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ADIPOSITY, ATHEROGENIC INDEX AND LIPID PROFILE OF MALE WISTAR RATS
ADMINISTERED WITH KUNUN-ZAKI

ABSTRACT

Aim: Kunun-zaki (KZ) is a highly refreshing local beverage that is commonly consumed both in
urban and rural areas. The objective of the study was to investigate the effect of KZ on lipid
profile and other markers of cardio-vascular risks in Wistar rats. Methods: Fourteen adult male
Wistar rats (mean weight of 150 g) used for the study were randomly divided into 2 groups
(Groups A & B) of 7 rats each. The experimental rats in Group A and B were administered daily
with 5 mL of distilled water and kunun zaki respectively for a period of 2 weeks. All
experimental animals were allowed access to standard feed and water ad libitum. Blood samples
were collected and analyzed for total cholesterol (TC), triglyceride (TG), low density
lipoprotein- cholesterol (LDL-C), high density lipoprotein- cholesterol (HDL-C), and very low
density lipoprotein cholesterol (VLDL-C) using standard biochemical methods. The body mass
index (BMI), atherogenic index, and adiposity index were also determined. Liver, kidney and
heart were harvested and weighed to determine organ weights. The results were statistically
analyzed using Student’s 't’test and by Pearson’s correlation coefficient. All values were
presented as mean * standard error of mean. P< 0.05 was considered significant. Results: While
TC, LDL-C, HDL-C concentrations were not significantly different, both TG and VLDL-C
concentrations in KZ administered rats were significantly higher compared with control. BMI,

antherogenic index and adiposity were not significantly different also when both groups were



compared. Conclusion: the results of the study indicate that kunun-zaki does cause modulatory

elevation in lipid profile.
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INTRODUCTION

The Nigerian soft drink industry has been heavily dependent on imported raw materials for many
years. In order to conserve foreign exchange, emphasis is now on the development of indigenous
beverages and the country’s attention has begun to shift toward local sourcing of raw materials
for economic development [1]. The drink- Kunun-zaki has its origin in the northern parts of
Nigeria but is now popular in almost all the states of the nation [2]. This non-alcoholic beverage
is becoming more widely accepted in other parts of Nigeria, owing to its refreshing qualities [2,
3]. In recent times, the consumption of ready-to-eat food has been on a high side, this is probably
due to their convenience. Ready-to-eat foods occur in varieties of forms, e. g. fruits, fruit juices,
nutritional drinks, snacks etc. Generally, they are food items consumed on purchase from vendor,
hawkers and consumed immediately without any further preparation. Most ready-to-eat foods are
found in public places e. g. markets, motor parks, streets, outside school premises, hospitals and
even highways [4]. The beverage (kunun-zaki) is widely found not only in the local market but
also at resorts [5]. Of the nutritional indigenous drinks consumed by a large number of the

populace in Nigeria, kunun-zaki and zobo are most common.

Kunun-zaki is a Hausa word meaning sweet beverage and it is a cheap traditional drink widely
consumed especially during the dry season [1, 4]. Preparation methods amongst different peoples

are determined by taste and cultural preferences. It can be produced either from millet



(Pennisetum typoidum), Sorghum (Sorghum bicolor), or maize (Zea mays) [6]. Aside grains and
sweet potato (Ipomoea batatas), phytochemical and antioxidant rich spices are utilized for the
preparation of kunun-zaki [7, 8]. Examples being ginger (Zingiber officinale), black pepper
(Piper-niger), red pepper (Piper-annum), cloves (Syzgium aromaticum) and garlic (Allium
sativa) [8]. According to data obtained from past studies, there is sufficient evidence that some
of these spices may modulate lipid metabolism; significant enough to elevate high density
lipoprotein (HDL), cholesterol and lower density lipoprotein (LDL) [9]. Yet there is dearth of
information about the effects of kunun-zaki on biochemical parameters in mammals. Hence this
study was designed to examine the effect of kunun-zaki on lipid parameters, and other risk
factors of cardiovascular disease such as atherogenic index, adiposity index and body mass

index.



MATERIALS AND METHODS

Materials:

Ingredients for the preparation of kunun zaki included millet, ginger (Zingiber officinale), black
pepper (Piper-niger), red pepper (Piper-annum), cloves (Syzgium aromaticum), garlic (Allium
sativa) and table sugar (sucrose). Kunun zaki was freshly prepared each day according to the
procedure reported by Gaffa et al. [8]. There are several methods employed in the production of
millet based kunun zaki (MKZ). Methods such as the pre-fermentation, post-fermentation, and
malting are always used in the preparation of MKZ [8]. For the purpose of this study the post-
fermentation method was employed. Two hundred and fifty grams of millet was sorted, cleaned
and steeped in a potable water before it was wet-milled, the resulting slurry was divided into two
portions (i.e., 250 g and 50 g), boiled water was poured on one slurry (250 g) and allowed to cool
before it was mixed vigorously with uncooked slurry (50 g), the mixture was allowed to ferment
for 14 hours at 40°C, then sieved with clean muslin- cloth (0.0025 mm) and was sweetened with
table sugar.

Study site: The Animal House of the Physiology Department, Ladoke Akintola University of
Technology, Ogbomoso, Oyo State.

Study design: This is an experimental study.

Animal handling: Fourteen Adult Male Wistar rats with average weight 150 g were purchased
from the animal house of Ladoke Akintola University of Technology, Ogbomoso, Oyo State.
The rats were kept in cages and made to acclimatize for 7 days and maintained under standard
conditions of temperature and humidity. The rats were randomly divided into Groups A and B,

which constituted the control and test groups respectively; each group consisted of 7 rats. They



were allowed access to standard feed and tap water ad libitum. All animals received humane care
in accordance with the principle of Laboratory Animal care of the National Society of Medical
Research and Guide for the care and use of Laboratory Animals of the National Academy of
Sciences (National Institutes of Health Publication no. 80-23). The animals in the control group
[GROUP A] were administered with distilled water, whereas those in test group [GROUP B]
received kunun-zaki throughout the 14-day experiment.

Administration of kunun zaki

Administration of kunun-zaki and distilled water was carried out using gavage needles. Each of
the experimental animals in GROUP B was administered with a total volume of 5 mL kunun-
zaki, 2.5 mL in the morning and 2.5 mL in the evening. The animals in test GROUP A received
distilled-water as described above.

Clinical observations and body weight measurement

Every rat in each of the group was observed twice daily (before and after exposure) for signs of
clinical toxicity in the appearances of the skin and fur, eyes and mucous membrane, behavioural
pattern, respiratory system and morbidity /mortality. The body weight and length of each animal
in the treatment and control groups were measured at the beginning of the experiment and once
weekly until the end of the study to obtain the body mass index (BMI).

Protocol for blood collection and organ weight

At the end of exposure period, after an overnight fast of 12 hours, animals were weighed prior to
blood collection and then euthanized by cervical dislocation. Blood was collected through
cardiac puncture for estimation of plasma levels of total cholesterol, HDL, LDL, VLDL and
triglycerides. It was dispensed into lithium heparin bottle, centrifuged at 3000 rpm for 10

minutes to obtain plasma and stored at -20°C prior to biochemical analyses. The organs (liver,



kidney and heart) of the animals was surgically removed, rinsed with ice-cold physiological

saline, blotted dry and weighed.

Methods for determination of plasma lipid profile
Estimation of Total Cholesterol (TC), Triglyceride, High density lipoprotein (HDL) and Low
density lipoprotein (LDL) was done using Randox kits. VLDL-C was estimated using the
method as described by Friedwald et al. [10]:

VLDL-C (mmol/l) = Total cholesterol — (HDL-C + LDL-C)
Determination of adiposity and assessment of Body Mass Index (BMI) of experimental
rats: BMI of experimental rats was calculated as described by Erejuwa et al., [11]. The body
weight and body length measurements were used for the estimation of BMI and adiposity index.
The BMI was determined using the formula: BMI = Body weight (g) / body length2 (cm2).
Body mass index was classified as follows: (Normal BMI: male [0.45 + 0.02-0.68 + 0.05]
g/lcm2 [12].
Adiposity index was calculated using the formula for Lee index of obesity: Adiposity index =
cube root of body weight (g) / body length (cm) nose-to-anus length (cm) [12].
Determination of atherogenic index: Atherogenic index was calculated by using the formula:
log10 (TG/HDL-C). [13].
It can be classified according to the values obtained: —0.3 to 0.1 for low risk, 0.1 to 0.24 for
medium, and more than 0.24 for high risk of cardiovascular disease [14].
Statistical analysis:
Data obtained were expressed as mean + standard error of mean. Data were subjected to

Student’s t-test was analyzed with Statistical Package for Social sciences (SPSS IBM 23) version



9. Pearson’s correlation coefficient was used to detect association between different parameters.

Significance differences was established at p<0.05.

RESULTS

Results of the study are presented below. Tables 1 and 2 contain the results of lipid profile and
body mass index respectively. Meanwhile, the results of organ weights, atherogenic index and

adiposity can be obtained in Table 3.

Results of the lipid profile presented in Table 1 below showed that the plasma levels of total
cholesterol, HDL-C and LDL-C were not significantly different when both groups were
compared (p>0.05). Meanwhile, triglycerides and VLDL-C were significantly higher in kunun-
zaki administered rats compared with control (p<0.05). Table 2 results revealed that BMI of the
kunun-zaki administered group showed no significant difference when compared to the control
group for the 2-week period of the experiment (p>0.05). Correlation study between BMI,
adiposity or atherogenic index and lipid profile showed significant difference only for BMI and

TC (p=0.024, r=0.536), all others were not significantly different.



DISCUSSION

Administration of kunun-zaki to male wistar rats resulted in dyslipidemia as the levels of TG and
VLDL-C were higher compared with control. Dyslipidemia is said to occur when there is
abnormality in one or more components of lipid profile [13]. The changes in lipid profile in
wistar rats upon administration of kunun-zaki, may not be unassociated with impact of its main
ingredient (i.e. millet) on these important markers of cardiovascular disease. According to
literature, millet has high carbohydrate content, which may sometimes be as high as 70%
depending on the variety [15]. This means it can easily predispose to increased lipid production
when there is consistent/excessive intake. While initial metabolic process triggered by excess
carbohydrate consumption is glycogenesis, but the capacity of mammals to store carbohydrates
in this form is limited, therefore excessive intake of carbohydrate results in fat formation
especially triglycerides which was significantly higher in kunun-zaki administered rats compared
with control group.

Excessive carbohydrate translates not only to changes in lipid profile (especially dyslipidemia)
[16], additionally it is usually accompanied by increase in weight and BMI, as the triglycerides
so produced are stored in adipose tissue. Interestingly, this was not the case with respect to
kunun-zaki administered rats, as higher TG and VLDL-C levels were not accompanied by

increased BMI. This may be attributed to short period (14 days) of administration.

Although some of the reasons why kunun-zaki as a beverage was welcome by all strata of

Nigerian society is because the raw materials are locally sourced from cheap easily accessible



ingredients and it is a highly refreshing drink. Another appeal for its consumption nationally, is
the fact that the spices [garlic, ginger, black pepper and red pepper] used for its preparation are
highly nutritious, to the extent that in some quarters, kunun-zaki is rapidly replacing both
carbonated and energy drinks. Unfortunately, it seems from the results of the study that the
effects of this local beverage on lipid parameters are not profoundly different from some other

beverages available in the market.

For instance, 3 mL/100 mg bw of Coca-cola caused significant lower levels of cholesterol, TG,
HDL-C, but no change in LDL-C level. Meanwhile administration of the same dose level of
Schweppes resulted in significantly higher levels of TC, TG, HDL-C and lower level of LDL-C
compared with distilled water administered rats. While Sprite showed no differences in all lipid
parameters when compared with control, Fayrouz resulted in higher level of TG, low LDL-C,
low TG and high HDL-C and administration of Fanta at the same dosage level showed high TC,
low levels of TG and LDL-C and normal levels of HDL-C [17]. It was not only carbonated
drinks that resulted in dyslipidemia, Famurewa et al [18] reported that administration of
caffinated energy drink to rats resulted in decreased total cholesterol, LDL-C, but higher
triglyceride levels compared with unexposed rats. HDL-C was also significantly reduced. The
implication of these results is that like many other beverages in the market, kunun-zaki may
result in some of the clinical features of hyperlipemia such as glucose intolerance, non-alcoholic
hepatic disease which are characteristics of metabolic syndrome [19] but obesity may not be an
accompanying feature since BMI was not elevated. Furthermore, since hypertriglyceridemia also
affect the heart and blood vessels, this may mean an increase risk of pancreatitis or inflammation
of the pancrease. No such information though has been obtained from several communities

where humans have consumed kunun-zaki for generations.
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The common component/ingredient to these three categories of beverages [kunun-zaki,
carbonated drinks, energy drink] is sucrose. i.e. the local beverage used for the study and others
in the market which have shown dyslipidemic effects contain sucrose as sweetener, meanwhile
sucrose had always been linked with abnormal lipid parameters [20]. Otero-Losada et al. [20]
observed that sucrose sweetened beverage featured significant weight gain and higher levels of
triglycerides compared with control. This is aside the fact that studies carried out on sucrose
alone is also linked with increase in weight [21]. Kunun-zaki is made in a variety of ways,
although sucrose is used as a sweetener in the study, sweet potato (Ipomoea batatas) is another
important sweetener in many local communities in many parts of Nigeria. Whether the results
would have been different with the use of sweet potato as the sweetener remains to be

determined.

It was not only the body weight of kunun-zaki administered rats that were not significantly
different compared with control, such non-significant differences were observed with respect to
organ weights as well i.e. kidney, liver and heart. While Munawar et al. [21] also observed that
consumption of caffinated soft drink (Coca cola) and energy drink [Red Bull] did not result in
significant changes in body weight compared with control, but they reported significantly
increase in the relative tissue weight index of Coca Cola and Red Bull administered rats. The
difference in the present results and other beverages in the market with respect to impact on
organ weight may not be unconnected with the amount consumed and the effects of their
uncommon ingredients. The dose of coca cola administered by Munawar et al. [21] was 11 ml
which is equivalent to consumption of 3 cans by a seventy kilogram (70 kg) man but 5 mL of
kunun-zaki was administered/daily to rats in the present study. And while kunun-zaki contains

the following naturally occurring spices: ginger (Zingiber officinale); black pepper (Piper-niger);
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red pepper (Piper-annum); and cloves (Syzgium aromaticum); aside sucrose other ingredients of
Coca Cola are caffeine, ceramel coloring, lime and coca extract, phosphoric acid, citric acid,

cinnamon, nutmeg, vanilla, and orange.

According to Cao et al. [22], chronic administration of cola beverages to rats caused no changes
in body weight and kidney weight while their observation is in agreement with the results of the
study, it differs from the inference of Munawar et al. [21], this may be due to differences in
duration of exposure as well as differences in the species of experimental animals used for each
study. Weight, length and BMI of kunun-zaki administered rats were not significantly different

compared with control.

The results suggest that kunun-zaki is not a healthy beverage, unlike green tea, soy milk, oat
drinks, tomato juice, and coca drinks which have been reported to reduced LDL-C cholesterol.
Green tea contains catachins and other antioxidants that lower LDL-C. Oat drinks contain beta-
glucans which create a gel-like substance in the gut and interact with bile salts, reducing
cholesterol absorption. Tomato juice is rich in lycopene and can improve lipid levels by reducing
LDL-C while cocoa drinks contains antioxidants called flavanols that decreases LDL-C and
increasing HDL-C. Meanwhile, the results of lipid profile of kunun-zaki administered rats, are
similar to those of sweetened drinks which are known for altered levels of TG, VLDL-C, or TC

[17, 18].

The results of the present study are not sufficient to call for decrease in kunun-zaki consumption,
as in many local communities the most commonly used sweetner is sweet potato, a crop that is
rich in fibre and does not contain appreciable refined sugar like sucrose. It is reasonable to

exercise caution as this local beverage has been taken for countless generations in many Nigerian
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communities and its consumption has not been linked to increased risk of cardiovascular disease.
Hyperlipidemia is a modifiable risk factor of cardiovascular disease. Additionally, another
important reason while a change in method of kunun preparation rather than a total ban on its
consumption should be preferred is that during many months in northern Nigeria, both fruits and
fresh vegetables are not readily available leaving the grains such as millet as an important source

of minerals e.g. calcium, iron, zinc, copper and manganese.

More interestingly, the hypolipidemic effects of garlic, ginger, black pepper and red pepper
widely reported in literature seems to be lacking in kunun-zaki administered rats. Akanfe et al.
[9] observed that ginger modulated lipid metabolism, significant enough to elevate high density
lipoprotein (HDL-C), cholesterol and lower low density lipoprotein (LDL-C). Black pepper, one
of the spices used for kunun preparation has been reported to show remarkable reduction in
plasma and tissue lipid profile by reducing total cholesterol in its free and esterified forms, free
fatty acids, phospholipids and triglycrides and that in high fat diet fed rats, black pepper
increased HDL-C and lowered LDL-C [23]. The pepper was administered at dosage level of 250
mg/kg. Cloves were also found to reduce total cholesterol, triglycerides, LDL, VLDL, and
increase HDL-C [24] while Akanfe et al. [9] administered ginger at a dosage level of 400 mg/kg
BW which is much higher than level administered to kunun-zaki fed rats. Weight loss was
significantly higher in garlic group although it did not support beneficial effects on LDL-C [25]
but garlic elevated levels of TG, and HDL and but lowered those of TC and LDL-C in wistar

rats.

Atherogenic index of plasma (AIP) is one of the lipid ratios defined as logio (TG/HDL-C). It is

use as a marker of plasma atherogenicity. Atherogenic index of plasma (AIP) is a novel index
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composed of triglycerides and high-density lipoprotein-cholesterol [26]. It has been used to
quantify blood lipid levels and commonly used as indicator of dyslipidemia and associated
diseases e.g., cardiovascular diseases [27]. The mean atherogenic index of plasma of the kunun
group showed non-significant difference compared to the control group.

Meanwhile it is important to be cautious in extrapolating these results to humans. The species
differences in response to an agent is a factor that cannot be discounted. Additionally, the
sweetener used in making kunun-zaki for the present study is not the one commonly adopted for
kunun preparation in local communities where unerves not only as a refreshing local beverage

for adults but also a popular weaning food for babies.

Conclusion
The finding of this study showed that lipid profile was altered with kunun-zaki administration,
especially as kunun-zaki administered rats featured higher levels of triglycerides and very low-

density lipoprotein. This might imply that kunun-zaki is a dyslipidemic agent.

Recommendation/Further study

It seems appropriate therefore, that since kunun-zaki has not been linked with cardiovascular
disease in humans in communities where sweet potato is used as sweetener, it may be
appropriate to carry out a study in which the effects of kunun-zaki sweetened with either sweet
potato or refined sugar- sucrose are compared, so as to establish the contributing impact of

sucrose to the results of the present study.

Contribution to knowledge
Kunun-zaki has been consumed for generations in many parts of Nigeria, yet there is no

significant empirical biochemical information about it on several metabolic processes vital to
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health and well being. The dyslipidemic effects of this local beverage have helped to clarify if
kunun-zaki consumption may play a role in increased risk of cardiovascular risk commonly
reported among the elites. It may help to deal with or address the millions of deaths and several
more millions of disability-adjusted life years globally (GBD, 2015) described to occur from
cardiovascular disease especially among the categories of people recently adopting kunun and

other local drinks as snacks

Ethical Approval

Animal Ethic committee approval has been taken to carry out this study.

References



10.

11.

15

Ndubuisi PO, Joy NU, Udeze C. Raw materials sustainability and the performance of
beverage companies in Nigeria: A study of intafact beverages Onitsha. Archives of
Business Research 2018; 6(3): 64-72. DOI: https://doi.org/10.14738/abr.63.4043

Afodia K, Amin 10, Florence MJ, Haziel BK, Mohammed M, Mercy KI, et al. Quality
Evaluation of Kunun zaki: A Nigerian Food Drink Produced from Maize and Millet
Grains. Cardiogenic Pulmonary Oedema Medicine 2019; 7(2): 01-13.

Adeniji PO, Keshinro OO. Assessment of Nutritional and Sensory Quality of Kunun
Zaki: A Home—made Traditional Nigerian Beverage. Journal of Nutrition and Food
Science; 2015; 5: 358. Doi: 10.4172/2155-9600.1000358

Izah SC, Aseiba ER, Orutugu LA. Microbial quality of polythene packaged sliced fruits
sold in major markets of Yenagoa Metropolis, Nigeria. Point Journal of Botany and
Microbiology Research. 2015;1(3), 30 — 36.http://www.pjournal.org/PIBMR

Ezekiel CN, Ayeni KI, Ezeokoli OT, Sulyok M, van Wyk DAB, Oyedele OA, Akinyemi
OM, Chibuzor-Onyema IE, Adeleke RA, Nwangburuka CC, Hajslova J, Elliot CT, Krska
R. High-thoughput sequence analyses of bacterial communities and multi-mycotoxin
profiling during processing of different formulations of kunu, a traditional fermented
beverage. Front Microbiol 2019; 9:3282. Doi: 10.339/fmicb.2018.03282

Akoma O, Jiya EA, Akunmka DD, Mshelia E. The influence of malting on the nutritional
characteristics of kunun-zaki. African Journal of Biotechnology 2006; 5 (10): 996 — 1000.
https://doi: 10.5897/AJB05.034

Ukom AN, Kanu CF, Ndife J. Antioxidant activities and physicochemical properties of
spiced kunu beverage. Int J. food Science and Nutrition. 2019; 4(1):193-199.

Gaffa T., Jideani I. A. and Nkama I. Nutrient and Sensory qualities of kunun zaki from
different saccharifying agents. International Journal of Food Science and Technology
2002; 53:109-115. doi: 10.1080/09637480220132120

Akanfe O., Komolafe I. and lyanda A. The effects of ginger (Zingiber officinale) on diet
induced hyperlipidemia and tissue histology in adult female wistar rats: A biochemical
and histopathological study. Journal of Complementary and Alternative Medical
Research 8(4): 1-8, Article no.53632 ISSN: 2456-6276. Doi:
10.9734/jocamr/2019/v8i430128. Corpus 1D: 210958093

Friedwald WT, Levy RL, Fredrickson DS. Estimation of the concentration of low density
lipoprotein cholesterol in plasma without use of the preparative ultracentrifuge. Journal of
Clinical Chemistry. 1972; 18(6): 499-502. PMID: 4337382

Erejuwa OO, Ezeokpo BC, Nwobodo NN, Asika EC. Nwadike KI, Uwaezuoke NI,
Nwachukwu DC, Ude UN, Wahab MS, Sulaiman SA. Effect of honey on body weight,


https://doi.org/10.14738/abr.63.4043

12.

13.

14.

15.

16.

17.

18.

19.

20.

16

body mass index and adiposity in high-fat diet fed wistar. EC Pharmacology and
Toxicology 3.1 (2017): 03-12.

Konopelniuk V, Falalyeva T, Tsyryuk O, Savchenko Y, Prybytko I, Kobyliak N,
Kovalchuk O, Boyko A, Arkhipov VV, Moroz Y, Ostapchenko L. The correction of the
metabolic parameters of msg-induced obesity in rats by 2-[4-9benzyloxy) phenoxy]
acetic  acid. J. Nutrition and Intermediary Metabolism. 2018;13:1-9.
https://doi.org/10.1016/j.jnim.2018.07.002

Nwagha Ul, Ikekpeazu EJ, Ejezie FE, Neboh EE, Maduka IC. Atherogenic index of
plasma as useful predictor of cardiovascular risk among postmenopausal women in
Enugu, Nigeria. African Health Sciences 2010; 10:248-252.

Dobiasova M. “AlP—atherogenic index of plasma as a significant predictor of
cardiovascular risk: from research to practice,” Vnitrni Lekarstvi 2016; 52(1), 64-71.
PMID: 16526201

Hadimani N, Gudipati M, Tharanathan RN, Malleshi N. Nature of carbohydrates and
proteins in three pearl millet varieties varying in processing characteristics and kernel
texture. 2001. Journal of Cereal Science 33:17-25 DOI; 10.1006/jcrs.2000.0342

Shin W-K, Shin S, Lee J-K, Kang D, lee JE. Carbohydrate intake and hyperlipidemia
among population with high-carbohydrate diets: The Health Examinees Gem-Study.
Molecular Nutrition and Food Research 2020;
63:https://doi.org/10.1002/mnfr.202000379

Goje LJ, Joshua H, Shuaibu I, Ghamba PE, Mafulul SG. Effects of oral intake of some
soft drinks on the fasting blood glucose level and lipid profile of albino rats. International
Journal of Sciences 2014; Office ijSciences, 3(06), pages 70-75, June.

Famurewa A, Folawiyo AM, Epete MA, Onuoha M, Igwe EC. Consumption of
caffeinated energy drink induces alterations in lipid profile and hepatic aminotransferases
in experimental rats. Journal of Chemical and Pharmaceutical Research 2015; 7(12):
363-369. Corpus ID: 11937825

Cruz EMS, de Morais JMB, da Rosa CVD, Simoes M. S, Comar J. F, Chuffa L., Seiva F.,
(2020). Long-term sucrose consumption causes metabolic alterations and affects hepatic
oxidative stress in Wistar rats. Biology Open 9[3]: bio047282. doi: 10.1242/bi0.047282.

Otero-Losada M, Grana DR, Muller A, Ottaviano G, Ambrosio G, Milei J. Lipid profile
and plasma antioxidant status in sweet carbonated beverage-induced metabolic syndrome
in rats: Int J Cardiol 2011; 7;146(1):106-9. doi: 10.1016/j.ijcard.2010.09.066.


https://doi.org/10.1016/j.jnim.2018.07.002

21.

22.

23.

24,

25.

26.

217.

17

Munawar S., Nasreen S., Sharif K., Suhail M. Effects of caffeinated soft drinks and
energy drinks on adult rat body weight, liver weight, and relative tissue weight index.
Pak Postgraduate Medical Journal 2019; 30(2): 82-86.

Cao G, Gonzalez J, Muller A, Ottaviano G, Ambrosio G, Toblli JE, et al. Beneficial
effects of moderate exercise in kidney of rat after chronic consumption of cola drinks.
PLOS ONE 2016; 11(3): e0152461. D0i:10.1371/journal.pone.0152461

Vijayakumar SR, Surya D, Senthilkumar R, Nalini N. Hypolipidemic effect of black
pepper [piper nigrum Linn] in rats fed high fat diet. Journal of Clinical Biochemistry and
Nutrition 2002; 32, 31-42. Doi: 10.3164/jcbn.32.31

Balasasirekha R, Lakshmi UK. Effects of cloves and turmeric on hyperlipdemics. Journal
of Human Ecology 2012; 37(2), 125-132.
https//doi.org/10.1080/09709274.2012.11906465

Vahidinia A, Komaki H, Darabi M, Mahjub H. Effects of dietary garlic supplements on
serum lipid profiles, LDL oxidation and weight gain in Western diet-fed rats. Progr Nutr
[Internet]. 2017, 19(i-S), 19-26.https://doi.org/10.23751/pn.v19i1-S.5210

Dobiasova M, Frohlich J. The plasma parameter log (TG/HDL-C) as an atherogenic
index: correlation with lipoprotein particle size and esterification rate in apoB-lipoprotein
depleted plasma (FER (HDL)). Clinical Biochemistry. 2001;34:583-588. Doi:
10.1016/S0009-9120(01)00263-6

Cai G., Shi G., Xue S., and Lu W. The atherogenic index plasma is a strong and
independent predictor for coronary artery disease in the Chinese Han population.
Medicine (Baltimore) 2017;96(37): €8058.doi.: 10.1097/MD.0000000000008056



18

Table 1: Comparison of lipid profile of rats in groups A and B

Groups TC TG HDL-C LDL-C VLDL-C
(unit) (unit) (unit) (unit) (unit)

Group A 24+0.14 0.81+0.02 1.14+0.03 0.91+0.10 0.38+0.01

GroupB 2.5+0.1 1.12+0.08 1.1+0.05 0.9+0.12  0.44+0.02

p-value 0.75 *0.01 0.51 0.93 *0.04

Data are expressed as Mean + SEM. *P < 0.05 is considered significant. Groups A- Control;
Group B- Kunun-zaki administered rats
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Table 2: Comparison of Body mass index of the experimental animals

Groups Body mass index
Week 0 Week 1 Week 2
A 0.45+0.04 0.46+0.05 0.47+0.03
B 0.45+0.01 0.47+0.04 0.48+0.01
P value 0.96 0.70 0.87

Data are expressed as Mean £ SEM. Groups A- Control; Group B- Kunun-zaki administered rats
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Table 3: Comparison of organ weights, atherogenic index and adiposity of the experimental

animals
Groups Organ weights Atherogenic  Adiposity
index
Liver (g) Kidney (g) Heart (g)
A 6.29+0.28 2.14+0.14 1.15+0.14 0.13+0.01 0.76+0.10
B 6.43+0.20 2.29+0.18 1.29+0.18 0.13+0.02 0.70+0.02
p-value 0.69 0.55 0.57 0.90 0.53

Data are expressed as Mean £ SEM. Groups A- Control; Group B- Kunun-zaki administered rats






