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Effects of consumption of Citrullus lanatus seed sausages and Gallus gallus domesticus (Broiler Chicken, Cobb 500) sausage consumption on behavioral, lipid profile, liver enzyme activity, inflammatory cytokines and oxidative stress markers in albino rats
Effect of feeding Citrullus lanatus seed sausages and chicken sausages on the behavioral, blood serum profile, inflammatory cytokines and oxidative stress markers in albino rats


Abstract

Considering the increasing global prevalence of metabolic diseases in the world (33.9%) and in Cameroon (27.4%), it is critical to explore the effects of various food items, including sausages, on the risk of developing such conditions. Sausages are a type of processed meat product that are usually made by combining ground or minced meat with a variety of ingredients and stuffed into casings and are consumed widely across the globe. Traditional sausages were usually made from animals (red meat), but there is a growing trend towards plant-based alternatives due to their association with non-communicable diseases. This research aims to investigate the effect of consuming melon seed and chicken sausages on the biochemical parameters of albino rats. Sausages were produced from melon seed and chicken and a commercial meat sausage was bought. Their nutritional and phytochemical contents were evaluated. Twenty-four albino rats were randomly divided into 4 groups of 6 male’s rats per group and fed for 28 days. The Normal group (ND) received normal laboratory chow diet, and the four remaining group receive 15% of meat sausage (RMS), melon seed sausage (MSS)    and chicken sausage (CS) incorporated in 85 % basal diet respectively. After the experimental period the rats were sacrificed by cervical dislocation whereby blood and organs were collected for biochemical analysis; lipid profile, Fasting blood sugar, Serum enzymes, inflammatory cytokines, Oxidative stress parameters. The total phenolic content and flavonoids were significantly higher in MSS compared to CS and RMS. The LDL, triglyceride and total cholesterol were highest in the groups that received red meat sausage and least in the group that consumed MSS whereas HDL cholesterol was highest in the MSS group. The level of all serum enzymes were highest in the group fed with red meat sausage. The levels of pro- inflammatory cytokines were highest in the RMS group and low in the groups fed with CS and MSS. SOD, GSH, and CAT were higher in the groups fed with CS and MSS and least in the RMS group while NO and MDA were greatest in the groups that consumed RMS. MSS and CS showed an improvement in the oxidative status, lipid profile, inflammatory mediators and high nutritional value but MSS had a greater positive effect. These findings have led to the understanding of potential health implications of different sausage options which can help the public informed about dietary choices.	Comment by DELL: Give values for the significant results
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[bookmark: _bookmark7]1. Introduction
The impact of dietary choices on human health has been a subject of interest for scientists, nutritionists, and the general public (Scrinis, 2020). Considering the increasing global prevalence of metabolic diseases in the world (33.9%) and in Cameroon (27.4%) (Bilog et al., 2023), it is critical to explore the effects of consumption of processed foods such as sausages, on the risk of developing such conditions (Xiao et al., 2024). Metabolic diseases, such as obesity, cardiovascular disease, and diabetes, are among the leading causes of morbidity and mortality worldwide (Li et al., 2024).
Sausages are a type of processed meat product that are usually made by combining ground or minced meat with a variety of ingredients and are consumed widely across the globe (Codex Alimentarius Commission, 2019). They are considered one of the oldest processed foods in existence since the 14th century, over 5000 years ago. There are hundreds of different types of sausages produced worldwide, and they hold significant social and economic importance (Carballo, 2021).
Traditional sausages were usually made from animals (red meat and pork), but there is a growing trend towards plant-based alternatives (Flores and Piornos, 2021). This has resulted in the production of plant-based products using ingredients like legumes, grains, seeds and vegetables (Tahmasebi et al., 2016).
Animal-based sausages made of meat are rich in protein, vitamins, and minerals but may also contain higher levels of saturated fats and cholesterol (Bedale et al., 2023). However, excessive consumption of red meat, and meat products particularly processed meat, is associated with an increased risk of total mortality (Micha et al., 2010), cardiovascular disease, colorectal cancer (McAfee et al., 2010), gout, and type 2 diabetes in both men and women (Richi et al., 2016).
Chicken sausages are often preferred by individuals seeking a healthier alternative to traditional pork and meat sausages as they are generally lower in fat and calories (Hadi and Brightwell, 2021). The relatively high protein content of chicken makes them a suitable option for individuals looking to increase their protein intake while minimizing their fat consumption (Ahiwe et al., 2018).
Plant-based options are becoming popular because consumers are more drawn to reduce or avoid the consumption of animal-based food in their diets due to environmental, ethical, or health reasons (Baune et al., 2021; Boukid, 2021). Plant- based sausages may become possible choices when correctly manufactured to achieve texture and flavor similar to meat sausages, contributing to the reduction of meat consumption (Jimenez-Colmenero et al., 2015).	Comment by DELL: Convert into 2 or 3 sentences
Melon seed (Cucumeropsis mannii) commonly called egusi, is a popular ingredient in African cuisines (Alagbe, 2020). It is rich in nutrients such as proteins, fats, vitamins, and minerals (Maduforo et al., 2022). They contain bioactive compounds with potential health benefits (Khalid et al., 2021), and also high in fiber, contributing to satiety and weight management (Alagbe, 2020). They are usually used in making soups, pastes, puddings and act as thickeners but research has also shown that that they can be used to produce sausages.
There are limited studies that have investigated the effect of consuming plant-based and animal-based sausages on the biochemical parameters of albino rats. Therefore, this research aims to evaluate the effect of consuming melon seed and chicken based sausages on the biochemical parameters of albino rat.	Comment by DELL: Bring this line to the last line of this paragraph
[bookmark: _bookmark14]There is a lack of clear understanding regarding the health impacts of consuming sausages produced from alternative sources like melon seeds and chicken compared to traditional sausages made from meat and their effects on biochemical parameters. Thus the need to evaluate the effect of consumption of melon seed and chicken sausages on the biochemical parameters of albino rats specifically, to evaluate the nutritional composition and phytochemical content of sausages produced from melon seed and chicken. Additionally, evaluating the biochemical parameters of albino rats upon consumption of plant-based (melon seed) and animal-based sausages (chicken). 

2. Materials and methods
[bookmark: _bookmark46]2.1. Experimental design
This was a laboratory based study carried out in the Fako Division and more precisely in the University of Buea at the Agroecology laboratory.
2.2. Sample collection
Melon seed, ginger, garlic, eggs, wheat flour, and black pepper were used for the sausage formulation and were purchased from the local markets in Buea like the central and Muea markets and others. Chicken and beef were purchased from the slaughterhouse in Buea and transported to the Life Science Laboratory of the University of Buea.
2.3. Sausage Preparation
[bookmark: _bookmark50]2.3.1. Processing of melon seed (Cucumeropsis mannii) and spices for sausage formulation.

The melon seeds were dried in an oven at 60ºC for 2 hours to reduce moisture then ground into a meal using a blender and the spices; white pepper, black pepper, garlic, ginger, pepper, and onion were ground separately using a blender. The production was done according to Nwoke et al. (2023). 
Table 1: Formulation table of melon seed sausage
	Ingredients
	Quantities (% in 100g)

	Melon seed powder
	58.28

	Garlic paste
	0.48

	White pepper
	0.45

	Black pepper
	0.46

	Salt
	0.86

	Seasoning power
	1.55

	Oil
	0.69

	Onion
	1.03

	Water
	34.37

	Ginger paste
	0.46

	Flour
	2.38



2.4. Preparation of chicken-based sausage
Four broilers were purchased from the market and brought to the Agroecology laboratory. They were killed, washed, trimmed to remove fat and skin, and also deboned. The flesh was then placed in a clean plastic and refrigerated at -180℃ for 24 hours. After 24 hours, the boneless frozen chicken was minced by passing through a fine disc or plate of one-eighth-inch diameter holes to produce a paste having the desired binding texture. The ground chicken was then mixed with the necessary spices;(white pepper, black pepper, seasoning cubes, ginger, garlic, wheat flour, and salt) thoroughly with a wooden spoon to obtain a homogeneous mixture. Next, the cellulose casing (2.5 cm in diameter) was filled with meat batter by using a sausage stuffer. Thereafter, the meat was mixed with the necessary ground spices and other ingredients to produce the sausage having the desired properties. The sausage was stuffed inside a casing and cooked. Sausages were produced according to Mathi et al. (Mathi, 2016) with some modifications.	Comment by DELL: Check the refrigeration temperature for chicken meat

Table 2: Formulation table of chicken sausage

	Ingredients
	Quantities(% in 100g)

	Chicken
	328.2

	Cold water
	58.05

	Salt
	6.67

	Maggi
	3.28

	Spices (pepper, ginger, onion)
	4.46

	Garlic
	7.00

	White pepper
	0.44

	Egg
	9.85

	Curing salt
	1.15



2.5. Cooking of sausage
The sausages were prepared by boiling, the melon seed sausages were boiled at 100°C for 3 hours according to Nwoke et al.  (Nwoke et al., 2023)  and 100ºC for 22 minutes for chicken sausages then chilled to 15-20°C with cold water for 10 minutes according to Singh et al. (Sarkar et al., 2021).
2.6. Nutritional analysis
Proximate analysis was carried out using the standard method of AOAC  (Ben-Gigirey et al., 2012).
2.7. Phytochemical analysis
Phytochemical analysis was conducted using the standard methods of Yadav and Agarwala (2011).
3. Animals Bioassay
3.1. Animal housing and acclimatization
Twenty-four male albino rats (6-8 weeks old) of average body weight (between 150- 200g) were used for the experiments. Animals were purchased from Douala, and maintained under standard conditions (clean cages placed in a well-ventilated house condition with a temperature of 25 ± 2 ℃ and photoperiod of 12 h light and 12 h dark cycle). They were kept in the laboratory for 1 week for acclimatization before the experiment. All animals were housed and kept in cages; six per group in an approved space by the University of Buea Institutional Animal Care and Use Committee. All rats used were albino rats from the same vendor to avoid changes in variations. Animal cages with airy nature were used and animals were placed in cages with sawdust and were provided with food and water ad libidum. The cages were cleaned every day to avoid potential discomfort and the introduction of confounding factors.
3.2. Preparation of animal feed and formulation of the sausage diet
The normal diet is a standard rodent chow and sausage diets were formulated according to Ahmad et al. (Ahmad et al., 2020) but with some modifications; 600g of maize flour, 200g of soya beans, 285g fish powder,10ml of vegetable oil and 10g salt for every kilogram of food, tap water (680cm3). For the sausage groups, 15% of each sausage type (chicken, melon seed, and meat) was mixed with 85% of normal rat chow. After which a dough- like consistency was formed using water, feed was shaped into small hand-balls and kept at 40◦C overnight to feed the rats in the next morning. Foods were prepared every two days to avoid lipid oxidation.
3.3. Animal groupings and experimental feeding techniques
[bookmark: _bookmark70]Twenty-two rats were randomly and equally divided into four groups, six rats each. After the acclimatization period of 7 days, each group was fed with one of the following diets every day for 28 days. Group1 (Normal diet), Group2 (Meat sausages (15%) + normal diet (85%)), Group3 (Normal diet (85%) + melon seed sausage (15%)) and Group4 (Normal diet (85%) +chicken sausage (15%)).
3.4. Determination of growth response
[bookmark: _bookmark71]Measurement of body weight, water, and food intake was done as described by Ru et al. (Ru et al., 2018).
3.5. Assessment of behavioral activities using the Open field (OFT) assessment methods
At day 26, the open-field assessment test was performed as prescribed by Swiergiel and Dunn (2007). The open field consists of a wooden square box: 40 cm × 40 cm × 45 cm and the floor divided into 16 smaller squares of equal dimensions (10 cm × 10 cm) as seen in figure 7. Each animal is placed at the center of the box and allowed to explore the box for 5 mins. With the aim to verify the activity of animals, locomotion activity in an open field was recorded. The open field represents a new stressful environment for the animal and allows for evaluation of locomotor activity, level of exploration, and emotional response in animals. Animals were placed in the open field 2 h after memory test in the elevator plus maze test. The following parameters were noted for a period of 5 minutes for each mouse: the number of “crossing” (number of crossed lines or crossed tiles), the number of “rearing” (when the animal is placed on its hind legs by resting on the wall of the device with its front legs), and the time spent in the center.
3.6. Fasting blood glucose (FBG)
At day 26, Animals in all groups were fasted for 12 hours over night and their glycemic levels were recorded  at day 27 using a glucometer following manufacturers instruction (Togashi et al., 2016).
3.7. Animal sacrifice, sample collection, and serum preparation
The rats were sacrificed at day 28 using standard method and selected organs were collected. The blood with coagulant was taken for hematological analysis  (Ullah et al., 2021). The body organs collected were stored for further use in aluminum foil in a refrigerator at 4-8 ℃ (Choi et al., 2022). Homogenate was prepared following the method of Amaro et al. (2015).
3.8. Biochemical analysis of blood, serum and organs
3.8.1. Hematology
Hematological analysis was performed using an automatic hematological analyzer (Sysmex KX-21N) according to the manufacturer’s instructions (Ike et al., 2010).
3.8.2. Estimation of serum lipid biomarkers
The cholesterol concentration was determined and calculated using the method of Li et al. (2019).
The HDL cholesterol fraction is determined using the total cholesterol enzymatic reagent method Steele et al. (Steele et al., 1976). The triglyceride was determined following the method of Kaplan et al. (Kaplan, 1970). LDL cholesterol is calculated using the Friedewald formula: LDL-C = Total Cholesterol – HDL-C – (Triglycerides/5).  
3.8.3. Determination of AST and ALT
It was done using the chronolab (Spain) kits according to the manufacturer’s instructions. Serum albumin levels were uses according to manufacturer instructions.
et al.
3.9 Evaluation of oxidative stress 
2.5.8.3. Oxidative stress parameters
This test was performed to know the level of oxidation in the different organs. The Different tests performed were Catalase, Reduced Glutathione, nitric oxide, malondialdehydeand superoxide dismutase.
Reduced Glutathione
The concentration of GSH was determined by the method of  Rahman et al. (2006). This test was carried out by mixing 10 of each organ homogenate with 1500 of Ellman’s reagent (5mg of DNTB (Disthio-bis (2-nitrobenzoic acid) in 250mL of phosphate buffer). The tubes were allowed to stand for 1 hour then the absorbance was read against a blank at 405nm using a microplate reader. The GSH concentration was quantified using the extinction coefficient of 14,150M-1cm-1 and expressed as of protein. The concentration of GSH was determined using the formula:
A = ƐCL
Where A is the absorbance, L is the path length in centimeters, C is the concentration in moles/liter (M), and Ɛ the extinction coefficient.
Catalase (CAT)
The test was performed by the method of Sinha (1972) by mixing 375µL of phosphate buffer (pH 7.5, 0.1M) and 25µL of the organ homogenates. The tubes were mixed thoroughly then 100ul of H2O2 (50mM) and 1000µL of dichromate in glacial acetic acid were added. The tubes were heated for 10 minutes at 1000C after which the absorbance was read against a blank at 630nm using a microplate reader. Catalase activity was calculated using the formula:
Activity = 
Where AA is average absorbance,  is the extinction coefficient; Vt is the total volume of the medium; and Vs is the volume of the sample. Catalase activity was expressed as µmol of H2O2 consumed per mg of protein.
Superoxide Dismutase (SOD)
 The superoxide dismutase was determined according to the method of Kong et al. (2016). To a tube, 833µL of carbonate buffer (pH 10.2, 50mM) and 20µL of the different organ homogenates were added to separate tubes while a separate tube containing only the carbonate buffer was used as blank to calibrate the microplate reader. This was then followed by the addition of 33µL of adrenaline (0.3mM). The absorbance was read against a blank at 450nm at 20s and 80s using a microplate reader. The activity of SOD was expressed in U/min/mg of protein in the tissue.
Malondialdehyde (MDA)
The test was carried according to the method proposed by Kong et al. (2016).  125µL of tricarboxylic acid (20% TCA) and 250µL thiobarbituric acid (0.67% TBA) were added into tubes which were followed by the addition of 250µL of the organ homogenate. The samples were incubated in a water bath for 10 minutes at 900C after which they were centrifuged for 10mins at a speed of 3000 r.p.m. The supernatant collected was read against a blank at 530nm. The concentration of MDA was quantified using the equation: 
OD = ƐCL: Where OD is the optical density (absorbance); Ɛ is the extinction coefficient (Ɛ= 1.56 x 105M/cm; C is the concentration of MDA and L is the length of the cuvette. The concentration was expressed as µmol of MDA per gram of tissue.
Nitric Oxide (NO)
It was carried out according to the method of  Csonka et al. (2015)  and Pandya et al. (2016). Nitrite was measured as an indicator of nitric oxide (NO) by Griess reagent (1% sulphanilamide and 0.1% naphthylenediamine in 2.5% phosphoric acid). The test was performed by adding equal volumes (100µL) of Griess reagent and sample homogenate followed by 2600µL of distilled water. Standards were also prepared which were used in producing a calibration curve. After 5 minutes, the absorbance of each sample was read against a blank at 570nm using a spectrophotometer. The nitrite concentration was determined by comparing with a sodium nitrite standard curve and the results were expressed in µmol/g of tissue sample.
3. Results 
3.1. Nutritional composition of sausages
Nutritional evaluation was carried out on the sausages in order to know the composition of the diets and the results are presented in table 3. It was observed that the energy content of the RMS  was higher than the MSS and CS sausage. However, the protein content of CS was higher compared to MSS and RMS. MSS had high amount of fats and fibre at p <0.05.
Table 3: Nutritional analysis of various sausages 
	Sample
	Fat
(%)
	Protein
(%)
	Fiber
(%)
	Energy (Kcal/100g)
	Vitamin A
µg/100G	A (mg/100g)

	MSS Diet
	49.43±0.56a
	20.85±0.23c
	10.66±0.13c
	535.87±0.21c
	4.00±0.80a

	CS diet
	19.07±0.22b
	69.78±0.79d
	0.00±0.00
	530.61±0.29d
	13.04±0.52b

	RMS Diet
	29.93±0.11c
	59.09±2.09e
	0.069±0.00 0
	577.99±1.07g
	76.61±3.38c








RMS= Red meat sausage, MSS= melon seed sausage, CS = chicken sausage. 
3.2. Phytochemical analysis of sausages
The phytochemical composition is shown on table 4. The table reveals that the MSS had higher phenolic, flavonoid, tannins and saponins contents compared to that of CS and RMS. However, there were significant difference seen across sausages (p<0.05).

Table 4: Phytochemical analysis of various sausages

	Sample
	TPC(µg GAE/g)
	Flavonoids
(µgQE/g)
	Tannins
(µgTAE/g)
	Saponins (µg/g)

	MSS diet
	6.52±0.003a
	0.40±0.005a
	1.03±0.01a
	0.01±0.001a

	CS diet
	5.26±0.001b
	0.16±0.05b
	0.67±0.01b
	0.004±.001b

	RMS diet
	4.20±0.004c
	0.10±0.00bc
	0.86±0.02c
	0.004±0.00b


RMS= Red meat sausage, MSS= melon seed sausage, CS = chicken sausage

3.3. Biochemical parameters of rats fed on sausages
[bookmark: _bookmark106]3.3.1 Growth response
The growth response for all the groups of rats is summarized in figure 1. To assess the effects of the diets on the rat’s weight, their weekly weight gain was measured and it was observed that there was a significant increase (p˂0.05) in weight across the weeks. The results showed that the growth rate of the rats fed with positive control (25% meat sausages) and 25% chicken sausages (CS DIET) were significantly higher compared to that fed with 25% melon seed (MSS diet) sausages and basal diets (ND).
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Figure 1: Growth response curve

3.3.2. Food and water intake
The weekly water and food intake of the different experimental rats groups are presented on figure 2 (A) and (B) respectively. Food and water consumed increased as week increased. With group fed on chicken sausage and red meat sausages having the highest food intake. While for water intake the group of rat fed on chicken diet recorded the highest water intake.
A
BA

[image: ]
 Figure 2: Food and water intake

3.4.3 Organ weights
Rats fed with the RMS diet had a significant increase (P < 0.05) in the relative weight of organs compared to the other sausage diet groups and the normal diet. Rats fed with the MSS diet and CS diet had no significant difference in the relative weight in the brain, lungs, liver, heart, kidneys, and spleen as compared to the normal diet group
















ND =normal Diet, RMS diet= Red meat sausage, MSS diet= melon seed sausage, CS diet= chicken sausage
Figure 3: Relative organ weights

3.4.4 Fasting blood sugar
Tables 5 show that there was no significant difference in FBS of rats fed with MSS diet and CS diet when compared to the normal group. However, there was a significant increase between RMS diet and ND at p< 0.05.
Table 5: Fasting blood sugar of rats
	
	ND
	RMS diet
	MSS diet
	CS diet

	FBS (mg/dl)
	72.60±2.30a
	80.67±2.81b
	70.20±3.53a
	75.17±4.11a


	
Values are mean ± SD, and values with different superscripts within the same row are significantly different (p < 0.05). Similar superscripts imply non-significant differences and different superscripts indicate a significant difference between the groups.

3.5 Effect of sausages on hematology parameters
The results of hematological parameter evaluation are shown in table 6. The WBC, LYM, MID, HB, HCT, MCV, MCH, PLT, RDW-SD count were significantly higher in the RMS diet group compared to other the groups. WBC count in the ND group was significantly different in all the groups. HB, RBC, MCV, MCH, MCHC, RDW-CV, RDW-SD, MPV, PDW and P-LCR, LYM, MID, GRAN, concentrations were not significantly different in all the groups. Platelet count was highest in RMS diet and least in the ND diet group. The concentrations of WBC, and platelet were significantly different in all the groups (p<0.05).

Table 6: Hematological parameters of rats

	Test Group
	ND
	RMS DIET
	MSS DIET
	CS DIET

	WBC
	2.10±1.77a
	2.60±0.38b
	1.52±0.31c
	1.80±0.67d

	Lym %
	93.02±1.30a
	93.38±1.08a
	92.88±5.38a
	92.68±1.78a

	MID %
	3.40±0.39a
	3.45±0.63a
	2.82±1.67a
	3.05±0.45a

	GRAN %
	3.74±1.32a
	3.22±1.05a
	4.30±3.74b
	4.27±1.59b

	Lym 10^3 µL
	1.70±0.57a
	2.70±1.47b
	1.40±0.31a
	1.63±0.64a

	MID10^3 µL
	0.13±0.06a
	0.14±0.05ab
	0.14±0.04ab
	0.16±0.01b

	Gran 10^3 µL
	0.10±0.01a
	0.10±0.02a
	0.13±0.05a
	0.14±0.05a

	RBC 10^6 µL
	7.49±0.51a
	7.76±0.58a
	7.61±0.43a
	7.92±0.25a

	HB g/dL
	13.78±1.23a
	14.94±1.05a
	13.92±0.71a
	14.78±0.42a

	HCT %
	44.90±3.88a
	48.36±3.74b
	46.05±2.59ab
	47.63±1.24ab

	MCV fL
	59.86±1.58a
	62.26±1.55ab
	60.43±1.34ab
	60.15±0.94a

	MCH pg
	18.34±0.43a
	19.26±0.45a
	18.30±0.66a
	18.63±0.27a

	MCHC g/l
	306.80±6.53a
	309.60±3.21a
	302.83±10.76a
	309.83±2.64a

	RDW-CV %
	14.88±0.51a
	14.76±0.32a
	14.72±0.21a
	14.68±0.31a

	PLT10^3/ µL
	749.40±17.53a
	1145.20±18.86b
	890.83±13.66c
	1011.00±12.14d

	MPV fL
	6.64±0.15a
	6.42±0.16a
	6.58±0.22a
	6.53±0.23a

	PDW%
	7.92±0.13a
	7.88±0.16a
	7.88±0.17a
	8.02±0.21a

	P-LCR%
	7.18±0.65a
	6.42±1.19a
	6.95±1.60a
	6.93±1.30a

	RDW-SD fL
	22.28±1.15a
	22.98±0.65a
	22.27±0.57a
	22.08±0.29a


WBC; white blood cells, RBC; red blood cell, HGB; haemoglobin, HCT; hematocrit, MCV; mean corpuscular volume, MCH; mean corpuscular haemoglobin, MCHC; mean corpuscular haemoglobin concentration, RDW-CV; red cell distribution width coefficient of variation, RDW-SD; red cell distribution width standard deviation, PLT; platelet, MPV; mean platelet volume, PDW; platelet distribution width, PCT; plateletcrit,ND = normal Diet, RMS diet= Red meat sausage, MSS diet= melon seed sausage, CS diet= chicken sausage Values are mean ± SD, values with different superscripts within the same row are significantly different (p < 0.05).

3.6 Lipid profile
To evaluate the effect of various sausages, lipid profile was measured and the results are shown in table 7. Based on the results, Total cholesterol and TAG indicated a significant difference between all the groups. However, upon close observation, there was no significant difference observed between the ND and MSS diet group meanwhile RMS and CS diet groups were observed to be significantly different from ND for LDL. HDL was also observed to be non- significantly different between ND, and MSS diet. However, a significant difference was observed for RMS and CS diet when compared to the normal diet at p<0.05.

Table 7: serum lipid profile of rats
	Test
	
	Groups
	
	

	
	ND
	RMS diet
	MSS diet
	CS diet

	LDL (mmol/l)
	1.09±0.00a
	2.00±0.04b
	0.87±0.22a
	1.21±0.14c

	HDL (mmol/l)
	0.55±0.03a
	0.42±0.01c
	0.58±0.03a
	0.49±±0.06c

	TAG (mmol/l)
	0.69±0.12a
	2.80±0.16b
	0.39±0.03c
	1.35±0.31d

	TC (mmol/l)
	1.818±0.22a
	2.77±0.66b
	1.49±0.16c
	2.19±0.14d








ND=normal diet, RMS DIET= positive control, MSS DIET=test group1, MSS DIET=test group 2. TC: Total cholesterol, TAG: Triglycerides (TG), HDL: High-density lipoprotein cholesterol, Values are mean ± SD, values with different superscripts within same row are significantly differently (p < 0.05).

[bookmark: _bookmark8]3.7. Serum Enzymes of various groups
Table 8 shows the different levels of serum enzymes in serum. The serum enzymes (AST, ALT, Urea, and Creatinine) all showed significant differences between all the groups (P<0.05) which ranged from 39.861 – 82.833, 4.539- 24.832, 5.333-23.000, 404.412-5845.588 for AST, ALT, Creatinine and Urea respectively.
Table 8: Serum biomarkers of the liver and kidney of rats

	Test
	
	Groups
	
	

	
	ND
	RMS diet
	MSS diet
	CS diet

	AST (U/L)
	39.861±3.317a
	53.58±3.643b
	37.250±1.649a
	50.833±3.643b

	ALT (U/L)
	4.539±0.638a
	7.16±1.809b
	3.749±0.994a
	6.832±1.740b

	Creatinine (µmol/L)
	5.333±3.611a
	9.73±1.738b
	4.922±0.769a
	10.00±2.0278b

	Urea (mmol/L)
	404.412±0.798a
	382.52±3.758a
	410.11±1.798a
	584.588±5.888b



3.8. Oxidative stress
3.8.1. Serum
The levels of different oxidative stress parameters were measured in serum and the results were recorded in table 9. The results reveal that the MDA and NO levels were highest in rats fed with red meat sausage group and the least levels were seen in melon seed sausage group. SOD, GSH, and Catalase activity in the MSS diet group were significantly different from the entire group. However, rat fed with MSS diet had the highest levels.
Table 9: Oxidative stress parameters in serum

	Groups
	MDA
(µM/L)
	GSH
(mmol/L)
	CAT
(UI/mg)
	SOD
(UI/mg)
	NO
(mmol/L)

	ND
	0.37±0.12a
	117.28±1.04a
	0.28±0.03a
	0.03±0.0009a
	0.09±0.007a

	RMS diet
	1.49±0.11b
	112.52±2.17b
	0.22±0.02a
	0.023±0.0001a
	0.12±0.01b

	MSS diet
	0.12±0.06c
	122.00±222c
	0.99±0.36b
	0.06±0.01b
	0.03±0.004c

	CS diet
	0.76±0.11d
	121.37±2.83cd
	0.39±0.03a
	0.03±0.002a
	0.05±0.005cd


ND = normal Diet, RMS diet= Red meat sausage, MSS diet= melon seed sausage, CS diet= chicken sausage, Values are mean ± SD, values with different superscripts within same row are significantly differently (p < 0.05).

3.8.2. Organs homogenates
3.8.2.1. Malondialdehyde
[bookmark: _bookmark124]The degree of lipid peroxidation was assessed by measuring the level of malondialdehyde. Table 10 shows the different levels in various organs. The MDA was highest in group CS DIET in all the organs and least in RMS diet. The MDA content for liver, heart, kidney and brain among the groups (ND and RMS diet) upon comparison showed no significant difference. However, significant differences were seen between ND compared to MSS diet and CS diet for Kidney, heart, and the brain. For the liver there was no significant differences between ND, RMS diet and CS diet but there was a significant difference observed in MSS DIET at p>0.05
Table 10: MDA content in different organs homogenate
	Organs
	MDA (µM/L) of experimental groups

	
	ND
	RMS diet
	MSS diet
	CS diet

	Kidney
	2.44±0.40a
	1.47±0.53a
	7.24±1.33b
	4.31±0.36c

	Heart
	0.33±0.04a
	0.15±0.06a
	1.58±0.46b
	0.79±0.08c

	Liver
	0.18±0.05a
	0.07±0.03a
	1.88±0.75b
	0.65±0.14a

	Brain
	1.26±0.20a
	0.51±0.31a
	4.66±0.98b
	2.25±0.41c



ND = normal Diet, RMS diet= Red meat sausage, MSS diet= melon seed sausage, CS diet= chicken sausage. Values are mean ± SD, values with different superscripts within same row are significantly differently (p < 0.05).
3.8.2.2. Reduced Glutathione (GSH)
Table 11 shows the GSH level in the kidney, heart, liver, and brain of rats. The GSH content for liver, heart, and brain among the groups (ND and RMS diet, MSS diet and CS diet) upon comparison showed a significant difference at p>0.05. However, significant differences were seen between ND compared to MSS diet for Kidney but no significant difference compared to RMS diet and CS diet at p<0.05.
Table 11: GSH (mmol/L) content in different organs
	Organs
	GSH (mmol/L) of experimental groups

	
	ND
	RMS diet
	MSS diet
	CS diet

	Kidney
	118.85±0.74a
	115.37±1.316ac
	126.68±1.54b
	120.74±0.54ad

	Heart
	18.34±0.87a
	15.49±0.87b
	29.54±3.07c
	24.34±1.37d

	Liver
	20.63±0.89a
	17.62±1.19b
	31.27±1.54c
	31.27±1.54d

	Brain
	14.61±0.35a
	12.79±0.83b
	19.78±1.85c
	17.39±0.37d








ND = normal Diet, RMS diet= Red meat sausage, MSS diet= melon seed sausage, CS diet= chicken sausage Values are mean ± SD, values with different superscripts within same row are significantly differently (p < 0.05).

[bookmark: _bookmark125]3.8.2.3. Catalase Activity (CAT)
[bookmark: _bookmark126]The catalase level in the kidney and brain of rats are shown in table 12. The catalase content for the brain among the groups (ND and RMS diet, MSS diet and CS diet) upon comparison showed a significant difference at p>0.05. However, significant differences were seen between ND compared to MSS diet for Kidney but no significant difference compared to RMS diet and CS at p<0.05.

Table 12: Catalase content in different organs

	Organs
	Catalase activity (UI/mg) of rat experimental groups 

	
	ND
	RMS diet
	MSS diet
	CS diet

	Kidney
	0.35±0.09a
	0.05±0.03a
	1.46±0.78b
	0.68±0.10a

	Brain
	0.19±0.09a
	0.04±0.004b
	0.66±0.02c
	0.37±0.08d


ND = normal Diet, RMS diet= Red meat sausage, MSS diet= melon seed sausage, CS diet= chicken sausage Values are mean ± SD, values with different superscripts within same row are significantly differently (p < 0.05).

3.8.2.4. Superoxide dismutase (SOD)
Table 13 shows the SOD level in the kidney, heart, liver, and brain of rats. The highest was seen in kidney of CS diet and the lowest was seen in the liver of RMS DIET. The SOD content for the brain and liver among the groups (ND, RMS diet, MSS diet and CS diet) upon comparison showed no significant difference at p<0.05. However, significant differences were seen between ND compared to MSS DIET and CS DIET for Kidney but no significant difference compared to RMS diet at p<0.05. Again there was a significant difference seen between ND and CS diet but no significant difference when compared to RMS diet and MSS diet for the heart at p<0.05.

Table 13: Superoxide dismutase activity in different organs
	Organs
	SOD ((UI/mg) of experimental groups

	
	ND
	RMS diet
	MSS diet

	Brain
	0.03±0.004a
	0.03±0.02a
	0.12±0.02a

	Liver
	0.01±0.008a
	0.006 ±0.002ab
	0.023±0.005ac

	Kidney
	0.05±0.02a
	0.012±0.003a
	0.26±0.04b

	Heart
	0.04±0.02a
	0.03±0.01a
	0.05±0.03a





ND = normal Diet, RMS diet= Red meat sausage, MSS diet= melon seed sausage, CS diet= chicken sausage Values are mean ± SD, values with different superscripts within same row are significantly differently (p < 0.05).

3.8.2.5. Nitrite oxide (NO)
The nitric oxide levels are shown in the table 14. The highest level was seen in the kidney of RMS diet and the least level was seen in the brain of MSS diet. The NO content for the kidney and heart among the groups upon comparison, showed a significant difference at p>0.05. However, non-significant differences were observed between ND compared to MSS diet and CS diet for brain but significant difference were seen in RMS diet group at p<0.05. Again there was a significant difference seen between ND, RMS diet MSS diet but no significant difference when compared to CS diet for the heart at p<0.05.
[bookmark: _bookmark128]Table 14: NO (mM/mL) content in different organs
	Organs
	Nitrite level of experimental groups

	
	ND
	RMS diet
	MSS diet
	CS diet

	Brain
	0.09±0.03a
	0.15±0.06b
	0.05±0.02a
	0.07±0.03a

	Kidney
	0.25±0.04a
	0.37±0.06b
	0.09±0.02c
	0.16±0.03cd

	Heart
	0.10±0.0006a
	0.18±0.08b
	0.046±0.009c
	0.079±0.009cd

	Liver
	0.12±0.002a
	0.17±0.03b
	0.06±0.008c
	0.14±003ac


                                                                                                                                                                     






ND = normal Diet, RMS diet= Red meat sausage, MSS diet= melon seed sausage, CS diet= chicken sausage Values are mean ± SD, values with different superscripts within same row are significantly differently (p < 0.05).

3.8.3. Inflammatory cytokines
[bookmark: _bookmark130]Different pro-inflammatory markers were measured and the results obtained are shown in table 15. The results reveal that TNF-α indicated a significant difference in all the groups. Upon close observation, there was no significant difference observed between  the serum cytokines level of rats fed on RMS diet, MSS diet, and CS diet meanwhile ND was observed to be significantly different from RMS diet, MSS diet, and CS diet for INF-γ. There was a significant difference in IL-1β observed between ND, RMS diet, and MSS diet but there was no significant difference was observed for MSS diet and CS diet. In the same light, IL-6 showed no significant difference between ND compared to MSS diet, and CS diet. However, a significant difference was observed for RMS diet, compared to ND, MSS diet and CS diet at p<0.05.
Table 15: Inflammatory cytokines in different organs
	
	Serum Cytokine content (Pg/ml) of experimental groups

	Group
	ND
	RMS diet
	MSS diet
	CS diet

	TNF-α
	169.28±5.95a
	262.63±5.99b
	158.95±3.54c
	227.84±5.59d

	INF-γ
	152.72±7.54a
	220.30±21.55b
	217.75±7.79cb
	210.29±11.51dbc

	IL-1β
	159.38±8.24a
	356.57±20.56b
	182.97±10.57c
	186.62±7.65cd

	IL-6
	169.63±18.98a
	194.21±21.59b
	153.44±15.34a
	167.37±17.13a


*INF-γ; interferon gamma, IL-1β; interleukin one beta, IL-6; interleukin 6, TNF-α; tumor necrotic factor alpha. ND = normal Diet, RMS diet= Red meat sausage, MSS diet= melon seed sausage, CS diet= chicken sausage Values are mean ± SD, values with different superscripts within same row are significantly differently (p < 0.05).

4. Discussion
[bookmark: _bookmark133]4.1. Nutritional composition
The CS diet exhibited a relatively low-fat content (19.07%) and a high protein content (69.78%), aligning with the general understanding that chicken-based products are generally leaner and more nutritious compared to red meat-based products (Adu et al., 2020). This trend is consistent with the findings of previous studies, which have reported the potential health benefits of incorporating chicken-based protein sources in food products (Adu et al., 2020).
The fiber content of the MSS diet was higher than those of CS and RMS diet. Therefore, suggesting that, the MSS diet could add to the bulk of the intestines, hence preventing hunger and appetite, which could prevent an individual from overeating (Akhlaghi, 2024). The protein content of the CS diets (69.78) was higher than of the MSS and RMS diet. These results were higher than those of Peña-Saldarriaga et al. (Peña-Saldarriaga et al., 2020) who had a value of 13.04. Also, Kapche et al. (Melong et al., 2018) had a protein content of 15.43% which was lower than the result obtained from this study. This may be due to the cooking methods, the seasoning added, the diet given to the chicken before purchase, the protein content of egg albumin or the cut of the chicken used.
Melon seed sausages were significantly higher in fat (P<0.05) while chicken sausages were significantly lower when compared to red meat sausage. This may be due to the fact that melon seed is made up of 52% oil with 78% unsaturated fatty acids. There is some evidence that cooking food can increase the lipid content of food (Moradi et al., 2011). However, the extent of this increase depends on the type of food and the cooking method used. For example Rasinska et al. (Rasinska et al., 2019) found that cooking meat increased its lipid content by up to 48%. Daniel et al.(Daniel et al., 2011).
[bookmark: _bookmark134]4.2. Phytochemical analysis
Phytochemicals are compounds produced by plants as part of their natural defense mechanisms, growth, and reproductive processes (Nwozo et al., 2023). They are found in a wide variety of plant-based foods, such as fruits, vegetables, seeds, grains, legumes, herbs, and spices. Phenolic compounds, flavonoids, and saponins are known to possess antioxidant, anti-inflammatory, and other bioactive properties that can contribute to the prevention and management of various chronic diseases, such as metabolic disorders, cardiovascular diseases, and some types of cancer (Nwozo et al., 2023). According to the results MSS are rich in plant phytochemicals like flavonoids and polyphenols which the ability to scavenge free radicals. MSS and CS showed an improvement in the oxidative status, lipid profile, inflammatory mediators and high nutritional value. These results are very much lower than the results obtained by Sam et al. (Bankole et al., 2010) for frankfurters sausages enriched with carrot paste due to the fact that carrot is a rich source of phenolic compounds.
[bookmark: _bookmark135]4.3. Growth rate
The weekly weight gain graph showed a significant increase in rats fed with red meat sausages and chicken sausages from week 1 to week 4. This may be due to an increase in food consumption due to the palatability of the food and a decrease in weight in the group fed with melon seed sausages. This may be due to the high fiber content of melon seed. Previous research has revealed that a high-fiber diet may help to prevent body weight gain and improve metabolic syndrome, and dietary fiber intake improves diabetes and body weight control (Bulsiewicz, 2023). All high-fiber foods reduce heart and liver weight without impairing food intake or causing weight gain (Slavin, 2005). This was in line with the study carried out by Keyhan et al. (Keyhan et al., 2021). The authors conducted a systematic review and dose-response meta-analysis of prospective cohort studies to investigate the association between adherence to the Mediterranean diet and risk of overweight and/or obesity and weight change in adults. The study found that adherence to the Mediterranean diet was associated with less weight gain and a lower risk of overweight and obesity (Gholamreza et al., 2018).
Compared with red meat, other foods, especially plant-based foods, like the melon seed sausages contain less saturated fat and more fibre, unsaturated fat, antioxidants, and polyphenols which resulted to lower weight change (Haque et al., 2023).
[bookmark: _bookmark136]4.4 Food intake and water intake
The food intake of the animals fed with 15% meat sausages (RMS diet) and 15% chicken sausages (CS diet) was significantly higher compared to that fed with 15% melon seed (MSS diet) and basal diets (ND). These results correlates with the study carried out by Shangxin et al. (Shangxin et al., 2020) which showed that compared to rats fed with meat proteins, feeding soy protein diet significantly reduced the daily feed intake of rats, which was independent of the Individual body weight of the rats. The observed difference in food intake could stem from the appealing characteristics of the sausages (meat and chicken), such as their flavor and taste, which improved appetite and enhanced the palatability of the meal, resulting in an increase in food intake and hence water intake (Macho-González et al., 2020).
[bookmark: _bookmark137]4.5 Fasting blood sugar
Rats exhibited similar fasting blood sugar which was comparable to the normal diet group. As shown on table the normal group was not significantly different from the RMS diet group. However, there was an observed significant difference between ND, MSS diet and CS diet. In addition, none of the groups had values greater than the reference (80-100mg.dl). This finding could be because the substitution level for the sausages was low hence had little or no effect on the glycaemia. This result is similar to that of Oliva et al. (Macho-González et al., 2020) where they noticed no significant difference between ND and RMS diet and the test groups were not too high as compared to the normal group.
[bookmark: _bookmark138]4.6 Organ weight
The organ weight ratio provides a proportional measure of the organ size relative to the body weight, which can be used to infer the presence of any disease or abnormality (Saka et al., 2024). Body weight and organ weight are crucial parameters in assessing the toxicity of substances, including plants. Therefore, evaluating the body-organ weight ratio is essential in determining the toxicity of plants, as the organ weight is closely related to the body weight of the animal (Saka et al., 2024).
Some pathological conditions can lead to either a decrease or an increase in organ weight. Consequently, determining the organ weight can provide valuable insights in differentiating a diseased organ from a normal, healthy organ (Al-Sultan and Hussein, 2006). This information can be used to identify potential health issues or abnormalities in the organism under investigation. The results reveal that, there was an increase in the relative weight of the lungs, kidney and spleen in the group that received red meat sausage and no significant change was observed in the groups fed with melon seed and chicken sausages from the normal. This may be because meat is rich in saturated fat. This result was similar to a study conducted by Jahan et al. (Jahan et al., 2024) who examined the effects of chicken based and soy based sausages o organ weight of broiler chicken and the results showed that chickens fed with soy based sausages had reduced weights compared to groups fed with chicken based sausages.

[bookmark: _bookmark139]4.7 Hematology
Blood mainly consists of tangible cells and body fluids (Alimov, 2023). Hemoglobin (Hb) is the main constituent of red blood cells, which carry oxygen to various body parts for utilization by tissue (Singh et al., 2024).
Red blood cells (RBC), which contain 90% Hb, are the most abundant cells suspended in blood. They play a crucial role in the transportation of gases in the body, and a sufficient number of RBC is necessary to maintain the normal acid–base balance of the body (Hopkins et al., 2018). The hematocrit (HCT) is defined as the ratio of RBC volume to whole blood volume.38 Because RBC and HCT are positively correlated with Hb (Hussein et al., 2024). The mean cell volume (MCV) refers to the average volume of RBC, which reflects the average size of RBC. The mean cell hemoglobin (MCH) and mean cell hemoglobin concentration (MCHC) reflect the Hb content of RBC. Hence, MCV, MCH and MCHC are collectively referred to as the average red blood cell index (Singh et al., 2024). The white blood cell (WBC) and platelet was highest in the group fed with RMS and lower in that of MSS. Hematological parameters are important indices of the physiological and pathological status for both animals and humans (Etim et al., 2014).This result was in line with Alagbaoso et al. (Alagbaoso et al., 2017) who worked on Hematology and Growth Study of Albino Rats Fed Varying Inclusions of Cooked Canavalia Plagiosperma Piper Seed Meal Based-Diets, he found out WBC and platelet were significantly lower when fed with plant based diet compared to the normal group.White blood cells (WBC) are important in defending the body against infection or inflammations. An increase in WBC of the RMS diet group may be caused by inflammation or infection which may be due nitrites that damage the cells of the bowel leading to inflammation.
[bookmark: _bookmark140]4.8 Lipid profile
According to the results, HDL is significantly higher in the MSS diet and CS diet groups and LDL, Cholesterol and triglycerides content was significantly lower. On the other hand, LDL, Cholesterol and triglycerides level was significantly higher in RMS diet group. This result is in line with a study conducted by Johnson et al. (Manessis et al., 2020), the researchers evaluated the nutritional benefits and bioactive compounds of plant-based sausages. They found out that plant-based sausages made from a variety of ingredients, including legumes, grains, and vegetables, exhibited favorable effects on lipid profiles, with reduced levels of total cholesterol and LDL cholesterol. This hypocholesterolemic effect particularly of melon seed, could be attributed to its rich content of essential fatty acids and antioxidants. Essential fatty acids are known to play a crucial role in maintaining healthy lipid profiles by balancing the intake of omega-3 and omega-6 fatty acids (Manessis et al., 2020). Additionally, the presence of antioxidants in melon seed oil, such as tocotrienols, may contribute to its protective effects against lipid peroxidation, a process that can lead to the formation of harmful substances in the body. This finding is similar to that of Oluba et al. (Oluba et al., 2020) who fed rats with melon seed oil and palm oil and noticed similar trend as ours.
[bookmark: _bookmark141]4.9 Oxidative stress
Oxidative stress is an imbalance between free radicals and antioxidants (El-Tohamy, 2012). The body's antioxidant enzyme system is mainly composed of SOD, CAT and GSH. SOD is the first line of defense against the body's reactive oxygen species (ROS), CAT is a key enzyme in the biological defense system, and GSH plays a protective role against oxidation of lipid membranes (Goc et al., 2017). SOD catalyzes the disproportionation of superoxide radicals to hydrogen peroxide (H2O2), whereas CAT and GSH convert H2O2 to H2O and thereby protect cells against damage due to ROS, the MDA content reflects the degree of lipid peroxidation in the body (El-Tohamy, 2012). The results for the antioxidant activities in the serum and liver, kidney, heart, brain upon comparison with the normal control group, the activities of SOD, CAT, and GSH were significantly higher and the MDA and NO content was significantly lower in the serum, heart, kidney, brain, and liver in the MSS and CS diet groups when compared to the normal group. This finding were in accordance to that conducted by Noor et al. (Noor et al., 2024) showing an increase in the test groups which consumed chicken sausages as compared to the normal group, reason being that the chicken sausages contained curing salts which is composed of nitrites and nitrates, which may react with secondary amines in the chicken meat to form N-nitroso compounds.
These compounds have been linked to increased oxidative stress and inflammation in the body, potentially increasing SOD, CAT, and GSH levels as the body attempts to counteract the oxidative damage. However, this trend in the MSS group may be because melon seed sausage is a plant-based sausage that is high in polyunsaturated fatty acid, and flavonoids, which act as antioxidants and as such improve the antioxidant activity (Tahmouzi et al., 2025) in the serum, liver, heart, kidney, and brain. This result is in line with a study conducted by Barry et al. (Tahmouzi et al., 2025) who indicates that melon seeds could significantly improve the activity of antioxidant enzymes and reduce the MDA content and thus exhibit high antioxidant capacity. On the other hand, MDA and NO were significantly higer in the RMS diet group in comparison to the normal group. This may be because red meat sausage may have resulted in the accumulation of ROS and caused oxidative stress (OS) by disrupting the balance of the antioxidant enzyme system.
[bookmark: _bookmark142]5. Serum enzymes
The liver plays a crucial role in detoxification, protein synthesis, and metabolism regulation, making it vulnerable to damage from various factors such as poor diet, pollution, and disease (Fajer et al., 2018). Liver enzymes like Aspartate Aminotransferase (AST), Alanine Aminotransferase (ALT), serve as indicators of liver health, with elevated levels often signaling liver damage or dysfunction. It has been demonstrated that changes in serum enzyme concentration compared to the control is a signal of an underlying pathological process (Chinnappan et al., 2023). It has also been reported that increase in enzymes concentration in the serum directly indicates major pathologic changes in cell membrane permeability or hepatic cell rupture (Ramaiah, 2007). Both ALT and AST are located in the cytoplasm and mitochondria of liver cells, and also in cells of the heart, skeletal muscles, kidney and brain (Adeyemi et al., 2015). According to these authors, the activities of ALT outside the liver are low and therefore this enzyme is considered more specific for hepatocellular damage. The results observation showed a decrease in the level of AST and ALT in rats fed with melon seed sausage and an increase in rats fed with meat sausage as compared to the normal group. This result is in line with Noor et al. (NOOR, 2024) who found a decrease in serum enzymes in rats fed with plant based diet than red meat diets
[bookmark: _bookmark143]Creatinine and urea are also important markers for kidney function, but they are influenced by liver health due to the liver's role in processing blood and metabolizing drugs. The same study observed that Melon seed consumption led to reduced creatinine and urea levels in rat serum, indicating improved kidney function potentially through enhanced liver health. The beneficial effects of Melon seed on liver enzymes and overall kidney and liver health may be attributed to its rich content of antioxidants, vitamins, and minerals (Jenkins et al., 2012). Antioxidants neutralize free radicals that can cause cellular damage, while vitamins and minerals support liver detoxification processes. Specifically, Melon seed contains high levels of vitamin E, selenium, and magnesium, which have been shown to protect the liver from oxidative stress and enhance its detoxifying capabilities. Moreover, Melon seed is a good source of fiber, which aids in digestion and can reduce the risk of constipation, a common issue among individuals with liver diseases. Fiber helps maintain a healthy gut microbiome, which is increasingly recognized for its role in liver health and function (Satija et al., 2016).
5.1. Inflammatory cytokines
Although inflammation is a physiological process that helps maintain homeostasis after various stimuli, such as injury or infection Esser et al. (Esser et al., 2014), several diseases, including obesity and cardiovascular disease-related outcomes, are characterized by impaired chronic low-grade inflammation, which may play a specific role in their pathogenesis (Delgado-Alarcón et al., 2023).
Pro-inflammatory cytokines such as IL-1β, IL-6, and TNF-α are instrumental in triggering or intensifying the inflammatory response. This process is essential for combating infections and repairing damaged tissues (Eming et al., 2009). According to the results rats fed with RMS diet increased level of IL-1β, IL-6, TNF-α, and INF–y ranging from (194.21±21.59 - 262.63±5.9) and the group fed with MSS diet had the lowest levels of cytokines ranging (153.44±15.34 – 217.63±7.79). This result was in accordance with Han et al. (Han et al., 2020) who conducted a crossover trial with a similar intervention duration (30 days), demonstrating that a diet rich in unhealthy fats led to a significantly higher production of IL-6 and TNFα, compared to a diet abundant in n-6 polyunsaturated fat (soybean diet).
These results suggest that the consumption of melon seed sausage (MSS diet) may have a more favorable impact on the regulation of inflammatory cytokines compared to the red meat sausage (RMS diet) and chicken sausage (CS diet), potentially due to the presence of beneficial phytochemicals in melon seeds. In contrast, other studies, such as the short-term investigation by Poppitt et al. (Poppitt et al., 2008) which evaluated a high-fat test meal, did not induce changes in CRP, IL-6, or TNFα synthesis.
Conclusion
The sausages made from melon seeds and chicken had better nutritional profile and photochemical content compared to red meat sausages. Biochemical analysis reveals that the consumption of melon seed and chicken sausages led to improvement in lipid profile, oxidation stress, hematological parameters, and serum enzymes for liver and kidney in albino rats. However, the plant based sausage (melon seed) had more positive effects on the biochemical parameters. From the results we can conclude that using chicken and melon seed as alternatives to red meat in making sausage can greatly decrease global prevalence of metabolic diseases in Cameroon and the world. 
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