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Abstract 

Over the past decade there has been increasing demand to develop alternatives to the Reichstein process, a largely 
chemical synthesis by which the majority of vitamin C (L-ascorbic acid) is produced. Many studies improve the 
biotransformation of Reichstein intermediate, but no natural bacterial strain is capable of catalyzing the biosynthesis of 
intermediates in single step fermentation. The study aimed to Isolate and identify bacterial strains have the ability to 
produce Ascorbic acid and detect their ability to be cultivated on plant wastes as substrate. In this study a total of 
Seventy-five different bacterial colonies of acetic acid bacteria were isolated from eight different samples. The most 
potent isolate was identified by 16S rRNA and phylogenetic tree relationship showed that the isolated strain was novel 
and named Gluconobacter oxydans st SW with accession number OP429626. The optimal levels of different nutritional 
and cultural variables were reached. The data revealed that the yield of ascorbic acid was increased from 7.17 g/l to 
10.348 g/l. The effect of low doses of gamma radiation was tested. For Gluconobacter oxydans st. SW, the highest ascorbic 
acid yield was obtained was 20.480 g/l at activation radiation dose 1.2 kGy compared with 10.34 g/l from the parent 
isolate at the optimum fermentation conditions. It was observed that the radiated Gluconobacter oxydans st SW can 
adapt to the waste’s hydrolysate more than the un-radiated one. The highest yield of ascorbic acid (21.2 g/l) was 
obtained from fermentation broth containing 70% supplemented hydrolsate and 30% synthetic fermentation broth. 
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1. Introduction

Vitamin C, called L-ascorbic acid (L-AA), holds significant importance for humans and other mammals due to their 
inability to synthesize it endogenously [1]. Since its discovery and isolation, L-AA has been widely utilized in diverse 
industries such as medicines, food and beverage, cosmetics, and feed [2]. L-AA prevents human scurvy and is crucial in 
detoxifying and removing free radicals [3]. Additionally, it may facilitate the delivery of active substances to the body 
[4].  

During the pandemic, an escalated desire for vitamin C supplements was observed. The potential capability of vitamin 
C supplements to inhibit viruses such as herpes simplex influenza and poliovirus [5] made them a viable option for 
addressing the minor symptoms of COVID-19 [6]. 

Currently, three process technologies are used to produce vitamin C: the Reichstein process, two-step fermentation, and 
one-step fermentation [7]. The chemical synthesis known as the Reichstein process dominates the current L-AA 
production. This process included one microbial biotransformation step and six chemical synthesis steps [8]. This 
process has been used for over 50 years, and further productivity improvement is difficult. The process is energy-
intensive, requires hazardous conditions, and poses challenges with waste disposal [9]. Therefore, processes involving 
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microbial biotransformation, which produce microbiologically derived L-AA, may be deemed natural and attractive due 
to its lower cost and much fewer ecological problems [10]. 

Acetic acid bacteria (AAB) known as the oxidative bacteria, have great biotechnological importance as they are able to 
oxidize a wide range of sugars, sugar alcohols, and sugar acids. This biotransformation is very useful for medicine and 
food industry. The researchers studied various microorganisms, such as bacteria, yeast, and filamentous fungi, to 
determine their capacity to produce vitamin C. They used different substances, such as D-sorbitol, L-sorbose, L-sorbose, 
or D-glucose, as substrates. The microorganisms could produce either vitamin C or its precursor, 2-ketogulonic acid. 
This information is based on studies conducted by [11].  Further, the production and optimization of L-ascorbic acid by 
fermentation method were investigated using optimized nutritional and cultural conditions. Conventional methods of 
mutagenesis, like ultraviolet and gamma irradiation, have been applied to breed DHA-overproducing strains [12]. 

By gamma radiation, a mutant strain could be obtained that could tolerate a high concentration of substrate and perform 
excellent production capacity Gamma mutation in irradiated bacterial strains was evaluated based on the high biomass 
yield and increasing substrate transformation rate [13]. 

The technological process is influenced by the amount of the starting inoculum, medium composition, and biosynthesis 
conditions (pH and temperature) [11].  

These economic factors gave rise to tremendous interest in using alternative processes. As a result, microbiological 
biotransformation using reasonable raw materials got the focus of particular attention. The modern fermentation 
processes, as well as cell-free bio-catalysis systems combined with recent innovations in biochemistry and molecular 
biology, have raised the chances of the development of a succeeding process. 

Lignocellulose is the earth's most abundant and least expensive biomass [14]. Egypt produces more than thirty-five 
million tons of agricultural waste annually. However, only 12% of this amount is recycled, while millions of other tons 
are disposed of by burning or dumping them in canals and drains. The process of chemical production from 
lignocellulosic biomass includes three significant steps: pretreatment, hydrolysis, and fermentation [15]. 

Radiation-induced degradation of agricultural wastes, such breakdown enhances the production yields of glucose and 
other sugar alcohols, such as sorbitol, upon subsequent enzymatic hydrolysis or acid hydrolysis [16]. 

2. Materials and Methods 

2.1. Preparation of samples 

Eight sources including flowers (apple and pear) collected from farm near Fayoum governorate, fruits purchased from 
the local market (apple, pear, dry date and fig), rose and Honey were used in this study. Ten grams of each sample were 
homogenized in sterile 0.85% sodium chloride solution. Series of serial dilutions up to 10-6 were carried out. Final 
dilutions (10-5 and 10-6) diluted with saline solution for each source were inoculated in enrichment broth medium. 
Incubation was carried out at 30 C for one week. After1, 3, 5 days of incubation, one milliliter of the two dilutions of 
enrichment broth was streaked on plates containing specific media for acetic acid bacteria.  

Media used for isolation of acetic acid bacteria: Three types of specific media were used for isolation of Acetic acid 
bacteria Carr medium, CAAR medium [17] and Potato agar medium [18].The plates were in triplicates and incubated 
for 3-5 days at 30 C. The colonies with clear zone and yellow color (indicate acid production) were selected as Acetic 
Acid bacteria.  

2.2. Screening of Ascorbic Acid production in fermentation broth by 2,4-Dinitrophenylhydrazine 

One standard Gluconobacter strain (Gluconobacter oxydans 3024) was obtained from Cairo MERCIN, Faculty of 
Agriculture, Ain shams University, Cairo, Egypt. This method was described by Khan et al., 2006 [19] to determine total 
ascorbic acid content in the sample by determination of both forms (ascorbic acid and oxidized form, dehydroascorbic 
acid) using bromine water to oxidize ascorbic acid to dehydroascorbic acid which employ coupling reaction with 2,4-
Dinitrophenylhydrazine.The color produced was measured spectrophotometrically at 540 nm.  

2.3. Identification of the selected Acetic Acid bacteria isolates 



International Journal of Science and Research Archive, 2024, 13(02), 546–556 

548 

The isolates showed high ascorbic acid production were identified by VITEC test and most potent sample confirmed by 
16s rRNA sequencing.  

2.4. Metabolic optimization for enhancement of Ascorbic Acid production by Gluconobacter oxydans 

Optimization of bacterial growth and fermentation conditions were occurred by one factor at a time (OFAT) by varying 
one factor and other factors kept constant [20]. Different nutritional and physiological parameters were tested as 
Incubation temperature (ranged from 28, 30 and 35C), different incubation periods (24, 48 and 72 hours), initial pH of 
the fermentation medium (adjusted with 0.1 N NaOH or 0.1 N HCl to different pH degrees ranging from 4.5 to 8.5,). The 
effect of inoculum size studied by inoculating the fermentation medium flasks by different volumes (1, 3, 5, 7 ml) of seed 
broth culture (OD600 = 0.5). Inoculum age of seed culture with different ages (24, 48 and72 hours) of the tested bacteria 
was studied. Effect of different carbon sources [20] was studied by replacing sorbitol by different carbon sources 
(glucose, sucrose, lactose and mannitol). All carbon sources were used at 8% concentration (w/v). The effect of 
supplementation by nitrogen sources (organic as beef extract and peptone at 1% concentration and inorganic as sodium 
nitrate and potassium dihydrogen orthophosphate) on L-ascorbic acid production was studied. Aeration rate was 
studied by varying the volume of the medium in the flasks. Three levels of medium volumes were used to stimulate 
different aeration conditions (50, 100 and 150 ml) in 250 ml flasks. Each experimental factor occurred in triplicates, all 
other factors kept at optimum level. 

 Biological improvement of L-ascorbic acid production by combination between Gluconobacter oxydans 
and Bacillus subtilis in fermentation broth: Co-culture fermentation system composed of Gluconobacter 
oxydans and Bacillus subtilis was carried out by serial dilution method [21]. Bacillus subtilis was inoculated in 
companion broth medium which contained (g/l): urea 1, glucose 2, and yeast 5. The inoculated broth was 
incubated at 30 C for 24 hours. After the end of incubation period, series of serial dilutions (from 10-1 to 10-4) 
were carried out to broth medium (B) using sterile distilled water, then mixed with seed culture inoculated by 
Gluconobacter oxydans in equal volume (1.5 ml from each one) and cultured for another 18 hours, then 3 ml of 
the mixture of Gluconobacter oxydans and Bacillus subtilis culture inoculated in the fermentation broth medium 
flasks (50 ml) [11]. 

 Physical improvement by Gamma irradiation: The average dose rate of gamma radiation source was 1 
kGy/60 min at the time of the experiment which used for giving the activation doses for the tested isolates. Seed 
broth medium tubes (5 ml) were inoculated with the tested strains (Gluconobacter oxydans, and positive control 
sample) and incubated for 24 hours. The tubes (three replicates) were subjected to various low gamma doses 
(0.1, 0.3, 0.5, 0.7, 0.9, 1.2 and 1.5 kGy), then inoculated in fermentation broth medium and incubated at 30C 
for 48 hours. 

2.5. Fermentation with hemi-cellulosic hydrolysate from plant wastes for l-ascorbic acid production 

Agricultural wastes for different fruits were collected from Botany department garden- Faculty of science – Suez Canal 
University. Leaves of five plants were collected including apricot (Prunus armeniaca), Guava (Psidium guajava), 
Pelargonium, Rose (Rosa damascena) and Mango (Mangifera indica). 

2.6. Direct production of sorbitol from agricultural wastes cellulosic materials 

Wastes samples were exposed to some chemical and physical hydrolytic treatments. Sorbitol content in the resulting 
hydrolysate was determined. Heat treatment carried out in autoclave at high temperature and pressure for 30min using 
water in ratio 10ml/g of solid wastes [22]. Alkali treatment for wastes samples was occurred with 30% of 4% NaOH, 
thereafter the material was hydrolyzed in an autoclave at 130 C for 30 min and then filtered with muslin filtration. The 
pH was adjusted to 7 with 0.1N HCl. Dilute acid treatment by treating samples( water / waste ratio 10 ml/1g) with 
H2SO4 (0.7% w/v) and autoclaved at 121 C for 30 minutes. The hydrolysate was then filtered. The hydrolysates 
obtained from the different treatments were concentrated at 70 C to increase the initial sorbitol content. 

Determination of sorbitol in wastes hydrolysate: Sorbitol was determined by colorimetric method described by 
Tomasskovics et al, 2014 to select the agricultural waste with high sorbitol content under the appropriate treatment 
[23]. 

 Gamma radiation treatment for waste sample: After sorbitol assessment in all collected waste samples, 
mango leaves founded as the highest sample in sorbitol content and selected for further gamma radiation 
treatment. Samples are air-dried for 3 days. Air-dried mango leaves were subjected to three different high doses 
of gamma radiation (25, 50 and 100 kGy). Radiated samples were directly hydrolyzed by dilute acid and sorbitol 
content was estimated [24]. 
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 Bacterial strain adaptation for fermentation with wastes hydrolysate: Un-irradiated Gluconobacter 
oxydans st SW strain, gamma radiated Gluconobacter oxydans st SW were adapted for fermentation with 
hydrolysate from radiated and un-radiated waste sample with the highest sorbitol content as substrate. The 
hydrolysate was adjusted to desired initial sorbitol level, then supplemented with the other ingredients of 
fermentation broth medium. Seed broth of bacterial strains were inoculated in flasks containing 50 ml of 
fermentation broth which composed of supplemented hydrolysate and synthetic broth medium in different 
proportions for more adaptation of bacterial strain to grow on waste hydrolysate. 

2.7. Statistical analysis 

All experiments were repeated independently three times. Data are expressed as mean values with standard error of 
derivations (± SE). Data were analyzed using t-test to assess significance (P< 0.05) using Microsoft Excel and GraphPad 
Prism 8. Software. 

3. Results 

3.1. Screening of ascorbic acid production 

Tweenty-four Gluconobacter sp. isolates were tested for their ability to produce ascorbic acid. Quantitative screening by 
2, 4-Dinitrophenylhydrazine data recorded in Table (1) showed produced ascorbic acid concentration ranged between 
(0.743 g/l) and (7.37 g/l) in fermentation broth after 48 hours of incubation. The isolate P.AF.4 showed the highest 
ascorbic acid concentration (7.37 g/l) which was highly more than produced by control sample (1.2 g/l).  

Table 1 Quantitative screening of Ascorbic acid concentration in g/l determined by 2, 4-Dinitrophenylhydrazine 

Isolate code Ascorbic acid produced in g/l 

24 hours 48 hours 

Control 0.844 1.204 

P.AF.9 0.707 3.197 

CA.AF.7 0.556 3.499 

P.AF.4 3.398 7.376 

CR.AF.6 1.355 4.197 

CA.Pch.3 2.477 3.197 

P.PF.10 1.513 3.096 

CR.AF.7 1.197 2.168 

CA.AF.4 2.894 5.225 

P.A.6 2.736 3.204 

P.A.8 2.096 2.635 

CA.AF.6 3.499 5.398 

Cr.PF.2 1.643 2.398 

CA.AF.5 2.693 3.643 

CA.AF.8 3.398 4.139 

P.H.3 3.707 5.794 

P.PF.2 0.146 2.484 

CA.AF.9 2.585 4.319 

CR.PF.4 3.002 4.333 

P.AF.8 0.844 0.909 
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P.A.7 0.276 1.959 

P.FA.6 4.499 5.233 

CR.P.4 0.096 3.197 

P.A.2 0.736 0.743 

P.PF.2 0.348 0.751 

P: Potato agar; AF: Apple flower; A: Apple fruit; CA: CAAR medium; PF: Pear flower; P: Pear fruit; CR: Caar medium; H: Honey; Pch: Peach 

Phenotypic identification was confirmed by molecular identification of the most potent isolate using 16S rRNA and gene 
sequencing. Phylogenetic tree was constructed to obtain the relationship between the isolate and described reference 
acetic acid strain Fig. (1). Evolutionary analyses were conducted in MEGA X. The phylogenetic tree indicated the isolate 
has similarity (S ≥ 94%) with the strains found in GenBank. The sequence was deposited in GeBank with accession 
number (OP429626) and named Gluconobacter oxydans strain SW ( OP429626). 

 

Figure 1 Molecular phylogenetic relationships between bacterial 16S rRNA gene sequences from isolates and close 
related (S ≥ 94%) sequences in the GenBank database. Using the Neighbor-joining method 

3.2. Metabolic optimization for enhancement of Ascorbic Acid production by Gluconobacter oxydans st SW  

Cultural parameters for L-ascorbic acid production were studied. In determining the optimum incubation temperature, 
the maximum yield of ascorbic acid concentration was revealed at 30±1 C as the optimum incubation temperature 
(7.17 g/l). 

Effect of incubation period on selected isolate productivity was studied. The concentration of ascorbic acid increased 
by increasing incubation period until reach the optimum at 48 hours (7.51 g/l) and then decreased gradually at 72 hours 
of incubation (4.95 g/l) at the optimum temperature.  

Influence of initial pH was studied. The optimum initial pH value was 7.5 for tested strain with maximum ascorbic acid 
production (7.887 g/l). 

Inoculum size is also has effect on L-ascorbic acid production. The results showed that the ascorbic acid concentration 
produced by Gluconobacter oxydans st SW increased by increasing the inoculum size and reach the optimum (8.096 g/l) 
at inoculum size 5 ml/50 ml, but the lowest concentration was (1.398 g/l) at inoculum size 1 ml/50 ml.  
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Various inoculum ages of seed cultures were inoculated in flasks containing 50 ml of fermentation broth and incubated 
according to optimum conditions. The data showed that seed culture inoculum with 24 hours age was the best inoculum 
preparation for ascorbic acid concentration (8.254 g/l). 

Different aeration levels were studied. The data revealed that the highest ascorbic acid concentration (10.348 g/l) 
obtained under aerobic incubation condition.  

Nutritional parameters for L-ascorbic acid production were studied. The data showed that the selected bacterial isolate 
can grow at different carbon sources as the sole carbon source. The highest yield of ascorbic acid achieved by culturing 
on sorbitol as sole carbon source followed by sucrose then lactose (9.98, 6.542, 6.45 g/l) respectively. The lowest 
concentrations were 3.39 and 1.72 g/l from glucose and mannitol respectively. 

The data revealed that organic nitrogen sources were more suitable than inorganic nitrogen sources to be utilized by 
selected strains for ascorbic acid production. Out of the tested organic nitrogen sources, yeast extract achieved the 
highest yield of ascorbic acid production (10.06 g/l) 

3.3. Biological improvement by Combination between Gluconobacter oxydans and Bacillus subtilis in 
fermentation broth 

Under the optimum nutritional and cultural conditions revealed from the previous experiments, Gluconobacter oxydans 
st SW was co-cultured with Bacillus subtilis sample. The yield increased from 10.348 to 14.2 g/l under the optimum 
fermentation conditions. It is noticed that the high dilution of Bacillus subtilis culture still can enhance ascorbic acid 
production rather than mono seed culture after 48 hours of fermentation (12.72 and 11.12 g/l from co-culture 10-2 and 
10-3 verse 10.348 g/l from mono culture seed medium).Table (2) 

Table 2 Time course of ascorbic acid production by Gluconobacter oxydans st SW and mutant strains (Co-cultured with 
different dilutions of Bacillus subtilis) 

 

 

 Time  

Ascorbic acid concentration (g/l) 

Gluconobacter oxydans st SW Mutant strain (Co-cultured with dilutions of Bacillus subtilis) 

10-1 10-2 10-3 10-4 

0 0 0 0 0 0 

18 0.624 0.968 0.831 0.792 0.751 

24 3.4 4.301 3.596 2.261 1.160 

48 10.34 14.192 12.725 11.128 3.128 

3.4. Physical improvement by Gamma irradiation  

The data showed that ascorbic acid concentration obtained from irradiated isolate was significantly different compared 
with parent isolates. For Gluconobacter oxydans st.SW, the highest ascorbic acid yield obtained was 20.480 g/l at 
activation radiation dose equal 1.2 kGy in comparison with 10.34 g/l from the parent isolate at the optimum 
fermentation conditions. It is noticed from the recorded data that ascorbic acid concentration and the productivity 
increased gradually by increasing activation dose to reach the optimum at 1.2 kGy, then the production decreased at 
higher gamma radiation doses. Fig. (2) 
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Figure 2 Effect of different gamma radiation activation doses on ascorbic acid production by Gluconobacter oxydans 
st.SW 

3.5. Direct production of sorbitol from agricultural wastes cellulosic materials 

Table 3 Sorbitol content in different plant wastes with physical and chemical treatment 

Plant waste 

(100 g) 

Sorbitol content (g/100 g) 

Untreated Treatment 

Heat Alkali Dilute acid 

Apricot 5.05 6.8 7.1 10.2 

Guava 8.6 9.3 9.5 12.1 

Pelargonium 14.2 15.6 14.8 16.3 

Rose 9.5 10.2 11.4 16.2 

Mango 16.57 16.8 16.72 18.79 

The waste samples (100 g from each sample) were hydrolyzed to demonstrate sorbitol content in each waste sample. 
The results of sorbitol content in different plant wastes with and without physical and chemical treatment showed that 
Mango leaves have the highest sorbitol content followed by Pelargonium leaves (16.57 g and 14.2 g) respectively before 
treatment. Apricot leaves has the lowest sorbitol content from all selected wastes .Table (3).  

3.6. Gamma radiation treatment for waste samples 

Table 4 Effect of high doses of gamma radiation on sorbitol obtained from dry mango leaves 

Radiation dose (kGy) Sorbitol (g/100 g) of 

radiated wastes 

0.00 18.79 

25 21.2 

50 25.3 

100 30 
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Gamma radiation had significant effect on waste degradation as the sorbitol content derived from Mango leaves 
increased by increasing the radiation dose up till 30 g/100 g of radiated wastes at 100 kGy radiation dose compared to 
18.79 g/100 g from un-radiated wastes Table (4).  

3.7. Fermentation with hemi-cellulosic hydrolysate from plant wastes for l-ascorbic acid production  

For un –radiated Gluconobacter oxydans st SW It is observed from data illustrated in Fig.(3) that the highest ascorbic 
acid concentration (10.81 g/l) obtained from fermentation broth contained 50% hydrolysate from radiated wastes and 
50% synthetic broth medium followed by fermentation broth contained 30% hydrolsate from radiated wastes and 70% 
synthetic broth medium (10.51 g/l). It is clearly observed that Gluconobacter oxydans st SW lack the ability to adapt to 
the fermentation broth containing waste hydrolysat only as the produced ascorbic acid was the lowest (1.54 g/l). 

 

Figure 3 Ascorbic acid production by Gamma radiated and un-radiated Gluconobacter oxydans st SW from 
supplemented waste hydrolysate (S.H) and synthetic fermentation broth (Syn) 

It was observed that the radiated Gluconobacter oxydans st SW can adapt to the wastes hydrolysate more than the un-
radiated one. The highest yield of ascorbic acid (21.2 g/l) was obtained from fermentation broth containing 70% 
supplemented hydrolsate and 30% synthetic fermentation broth followed by yield obtained from culturing on 100% 
waste hydrolysate from radiated wastes (19.8 g/l). 

4. Discussion 

L-Ascorbic Acid (L-AA, also referred to as vitamin C) is an essential vitamin and antioxidant in humans, primates and 
some other animals, other mammals as they cannot synthesize this vitamin [25, 30]. 

In this study a total of Twenty-four Gluconobacter sp. isolates which were resulted from purification on Carr medium 
were tested for their ability to produce ascorbic acid quantitavely [31]. Results revealed that after the screening of 24 
isolates, seven isolates recorded had high ascorbic acid production ranging between 5.19 to 7.23 g/l. This yield was 
higher than that recorded by Sugisawa et al., 2005 [26] as they reported Ketogulonicigenium vulgare DSM 4025 can 
produce 0.090 g/l from 8% sorbitol and 1.37 g/l from 0.5% sorbosone after 24 hours of fermentation [32]. 

The optimal levels of different nutritional and cultural variables were reached. The analysis of the data of the cultural 
variables revealed that the high yield obtained at 30 C in neutral medium (pH 7.5) inoculated with 24 hours inoculum 
age after 48 hours of incubation. The yield was increased from 7.1 to 8.2 g/l. During bacterial fermentation, the carbon 
source acts as a building block for cellular structure as well as energy source. In our study for Gluconobacter oxydans st 
SW the highest yield of ascorbic acid achieved by culturing on sorbitol as sole carbon source followed by sucrose then 
lactose (9.98, 6.542, 6.45 g/l) respectively.  

In studying the effect of Combination between Gluconobacter oxydans and Bacillus subtilis in fermentation broth for 
enhancement of ascorbic acid production, the results approve the hypothesis that combination of Gluconobacter oxydans 
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with Bacillus subtilis in fermentation broth as seed inoculum can increase ascorbic acid production. The yield increased 
from 10.34 to14.19 g/l under the optimum fermentation conditions. Fang et al., (2021) suggested that Bacillus subtilis 
can provide some nutrients as serine, glycine, threonine, proline, nicotinic acid, and biotin which were key nutrients 
support the growth of Gluconobacter oxydans. In the same pattern Gluconobacter oxydans can stimulate the sporulation 
of Bacillus subtilis causing cell lysis and releasing of nutrients in the fermentation system [27]. 

 Activation doses of gamma radiation can enhance ascorbic acid production by Gluconobacter oxydans. Our results 
showed that the high yield was obtained at 1.2 kGy (20.48 g/l) as the yield increased by approximately 2 folds. It was 
observed that there was dose- dependent decrease in ascorbic acid yield after 1.2 kGy, it was actually due to the decrease 
in survival rate of Gluconobacter oxydans at high doses. Some studies improve hypothesis that gamma irradiation 
mutation can activate the expression of sorbitol dehydrogenase enzyme that led to increasing the yield of products as 
6-(N-hydroxyethyl)-amino-6-deoxy-α-Lsorbofuranose (Miglitol) [14].  

Fermentation with hemi-cellulosic hydrolysate from plant wastes for ascorbic acid production were studied. The waste 
samples (100 g from each sample) were hydrolyzed to demonstrate sorbitol content in each waste sample. Sorbitol in 
the hydrolysate was measured. Mango leaves showed the highest sorbitol content. Through observing the different 
methods of treatment it was clear that the highest waste degradation and sorbitol content achieved by dilute acid 
hydrolysis. These results were in agreement with results reported by Lenihan et al., (2010) as the sugar yield was found 
to be the maximum by acid hydrolysis of biomass across all the variable conditions of temperature and acid 
concentration [28]. 

The effect of high gamma radiation doses on mango leaves degradation was studied. Radiation pretreatment of 
lignocellulosic, before acid or alkali hydrolysis, facilitated the degradation of the material and could be used as a step in 
the processes leading to the isolation of cellulose from biomass [29]. Our study gave evidence that gamma radiation had 
significant effect on waste degradation as the sorbitol content increased by increasing the radiation dose up till 30 g/100 
g of radiated wastes at 100 kGy radiation dose compared to 18.79 g/100 g from un-radiated wastes. 

Fortunately, radiated Gluconobacter oxydans st SW can adapt to the wastes hydrolysate more than the un-radiated one. 
The highest yield of ascorbic acid (21.2 g/l) was obtained from fermentation broth containing 70% supplemented 
hydrolsate and 30% synthetic fermentation broth followed by yield obtained from culturing on 100% waste hydrolysate 
from radiated wastes (19.8 g/l). 

5. Conclusion 

This study underscores the effectiveness of using plant wastes as substrate for L-ascorbic acid production by 
biotechnological processes. Acetic acid bacteria have metabolic potential by partial oxidation of carbohydrates releasing 
the corresponding products as organic acid. Gluconobacter oxydans shows high ability for L-ascorbic acid production 
using sorbitol as substrate. The observations of this study give very promising evidence that irradiation treatment for 
plant wastes and activation of bacterial strain has positive effect as L-ascorbic acid production increased by two folds 
in fermentation broth optimized by cultural and nutritional parameters. Keeping in view the economic value and 
nutritive potential of these plant wastes, our results give evidence that using agricultural wastes as substrates has great 
potential in clean biotechnological approaches due to environmentally friendly nature, easy availability, low cost and 
sustainability. 
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