPC and T3: meat sample treated with sugarcane bagasse extract containing 500 ppm of TPC).
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4 Conclusion

The obtained results provided that water was the appropriate solvent to extract phenolic compounds from
dried sugarcane bagasse. Meat sample treated with sugarcane bagasse extract by water containing 500 ppm
of TPC was the best treatment, which resulted in relevant preservation effect (low microbial count) and
enhancement of sensorial properties. Therefore, the shelf-life of fresh meat was extended to more than
10 days at 4 °C. Finally, sugarcane bagasse water extract (with high content of phenolic compounds) could
be considered as one of the new technologies used for preserving fresh meat. Moreover, sugarcane bagasse
extracts required further experiments for being tested in other food products.
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