[bookmark: _Toc153347989][bookmark: _Hlk145010131][bookmark: _Hlk145010096]Effects of Two Levels of Dietary Fat and Fibre on the Growth, Haematology, Serum Biochemistry and Organ Histology in Male Albino Rats



ABSTRACT
Aim: High saturated fat intake poses health risks, while high fibre intake, such as those in corn cob, might reduce these risks. Thus, this study was designed with the hypothesis that high fibre intake would mitigate the health risks posed by high saturated fat intake. 
Design: A completely randomized design was used for this study.
Place and duration of study: The study was carried out at the Animal Science Department of Akenten Appiah-Menka University of Skills Training and Entrepreneurial Development. The study lasted for eight weeks.
Materials and methods: Twenty-four (24) male Albino rats were randomly assigned to four treatments in a 2 × 2 factorial arrangement in a completely randomized design (CRD). The factors were either fat (low versus high) and dietary fat (low versus high). Data collected included feed intake, body weight (BW), organ weight (%), haematology, serum biochemistry and the histology of the heart, liver and kidney. 
Results: The results indicated that neither fat nor fibre affected the feed intake (P >.05). High fibre reduced the BW of Albino rats and improved the haematology and serum Biochemistry profiles (P < .05). The Low fat levels reduced cholesterol levels (P < .05). High fibre increased ALP and Total Bilirubin (P >.05). Dietary fat did not influence liver function test after d 56 of the study (P >.05). Low levels of dietary fat and fibre were ideal for organ health. 
Conclusion: Overall, the findings suggest that increasing the level of fibre in the diet might mitigate some of the adverse effects of taking in high levels of saturated fats.
Keywords: Dietary fibre (Corncob fibre), Dietary fat (Coconut oil), Organ histology, Albino rats, serum biochemistry, haematology.
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[bookmark: _Hlk185843745]1.0 INTRODUCTION
[bookmark: _Toc153348017]The connections between diet and health have been of keen interest to researchers and dieticians, especially to understand the effects of specific dietary components on growth, haematological parameters, serum biochemistry and the health and function of vital organs. It has been emphasised by (1), that the kind of diet an individual consumes especially regularly has an impact on the development and general well-being of the individual.
Diet significantly influences the development and treatment of metabolic diseases. Consuming saturated and trans fats increases the risk of adverse health conditions like dyslipidemia, non-alcoholic fatty liver disease (NAFLD), insulin insensitivity and heart diseases  (2). The aetiology of metabolic syndrome spans from overweight or obesity, sedentary lifestyle, insulin resistance and genetic predisposition with factors such as old age, diabetes and stress increasing one’s risk (3). 
Metabolic syndrome (Mets) refers to a set of interconnected health complications that simultaneously increase the risk of heart disease, stroke, and type 2 diabetes. It typically includes several health issues such as hypertension, hyperglycemia, and abnormal cholesterol levels (4). These conditions synergistically heighten the risk of serious health problems, particularly cardiovascular complications and diabetes (5). The pervasive occurrence of metabolic syndrome has surged globally (6 & 7). The prevalence of metabolic syndrome among Ghanaian diabetic patients ranges from 43.3 % to 78.8 % (8).
Diets with high levels of fat have been linked to numerous health issues, including obesity, cardiovascular diseases, NAFD and metabolic disorders (9). However, dietary fibre which is an essential component of a balanced diet, has some potential in mitigating the adverse effects of a high-fat diet (10). This research aims to explore the role of dietary fibre in improving health outcomes and counteracting the negative impacts of high-fat consumption in humans by utilizing Albino rats as a research model. 
While previous research works (11,12, 13 & 14) have investigated the individual effects of dietary fat or fibre on metabolic health, there remains a notable gap in understanding their interactive effects, particularly in animal models such as Albino rats. Very few literature works (13 & 15) delved into the interactive effects of fat and fibre. However, none of these research comprehensively analyzed the impact of variable dietary fat and fibre levels to examine their interactive effects on growth, haematology, serum biochemistry, and organ histology in their research models. 
Moreover, while existing studies have employed various animal models to address the adverse impacts of dietary fat, there remains a gap in exploring dietary fibre as a potential remedy. This study aims to investigate the interactive physiological responses elicited by two levels of dietary fat and fibre in male Albino rats and assess the extent to which dietary fibre can mitigate the adverse effects of dietary fat. Thus, it was hypothesized in this study that high dietary fibre intake would mitigate the adverse effects of high-fat consumption on body weight, haematological parameters, serum biochemistry, and histological features of the liver, heart, and kidney in Albino rats. Understanding the impact of dietary fibre in mitigating the adverse effects of high-fat diets in Albino rats would be very beneficial in developing dietary strategies to enhance public health.
[bookmark: _Toc153348019]2.0 MATERIALS AND METHODS
2.1 Experimental animals and management
[bookmark: _Toc153348020]Twenty-four male Albino rats, weighing an average of 178 ± 4.73 g, were used for this study. They were housed in serene and conducive housing with a room temperature of 23 ± 30C and 12-hour light/dark cycles. The rats were fed diets and clean water ad libitum throughout the experimental period.
2.2 Experimental Design and Treatments
The Concept 5 feed formulation program (Creative Formulation Concepts, LLC, Annapolis, MD) was used to formulate the experimental diets (Table 1). The treatments were arranged in a 2 × 2 factorial completely randomised (CRD) design. The factors were dietary fat (Fa) (low or high), and dietary fibre (Fb) (low or high). 
The treatments are as follows; Treatment 1: Low fat & low fibre (LFa-LFb); Treatment 2: Low fat & high fibre (LFa-HFb); Treatment 3: High fat & low fibre (HFa-LFb); Treatment 4: High fat & high fibre (HFa-HFb). The various treatment diets used for the study were formulated to be isocaloric and isonitrogenous to meet the nutrient and energy requirements of the Albino rats.
    
Table 1: Composition of experimental diets, %
	Ingredients (%)
	Treatment 1
(Low Fat vs
Low Fibre)
	Treatment 2 (Low Fat vs
High Fibre)
	Treatment 3 (High Fat vs
Low Fibre)
	Treatment 3
(High Fat vs
High Fibre)

	Corn 
	50.00
	5.00
	50.00
	5.00

	Soybean meal 
	26.41
	31.09
	25.00
	29.40

	Corn cob
	21.09
	60.00
	19.00
	58.00

	Coconut oil
	1.00
	2.41
	4.50
	6.10

	Di-Calcium phosphate
	0.50
	0.50
	0.50
	0.50

	Salt
	0.50
	0.50
	0.50
	0.50

	Vitamin/mineral Premix1
	0.50
	0.50
	0.50
	0.50

	
	
	
	
	

	Calculated nutrients (%)

	Fat
	3.04
	3.00
	6.16
	6.30

	Fibre
	8.29
	18.30
	7.65
	17.67

	Crude protein 
	17.5
	17.3
	17.58
	17.3

	
Analyzed Nutrient (%)

	Fat (%)
	5.75
	6.90
	        19.37
	19.41

	Fibre (%)
	9.97
	15.80
	9.79
	16.12

	Crude protein (%)
	20.58
	19.70
	17.51
	19.05

	Energy, kcal/kg 
	3473.61
	3375.27
	3503.19
	3465.67


1Vitamin A, 8,000,000 IU; Vitamin B1, 1300 mg, Vitamin B2, 2500 mg, Vitamin D3, 3000 IU; Vitamin E, 10,000 IU; Vitamin K3, 1,500 mg; Vitamin B6, 1,000 mg; Vitamin B12, 6 mg, Nicotinic Acid, 5,000 mg, Pantothenic Acid, 4000 mg; Choline Chloride, 8000 mg; Copper, 2,500 mg; Cobalt, 700 mg; Iron, 4,500 mg; Zinc, 55, 000 mg; Methionine, 50,000 mg; Lysine, 200,000 mg; Selenium (1%), 1,300 mg; Iodine, 2,000 mg; Manganese.

[bookmark: _Toc153348023]2.3 Data Collection 
2.3.1 Feed intake 
Feed intake was measured and recorded every morning using a Camry top-loading sensitive scale. The analyzed data on the feed intake is shown in Table 2.
2.3.2 Body weight
The weekly body weight of the Albino rats was measured during the experimental period using a Camry top-loading sensitive scale. After the experiment, the rats were examined, macroscopically examined and weighed before euthanization. The analyzed data on the bodyweight is shown in Table 3.
2.3.3 Organ weight 
After day 56 of the experimental study, the rats were euthanized using isoflurane following the protocols outlined by the (16). After careful dissection, the heart, kidney and liver were harvested and weighed after blood samples were collected via heart puncture. Data on the organ weight is shown in Table 4.
2.3.4 Blood Glucose
The blood glucose levels of the Albino rats were measured using an IVD No. Code Easy-use blood glucometer. The measured value (mg/dL) was recorded for each rat and analyzed as shown in Table 5.
2.3.5 Haematological examination
5 ml of blood was collected from each rat via cardiac puncture and placed in a tube containing the anticoagulant agent Ethylenediaminetetraacetic acid (EDTA). The haematological parameters were analyzed with an automated haematology analyzer; Rayto RT-7600s. The blood parameters measured included WBC, LYM, MID, GRA, RBC, HGB, HCT, MCV, MCH, PLT, MPV, PDW, PCT, P-LCR, RDW-SD, and RDW-CV (Table 6a & Table 6b).
2.3.6 Lipid Profile and Liver Function Test
Another 5 ml of blood was collected and placed in a serum-separating tube to perform the lipid profile and liver function tests. The blood samples were analyzed using a Mindray Biochemistry analyzer (Mindray Bio-Medical Electronic Company Limited, China). The results are shown in Table 7 and Table 8 respectively. 
[bookmark: _Toc153348024]2.3.7 Histological Examination
After the rats were euthanized using isoflurane following the protocols outlined by the (16), the heart, kidney and liver were harvested and weighed. Afterwards, the harvested organs were then fixed in a freshly prepared 10 % formalin for histological examination. The histological micrographs are shown in Figures 1, 2, and 3. 
2.4 Statistical Analysis
Data were analyzed using Minitab Statistical software version 20.0 as 2 × 2 factorial arrangements. The General Linear Models (GLM) procedure was used to assess the main effects of dietary fat and fibre (low or high) and their 2-way interactions (Fa× Fb). Tukey LSD means separation test was then used to make pairwise comparisons between treatment means (P < 0.05). 
[bookmark: _Toc153348035][bookmark: _Toc153348034]
3.0 RESULTS AND DISCUSSION
3.1 Feed intake
Neither fat nor fibre significantly affected the feed intake of the Albino (Table 2). This is similar to the findings of (17 & 18) who reported that coconut oil did not affect the feed intake in other species. (19) reported that the inclusion of 15% corn cob in a diet did not affect the feed intake.








Table 2: Effects of two dietary fat and fibre levels on the daily feed intake (g) of Albino rats.
	Effects
	
	
	 d 15- 21
	d 15-28
	d 15-35
	d 15-42
	d 15-49
	d 15-56

	
	Fat
	Fibre
	
	
	
	
	
	

	
	Low
	
	13.34
	13.03
	13.08
	12.60
	12.10
	12.02

	
	High
	
	11.76
	10.98
	10.53
	10.33
	10.09
	10.08

	SEM
	
	
	0.069
	0.077
	0.074
	0.071
	0.072
	0.075

	
	
	Low
	13.81
	13.17
	12.86
	12.29
	11.69
	11.56

	
	
	
	
	
	
	
	
	

	
	
	High
	11.36
	10.87
	10.72
	10.59
	10.44
	10.48

	SEM
	
	
	0.069
	0.077
	0.074
	0.071
	0.072
	0.075

	Interactions
	
	
	
	
	
	
	
	

	Low x low
	
	
	15.25
	14.86
	14.66
	13.92
	13.12
	12.84

	Low x high
	
	
	11.67
	11.43
	11.68
	11.40
	11.15
	11.25

	High x low
	
	
	12.51
	11.67
	11.29
	10.85
	10.41
	10.41

	High x high
	
	
	11.05
	10.33
	9.831
	9.839
	9.778
	9.755

	SEM
	
	
	0.098
	0.109
	0.105
	0.101
	0.101
	0.106

	P- value
	
	
	
	
	
	
	
	

	Fat
	
	
	0.233
	0.142
	0.058
	0.070
	0.097
	0.122

	Fibre
	
	
	0.067
	0.102
	0.107
	0.165
	0.290
	0.378

	Fat x fibre
	
	
	0.485
	0.537
	0.684
	0.626
	0.637
	0.761



[bookmark: _Toc153348036]3.2 Body weight
[bookmark: _Toc153348037]The results indicate that high fibre as a main effect decreased (P< .05) the body weight throughout the study compared to a low-fibre diet. No fat and fibre interaction was detected in bodyweight. (Table 3)
The findings of the present study corroborate existing literature indicating that high dietary fibre levels contribute to weight loss and management. Corn cob, the primary fibre source in the present study is rich in insoluble fibre, and known for its limited digestion and absorption, promoting satiety and reducing caloric intake (20). High-fibre diets are associated with increased satiety and reduced energy intake due to their lower calorie density and slower consumption rate. Research by (12) supports the weight loss benefits of high-fibre diets, affirming that soluble and insoluble fibre intake correlates with reduced obesity risk. Consistent with the previous findings, this study confirms that high dietary fibre contributes to weight loss and reduces obesity risk, as evidenced by the reduced body weight of the Albino rats.
Contrary to the present findings, a study by (13) in day-old chicks showed increased body weight gain with dietary fibre supplementation. However, the high energy demand of the chicks coupled with the low fibre (3 %) compared to the minimum fibre content of 9.79 % in the present study likely led to the increased feed gain. Similarly, (21) observed weight gain in broilers fed with hydrolyzed dietary fibre, which could be attributed to the feed's optimal fibre levels and reduced fibre content.
Unlike other saturated fats known to cause obesity, coconut oil reduces weight. Similar to the finding of the present study is the recent work of (22). Their study showed that coconut oil supplementation aids in weight loss. Medium-chain triglycerides (MCT) increase the calories the body burns leading to a relative loss of weight. Since coconut oil is composed of about 65 % of MCT it is also noted to contribute to weight loss. In addition, MCTs are readily utilized by the liver just as proteins and carbohydrates. Unlike long-chain triglycerides, MCTs are easily oxidized by the liver and absorbed by cells (23). The impact of coconut oil on body weight contradicts that of (17) and (24)  who reported no significant difference in body weight.
Corn cob fibre promotes satiety and reduces calorie intake (25), while coconut oil, rich in MCTs, enhances calorie burning and weight loss (23). Notably, high fibre levels contributed more to weight loss than high fat, as evidenced by consistent reductions in body weight across the different dietary compositions.   




Table 3. Effects of two levels of dietary fat and fibre on the body weight (g) of Albino rats at d 56.
	Effects
	Fat
	Fibre
	d 0
	d 7
	d 14
	d 21
	d 28
	d 35
	d 42
	d 49
	d 56

	
	Low
	
	181.0
	193.7
	200.4
	202.3
	202.5
	198.4
	190.5
	192.6
	220.8 a

	
	High
	
	173.0
	184.4
	188.2
	186.8
	179.4
	175.9
	187.0
	172.0
	170.0 b

	SEM
	
	
	0.378
	0.044
	0.047
	0.041
	0.041
	0.053
	0.041
	0.063
	0.060

	
	
	Low
	183.9
	207.3a
	229.5 a
	235.4 a
	231.5 a
	234.1 a
	224.7 a
	216.5 a
	239.4 a

	
	
	High
	170.2
	172.3 b
	164.4 b
	160.5 b
	156.9 b
	149.2 b
	158.5 b
	153.5 b
	156.7 b

	SEM
	
	
	0.378
	0.044
	0.047
	0.041
	0.041
	0.051
	0.043
	0.063
	0.060

	Interactions
	
	
	
	
	
	
	
	
	
	
	

	Low x low
	
	
	184.3
	204.3
	233.3
	239.1
	242.5
	241.9
	232.2
	236.8
	276.5

	Low x high
	
	
	177.7
	183.6
	172.2
	171.1
	169.1
	162.8
	156.3
	156.7
	176.3

	High x low
	
	
	183.5
	210.4
	225.7
	231.8
	221.0
	226.5
	217.4
	198.0
	207.3

	High x high
	
	
	163.0
	161.7
	157.0
	150.5
	145.6
	136.6
	160.8
	149.5
	139.3

	SEM
	
	
	0.054
	0.063
	0.069
	0.057
	0.058
	0.072
	0.061
	0.084
	0.085

	P- value
	
	
	
	
	
	
	
	
	
	
	

	Fat
	
	
	0.407
	0.444
	0.340
	0.191
	0.056
	0.128
	0.762
	0.226
	0.013

	Fibre
	
	
	0.163
	0.008
	0.000
	0.000
	0.000
	0.000
	0.000
	0.002
	0.001

	Fat x fibre
	
	
	0.449
	0.227
	0.650
	0.417
	0.637
	0.477
	0.457
	0.471
	0.772


Means bearing different superscripts (ab) in the same column are significantly different (P < 0.05).

[bookmark: _Toc153348038]3.3 Organ weight
As shown in Table 4, High fat as a main effect increased the w/BW (%) of the right kidney but caused a decrease in Liver when compared to low fat. High fibre as a main effect increased the w/BW (%) of the kidneys compared to low fibre. A fat and fibre interaction was detected in the weight of the heart and right kidney.



Table 4. Effects of two dietary fat and fibre levels on the weight/bodyweight % (w/BW %) of the heart,               liver and kidney of Albino rats at d 56.
	Effects
	Fat
	Fibre
	Left Kidney
	Right Kidney
	Liver
	Heart

	
	Low
	
	0.318
	0.304 b
	3.75 a
	0.364

	
	High
	
	0.333
	0.352 a
	2.904 b
	0.422

	SEM
	
	
	0.034
	0.036
	0.024
	0.028

	
	
	Low
	0.303 b
	0.306 b
	3.058
	0.378

	
	
	High
	0.349a
	0.350 a
	3.015
	0.406

	SEM
	
	
	0.034
	0.036
	0.024
	0.028

	Interactions
	
	
	
	
	
	

	Low x low
	
	
	0.307
	0.307 b
	3.313 a
	0.379 b

	Low x high
	
	
	0.299
	0.304 b
	2.823 b
	0.378 b

	High x low
	
	
	0.329
	0.300 b
	3.043 ab
	0.349 b

	High x high
	
	
	0.370
	0.407 a
	2.987 ab
	0.472 a

	SEM
	
	
	0.047
	0.050
	0.034
	0.039

	P- value
	
	
	
	
	
	

	Fat
	
	
	0.372
	0.020
	0.028
	0.005

	Fibre
	
	
	0.018
	0.028
	0.682
	0.110

	Fat x fibre
	
	
	0.174
	0.014
	0.067
	0.005


  Means bearing different superscripts (abc) in the same column are significantly different (P < 0.05)
The w/BW (%) of the kidney and heart measured for T1, T2 T3 and  T4  (0.614 %, 0.603 %, 0.629 % and 0.77 %) are similar to the 0.71 % of both kidneys from the study of (26). High-fat diets increase kidney weight relative to body weight (w/BW %), potentially due to dyslipidemia, increased blood pressure, oxidative stress, increased perirenal fat and inflammation (27). Conversely, coconut oil's antioxidant properties may have reduced liver weight by lowering inflammation and excess fat accumulation (11).
High-fibre diets increased kidney w/BW%, possibly by improving gut microbiota and reducing kidney workload, aiding in waste removal (14). Also (14) reported that the changes caused in the gut by fibre could serve as a barrier to prevent bacteria that cause inflammation from invading the liver and kidney. Age-related structural changes could decrease kidney weight (28), especially in low-fibre diets. High-fibre diets improve kidney health to maintain healthy kidney size and function. Heart weight increased in rats fed higher levels of coconut oil, likely due to fat accumulation or increased cholesterol levels. Interaction effects between high fat and fibre levels indicated increased kidney and heart weight, possibly due to elevated lipid profiles and fat deposits.
[bookmark: _Toc153348039]3.4 Blood Glucose
The blood glucose levels of Albino rats were unaffected by varying levels of dietary fat and fibre on d 56      (Table 5). 
The results on the blood glucose aligns with previous research by (24) who reported that coconut oil did not significantly impact blood glucose levels in Wistar rats (24). A contrasting result reported by (29) suggested that soluble fibre may improve blood sugar levels and insulin sensitivity more effectively than insoluble fibre. The present study utilized corn cob, which contains mainly insoluble fibre contributing to the little impact on blood glucose levels. The average blood glucose levels of the rats were in the normal reference range of 148-208 mg/dL submitted from the work of (30).
While soluble fibre can slow digestion and regulate glucose levels, the insoluble fibre content of corn cob did not significantly impact blood glucose levels in this study. Although the combination of high levels of coconut oil and corncob resulted in a slightly lower blood glucose level compared to the other treatment groups, the difference was not significant. The present finding is consistent with a recent review by (31), which suggested a potential but minimal effect of corn cob on reducing blood glucose levels.





Table 5: Effects of two dietary fat and fibre levels on the Blood Glucose (mg/dL) of Albino rats at d 56.
	Effects
	Fat
	Fibre
	Blood glucose

	
	Low
	
	177.8

	
	High
	
	167.8

	SEM
	
	
	0.269

	
	
	Low
	177.8

	
	
	High
	167.8

	SEM
	
	
	0.269

	Interactions
	
	
	

	Low x low
	
	
	159.1

	Low x high
	
	
	198.7

	High x low
	
	
	198.7

	High x high
	
	
	141.7

	SEM
	
	
	0.380

	P- value
	
	
	

	Fat
	
	
	0.883

	Fibre
	
	
	0.882

	Fat x fibre
	
	
	0.482


 Means bearing different superscripts (abc) in the same column are significantly different (P < 0.05).

[bookmark: _Toc153348040][bookmark: _Toc153348041]3.5 Haematological Analysis
Data from the haematological analysis are shown in Tables 6a and 6b. High fat as a main effect increased (P <.05) the number of MID and tended to increase the percentage of MID (P= .053) compared to low fat (Table 6a). High levels of both fat and high fibre reduced the PLT and PCT levels in the blood of the Albino rats compared to their low levels (Table 6B). An interaction between fat and fibre on PLT and PCT showed that a reduction in PLT (P = .053) and PCT (P <. 05) levels in the blood occurred when  

    both fat and fibre levels in the diet were high. Also, High fibre as a main effect decreased MCV levels compared to low fibre (Table 6b). 

Table 6a. Effects of two dietary fat and fibre levels on the haematological parameters of Albino rats at d 56.
	Effects
	Fat
	Fibre
	WBC (10^9/L)
	LYM# (10^9/L)
	MID# (10^9/L)
	GRA# (10^9/L)
	LYM (%)
	MID (%)
	GRA %
	RBC (10^12/L)
	HGB (g/dL)
	HCT (%)

	
	Low
	
	3.141
	2.736
	0.207b
	0.144
	87.08
	6.600
	4.489
	7.673
	14.99
	40.96

	
	High
	
	3.740
	3.182
	0.324 a
	0.194
	85.06
	8.731
	5.135
	7.062
	13.61
	36.87

	SEM
	
	
	0.144
	0.158
	0.118
	0.277
	0.026
	0.087
	0.322
	0.106
	0.094
	0.112

	
	
	Low
	3.487
	2.863
	0.263
	0.159
	87.16
	7.666
	4.566
	7.958
	15.72
	43.49

	
	
	High
	3.369
	3.041
	0.251
	0.175
	84.98
	7.517
	5.048
	6.808
	12.97
	34.72

	SEM
	
	
	0.144
	0.158
	0.118
	0.277
	0.026
	0.087
	0.322
	0.106
	0.094
	0.112

	Interactions
	
	
	
	
	
	
	
	
	
	
	
	

	Low x low
	
	
	3.239
	2.812
	0.246
	0.161
	86.75
	7.581
	4.967
	7.474
	15.25
	42.06

	Low x high
	
	
	3.046
	2.663
	0.174
	0.128
	87.42
	5.746
	4.056
	7.877
	14.73
	39.89

	High x low
	
	
	3.754
	3.289
	0.291
	0.157
	87.58
	7.752
	4.197
	8.474
	16.21
	44.97

	High x high
	
	
	3.726
	3.079
	0.362
	0.239
	82.61
	9.833
	6.282
	5.885
	11.42
	30.23

	SEM
	
	
	0.203
	0.224
	0.167
	0.392
	0.036
	0.123
	0.455
	0.150
	0.133
	0.159

	P- value
	
	
	
	
	
	
	
	
	
	
	
	

	Fat
	
	
	0.416
	0.519
	0.028
	0.469
	0.533
	0.053
	0.775
	0.596
	0.489
	0.525

	Fibre
	
	
	0.870
	0.795
	0.710
	0.811
	0.503
	0.877
	0.831
	0.329
	0.187
	0.194

	Fat x fibre
	
	
	0.898
	0.980
	0.129
	0.435
	0.387
	0.070
	0.524
	0.203
	0.270
	0.309


                 Means bearing different superscripts (ab) in the same column are significantly different (P < 0.05). WBC: White blood cell, LYM: Lymphocytes,
                  MID: Minimum inhibitory dilution, GRA: Granulocytes, RBC: Red blood cell, HGB: Haemoglobin, HCT: Haematocrit.
Table 6b. Effects of two dietary fat and fibre levels on the haematological parameters of Albino rats on at d, Continuation.
	Effects
	Fat
	Fibre
	MCV (fL)
	MCH (pg)
	MCHC (g/dL)
	RDW-SD (fL)
	RDW-CV (%)
	PLT (10^9/L)
	MPV (fL)
	PDW (%)
	PCT (%)
	P-LCR (%)

	
	Low
	
	53.35
	19.50
	36.59
	34.60
	13.85
	687.3a
	6.440
	10.90
	0.442 a
	4.459

	
	High
	
	52.20
	19.27
	36.91
	33.80
	13.94
	351.2 b
	6.647
	12.16
	0.233 b
	5.953

	SEM
	
	
	0.123
	0.018
	0.022
	0.025
	0.018
	0.155
	0.022
	0.049
	0.150
	0.124

	
	
	Low
	54.63 a
	19.74
	36.17
	34.94
	13.62
	651.6 a
	6.574
	10.82
	0.429 a
	5.281

	
	
	High
	50.98 b
	19.03
	37.34
	33.48
	14.17
	370.4 b
	6.512
	12.26
	0.240 b
	5.027

	SEM
	
	
	0.123
	0.018
	0.022
	0.025
	0.018
	0.155
	0.022
	0.049
	0.150
	0.124

	Interactions
	
	
	
	
	
	
	
	
	
	
	
	

	Low x low
	
	
	56.22
	20.38
	36.30
	36.20
	13.68
	708.2 a
	6.484
	10.78
	0.459 a
	4.801

	Low x high
	
	
	50.63
	18.66
	36.88
	33.08
	14.03
	667.0 a
	6.396
	11.02
	0.426 a
	4.142

	High x low
	
	
	53.09
	19.12
	36.03
	33.72
	13.56
	599.5 a
	6.665
	10.85
	0.400 a
	5.810

	High x high
	
	
	51.32
	19.42
	37.80
	33.88
	14.33
	205.7 b
	6.629
	13.63
	0.136 b
	6.100

	SEM
	
	
	0.017
	0.026
	0.032
	0.036
	0.025
	0.219
	0.031
	0.069
	0.212
	0.175

	P- value
	
	
	
	
	
	
	
	
	
	
	
	

	Fat	
	
	
	0.245
	0.651
	0.793
	0.534
	0.816
	0.015
	0.339
	0.152
	0.026
	0.227

	Fibre
	
	
	0.004
	0.190
	0.344
	0.269
	0.155
	0.033
	0.765
	0.108
	0.016
	0.826

	Fat x fibre
	
	
	0.077
	0.078
	0.623
	0.223
	0.568
	0.050
	0.899
	0.174
	0.045
	0.664


Means bearing different superscripts (ab) in the same column are significantly different (P < 0.05). 
MCV: Mean cellular volume, MCH: Mean Cellular haemoglobin, MCHC: Mean cellular haemoglobin concentration, RDW: Red cell distribution width, PLT: Platelet, MPV: Mean platelet volume, PDW: Platelet distribution width, PCT: Plateletcrit, P-LCR: Platelet larger cell ratio.





The increase in Minimum Inhibitory Dilution Number (MID#) caused by high levels of fat might indicate a potential immune response, inflammation or a disease (32). An increase in MID# could also be attributed to the antimicrobial activity of coconut oil due to its high content of monolaurin and lauric acid of about 50% (33).
(34) also reported from their study that coconut oil appeared to reduce WBC, HGB, platelet, and lymphocyte blood concentrations in treated rats, although the differences were not statistically significant. Some haematological results from this study align with their findings, showing that high levels of coconut oil decreased HGB while insignificantly increasing WBC and lymphocytes. However, coconut oil notably decreased PLT and PCT levels.
High fat and high fibre levels also reduced Platelet count (PLT) and Plateletcrit (PCT) levels. This result is similar to that of  (35) and (34) who observed some decrease in PLT in the blood of pregnant rats fed a variable amount of coconut oil. However, it contradicts the report of (17) who observed an increase in PLT in the blood of grazing cattle fed variable amounts of coconut oil. This reduction in PLT and PCT levels may be linked to the impact of high-fat diets on lipid metabolism and liver function. Additionally, high fibre levels decreased Mean Corpuscular Volume (MCV), potentially due to nutritional deficiencies or inflammation associated with the high-fibre diet (36).  (37) reported that improved gut microbiota can modulate immune response and platelet function. Since high fibre improved gut microbiota, it could have also affected the immune status and platelet function by decreasing PCT and PLT as observed in this study.
The fat x fibre interaction on PLT and PCT levels further confirmed a reduction when both fat and fibre levels were high, suggesting a combined effect on platelet function. The results from the haematological analysis suggest that while dietary fat and fibre levels may influence certain haematological parameters their effects on other parameters and the hematopoietic process of Albino rats were not significant. The minimal effect of the dietary fat and fibre on the haematological parameters suggests that the levels used may not have a substantial impact on the hematopoietic process of the Albino rats during the study period. 
3.6 Biochemical Analysis  
3.6.1 Lipid profile
As shown in Table 7, high fat as a main effect decreased the levels of TGA and VLDL compared to low fat. Fibre as a main effect did not affect (P > .05) any of the parameters captured in the lipid profile. An interaction between fat and fibre was observed for LDL, TGA, VLDL and Coronary risk (Table 7).
	Table 7.Effects of two dietary fat and fibre levels on the Lipid profile (mmol/L) of Albino rats at d               
		56.
	Effects
	
	Fat
	Fibre
	Total
Cholesterol
	HDL
	LDL
	TGA
	VLDL
	Coronary risks

	
	
	Low
	
	3.512
	1.600
	1.175
	1.544a
	0.702 a
	2.152

	
	
	High
	
	3.540
	1.491
	1.365
	1.315 b
	0.598 b
	2.211

	SEM
	
	
	
	0.025
	0.065
	0.071
	0.044
	0.045
	0.065

	
	
	
	Low
	3.520
	1.486
	1.313
	1.384
	0.629
	2.322

	
	
	
	High
	3.532
	1.605
	1.221
	1.467
	0.667
	2.049

	SEM
	
	
	
	0.025
	0.065
	0.071
	0.044
	0.045
	0.065

	Interactions
	
	
	
	
	
	
	
	
	

	Low x low
	
	
	
	3.507
	1.688
	1.013 b
	1.723 a
	0.783 a
	1.997 a

	Low x high
	
	
	
	3.532
	1.516
	1.362 ab
	1.383 ab
	0.628 ab
	2.320 a

	High x low
	
	
	
	3.516
	1.308
	1.702 a
	1.112 b
	0.505 b
	2.701 a

	High x high
	
	
	
	3.548
	1.700
	1.094 ab
	1.556 a
	0.707 a
	1.810 a

	SEM
	
	
	
	0.035
	0.092
	0.100
	0.063
	0.063
	0.091

	P- value
	
	
	
	
	
	
	
	
	

	Fat
	
	
	
	0.824
	0.465
	0.172
	0.034
	0.035
	0.774

	Fibre
	
	
	
	0.924
	0.428
	0.489
	0.385
	0.385
	0.207

	Fat x fibre
	
	
	
	0.977
	0.080
	0.006
	0.002
	0.002
	0.017


Means bearing different superscripts (abc) in the same column are significantly different (P < 0.05).
HDL: High-density lipoprotein, LDL: Low-density lipoprotein, TGA: Triglyceride, VLDL: Very low-density lipoprotein.



The lipid profile analysis showed that high levels of coconut oil in the diet led to a reduction in triglycerides (TGA) and very low-density lipoprotein (VLDL) levels in Albino rats, aligning with previous studies of (22)  who recorded increased levels of TGA and VLDL respectively. This reduction is significant as elevated TGA and VLDL levels are associated with cardiovascular risk and obesity. By improving lipid metabolism, coconut oil could mitigate the risk of cardiovascular diseases and pancreatitis.
Earlier research works (17, 18 & 35)  has reported conflicting effects of coconut oil on lipid parameters such as HDL, LDL, and total cholesterol. Other earlier research works (33, & 38)  reported that coconut oil may increase LDL cholesterol levels, thereby, increasing the risk of heart disease.  
In the present study, a high level of coconut oil caused a slight decrease in HDL levels and slightly increased LDL levels. However, the changes in HDL and LDL levels were not significant. The results of coconut oil on the HDL, LDL and total cholesterol of the Albino rats in this study relate to that of (24). (35) also reported a decrease in HDL, LDL and total cholesterol in Wistar rats that were fed with 0.5 ml/kg daily as compared to the control. The impact of coconut oil on lipid parameters may vary depending on factors like dosage and duration of consumption.
Fibre as a main effect did not affect any of the parameters measured in the lipid profile similar to the report of (39) who reported that except for a decrease in total cholesterol, dietary fibre had no significant effect on the other lipid profile parameters. This indicates that for the duration of this study, the fibre levels in the diets did not significantly affect the lipid profiles of the Albino rats. The effect of corncob fibre contradicts that of (21) possibly because they used a hydrolyzed corncob fibre. They reported that the inclusion of 5% - 15% of corncob fibre in the diet of broilers improved their lipid profile by lowering cholesterol levels. Soluble dietary fibre such as gum and pectin binds to cholesterol in bile to excrete excess cholesterol, thus reducing the cholesterol in the body (40). Since the fibre of corn cob is mostly insoluble it could not form a gel-like substance to bind with the coconut oil to moderate the cholesterol levels in the blood. Hence, this might be attributed to the high insoluble fibre content of the corn cob. 
The interaction between fat and fibre influenced TGA, VLDL, LDL, and coronary risk levels. High fat levels decreased TGA and VLDL levels when fibre levels were low, but increased LDL levels and coronary risk in the absence of high fibre. This suggests that dietary fibre may mitigate the adverse effects of coconut oil on lipid parameters, particularly in reducing LDL levels and coronary risk thereby improving cardiovascular health. The inclusion of high levels of dietary fibre, especially from corncob, appears to counteract some of the adverse effects of coconut oil on lipid parameters, thereby potentially improving cardiovascular health in Albino rats. However, further research is needed to fully understand the mechanisms underlying these interactions and their implications for human health.
3.6.2 Liver Function Test
The data shown in Table 8 indicates that high fibre as a main effect increased the levels of ALP (P < .05) and total bilirubin (P = .05). Fibre as a main effect nor its interaction with fat did not affect any of the parameters observed in the liver function test (P > .05).
High fibre increased the levels of alkaline phosphatase (ALP), and total bilirubin levels compared to low fibre diets. The rise in bilirubin levels, particularly indirect bilirubin, may signify an increased breakdown of red blood cells or liver dysfunction (41).
However, high-fibre intake decreases albumin levels compared to low-fibre diets which aligns with the report of (17). This result could indicate reduced protein absorption or metabolism, liver or kidney dysfunction, malnutrition, or other health conditions affecting albumin synthesis or metabolism. 
Fibre did not significantly affect other liver function parameters such as ALT, AST, total protein, globulin, and direct bilirubin. This result varies with that of (17) who submitted that hydrolyzed corn cob increased total protein, AST and ALT in broilers. Similarly, fat as a main effect or its interaction with fibre significantly affected none of the liver function parameters. This suggests that the different levels of fat and fibre in the diet did not have a significant synergistic or contrasting effect on liver function parameters in this experimental study.


Table 8. Effects of two dietary fat and fibre levels on the Liver function test of Albino rats at d 56.
	Effects
	Fat
	Fibre
	ALT (IU/L)
	AST (IU/L)
	ALP (IU/L)
	GGT (IU/L)
	T. PRO (g/L)
	ALBU. (g/L)
	GLOB (g/L)
	T.BIL (umol/L)
	D.BIL (umol/L)
	IND.BIL (umol/L)

	
	Low
	
	34.94
	252.6
	470.9
	7.109
	75.80
	24.88
	53.77
	17.94
	9.079
	8.291

	
	High
	
	27.59
	223.9
	362.8
	3.595
	73.63
	23.91
	49.24
	18.63
	8.312
	9.354

	SEM
	
	
	0.251
	0.052
	0.144
	0.267
	0.060
	0.045
	0.089
	0.104
	0.112
	0.206

	
	
	Low
	29.52
	226.8
	314.7b
	3.689
	77.84
	26.21
	54.05
	15.43
	8.322
	6.536

	
	
	High
	32.67
	249.4
	542.8 a
	6.928
	71.70
	22.69
	48.98
	21.65
	9.068
	11.87

	SEM
	
	
	0.251
	0.052
	0.144
	0.267
	0.06
	0.045
	0.089
	0.104
	0.112
	0.206

	Interactions
	
	
	
	
	
	
	
	
	
	
	
	

	Low x low
	
	
	32.35
	237.5
	350.4
	5.518
	78.65
	26.15
	58.57
	15.31
	7.644
	6.745

	Low x high
	
	
	37.74
	268.7
	632.7
	9.158
	73.05
	23.66
	49.36
	21.02
	10.78
	10.19

	High x low
	
	
	26.94
	216.5
	282.6
	2.466
	77.04
	26.27
	49.88
	15.55
	9.060
	6.332

	High x high
	
	
	28.26
	231.4
	465.7
	5.241
	70.38
	21.76
	48.61
	22.31
	7.626
	13.82

	SEM
	
	
	0.355
	0.073
	0.204
	0.378
	0.084
	0.064
	0.126
	0.147
	0.158
	0.291

	P- value
	
	
	
	
	
	
	
	
	
	
	
	

	Fat
	
	
	0.525
	0.137
	0.237
	0.109
	0.740
	0.550
	0.506
	0.804
	0.591
	0.689

	Fibre
	
	
	0.783
	0.230
	0.028
	0.134
	0.358
	0.053
	0.458
	0.050
	0.601
	0.074

	Fat x fibre
	
	
	0.855
	0.708
	0.828
	0.752
	0.924
	0.508
	0.581
	0.886
	0.141
	0.545


Means bearing different superscripts (ab) in the same column are significantly different (P < 0.05).  ALT: Alanine transaminase, AST: Aspartate aminotransferase, ALP: Alkaline phosphate, GGT: Gamma-glutamyl transferase, T. PRO: Total Protein, ALBU: Albumin, GLOB: Globulin, T. Bil: Total Bilirubin, D. BIL: Direct Bilirubin, IND. Bil: Indirect Bilirubin.

[bookmark: _Toc153348042]3.7 Histological Examination
3.7.1 Heart
Figure 1: Histological micrograph of Heart tissues (H & E stained)
[image: ]
As shown in Figure 1 above, T1 shows normal histology of the heart of Albino rats. T 1 depicts well-distinct branched cardiac muscles with striations (Thin arrows, →), it also has elongated cardiomyocytes bearing centrally placed oval-shaped nuclei typical of a normal heart architecture. T 2 also shows a normal heart architecture with branched and striated cardiomyocytes (Thin arrows, →) and regularly shaped nuclei in cardiomyocytes. The histological micrograph in T 3 depicts unclear branching and striations of cardiac muscles (Thin arrows, →) and small oval or vacuolated pale structures (Circles, ο) in the cardiomyocytes. T 4 on the other hand shows comparably moderate distinct striations and few oval and vacuolated (Circles, ο) structures in cardiomyocytes. The nuclei are well-distinct and regularly shaped.
The histological micrograph of the Albino rats in treatment 1 (T1) showed a normal and healthy heart. This indicates that low levels of dietary fat and fibre in the diet did not have any recognizable adverse effect on heart function and health (42). 
Comparatively, that of the Albino rats in treatment 2 (T2) showed a normal and healthy heart architecture. Indicating that increasing the fibre content in the diet of the Albino rats in this study did not have a significant adverse effect on the histology and health of the heart. The high level of dietary fibre in the diet might have even improved the health of the heart as increasing the amount of dietary fibre has been associated with improved cardiovascular health (43).
The histological micrograph of Albino rats in treatment 3 (T3) revealed relatively unclear branching and striations of cardiomyocytes and some oval vacuolated pale structures that closely resemble fat accumulation. The unclear or disrupted striations in cardiac muscle tissue could indicate damage or degeneration of the muscle fibres. The old age of the Albino rats coupled with the increased fat deposition could likely result in the unclear branching and striations observed in the heart tissues of T3. In older individuals, changes in the cardiac muscle structure can occur naturally, leading to alterations in striation patterns (44). The oval vacuolated pale structures could be attributed to fat deposition and accumulation in the heart, cellular inclusions or vacuoles containing various substances such as abnormal proteins or metabolic by-products. 
Comparatively, the histology of the heart of Albino rats in treatment 4 (T4) showed moderately distinct striations, branching of cardiac muscles and relatively few smaller oval vacuolated structures. This indicates that the increased level of dietary fibre might have mitigated some of the adverse effects on the heart caused by the high level of fat as seen in the histology of the heart of Albino rats in T3. This could be attributed to the health benefits and protection dietary fibre notably provides against cardiovascular diseases (45).
3.7.2 Liver
Figure 2: Histological micrograph of Liver tissues (H & E stained).
[image: ]
As shown in Figure 2 above, T 1 shows normal liver histology indicative of the relatively large oval central vein (C V) surrounded by a thin layer of hepatocytes. The presence of normal and regularly shaped oval nuclei (thin arrows, →). It also has a distinct normal portal tract architecture (P T) and normal sinusoids (pale spaces, thick arrow ➡). T 2 also displays a normal liver architecture with a relatively smaller central vein (C V) with distinct regularly oval-shaped nuclei (thin arrows, →). It also has normal sinusoids (pale spaces, thick arrows ➡). T 3 has a comparatively normal central vein (C V), a portal tract (P T), and moderately large nuclei (thin arrows, →). It also has some clear oval vacuolated structures (circle ο) and comparably large sinusoids and pale spaces (thick arrow ➡). T 4 on the other hand has a relatively larger central vein (C V), a portal tract (P T), few clear oval vacuolated structures (circle ο) and relatively moderate sinusoids (pale spaces (thick arrow ➡).  
The histological micrograph of the liver of Albino rats in treatment 1 (T1) revealed normal and healthy liver histology very similar to that of the control group in the research study of (46). This indicates that the low levels of fat and fibre in the treatment diet did not have any recognizable adverse effect on the histology and function of the liver. 
A relatively small central vein in the liver histology of T2 indicates that there is no significant dilation or enlargement of the central vein, which is a typical feature of a healthy liver (47). It also suggests a well-regulated blood flow within the liver. The distinct and regularly oval-shaped nuclei in the hepatocytes indicate that they were healthy and well-preserved to maintain their normal morphology. The presence of very few pale spaces (sinusoids) suggests no significant accumulation of fat or abnormal substances, suggesting a well-maintained blood supply (47). Increased fibre intake improves liver health by eliminating toxins and reducing the workload of the liver and kidney (48). 
A dilated sinusoid might indicate an increase in blood flow, inflammation or congestion. This could be a result of the higher level of fat in that diet, which could have led to the accumulation and storage of excess fat in the liver cells.
Comparably the histology of the liver of Albino rats in treatment 4 (T4) revealed a relatively large central vein (CV) which indicates an increased metabolic activity or CV which is not shrunken or congested to ensure a well-maintained blood flow within the hepatic vasculature. The observed regular portal tract architecture in T4 suggests that the anatomical structures responsible for exchanging nutrients, metabolites, and waste products between the liver and the bloodstream are intact and functioning normally. The presence of few clear vacuolated structures in T4, compared to T3, indicates a lower accumulation of lipid droplets or fat within the hepatocytes. This observation suggests there is less risk or occurrence of hepatic steatosis (fatty liver) in T4 than in T3.
Few clear vacuolated structures and pale spaces were observed in T4 compared to that of T3 suggesting that the increased level of fibre in the diet might have reduced the fat accumulation seen in T3. The high-fat diet's impact in this study did not significantly affect the liver compared to the findings of (50). This disparity could be attributed to the notably higher fat percentage (20 %) and the type of fat used (trans-fatty acids) in contrast to the 3.04 % - 6.16 % proportions of coconut oil used in this study.
3.7.3 Kidney
Figure 3: Histological micrograph of Kidney tissues (H & E stained)
[image: ]
As shown in Figure 3 below, T 1 depicts normal kidney histology and architecture indicative of the normal renal corpuscles with glomeruli (G) that perfectly fit in the Bowman’s capsules with a little Bowman’s space (thin arrows, →). T 2 shows a moderately normal kidney physiology. It depicts a moderately large Bowman’s space (thin arrows, →) and some oval vacuolated pale spaces with a central one resembling an empty Bowman’s capsule. T 3 on the other hand has relatively larger Bowman’s spaces (thin arrows, →), some deformed glomeruli (∆) and numerous oval, vacuolated pale structures (circle ο) with which some appearing as empty Bowman’s capsules. T 4 displays Glomeruli (G) that perfectly fit in Bowman’s capsule with very little Bowman’s space (thin arrows, →). It also has relatively small numerous oval vacuolated pale structures (circle ο).
The histological micrograph of the kidneys of T1 depicted a normal and healthy kidney architecture in which the glomeruli (G) perfectly fit within the Bowman's capsule with a little Bowman's space indicating a healthy and well-preserved kidney (46). This indicates that the low levels of dietary fibre and fat in this study did not have any considerable adverse effect on the histology and health of the kidneys. The glomeruli fitting perfectly within Bowman's capsule suggests that the filtration process in the kidneys is functioning normally (51). It also implies efficient filtration without leakage which ensures that essential substances, like nutrients and proteins, are retained in the bloodstream while waste products are filtered out effectively. The observation of normal renal corpuscles, which consist of the glomerulus and Bowman's capsule, indicates that the structural integrity of these components is maintained. The presence of a little Bowman's space suggests that there is minimal accumulation of fluid or filtrate within the capsule. This is consistent with normal kidney function as excess fluid accumulation can signify kidney dysfunction.
The presence of moderately large Bowman's spaces in the histology of the kidney of Albino rats in T2 might suggest a relatively moderate fluid or filtrate accumulation in the Bowman’s capsule or a normal increase in the Bowman’s space of T2. The oval vacuolated structures could suggest the presence of accumulated fluid or material. The structure resembling an empty Bowman's capsule could be an anatomical variation, possibly a developmental anomaly or an artefact in the histological preparation. 
The relatively larger Bowman’s space as observed in T3 could either indicate that the amount of fluid or filtrate in the Bowman’s capsule is higher compared to the other treatment groups or that the leakage of filtrates is relatively higher. Although the Bowman’s space was relatively larger it was not wide enough to impose or imply a pathological effect (51). The large pale spaces could also suggest fat accumulation as a result of the increased level of fat in the diet.
Comparably, the histology of the kidneys of Albino rats in T4 revealed perfectly fitted glomeruli in Bowman’s capsules with very little Bowman’s space. A relatively small oval vacuolated pale structures compared to that of T3. This indicates an improved kidney histology and health which could be attributed to the increased dietary fibre in the diet.  The high level of fibre might have mitigated some of the effects of the high fat by reducing the risk of inflammation, and fat accumulation and detoxifying the kidney (14). The result of this study contradicts that of (52) who reported that their high-fat diet-induced microvascular dysfunction that preceded a decline in renal function. The adverse effect of their high-fat diet (36 % lard, 56 % carbohydrate and 14% protein) could be attributed to the type of fat and its relatively higher level of inclusion coupled with the longer time of administration (20 weeks. 
There was little to no considerable adverse effect on the histology of the heart, liver and kidney and this could be attributed to the relatively lower levels of dietary fat (3 % - 6 %)  used in this study and the source (coconut oil) coupled with the ameliorative and health benefits of dietary fibre (12 & 48).
[bookmark: _Toc153348045]CONCLUSION
The observation of the present study suggests that dietary fat and fibre may have little influence on food intake and blood glucose levels in humans. However, body weight may be influenced by high intake of fat. A high dietary fibre intake may improve kidney, heart and liver weights and cardiovascular health in humans by reducing LDL levels and coronary risk, increasing dietary fibre might mitigate the adverse effects of high fat on the heart, liver, and kidney health somewhat supporting the hypothesis of the present study that intake of high dietary fibre might reduce the adverse effect of high saturated fat intake. 
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ABBREVIATIONS

Abbreviations				Meaning							                    	
ALBU. 					Albumin
CV 					Central vein
G 					Glomerulus
GLOB. 					Globulin
H&E 					Haematoxylin and Eosin
HDL    					High-density lipoprotein
HFa-HFb 				High fat & High fibre diet
HFa-LFb 				High fat & Low fibre diet
IND. BIL 				Indirect Bilirubin
LDL 					Low-density lipoprotein
LFa-HFb 				Low fat & High fibre diet 
LFa-LFb 				Low fat & Low fibre diet 
MID 					Minimum inhibitory dilution
NAFLD 					Non-Alcoholic Fatty Liver disease
PT 					Portal Tract
T. Cholesterol 				Total cholesterol 
T. Pro 					Total protein
T.BIL 					Total Bilirubin
T2DM 					Type 2 Diabetes Mellitus
TGA    					Triglycerides
VLDL 					Very low-density lipoprotein
w/BW % 				organ weight per body weight expressed as a 
percentage (relative organ weight)
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