



In situ prevention of enzymatic browning of yam tubers (Dioscorea cayenensis-rotundata) cultivar 'zrezrou' using garlic and onion extracts (Allium cepa, Allium sativum)
Abstract: Enzymatic browning is a natural phenomenon observed in yam tubers (Dioscorea cayenensis-rotundata) without the addition of exogenous phenolic compounds. In order to test the effect of natural inhibitors such as red onion, yellow onion and garlic on this browning, one yam tuber (Dioscorea cayenensis-rotundata) of the "Zrèzrou" variety, one kilogram (1 kg) of red onion bulb, one kilogram (1 kg) of yellow onion bulb and one kilogram (1 kg) of garlic cloves were used. This work initially involved studying enzymatic browning in different parts (proximal, midline, and distal) of the yam tuber (Dioscorea cayenensis-rotundata) of the "Zrèzrou" variety. It then aimed to prevent this physiological phenomenon in situ using extracts of Allium cepa and sativum (red onion, yellow onion, and garlic) without the exogenous addition of phenolic compounds. Finally, the optimal concentration of red onion extract was determined to achieve satisfactory inhibition of enzymatic browning. The significant results obtained in this study suggest solutions for inhibiting enzymatic browning of the yam tuber (Dioscorea cayenensis-rotundata) of the "Zrèzrou" variety using crude extracts of red and yellow onion bulbs and garlic cloves. This inhibition was most significant with red onion at a concentration of 0.6 g/L.
Mots-clés Enzymatic browning, Polyphenol oxidase, Onion, Garlic, Yam, Inhibitory.
Introduction
Enzymatic browning is the enzymatic transformation of phenolic compounds into colored polymers, most often brown or black. This phenomenon is observed in plants, which are rich in phenolic compounds. It leads to the loss of nutritional value and deterioration of the organoleptic quality of the food (Kaewjumpol et al, 2021). Therefore, studies on the inhibition of enzymatic browning have gained importance in food processing technology (Vamos-Vigyazo, 1981). This phenomenon is due to polyphenoloxidases and also to a lesser extent to peroxidases (Treche, 1997). Indeed, polyphenoloxidases are metalloproteins with several copper atoms (Gentile et al., 1988). These enzymes catalyze the oxidation of phenols to quinones in the presence of molecular oxygen. The quinones thus formed give rise to brown pigments by polymerization (de Rigal, 2001). Polyphenoloxidases are divided into two subgroups with the specificity towards phenolic substrates as a differentiation criterion (Walker and Ferrar, 1998). These are laccases and catecholoxidases (de Rigal, 2001). These two enzymes use molecular oxygen as a co-substrate. Several ways are being considered to delay or block this physiological phenomenon. Currently, in addition to the usual technological processes (discoloration, freezing, packaging offering protection against light) and innovative ones (pulsed electric field, packaging in a controlled atmosphere), synthetic antioxidants are also used to prevent these alterations. This is the case of sulfites and their derivatives, which act simultaneously on polyphenoloxidases and on the products of the oxidation reaction catalyzed by these enzymes (Walker and Ferrar, 1995; Walker and Ferrar, 1998). In the soluble form, namely sulfite (SO32 -) and bisulfite (HSO3-) ions, sulfites act irreversibly on plant polyphenoloxidases to inhibit their activity (Golan-Goldhirsh and Whitaker, 1984). They can also complex with quinones to form stable, colorless addition products (Walker and Ferrar, 1995). Thus, the reduction of quinones leads to the regeneration of the parent phenols (Golan-Goldhirsh and Whitaker, 1984; Ferrar and Walker, 1999). However, although these additives are very effective in preventing enzymatic browning, the risk factors associated with sulfites and the regulations in force on their use as food additives have prompted the search for natural substances as food ingredients to substitute synthetic compounds (Jang et al., 2002). Indeed, several reports have shown that some sulfite-treated foods cause allergies in some asthmatics (Taylor, 1993) due to the production of sulfur dioxide (SO2). This gas is likely to cause bronchoconstriction when present in ingested food (Taylor and Nordlee, 1993). Other trouble some effects have been clinically revealed in some subjects, including anaphylactic shock, hives, nausea or diarrhea (Taylor and Nordlee, 1993; Walker and Ferrar, 1995). Thus, the use of sulfites in food processing no longer meets the current demand of consumers, who are increasingly turning to natural foods free of synthetic additives. Natural additives such as vitamin C and citric acid are also used to prevent enzymatic browning, but the quantities required to effectively prevent these physiological phenomena and the cost of these two compounds make them expensive treatments for low value-added products (Cheriot, 2007). The search for economically and/or technologically satisfactory alternatives to prevent oxidation phenomena that alter food quality remains a concern in the food industry.

Thus, the objective of this work is to study the enzymatic browning of yam (Dioscorea cayenensis-rotundata) cultivar “Zrèzrou” in the absence of exogenous phenolic compounds in order to prevent it through the use of Allium extract (Allium stivum and Allium cepa).

2. Materials and Methods      
2.1 Collection of Materials
The biological materials used in this study consisted of yam tubers and Allium (garlic cloves and yellow and red onion bulbs). The tubers were yam (Dioscorea cayenensis-rotundata) cultivar "Zrèzrou". They were harvested at physiological maturity at the Floristic Experimentation and Research Station of the University of Abobo-Adjamé, formerly known as Nangui Abrogoua University. The garlic cloves (Allium sativum) and onion bulbs (Allium cepa) were purchased at the Abobo market (Abidjan, Côte d'Ivoire)
2.2 In situ detection of enzymatic browning without exogenous addition of phenolic compounds

The technique used to carry out the in situ investigation of enzymatic browning in the various parts of the tuber of the yam (Dioscorea cayenensis-rotundata) cultivar, “Zrèzrou” was that described by Lee et al. (2002). The yam tuber, about 30 cm long, was carefully washed in distilled water (25°C). It was then divided into three equal parts (proximal “head”, median “middle” and distal “tail”) using a stainless steel knife. “tail"). Each part was then cut into 2 cm-thick slices and placed individually in Petri dishes. These slices were then incubated at room temperature (25°C). At every 5 min interval, photographs were taken using a digital camera (Canon PC 1156 Power Shot A410 3.2 MEGA PIXELS) until enzymatic browning stabilized.

2.3 Extraction of Crude Extracts from Allium Bulbs

Approximately 100 g of Allium bulbs were ground in 100 mL of sodium chloride (0.9% w/v) using a Moulinex-type grinder for 10 min. The resulting pulp was centrifuged at 20,000 g for 10 min at 4 °C in a refrigerated centrifuge (Hermel Z 300K). The supernatant obtained after centrifugation constituted the crude Allium bulb extract. These crude extracts were stored in 5 mL plastic tubes in the freezer.
2.4 In situ prevention of enzymatic browning with Allium extracts

The study of in situ prevention of enzymatic browning of the yam tuber (Dioscorea cayenensis-rotundata) cultivar, “Zrèzrou” was carried out using the method of Gnangui et al. (2010). After washing with distilled water, the middle part of the yam tuber was cut into two-centimetre (2 cm) thick slices, which were then placed individually in jars containing 40 ml of distilled water for the control and 40 ml of red, yellow onion and garlic extract (1 g/mL) for the trials. All yam slices were then incubated at room temperature (25°C) for 20 hours. The results obtained were photographed after removing the slices from the various solutions. Finally, the Allium variety that gave the highest inhibition of enzymatic browning was used to test the influence of Allium concentration on enzymatic browning. To this end, the yam tuber was peeled and cut into small slices with a stainless steel knife (2 cm thick). The slices obtained were divided into two groups: controls and trial. One of the controls was left in the open air, while the other was immediately soaked in distilled water in a jar. The test one was soaked in Allium crude extract at different concentrations (0.2 g/ml; 0.4 g/ml; 0.6 g/ml; 0.8 g/ml and 1 g/ml) contained in a jar. At each 5-minute incubation interval, photographs were taken using a digital camera (Canon PC 1156 Power Shot A410 3.2 MEGA PIXELS) until enzymatic browning stabilized.

2.5 Color analysis

Color is a subjective perceptual attribute developed by the visual system from the light reflected by objects and their environment. Colorimetry consists of a set of data and methods enabling color to be quantified objectively (Medoua, 2005). The CIE L*a*b* color space, defined by the Commission Internationale de l “Eclairage (CIE, 1976), is a three-dimensional space that is uniform in terms of chromatic radiance. The 3 CIE L*a*b* coordinates are corresponding to luminance (L*), red-green balance (a*) and yellow-blue balance (b*). These parameters are used to evaluate color (Figure 1). Color was measured on slices of yam (Dioscorea cayenensis-rotundata) cultivar “Zrèzrou” during in situ detection and prevention of enzymatic browning using a colorimeter (Konica Minolta, INC, made in Japan, No serie 42312099). This colorimeter has a 10° observation window and a D 65 light source. The instrument was calibrated with a white standard (L* = 93.87, a* = 0.18, b* = 2.71).
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Figure 1: CIE L*a*b* color space Source: Medoua, 2005.
3. Results and Discussion
3.1 Résults
3.1.1 In situ demonstration of enzymatic browning in different parts of the yam tuber (Dioscorea cayenensis-rotundata) cultivar “Zrèzrou” in the absence of exogenous substrate.

Figure 2 shows that enzymatic browning, in the absence of exogenous substrate, varies according to the incubation time. Browning appears 3 minutes after cutting the tuber. It occurs over the entire surface of the proximal, middle, and distal slices. The browning color is uniform across the entire surface of the slices (Figure 2) and differs significantly from one part to another at the 5% threshold (Table 1). Enzymatic browning is not uniformly distributed over the entire surface of the slices (Figure 2). The CIE L*a*b* parameters of the different parts of the yam tuber are presented in Table 1. In general, the L* (luminance) a* and b* (red and yellow, respectively) parameters of the tubers decrease. The value of the b* parameter always remains positive. The luminance curve as a function of incubation time (Figure 3) shows that the L* values decrease from 0 to 30 min. After 30 min, they stabilize. The proximal part darkens more than the other parts, as its curve is below the other curves.
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(P): proximal part; (M): median part; (D) distal part

Figure 2: In situ detection of enzymatic browning in different parts of the yam tuber (Dioscorea cayenensis rotundata) cv zrèzrou 

Table 1: CIE L*a*b* parameters of the color of different parts of the tuber of yam (Dioscorea cayenensis-rotundata) cultivar “Zrèzrou”. L* (luminance), a* and b* (red and yellow, respectively).

	Temps

d’incubation (min)
	proximal part


	median part
	distal part

	
	L*
	a*
	b*
	L*
	a*
	b*
	L*
	a*
	b*

	0
	47a
	2d
	27.6g
	47.8b
	-1.2e
	26.4h
	475b
	1.2f
	28.4i

	5
	37a
	4.3d
	19.8g
	37.9b
	3.6e
	20.2h
	38.4c
	3.8e
	22.6i

	10
	33.6a
	2.9d
	15.4g
	35.2b
	2.3e
	16.6h
	36.3c
	3.7f
	19.7i

	15
	31.5a
	0.5d
	12.2g
	32.4b
	0d
	12.9h
	34.5c
	2.3e
	17i

	20
	31.5a
	-0.4d
	11.9g
	32.5b
	-0.6d
	12.6h
	33.4c
	2e
	16.1i

	25
	31.1a
	-0.6d
	11.2g
	32.3b
	-0.5d
	12.2h
	33.4c
	1.7e
	15.3i

	30
	30.6a
	-1.2d
	10.8g
	32.5b
	-1.1d
	12.0h
	33.2c
	1.6e
	15.1i

	40
	30.4a
	-1.3d
	10.3g
	31.9b
	-0.7e
	11.6h
	32.5c
	0.7f
	13.8i

	50
	30.2a
	-1.6d
	10.2g
	31.3b
	-1.6 d
	11.4h
	32.3c
	0.5e
	13.6i

	60
	29.9a
	-1.9d
	9.6g
	31.1b
	-1.6 d
	11.2h
	32.2c
	0.2e
	13.3i

	120
	29.9a
	-2.4d
	9.8g
	30.5b
	-2.2d
	10.9h
	31.7c
	-0.5e
	12.6i


The means of the same row with different exponents are significantly different at P ≤ 0.05 according to Duncan's test. 
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Figure 3: Luminance curves for different parts of the tuber of the yam cultivar “Zrèzrou” (Dioscorea cayenensis-rotundata) as a function of time. (P); proximal part, (M); middle part, (D); distal part
3.1.2 In situ prevention of enzymatic browning with Allium bulb extracts

Figure 4 illustrates the evolution of enzymatic browning of yam (Dioscorea cayenensis-rotundata) tubers of the "Zrèzrou" variety over time, after soaking slices in extracts of yellow onion, red onion, and garlic. These Allium extracts inhibited enzymatic browning of this yam tuber, compared to the control (unsoaked tuber slices and slices soaked in distilled water, Figure 4). However, the crude red onion extract induced the strongest inhibition among the crude Allium extracts tested (Figures 4 and 5). Table 2, which presents the CIE parameters L*a*b* of the different parts of the yam tuber (Dioscorea cayenensis-rotundata) of the variety “Zrèzrou”, shows that in general, these parameters L* (luminance), a* and b* (red and yellow, respectively) of the tubers decrease over time.
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Figure 4: In situ influence of Allium bulb crude extract (red onion, yellow onion and garlic) on enzymatic tissue browning of yam (Dioscorea cayenensis-rotundata) cultivar “Zrèzrou” tuber middle slices as a function of time. (C) control; (DW) distilled water; (YO) yellow onion; (RO) red onion; (G) garlic
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Figure 4: Luminance curve of tissue slices from the middle part of the tuber of yam (Dioscorea cayenensis-rotundata) cultivar “Zrèzrou” in the presence of Allium bulb extracts as a function of time. (NSC) control; (DW) distilled water; (YOE) yellow onion extract extract; (ROE) red onion extract; (GE) garlic extract
Tableau 2: CIE parameters L*a*b* of the color of slices from the central part of the yam tuber (Dioscorea cayenensis-rotundata) cultivar “Zrèzrou” in the presence of Allium bulb extracts as a function of time. 
	Incubation time (min)
	Non-soaked controle
	Distilled water
	Yellow onion extract
	Red onion extract
	Garlic extract

	
	L*
	a*
	b*
	L*
	a*
	b*
	L*
	a*
	b*
	L*
	a*
	b*
	L*
	a*
	b*

	0
	47.9
	-1.2
	26.4
	47.1
	-0.7
	22
	47.5
	-1.6
	25.4
	47.5
	1.4
	23
	47.8
	1.7
	24.8

	5
	40.7
	3.6
	20.2
	40.9
	1
	20.9
	42.3
	0.1
	25,4
	44.2
	2.6
	22.5
	37.9
	4.5
	23.7

	10
	39.4
	2.3
	16.6
	39.9
	1.2
	20.9
	41.9
	0.9
	24
	42. 7
	 2.5
	21.7
	35.2
	4.4
	23.8

	15
	38.8
	0
	12.9
	38.7
	0.1
	19.4
	41.6
	0.7
	23.3
	41,7
	3.7
	21.3
	32.5
	4.2
	23

	20
	37.5
	-0.6
	12.6
	383
	0.1
	18.7
	40.7
	-0.1
	23.2
	41.6
	3.6
	21
	32.5
	4.1
	22.3

	30
	35.5
	-1.1
	12.0
	36.3
	-0.1
	17.3
	40.6
	-0.4
	22.1
	40.9
	3.3
	20.8
	32.4
	3.3
	20.6

	40
	34.6
	-0.7
	11.6
	35.5
	-0.5
	17
	40.2
	-0.6 
	21.8
	40.4
	3.3
	20.6
	31.9
	3.2
	18.4

	50
	33.2
	-1.6
	11.4
	35.4
	-0.8
	16.1
	39.8
	-0.6
	21.3
	40.1
	3.2
	20.5
	31.3
	3.1
	17.1

	60
	32.6
	-1.6
	11.2
	35.4
	-0.8
	16.1
	39.8
	-0.7
	21.2
	40
	3.5
	20.2
	31.1
	2.5
	16.2

	70
	31.9
	-2.2
	10.9
	34.8
	-0.9
	15.4
	39.5
	-1.1
	20.5
	39.7
	2.3
	20
	30.5
	2
	15.3

	80
	31.6
	-2.2
	10.9
	33.9
	-1.1
	13.8
	39.1
	-1.3
	20.1
	39.7
	2.3
	19.9
	30.5
	1.9
	14.9

	100
	30.5
	-2.2
	10.9
	32.9
	-1.5
	13.3
	38.9
	-1.4
	19.3
	39.5
	2.2
	19
	30.5
	1.1
	13.5

	110
	30.2
	-2.2
	10.9
	32.7
	-1.6
	13.2
	38.8
	-1.4
	19
	39.3
	2.5
	18.8
	30.5
	0.5
	13.1

	120
	30
	-2.2
	10.9
	31.6
	-1.7
	12.9
	38.1
	-1.7
	19
	38.9
	2.2
	18.7
	30.5
	0.3
	12.7

	130
	29.7
	-2.2
	10.9
	31.6
	-1.7
	12.4
	37.8
	-1.9
	18.6
	38.7
	2
	18.4
	30.5
	0.2
	12.2


1.3 In situ influence of red onion bulb crude extract concentration on enzymatic browning 

The inhibition of enzymatic browning varies according to the red onion extract concentration. Each red onion crude extract concentration used inhibits the enzymatic browning of yam (Dioscorea cayenensis rotundata) slices of the "Zrèzrou" variety. Between 0.6 g/ml and 1 g/ml, the inhibition varies very little (Figure 6). Table 3 shows that the CIE parameters L*a*b* of the tubers decrease for each red onion extract concentration used. However, they all remain positive. From 45 min onward, the L* values for 0.6 g/ml and 0.8 g/ml are identical. The luminance values as a function of incubation time for "Zrèzrou" yam tuber slices soaked in the red onion extracts (Figure 7) decrease progressively. This is reflected from 45 minutes onwards by the superposition of the luminance curves of the red onion when the concentration reaches 0.6 g/ml up to 0.8 g/ml, indicating identical inhibition of enzymatic browning at these different red onion concentrations.
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Figure 5: In situ influence of crude red onion bulb extract at different concentrations on enzymatic browning of tuber tissue of yam (Dioscorea cayenensis-rotundata) cultivar “Zrèzrou”. 
Table 3: Luminance of yam tuber slices (Dioscorea cayenensis-rotundata) cultivar “Zrèzrou” treated with red onion extracts at different concentrations.
	Incubation time (min)
	Mass concentration of red onion extract (g onion/ml water)



	
	0,2

	0,4

	0,6

	0,8

	1


	0
	44.1
	44.1
	43.4
	44.4
	44.2

	5
	39.3
	39.6
	40.4
	42.2
	42.4

	10
	39.0
	39.4
	40. 3
	41.7
	41.7

	15
	37.8
	39.0
	39.2
	39.8
	40

	20
	37.4
	38.4
	39
	39.6
	39.5

	25
	36.2
	38.3
	38.3
	38.7
	39

	30
	35.9
	37.1
	37.7
	37.7
	38.9

	35
	34.7
	37.1
	37.5
	37.6
	38.9

	40
	34.6
	35.5
	36.2
	36.9
	38

	45
	33.9
	35.2
	36.1
	36.2
	37.7

	50
	33.5
	35
	36.1
	36
	37.5

	55
	33.4
	33.9
	35.6
	35.7
	37.5

	60
	32.8
	33.8
	35.5
	35.7
	37.3

	70
	32.5
	33.2
	35.4
	35.4
	37

	80
	32.3
	32.9
	35
	35.1
	36.6

	90
	31.7
	32.2
	34.6
	34.7
	36.3
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Figure 6: Luminance curve for tuber tissue of yam Dioscorea cayenensis-rotundata cultivar “zrèzrou” in the presence of different concentrations of red onion extract as a function of time. (C) control; (C 0,2) red onion extract at 0.2 g/ml; (C 0,4) red onion extract at 0.4 g/ml; (C 0,6) red onion extract at 0.6 g/ml; (C 0,8) red onion extract at 0.8 g/ml; (C 1) red onion extract at 1 g/ml. 

3.2 Discussion

In situ demonstration of enzymatic browning showed that this phenomenon occurs in all parts (proximal, medial, and distal) of the yam tuber (Dioscorea cayenensis-rotundata) cultivar 'Zrèzrou', without exogenous input of phenolic compounds. According to Jayaraman et al. (1982), this phenomenon is due to the presence, in the yam tuber, of browning enzymes (polyphenol oxidases and/or peroxidases) and phenolic compounds that can be oxidized by these enzymes. Indeed, the presence of phenolic compounds and PPO and/or peroxidases in biological material does not necessarily lead to enzymatic browning. For the enzymatic browning reaction to occur, the phenolic compounds must be substrates for the enzyme. This physiological phenomenon occurs across the entire surface of the slices and in all parts of the tuber, and exhibits varying degrees of discoloration. These results are consistent with those obtained by Gnangui et al. in 2010, who highlighted an uneven distribution of enzymatic browning intensity on the surface of slices of yam Dioscorea cayenensis rotundation cultivar Longbô, as well as in its different proximal, mid, and distal parts. According to Dincer et al. (2002) and Aydemir (2004), phenolic compounds are concentrated in the proximal part of the yam, and their distribution is heterogeneous across the surface of a slice. This heterogeneity of browning in tuber slices can be explained by the uneven distribution of the enzymes involved in the enzymatic browning process, as well as the substrates. According to Koussevitzki (2004), the content and distribution of polyphenol oxidase and phenolic compounds in plant tissues vary according to the species, cultivar, and degree of maturity. This result could also be explained by the uneven distribution of enzymes involved in the biosynthesis of these phenolic compounds. Indeed, according to Vàmos-Vigyàzo (1981), the presence of phenolic compounds in biological tissue is due to the successive action of several biosynthesis enzymes, such as phenylalanine ammonia-lyase and/or tyrosine ammonia-lyase. Finally, the color of the enzymatic browning is unique across the entire surface of the tuber. This result shows that phenolic compounds in the tuber of yam (Dioscorea cayenensis-rotundata) cultivar “Zrèzrou” oxidize to produce a unique coloration. This result differs from that obtained by Gnangui et al. (2010) in their in situ demonstration of enzymatic browning in different parts of the tuber of yam (Dioscorea cayenensis-rotundata) cultivar “Longbô”, where they found different colors on the slices of the tuber. 

The specific choice of an anti-browning agent depends on several factors, such as its availability, effectiveness, cost, treatment method, and effects on the taste, flavor, texture, or color of food (Iyengar and McEvily, 1992). Extracts from red and yellow onion bulbs and garlic cloves address these concerns, which is why they have been used to inhibit enzymatic browning in the tuber of the yam (Dioscorea cayenensis rotundata) cultivar “Zrèzrou.” Indeed, several studies (Kim et al., 2005; Lee, 2007; Lee et al., 2007; Gnangui et al., 2010; Yapi, 2015) have confirmed the antioxidant power of onions. Allium bulb extracts are therefore potential natural inhibitors of polyphenoloxidases and peroxidases, as are honey (Ates et al., 2001) and tobacco leaves (Sugumaran and Nellaiappan, 2000). Certain compounds present in onion and garlic bulbs may be responsible for this antioxidant property. Various sulfur compounds have been reported in Allium bulbs (Negishi et al., 2002). The inhibition of enzymatic browning by thiol compounds, such as cysteine and dithiothreitol, has already been reported by Negishi and Ozawa (2000). The thiol compounds present in onion and garlic bulbs could therefore be responsible for inhibiting browning in the tuber of the “Zrèzrou” cultivar of yam (Dioscorea cayenensis rotundata). The inhibitory effect of onions and garlic could also be due to the hydroxyl groups present in the aromatic compounds of these Alliums (Abdou et al., 2012) and to vitamin C (ascorbic acid). Indeed, vitamin C has been shown to inhibit polyphenol oxidase activity. This substance was used by Gnangui (2009) to inhibit enzymatic browning in the tuber of the yam cultivar “Longbô” (Dioscorea cayenensis rotundata). In addition to these non-protein inhibitors, Gnangui et al (2010) discovered a peptide with a molecular weight of less than 12 kDa in the crude extract of red onion bulb that also inhibits enzymatic browning.This peptide inhibitor in raw onion bulb extract can remain stable in 100 mM phosphate buffer pH 6.6 for 120 min at room temperature (25°C). Beyond this time, it becomes unstable and denatures considerably. Treatment of yam (Dioscorea cayenensis-rotundata) cultivar “Zrèzrou” tuber slices with crude red onion extract appears to be the most effective anti-browning treatment under our experimental conditions. This result is in line with those observed on yam tuber slices (Dioscorea cayenensis-rotundata) cultivar “longbô” by Gnangui et al. (2010).

4. Conclusion
In summary, enzymatic browning occurs across the entire surface of the tuber of the Dioscorea cayenensis-rotundata cultivar “Zrèzrou.” The strongest inhibition is achieved with red onion. It could therefore be the best Allium variety recommended in the agri-food industry for preventing enzymatic browning in foodstuffs.
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Feuil1

		LICENCE DE BIOCHIMIE-MICROBIOLOGIE

		ANNEE ACADEMIQUE : 2024-2025

				LISTE DES ETUDIANTS DE LICENCE 3 BIOCHIMIE-MICROBIOLOGIE

		N°		NOM ET PRENOMS		CM		TD		CC		TP

		1		AKE TANOH JEANNE MARIE YANN NADIA		8		9		13

		2		COULIBALY OUODJOH ELLA TRIPHENE		8		10		13

		3		GNAHOUA MARTHE LORNA SOUAHON		9		14		13

		4		GUEU ZRAMPIEU GRACE YVONNE ALEXANDRA		12		9		13

		5		HUA AHOU MARIA CAREN		9		13		13

		6		KOFFI WA GRACE CAROLLE EMMANUELLA		9		14		13

		7		KONAN AYA VICTORINE		12		14		13

		8		KONAN HENRI-JOEL		10		10		13

		9		KOUADIO EHI MARIE CHRISTINE		8		12		13

		10		KOUADIO ETTIEN AKOUASSI ARIALE DESIREE		13		10		13

		11		LALY HOUNDOSSOUDE ROMAINE ANDREA		13		12		13

		12		MISSA AKOUA MAURIANE ISABELLE BRAUD		11		10		13

		13		TOURE KINANFO MARIE CHRISTINE		13		10		13





produi

		SDS

		concentration de SDS (%)		0		0.2		0.4		0.6		0.8		1		1.2		1.4		1.6		1.8		2

		activité relative (%)		100		154		198		190		161		144		108		88		84		80		78

		pH optimum

		pH		2.6		3		3.6		4		4.6		5		5.6		6		6.6		7		7.6		8

		tampon acétate de sodium						4		6		6		12		52		56

		tampon phosphate														54		56		84		100		70		62

		tampon citrate phosphate		O		0		0		2		4		8		42		52		58		60

		STABILITE AU PH

		pH		2.6		3		3.6		4		4.6		5		5.6		6		6.6		7		7.6		8

		tampon acétate de sodium						0		4		62		84		100

		tampon phosphate														100		100		100		100		90		80

		tampon citrate phosphate		0		0		0		0		50		80		100		100		100		100

		TEMPERATURE OPTIMALE

		TEMPERATURE		10		15		20		25		30		35		40		45		50		55		60		65		70		75		80

		AR		44		64		82		96		100		94		82		60		50		42		15		0		0		0		0

				Ea 23,047

				1.5

		DENATURATUION THERMIQUE

		TEMPERATURE		10		15		20		25		30		35		40		45		50		55		60		65		70		75		80

		AR		100		100		100		100		100		82		64		58		56		48		20		0		0		0		0

				288		293		298		303

		1/T		0.0034722222		0.0034129693		0.0033557047		0.00330033

		LOG AR		1.806179974		1.9138138524		1.982271233		2

																						Ea= 34.49

				INACTIVATION THERMIQUE

		tps		0		15		30		45		60		75		90		105		120

		30 C		100		100		100		98		96		92		88		82		70

		37 C		100		95		92		88		87		84		80		74		66
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		TIME		P		M		D

		0		47		47.8		47.5

		5		37		37.9		38.4

		10		33.6		35.2		36.3

		15		31.5		32.4		34.5

		20		31.5		32.5		33.4

		25		31.1		32.3		33.4

		30		30.6		32.5		33.2

		40		30.4		31.9		32.5

		50		30.2		31.3		32.3

		60		29.9		31.1		32.2

		120		29.9		30.5		31.7
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		LICENCE DE BIOCHIMIE-MICROBIOLOGIE

		ANNEE ACADEMIQUE : 2024-2025

				LISTE DES ETUDIANTS DE LICENCE 3 BIOCHIMIE-MICROBIOLOGIE

		N°		NOM ET PRENOMS		CM		TD		CC		TP

		1		AKE TANOH JEANNE MARIE YANN NADIA		8		9		13

		2		COULIBALY OUODJOH ELLA TRIPHENE		8		10		13

		3		GNAHOUA MARTHE LORNA SOUAHON		9		14		13

		4		GUEU ZRAMPIEU GRACE YVONNE ALEXANDRA		12		9		13
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		tampon acétate de sodium						0		4		62		84		100

		tampon phosphate														100		100		100		100		90		80

		tampon citrate phosphate		0		0		0		0		50		80		100		100		100		100
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		TEMPERATURE		10		15		20		25		30		35		40		45		50		55		60		65		70		75		80
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				Ea 23,047
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		DENATURATUION THERMIQUE

		TEMPERATURE		10		15		20		25		30		35		40		45		50		55		60		65		70		75		80

		AR		100		100		100		100		100		82		64		58		56		48		20		0		0		0		0

				288		293		298		303

		1/T		0.0034722222		0.0034129693		0.0033557047		0.00330033

		LOG AR		1.806179974		1.9138138524		1.982271233		2

																						Ea= 34.49

				INACTIVATION THERMIQUE

		tps		0		15		30		45		60		75		90		105		120

		30 C		100		100		100		98		96		92		88		82		70
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		TIME		P		M		D

		0		47		47.8		47.5

		5		37		37.9		38.4

		10		33.6		35.2		36.3

		15		31.5		32.4		34.5

		20		31.5		32.5		33.4

		25		31.1		32.3		33.4

		30		30.6		32.5		33.2

		40		30.4		31.9		32.5

		50		30.2		31.3		32.3

		60		29.9		31.1		32.2

		120		29.9		30.5		31.7

		time		NSC		DW		YOE		ROE		GE

		0		47.9		47.1		47.5		47.5		47.8

		5		40.7		40.9		42.3		44.2		37.9

		10		39.4		39.9		41.9		42.7		35.2

		15		38.8		38.7		41.6		41.7		32.5

		20		37.5		38.3		40.7		41.6		32.5

		30		35.5		36.3		40.6		40.9		32.4

		40		34.6		35.5		40.2		40.4		31.9

		50		33.2		35.4		39.8		40.1		31.3

		60		32.6		35.4		39.8		40		31.1

		70		31.9		34.8		39.5		39.7		30.5

		80		31.6		33.9		39.1		39.7		30.5

		100		30.5		32.9		38.9		39.5		30.5

		110		30.2		32.7		38.8		39.3		30.5

		120		30		31.6		38.1		38.9		30.5

		130		29.7		31.6		37.8		38.7		30.5

		Times		C 0,2		C 0,4		C 0,6		C 0,8		C 1

		0		44.1		44.1		43.4		44.4		44.2

		5		39.3		39.6		40.4		42.2		42.4

		10		39		39.4		40.3		41.7		41.7

		15		37.8		39		39.2		39.8		40

		20		37.4		38.4		39		39.6		39.5

		25		36.2		38.3		38.3		38.7		39

		30		35.9		37.1		37.7		37.7		38.9

		35		34.7		37.1		37.5		37.6		38.9

		40		34.6		35.5		36.2		36.9		38

		45		33.9		35.2		36.1		36.2		37.7

		50		33.5		35		36.1		36		37.5

		55		33.4		33.9		35.6		35.7		37.5

		60		32.8		33.8		35.5		35.7		37.3

		70		32.5		33.2		35.4		35.4		37

		80		32.3		32.9		35		35.1		36.6

		90		31.7		32.2		34.6		34.7		36.3
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