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A Comparison of The Physico-Chemical and Microbiological Analyses of the Juice Obtained by Third-Year Students of the Science and Humanity School to Artisan and Industrial Juice Sold in Goma Food Stores After Six Months of Storage




Abstract 

Fruit juice is the juice obtained from fruits by mechanical means that is fermentable but not fermented, possessing the characteristic colour, aroma and taste of the fruits from which it is derived. The objective of this study is to evaluate the physicochemical and microbiological quality after a six-month storage period at room temperature of passion fruit juice prepared by third-year scientific students from six schools in the city of Goma. Thesis results are compared with juice produced in an artisanal manner in Goma and industrial juice imported and sold in the city's shops, which generally have a shelf life exceeding 12 months. This comparison will allow us to assess the quality of juice made by students in relation to that made in an artisanal and industrial way, verifying over time whether manufacturers truly comply with the expiration date indicated on the labelling.
The results show that the juices prepared by the students and those artisanal present values that fluctuate around the standards, but with notable discrepancies in certain essential parameters such as pH, density, and viscosity. In contrast, industrial juices generally comply with AFNOR standards, reflecting the use of standardised and controlled manufacturing methods.

Microbiological analyses reveal concerning results for certain schools and the artisanal juices after six months of storage, notably the presence of coliforms and yeasts, indicating potential contamination and posing risks to consumer health. The detection of Escherichia coli in some samples indicates improper handling and storage, which could be attributed to a lack of hygiene during production. On the other hand, industrial juices after six months of storage show complete compliance with food safety standards, with no significant contamination, reflecting rigorous manufacturing practices and effective quality control. In conclusion, the results of the physicochemical and microbiological analyses highlight significant disparities between the passion fruit juices prepared by students, artisanal juices, and industrial juices. 
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I. INTRODUCTION
I.1 Fruit juice

The consumption of fruit juices has significantly increased over the last years and it is growing remarkably, since consumers are interested in healthy products which are practical and ready to be consumed. Fruit juices act as nutritional beverages and can play a significant part in a healthy diet because they offer a chemical composition that is naturally found in fruits. In addition to being rich in nutrients with a wide range of vitamins, minerals, protein, and a varied source of protective antioxidants, fruit juices also have the ability to impart equivalent energy (Conidi et al., 2020; Benton & Young, 2019). Fruit juice is the juice obtained from fruits by mechanical means that is fermentable but not fermented, possessing the characteristic colour, aroma and taste of the fruits from which it is derived [1]. 

I.2 Botanical description of Maracuja fruit [2] 

Passion fruit, also known as granadilla, is a small tropical berry. Passion fruit (Passiflora edulis) is a tropical fruit belonging to the family of Passifloraceae. Originating in South America, passion fruit has been widely used in folk medicine in South America to treat anxiety, insomnia, asthma, bronchitis, and urinary infection. At present, this fruit is grown worldwide and is used as an edible fruit for the food industry. There are several cultivars of this fruit: purple passion fruit (P. edulis Sims), granadilla (Passiflora ligularis), gulupa (P. edulis Sims. fo edulis), and yellow passion fruit (P. edulis var. flavicarpa Degenerer) (Viuda-Martos et al., 2020). Its fragrant flesh contains numerous small black seeds that are a very good source of dietary fibre. Name: Common names : passion fruit, granadilla, maracuja ; Scientific name : Passiflora edulis ; Swahili vernacular name : Matunda ; Family : Passifloraceae 

I.3 Categories of fruit juice

In the latest French decree no. 2003-838 of September 1, 2003, which incorporates European directive 2001/112/EC, the various regulated names of fruit juices are: Pure juice: Fruit juice without additives, Fruit juice obtained from a concentrate, syrup: concentrated fruit juice, Dehydrated/powdered fruit juice, fruit nectar: generally contains 30% to 50% fruit and 70% to 50% water.

I.4 Chemical compositions of Maracuja juice

Maracuja juice contains about 76% of water-soluble dry matter, it is mainly made up of carbohydrates and 21% of organic acids, amino acids, mineral salts, vitamins and lipids. The remaining 3% is made up of a large number of diverse compounds: flavonoids, volatile compounds, carotenoids, etc. Which have a significant influence on the sensory properties of this product [3]. 

Table 1: Chemical composition of Maracuja juice [4].

	Constituents
	Quantity in g per 100g of juice

	Carbohydrates
	9.0–12.0

	Proteins
	0.58–1.29

	Lipids
	0.00–0.56

	Ashes
	0.25–0.48

	Volatile compounds
	0.03-0.13

	Flavonoids
	0.08-0.9

	Ascorbic acid
	50mg /100g

	b-carotene
	0.02-0.05

	Citric acid
	0.5–1.1

	Mineral salts
	traces

	Pigments
	Anthocyanins


 
I.5 Process for manufacturing Maracuja juice [5]

The process of obtaining passion fruit juice involves the following steps: Sorting: Separate rotten fruit from the batch to be processed;
Washing: Remove dust, microbes and any waste or contaminants from the fruit by washing properly with potable water;
Cutting: Using a stainless steel knife, cut the fruit into two small pieces to facilitate juice extraction.
Juice press: Press the fruit using a juice press, which allows the pure juice to be collected in one basin on one side and the crushed fruit in another basin; measure some physicochemical parameters (pH using a pH meter and Brix degree using a refractometer); Add water at 30% or 50% to obtain the juice nectar;
Pasteurisation: Heat the juice to 70ºC for 10 minutes and then stop pasteurisation. The aim is to inactivate endogenous enzymes and partially eliminate microbial flora.
Filtration of raw juice: Filter the raw fruit juice obtained after extraction and pasteurisation with a filter to remove fine grindings. Filtration of pasteurised juice:
The juice obtained after heating is filtered to extract the fruit pulp remaining in the juice; At this stage, check the pH and Brix level again, and correct if possible if there has been a variation in pH with citric acid. For juice with additives, add the necessary additives (Sodium Benzoate, Ascorbic Acid);

Packaging: Fill the hot juice obtained into the previously sterilised bottles and then close the bottles with a capper; Canning: Heat the bottled juices in the pasteurizer until a temperature of 85°C is reached. From this moment, observe five minutes of heating and then stop pasteurisation. Cooling: Allow the juice bottles to cool after removing them from the pasteurizer. Labelling, and storage: After cooling, label the bottles.

I.6 Quality improving agents for maracuja juice.

Additives: These are substances added in small quantities, which help with preservation by preventing the presence and development of undesirable microorganisms (for example, mould or bacteria responsible for food poisoning). They help prevent or reduce oxidation phenomena, which cause, among other things, the rancidity of fats or the browning of cut fruits and vegetables. They are called anti-oxidants or antioxidants; they improve presentation or consistency. They are called texturising agents (emulsifiers, stabilisers, thickeners, gelling agents). They give or strengthen a colour to food. In this case, additives are called colourants.

Thickeners and gelling agents: thickening, gelling, and stabilising require, in the food industry, a series of hydrocolloid compounds that constitute a complete range on the international market. These polysaccharides have a very varied origin, but have identical functions: water retention, structuring of the surrounding environment, and mechanical and rheological properties.
Colourings: carotenoids (E160a): these are yellow, orange and red pigments that are precursors of vitamin A. Found in plants: fruits (orange), vegetables (carrots), or in certain animals (lobsters). 

Vitamins: the addition of vitamins in fruit drinks can have several objectives: to restore in the drink the quality initially present and lost. During the manufacturing process. Addition to enrich the drink with vitamins and communicate this value. Addition near the consumer (marketing impact). Addition of a vitamin as a colouring. Addition of a vitamin as an antioxidant to ensure better conservation of the drink during its ageing [6]. These chemical groups endowed with pharmacological, antibacterial and antifungal properties can be beneficial for humans in the treatment or prevention of certain pathologies [3], [4], [6]. The industrial and artisanal transformation of the maracuja fruit into juice is widespread. Artisanal drinks in general have various advantages for consumers: they are less expensive, more accessible, and ready to consume [7]. In addition, food products can be the site of various alterations. These alterations are often caused by microorganisms, physicochemical or biochemical modifications, enzymes or microbial substances. They can occur during the production, storage and distribution of food. These alterations result not only in the degradation of organoleptic quality but also in risks to the health of consumers [8]. Therefore, the microbiological quality of food constitutes the essential basis for ensuring consumer safety. In a " quality assurance " context, good hygiene practices are key factors for obtaining good quality drinks [7]. Thus, the physicochemical and microbiological quality of maracuja juices remains to be verified, given the local processing conditions and the conditions of sale of the fruits in local markets. Indeed, the high water content, the production equipment and the multiple hand manipulations, the hygiene of which is often questionable, make artisanal juices sensitive to the actions of physicochemical and biological degradation agents. In addition, microbiological quality takes into account, in addition to the hygiene conditions of production, the quality of the raw materials used [8 ][ 9].
Microbiological alteration leads to a deterioration of the organoleptic quality, which typically appears as a bad taste, a bad smell and a change in visual appearance in the product [10]. This work is part of a quality control of maracuja juice produced by third-year science students from six schools in the city of Goma, the artisanal and industrial juice sold on the market of the city of Goma after six months of storage at room temperature. The physicochemical and microbiological control makes it possible to understand the quality of the juices and to know if they are not dangerous to the health of consumers. Thus, in order to achieve the objective of contributing to preserving the health of the consumer, this study was conducted on the microbiological and physicochemical quality. More specifically, it was a question on the one hand of determining some physicochemical parameters such as dry matter, raw ash, pH, conductivity, density, viscometer, Brix degree, vitamin C dosage, titratable acidity and sugar content of maracuja juices and on the other hand, of searching for and counting mesophilic aerobic germs, yeasts and molds, total coliforms, Clostridium sulfite reducer and Escherichia coli.

II. MATERIALS AND METHODS
II.1 Material 
The biological material consists of a sample of maracuja juice prepared by students from six schools in the city of Goma and the maracuja juice produced artisanally in the city of Goma and industrially imported from the country.

II.2 Method
II.2.1 Juice sampling.

Juice samples were taken at the end of each school's handling and the sampling of the supplies for artisanal and industrial juice in May 2024. To do this, fifteen samples were taken during each intake, which will be stored in a dark and dry place at an ambient temperature of more or less 250 °C.
II.2.2 Determination of physicochemical and microbiological parameters
 
Table 2: Determination of some physicochemical and microbiological parameters of maracuja juice [11 ][ 12]

	Physicochemical and microbiological parameters to be analysed
	Methods
	Principles
	Main materials

	Dry matter
	Drying at 103 -
+ 1 0 C
	Steaming
	Oven, desiccator, scale

	Raw ashes
	Incineration 650 0 C
	Gravimetry
	Muffle furnace, crucible

	P H 
	Manual
	Potensiometric 
	PH -electric meter

	Density
	Manual
	Picnometry 
	Pycnometer, thermometer

	Conductivity
	Manual
	Conductimetry
	Conductivity meter

	Viscosity
	Manual
	Viscotester 
	Viscometer

	Brix degree 
	Manual
	Refractometry
	Refractometer

	Titratable Acidity 
	AFNOR (NF V
05-101,1974)
	Titrimetry
	Stand, burette, beaker, reagent

	Ascorbic acid
	Indirect titration, redox dosage by return
	Iodometry 
	Stand, burette, beaker, reagent

	Total sugars
	Indirect titration, redox dosage by return
	Iodometry 
	Stand, burette, beaker, reagent

	E. Coli
	In the mass of 44 0 C/1-2 days
	EMB environment
	Microbiology Lab

	Yeast and mould
	Membrane filtration
0.45mm, culture
25 0 C/3-5 days
	Sabouraud Agar Medium 
	Microbiology Lab

	Salmonella spp 
	In the mass of 37 0 C/1-2 days
	SS agar medium
	Microbiology Lab

	FAMT
	In the mass of 30 0 C/2-3 days
	PCA environment
	Microbiology Lab

	Total coliform
	In the mass of 37 0 C/1-2 days
	Middle Mac grey
	Microbiology Lab



Result and Discussion


III. The results obtained for the Physicochemical and Microbiological analyses are shown in the tables below after six months of storage.
III.1 The results of the physicochemical analyses
Table 3: Half-yearly summary of physicochemical analyses of passion fruit juice carried out by students from schools that have carried out food preparation of the juice

	Setting
Physicochi
      mic 

School monitoring
For 6 months
	Cend
re brut In
%
	Matter
re (%)
	pH
at 20 o
C
	Con duct imet re at 20 o C
(Ms)
 
	Density at 20 ° C
	Viscosity at
20 o C
( mPa.s )
	Degree
e
Brix at
20 o C
( 0 B)
	Acidity
e
Titra ble (g/l)
	Dosage
e
vitamin C at 20 o C
(mg/1
00ml)
	Sugar
e
Total ux at 20 o C
(%)

	Standards
	0.2-
0.5
	8-15
	3-4
	1000
>
	1.03-
1.05
	1.1- 1.3
	9-15
	9,6-10
	30-50
	10-15

	School 1
	0.22
	13
	4.2
	1193
	1.09
	1.8
	13
	12
	31
	10

	School 2
	0.09
	15
	3.1
	980
	1.3
	0.9
	14
	6
	28
	08

	School 3
	0.19
	12
	3.7
	1225
	1.1
	2
	12.5
	11
	49
	14

	School 4
	0.15
	11
	3.9
	1305
	1.05
	2
	12.9
	12
	45
	16

	School 5
	0.1
	13
	2.9
	1001
	1.25
	1.1
	13.5
	7
	25
	11

	School 6
	0.26
	14
	3.8
	1277
	1.1
	1.5
	14
	10
	49
	12

	Total Average
	0.21
	13
	4.0
3
	1164
	1.06
	1.55
	13.3
1
	9.9
	37.8
	11.8




Interpretation: The results from the analyses of this study provide indications on the physicochemical quality of the samples of maracuja juice prepared by the students of six schools after six months of storage. School 1 and school 2 present values slightly higher or lower than the AFNOR standard in relation to certain parameters such as: pH (hence the citric acid was not well adjusted after the addition of water); density (perhaps due to filtration which allows dense particles to pass through), viscosity (it is less viscous after obtaining the juice nectar) raw ash (which shows the poverty in mineral salts), very acid titratable acidity (which may be due to the quality of fruit), less rich in vitamin C[11]. For the remaining schools, the values found fluctuate within the AFNOR standards after six months of storage.






Table 4: Half-yearly physicochemical analysis of maracuja juice made at the artisanal level by artisanal producers

	Setting
Physicochemical
 
School monitoring
For 6 months 
	Cend
re in %
	Dry mat .
e
(%)
	pH
at 20 o
C
	With
ducti meter
e at 20 o C
(Ms)
 
	Density at 20 ° C
	Viscosity at
20 o C
( mPa.s )
	Degree
e
Brix at
20 o C
( 0 B)
	Acidity
e
Titrab
the (g/l)
	Vitamin E C dosage at 20 ° C (mg/100 ml)
	Sugar
e
Total ux at 20 o C
(%)

	Standards
	0.2-
0.5
	8-15
	3-4
	1000
>
	1.03-
1.05
	1.1- 1.3
	9-15
	9,6-10
	30-50
	10-15

	Sample 1
	0.08
	17
	5.1
	1505
	1.3
	2.3
	16
	17
	27
	16

	Sample 2
	0.35
	14
	4.1
	1453
	1.06
	1.9
	16
	12
	34
	14

	Sample 3
	0.09
	16
	2.8
	1105
	1.4
	2.5
	18
	13
	21
	9

	Total Average
	0.55
	15.6
	4
	1354
	1.2
	2.2
	16.6
	14
	27.3
	13



Interpretation: The results from the analyses of this study provide indications on the physicochemical quality of the samples of maracuja juice prepared by local producers and sold in the food stores of the city of Goma after six months of storage. Samples 1 and 3 present values slightly higher or lower than the AFNOR standard [11] with respect to certain parameters, such as: pH presents higher values, which can facilitate the rapid development of microorganisms following the weak acidity. The density is high, which shows the degree of impurities, but also poor filtration. The viscosity is higher than the standard due to the concentration of juice used for flavouring. The raw ash is below 1 (which shows the poverty in mineral salts). The brix degree is high for the three samples, which shows the non-use of a refractometer after the addition of water in the juice to control the sugar level. Less rich in vitamin C, which can lead to the deterioration of the colour of the juice over time. For sample 2, the values found oscillate within the AFNOR standards after six months of storage, which proves good treatment during manufacturing and compliance with hygiene rules [11].
 








 
Table 5: Annual physicochemical analysis of maracuja juice made at an industrial level after six months of storage
	Setting
Physicochemi that Followed schools
For 6 months 
	Ash
e gross In %
	Matie
D dry (%)
	pH
at 20 o
C
	Con duct imet re at 20 o C
(Ms)
 
	Density at 20 ° C
	Viscosity at
20 o C
( mPa.s )
	Degree
e
Brix at
20 o C
( 0 B)
	Acidity
e
Titrab
the (g/l)
	Dosage
e
vitamin C at 20 o C
(mg/1
00ml)
	Sugar
e
Total ux at 20 o C
(%)

	Standards
	0.2-
0.5
	8-15
	3-4
	1000
>
	1.03-
1.05
	1.1- 1.3
	9-15
	9,6-10
	30-50
	10-15

	Sample 1
	0.15
	11
	3.7
	1271
	1.02
	1.2
	12
	11
	45
	13

	Sample 2
	0.23
	13
	3.4
	1159
	1.1
	1.4
	14
	9
	41
	14

	Total
Average
	0.19
	12
	3.5
	1215
	1.06
	1.3
	13
	10
	43
	13.5



Interpretation: The results from the analyses of this study provide indications on the physicochemical quality of samples of industrial maracuja juice sold in food stores in the city of Goma after six months of storage. Both samples present satisfactory results compared to the AFNOR standard, which reflects the use of quality equipment and a process respecting the Food Codex standard for juice and hygiene rules [11].

Table 6: Microbiological analysis of passion fruit juice made by students after six months of conservation
	                                                                     Setting
Microbiological
Followed
For 6 months 
	E. Coli
	Salmonella
	Yeast and Mould
	Total mesophilic aerobic flora
	Clostridium sulfitoreducteur 
	Faecal total coliforms

	Standards
	0 UFC/
100ml
	Absent/25g
	< 10 UCF/ml
	10 2 -
10 5 /ml
	O CFU/ml
	0 CFU/ml

	School 1
	absence
	absence
	7
	absence
	absence
	absence

	School 2
	absence
	absence
	15
	1.3x10 3 
	absence
	2.1x10 2 

	School 3
	absence
	absence
	5
	1.5x10 4 
	absence
	absence

	School 4
	absence
	absence
	8
	absence
	absence
	absence

	School 5
	absence
	absence
	20
	2.5x10 5
	absence
	1.5x10 

	School 6
	absence
	absence
	9
	absence
	absence
	absence

	Average
	absence
	absence
	10.6
	1.7x10 4
	absence
	1.8x10


Interpretation: The results obtained after six months of storage at room temperature in the juice laboratory made by students from six schools in the city of Goma, illustrated in table six, show that the indicator germs of fecal contamination such as Escherichia Coli are absent in all samples and total coliforms are present from the fifth month in the samples from schools 2 and 5, the quality is unsatisfactory and becomes inedible according to national regulations [12]. The appearance and detection of coliforms in an acidic environment (juice) after the fifth month would be attributed to their ability to regulate their internal pH and maintain neutral pH by a combination of passive and active homeostasis mechanisms [13]. It is the probable consequence of contamination due to a lack of hygiene.

(manipulation). After the sixth month, the yeast and mould count reveals a progressive increase up to 15 for school 2 and 20 for school 5 at room temperature (20 ᵒ C). It is well established that yeasts and moulds prefer an acidic environment, hence these high counts [13]. At the end of the sixth month, in view of the results obtained, the quality of the samples from schools 2 and 5 analysed is not acceptable (national [12] and international [13] regulations recommend 3 counts <10 CFU/ml). Yeast growth is generally accompanied by turbidity, flocculation, clumping and film formation. They are also capable of producing esterases, organic acetaldehydes, which lead to a "fermented flavour" [14]. This is in full agreement with our observations.
Table 7: Microbiological analysis of maracuja juice made at the artisanal level after six months of monitoring and conservation by artisanal producers.

	            Setting
Microbiological
Followed
For 6 months
	E. Coli
	Salmonella
	Yeast and Mould
	Aerobic flora
total mesophilic
	Clostridium sulfitoreducteur 
	Faecal total coliforms

	Standards
	0 UFC/
100ml
	Absent/25g
	< 10 UCF/ml
	10 2 -
10 5 /ml
	O CFU/ml
	0 CFU/ml

	Sample 1
	absence
	absence
	1.15x10 2 
	9x10 7 
	absence
	2.5x10 3

	Sample 2
	absence
	absence
	7
	absence 
	absence
	absence

	Sample 3
	absence
	absence
	1.11x10 2
	3x10 3
	absence
	3x10 3

	Average
	absence
	absence
	3.08x10 2
	6x10 5
	absence
	2.5x10 3



Interpretation: The results obtained after six months of storage at room temperature in the laboratory of juice produced artisanally and sold in the food stores of Goma in Table 7 show that the indicator germs of faecal contamination, such as Escherichia Coli, are absent in all samples. The same goes for pathogenic germs such as Salmonella and Clostridium sulforeducteur. The presence of FAMT, total coliforms and yeasts and moulds is remarkable in very high quantities, hence the unsatisfactory quality compared to the AFNOR standard [12] after six months of storage for samples 1 and 3. As for sample 2, the values are still within the standards.
Table 8: Microbiological analysis of maracuja juice made at an industrial level after six months of monitoring and storage

	        Setting
       Microbiological
Followed
For 6 months 
	E. Coli
	Salmonella
	Yeast and Mould
	Total mesophilic aerobic flora
	Clostridium sulfitoreducteur 
	Faecal total coliforms

	Standards
	0 UFC/
100ml
	Absent/25g
	< 10 UCF/ml
	10 2 -
10 5 /ml
	O CFU/ml
	0 CFU/ml

	Sample 1
	absence
	absence
	6
	1.3x10 2 
	Absence
	absence

	Sample 2
	absence
	absence
	5
	absence
	Absence
	absence

	Average
	absence
	absence
	5.5
	1.3x10 2
	Absence
	absence



Interpretation: The results obtained after six months of storage at room temperature in the laboratory of industrially produced juice sold in Goma food stores in Table 8 show that the indicator germs of faecal contamination, such as Escherichia Coli, are absent in all samples. The same goes for pathogenic germs such as Salmonella and Clostridium sulforeductosa. The presence of total coliforms, FAMT, yeasts and moulds is remarkable in low quantities, hence the satisfactory quality compared to the standard after six months of storage for both samples.

[bookmark: _GoBack]The physicochemical and microbiological analysis of the passion fruit juices obtained by the students, as well as those produced artisanally and industrially, reveals contrasting results that highlight the importance of processing and conservation practices.
 
Physicochemical quality

The results show that juices prepared by students and artisanal juices often have values that fluctuate around the standards, but with notable deviations on certain essential parameters such as pH, density, and viscosity. An incorrectly adjusted pH can promote the proliferation of microorganisms, while a high density indicates the presence of unfiltered impurities. These observations highlight the need for adequate training on juice preparation and compliance with quality standards. In contrast, industrial juices generally comply with AFNOR standards, which demonstrates the use of standardised and controlled manufacturing methods [11]. This underlines the importance of industrial equipment and processes in ensuring consistent quality.


Microbiological Quality 

Microbiological analyses reveal worrying results for some schools and artisanal juices after six months of storage, including the presence of coliforms and yeasts, which indicate potential contamination and pose risks to consumer health [13]. The detection of Escherichia coli in some samples indicates improper handling and storage, which could be attributed to poor hygiene during production. In contrast, industrial juices after six months of storage show full compliance with food safety standards, without significant contamination, reflecting rigorous manufacturing practices and effective quality control.

Conclusion 

In conclusion, the results of the physicochemical and microbiological analyses highlight significant disparities between the passion fruit juices prepared by students, artisanal juices, and industrial juices. Artisanal juices, although often less expensive and more accessible, present significant microbiological risks that should not be overlooked. It is imperative to improve processing and preservation practices to ensure consumer safety. To ensure better quality artisanal juices, training on good hygiene and processing practices must be implemented. Furthermore, regular monitoring of the microbiological and physicochemical quality of the products is essential. This will not only protect consumer health but also improve the reputation of local products on the market. Implementing these recommendations could contribute to a healthier and more sustainable future for the fruit juice industry in the region.
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