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A MARGARINE-SUPPLEMENTED DIET ALONE AND IN COMBINATION
WITH CHAMOMILE DECOCTION DECREASES FOOD INTAKE BUT HAS A
MILD EFFECT ON BODY MASS IN MICE

VIKTORIIA HURZA, MYROSLAVA VATASHCHUK, MARIA BAYLIAK

Abstract: The Western diet is one of the most popular eating styles in recent years. It is based on foods
high in fat, sugar and salt. It is known that excessive consumption of this type of food causes the
development of metabolic syndrome (MetS), characterized by obesity, insulin resistance, high cholesterol
and blood glucose levels, and high blood pressure. The aim of this study was to test whether diet enriched
with margarine, as the main component of Western diet foods, to be able to induce obesity in experimental
mice and whether chamomile water decoction (CWD) was able to mitigate effects of margarine-
containing diet. The latter, as can be seen from previous studies, has a high potential to mitigate MetS.
We also decided to test whether a diet with margarine and CWD would have the same effect on young
mice of both sexes. For the experiment, one-month-old male and female mice of the C57Bl/6] line were
used. The mice were divided into three groups, six in each. The first group (control) consumed basic food
and water during the entire experiment. The second group consumed basic food and 70% fat margarine,
added in excess in a separate dish, and drank water. The third group consumed basic food and margarine
(70% fat) and drank CWD diluted in drinking water. The experiment lasted four months. During the
experiment, the animals' body mass, food and water consumption were monitored with calculation of
body mass index (BMI) and Lee obesity index at the end of feeding period. The results showed that the
addition of margarine to the basic diet caused an increase in body mass in females, but not in males, but
did not changed BMI or in the Lee obesity index in both sexes. The addition of CWD to the margarine-
containing diet caused a downward trend in body mass gain and reduced the Lee obesity index in both
sexes. Mice, which were fed margarine-containing diet, showed by 15% and 30% by lower total food
intake in males and females, respectively, as compared with the control group. At the same time, no
difference in a number of calories was observed between control and margarine-fed groups. On the
margarine-supplemented diet, males consumed an average of 70% basal food and 30% margarine, while
females' diet consisted of approximately 50% basal food and 50% margarine In addition, water
consumption decreased in mice fed margarine alone and in the CWD background.. Consumption of CWD
with a margarine diet increased food intake in males to the level of the control group, but had no similar
effect in females. As in margarine-fed mice, mice fed margarine and CWD showed a downward trend in
water consumption. It can be concluded that the mice were not obese.
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1. INTRODUCTION

The combination of an unhealthy diet and a sedentary lifestyle leads to metabolic disorders that
increase the risk of developing obesity, cardiovascular disease and type II diabetes (Bayliak, 2020;
Hurza et al., 2021). These diagnoses are an integral part of the metabolic syndrome (MetS), a set of
pathological conditions characterized by abdominal obesity, insulin resistance, hypertension and
hyperlipidemia (Bayliak, 2020; Hurza et al., 2021; Vatashchuk et al., 2022).

It is established that MetS develops as a result of excessive consumption of foods containing high
levels of fat and carbohydrates (Santos-Marcos et al, 2019; Hurza et al.,, 2021). Many studies
conducted on mice and rats confirm the negative effects of high-calorie diets on the health status
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(Avtanski et al., 2019; Vatashchuk et al., 2022). In particular, diets containing industrially produced
trans-unsaturated fatty acids (TUFAs) increase the risk of cardiovascular disease and inflammation
(Calder et al, 2011; Valenzuela at al., 2019). The main product containing TUFAs is margarine, which
is produced as a result of industrial hydrogenation of vegetable oils (Emken., 1984; Valenzuela at al.,
2019). Previous studies in rodents have shown that long-term consumption of margarine or other
TUFAs leads to the development of metabolic disorders of varying degrees, including obesity (Satta
et al, 2018; Zhu et al, 2019 b), non-alcoholic fatty liver disease (Oteng et al., 2019), and
atherosclerosis (Monguchi et al., 2017).

Traditionally, foods containing industrially produced TUFAs are part of the Western diet
(Ganguly & Pierce, 2015; Valenzuela at al., 2019). This style of eating has become very popular in
recent years and involves the consumption of bakery products, chips, spicy, fried foods, etc., as well
as foods high in sugar, salt and fat (Stevenson at al., 2020).

Given that margarine is a part of the Western diet and can cause metabolic disorders, we decided
to check whether MetS alone is able to induce obesity in model animals. Also, given that the previous
experiments studied the effect of margarine on only one sex of animals (males), we decided to test
whether the consumption of this product had the same effect on male and female experimental mice.
For the experiment, we have chosen 70% fat margarine, since previous research showed that diets
with a fat content of more than 40% are most often used to develop obesity in experimental animals
(Avtanski et al., 2019; Wang et al., 2020; Vatashchuk et al., 2022).

Chamomile (Matricaria chamomilla L.) is a widespread medicinal plant (Bayliak et al., 2021; El
Mihyaoui et al., 2022). It is often used in traditional Ukrainian medicine as a treatment for digestion,
gynecological and skin problems, eye and mouth infections and is also used as a sedative and
analgesic remedy (Singh et al., 2011; Bayliak et al., 2021). It is assumed that the biologically active
substances present in chamomile flower, in particular phenolic compounds, provide the
pharmacological properties of this plant (Singh et al., 2011). Apigenin is one of the flavanoids with
the highest concentration in chamomile flowers (about 17%) and is used for standardization of
chamomile preparations (McKay & Blumberg, 2006; Miguel et al., 2015). There are studies that show
that addition of apigenin to a high-calorie diet leads to a reduction in body mass, glucose levels,
plasma triacylglycerols and other indicators of obesity (Yang et al., 2018; Lv et al., 2019; Qiao et al.,
2022).

To prevent the development of metabolic changes in mice as a result of margarine consumption
that could occur, we used a water decoction of chamomile flowers (CWD). Our choice on the
decoction of chamomile flowers is justified by the fact that it is chamomile tea - the main form of
consumption of chamomile preparations in everyday life and for medical reasons. It is also known
from previous studies that consumption of CWD in the context of diets high in fat or carbohydrates
shows antioxidant effects and the ability to reduce the manifestations of MetS (Jabri et al., 2017;
Bayliak et al., 2021; Jabri et al., 2022). In this study, we compared a sex-dependent intensity of food
consumption and body mass gain in mice that consumed a standard rodent chow only, a standard
diet with addition of margarine in unlimited amounts (a margarine diet), and a margarine diet with
CWD instead drinking water.

2. MATERIALS AND METHODS

2.1. Design of the experiment. C57Bl/6] mice of both sexes were used for the study. Until mice
reached one month of age, they were on a basic diet (a standard food for laboratory animals of
"Rezon-1" PE, Kyiv, Ukraine). The basic diet consisted of 21.8% protein, 4.8% fat, 69.1%
carbohydrates and 3.9% fiber. After the mice reached the required age (1 month), they were
randomly switched to experimental diets. Each group consisted of six animals (separately males and
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females) with three mice per cage (two cages per one group). The first group (control) continued to
consume the basic diet. The second group (margarine), in addition to the basic diet, was given
margarine of 70% fat content (Soniachnyi Shchedryk, TM Olkom). Margarine was given in excess in
separate dishes and mice had choice to eat basic food or margarine. Portions of margarine were
replaced every two days. The third group of mice (margarine + CWD) consumed a standard food
and margarine, but instead of water, they were given an aqueous decoction of chamomile flowers
mixed with the drinking water in a 1:1 ratio as described below. The decoction was changed every
day to avoid bacterial contamination. All groups had unlimited access to water (or CWD) and food.
A standard food was refreshed once a week. The mice were kept on the experimental diets for 4
months. All mice were kept in a 12-hour light/dark cycle (light period from 6 h to 18 h) at an air
temperature of 22 + 2°C and humidity of 50-60%.

2.2. Preparation of a water decoction of chamomile flowers. The decoction was prepared using a
pharmaceutical preparation from the "Viola" pharmaceutical factory. Dried chamomile flowers were
ground in a mortar and poured with water in a ratio of 1:30. Then the mixture was boiled, and after
boiling, it was cooked for another 5 minutes. The resulting broth was cooled, filtered and made up
to the original volume with distilled water. This chamomile decoction was frozen and stored in a
freezer at -20°C. Before use for mice, the decoction was thawed at room temperature and diluted 1:1
with drinking water (Sebai et al, 2015).

2.3. Determination of physiological parameters. The body mass, the amounts of food consumed,
water or chamomile decoction drunk were monitored during the entire experiment. The
experimental animals were weighed weekly using electronic scales. The amount of consumed food
was also measured once a week. The amount of margarine, chamomile water decoction and water
consumed by the animals were measured at their refreshening - every 2 days, once a day and once
a week, respectively. The measurements were taken between 9-10 a.m. The body length of the mice
was determined before sacrifice by measuring the distance from the tip of the animal's nose to the
base of the tail from the abdominal side. The length was measured in centimeters using a ruler. The
body mass measured before sacrifice was used to calculate the body mass index (BMI) and the Lee
obesity index (Cortellini et al., 2019; Zhu et al., 2019 a).

2.4. Statistical analysis of the results. Statistical analyses were performed using Microsoft Excel 2010
and GraphPad Prism 6 software. One-way ANOVA followed by the Duncan's test was used to
determine the statistical difference between groups. The difference between groups was considered
significant when the value of P<0.05. Comparisons were made between all groups participating in
the experiment, as well as between the sexes.

3. RESULTS AND DI1SCUSSION

Fig. 1 shows the changes in body mass of C57Bl/6] mice consumed the experimental diets for 16
weeks. At the end of the experiment, the control groups of mice weighed 21.4+0.9 g for males and
18.7£1.3 g for females. Generally, mice showed slightly lower body masses than mice of the same
strain and age in other studies (Bachmanov et al. (Bachmanov et al., 2002; Yang et al., 2014). In
particular, in the study of Bachmanov et al. C57Bl/6] mice aged between 65 and 74 days had a body
mass of about 25 g (Bachmanov et al., 2002). At the same time, there are studies in which the body
mass of mice was close to our results (Rainwater and Giiler, 2022). Perhaps, the observed differences
can be due to some differences in the food composition, because even a standard rodent chow is
produced by different manufacturers. Margarine-fed groups showed a tendency to gain a higher
body mass than the control ones (Fig. 1A, B). Due to intragroup variability, only margarine-fed males
has significantly higher body mass than the control mice at the end of the experiment (Fig. 1C). Male
mice consumed margarine had 23% higher body mass than the control ones at the end of the
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experiment. The addition of CWD to the margarine diet resulted in a 12% lower male body mass
compared to the margarine group. No significant effect of margarine alone and CWD in combination
with margarine was found on body mass of females as compared with the control group.
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Figure 1. Body mass of mice fed the basic food (control group), basic food with margarine
(margarine group) and basic food with margarine and chamomile water decoction (margarine + CWD
group) in drinking water. Body mass dynamics of males (A) and females (B); .body mass at the end of the
experiment (C), and body mass gain (D). *Significantly different from the corresponding control group
with P < 0.05. ** Significantly different from the corresponding margarine group with P < 0.05.
#Significantly different between sexes with P < 0.05.

It should be noted that due to random allocation of mice to groups at the start of the experiment,
mice had a little different initial body masses in the groups (Fig. 1 A, B). Since initial body mass
might determine the final body mass, we calculated body mass gain in percentages relatively to the
initial body mass (Fig. 1 D). Thus, we found that consumption of margarine alone did not affect body
mass gain in males but caused a 40% increase in body mass in females compared to the control
group. The addition of CWD to the margarine diet caused a tendency to slow dawn body mass gain
in both sexes. Research by Zhou et al., 2020 showed that eating a high-fat diet caused an increase in
body mass in male mice. Other research showed that in rats, the consumption of trans-unsaturated
fatty acids (Zhu et al., 2019 b) and margarine (Satta et al., 2018) also led to an increase in body mass.
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In our study, we observed an increase in body weight gain only in females when consuming
margarine. This is contrary to the study of Fan et al. (2020), in which C57BI/6] males of approximately
the same age gained body mass by two times faster when margarine was added to the diet. Studies
demonstrated that it takes at least 10 weeks for rats to receive a clear difference in the increase in
body mass between animals fed a standard and a high-calorie diet (Noeman et al., 2011). It is likely
that this period is longer for mice. A study by Jabri et al (2022) showed that the addition of CWD to
a high-fat diet caused a decrease in body mass in male rats. In this study, we observed a similar
tendency to lower body mass in both sexes but significant difference was not found. It is possible
that in our case, the time spent by the mice on the experimental diets was insufficient to detect a
statistical difference.

Next, we calculated obesity indexes in mice fed experimental diet. As obesity index we used a
standard body mass index (BMI) and the Lee obesity index, specific for rodents. The indexes were
calculated on the last day of the experiment, before the animals were sacrificed. Figures 2 A and 2 B
demonstrate that there is no statistical difference in these parameters in mice that consumed only
margarine. However, the addition of CWD to the margarine diet reduced the Lee obesity index in
both males and females by 10% and 17% compared to the control and by 10% and 19% compared to
the margarine group. This indicates that mice fed a diet with margarine were not obese despite their
higher body mass was higher than in the control ones.
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Figure 2. Body mass index(A) and Lee obesity index (B) in mice fed experimental diet. Another
information is the as in Figure 1.

In our experiment, C57Bl/6] mice also consumed less a basic food (Fig. 3 A, B) compared to the
values typical for this line in other studies (Bachmanov et al., 2002). Total food intake decreased in
mice when margarine was added to the basic diet, especially in female mice (Fig. 3 A, B). Male and
female mice, which were fed margarine-containing diet, demonstrated by 15% and 30% lower total
food intake, respectively, compared to the control group. In the study by Satta et al. (2018), where
rats consumed margarine every day, the amount of food consumed did not differ between control
and margarine fed groups. Other studies demonstrated decrease in total amount of food consumed
when were fed with high-calorie diet. (Nakandakari et al., 2019; Muthuramalingam et al., 2020;
Casimiro et al., 2021). This is consistent with our results. On the margarine-supplemented diet, males
consumed an average of 70% basal food and 30% margarine, while females' diet consisted of
approximately 50% basal food and 50% margarine
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Figure 3. Food and water/CWD consumption in mice fed experimental diets, Average food
consumption by males (A) and females (B), average water consumption (C), dynamics of total energy
obtained from food in males (D) and females (E). Another information is the as in Figure 1.

We also showed that adding margarine to the diet reduced water consumption in females by
28% (Fig. 3 C). Replacing water with CWD led to a 19% reduction in water consumption in males
and a 42% reduction in females compared to the control group. The water consumption of females
on the margarine diet was 25% lower than that of males on the same diet. The consumption of CWD
by females was 29% lower than that of males. However, previous study showed increased water
intake in mice on a high-calorie diet (Hou et al., 2010). Recent studies have confirmed a reduction in
food and water intake with a high-fat diet (Li et al., 2021; Su et al., 2022). Yang et al. (2018) reports
that adding apigenin (the main component of chamomile flowers) to drinking water did not change
the intensity of water intake compared to the control group.

Male mice, that consumed margarine, received more energy from food compared to the control
group (Fig. 3 D). These results are in line with other studies (Liu et al., 2019; Zhao et al., 2021) where
male mice got more energy when consumed a high-calorie diet. Males on the diet containing
margarine in combination with CWD also received more daily calories compared to the control



A Margarine-Supplemented Diet Alone and in Combination with Chamomile Decoction...51

group of mice. No such difference was observed in females. This can be explained by the fact
that males consumed more food than females on the margarine and margarine + CWD diets (Fig. 3
A, B).

4. CONCLUSION

This study demonstrates that consumption of margarine alone did not cause the development
of visible signs of obesity in both sexes of mice. This is supported by the absence of significant
changes in BMI and Lee obesity index. However, body mass gain in females consuming margarine
was higher than in that on the basic diet. Consumption of chamomile water decoction, CWD, in
combination with a margarine diet also did not affect BMI but reduced the Lee obesity index..
However, CWD caused a tendency to decrease body mass gain in both sexes. The addition of
margarine to the basic diet reduced the average food and water intake of both female and male mice.
The consumption of CWD with the margarine diet alsoreduce water consumption in both sexes and
caused an increase in the average food intake to the values of the control group in males but not in
on females. Thus, the margarine-supplemented diet reduces food and water intake in both sexes of
mice and does not affect body mass gain in males. The addition of chamomile decoction to margarine
diet causes a downward trend in body weight in both sexes, that suggest a possible protective effect
of this plant against overweight. Detailed biochemical effects of and molecular mechanisms of
margarine and CWD will be studied in our next experiments.
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Bixtopia I'ypsza, Mupocaasa Baramyk, Mapis baiask. Jiera 3 gojaBaHHAM MaprapuHy OKpeMO Ta B
NO€AHaHHi 3 BiABapOM pOMaIllKy 3MeHIIy€ CIIOKMBAaHH: 1Ki, ade Ma€ IIOMipHMII BIIAMB Ha Macy Tida MUIIIE.
XKypnar IHpuxapnamcoxozo yrisepcumemy imeni Bacuas Cmeganuia, 10 (2023), 45-55.

3axigHa Ai€Ta - O4VH 3 HAMIIONYASPHIIIMX CTUAIB XapuyBaHH:A B OCTaHHi pOKM. B i OcHOBI aeXuThb ixa 3
BIUCOKIM BMiCTOM JXMPiB, IIyKpy Ta coai. BiaoMo, 1110 HagMipHe CITO>XMBaHH: TaKOl DXKi CIPUYMHSAE PO3BUTOK
MeTabOAIYHOTO CMHAPOMY, SIKII XapaKTepU3YETLC OXKUPIiHHAM, iHCY 1iIHOpe3MCTeHTHICTIO, BUCOKUM piBHEM
X0AecTepMHy Ta TAIOKO3UM B KPOBi, a TaKOX HiABUIIIEHUMM KPOB'STHMM TUCKOM. MeTOIO0 IIbOTO A0CAiAYKeHH:
Oya0 nepeBipuTH, U MOXe Ai€Ta, 30araueHa MaprapMHOM, K OCHOBHMM KOMIIOHEHTOM IIPOAYKTiB 3axigHoi
Al€TH, BUKAMKATU OXMPIiHHSA y MiAd40CAiAHMX MMINEN, i M 34aTeH BOAHMII BigBap 3 KBiTiB pOMaIIKHU
ITOM'SIKIIIUTU HaCAigKM MaprapuHoBMicHOI Aietn. OcTaHHIN, SIK BUAHO 3 IOIEpeAHIX AOCAiAXKeHb, Ma€
BIMCOKUII TIOTEHIliaA AAs IOM 'SKIIeHHA MeTabOAiYHOTO CMHAPOMY. MU TakoXX BUPIIINAN IepeBipUTH, UK
MaTuMe OJHaKOBMII BIIAMB Ha MOJAOAUX MMIIell 0DOX cTaTell Ai€Ta 3 MaprapyHOM Ta BigBapoM 3 KBiTiB
pomamkn. JaAs eKCIIepMMeHTY BUKOPMCTOBYBaAl OAHOMICAYHMX caMIiB i camok mumeit ainii C57Bl/6].
Muieit posaiaman Ha Tpu Tpynu, IIO IIicTh y KOXHI. Ilepma rpyna (KOHTpoabHa) HPOTAIOM yCLOTO
eKCIIepIMEHTY CIo>XnBada 6a3oBuii KOpM i Boay. Apyra rpyna crioxkmsala 0a3osuit KopM i Maprapua 70%
SKMPHOCTI, KU 40AaBaAN B HAAAWIIIKY B OKpeMMIII TTOCy A, i mnaa Boay. TpeTs rpyna crioxkusada 0a3oBy 1Ky
Ta MaprapuH (70% >XMpHOCTi), a TaKOX IMaAa po3BeAeHuii y rmrHin Boai (1:1) BogHWMII BigBap 3 KBiTiB
pomamiku. ExciepuMenT Tpusas yotupu Micsami. I1ig yac ekciepuMeHTy KOHTPOAIOBaAM Macy Tida TBapuH,
CIIO>KMBAHH: TXKi Ta BOAU 3 po3dpaxyHKoM iHgekcy Macy Tiaa (IMT) Ta ingexcy oxupinns /li B KiHIIi mepiogy
roAysaHHs1. Pe3yApTaTy ToKasaan, 110 404aBaHHA MaprapuHy 40 OCHOBHOTO paIlioHy BUKAMKAA0 30iAbIITeHHs
MacHu Tida y caMOK, ale He y caMIiiB, aae He 3MiHnao IMT a6o iHgekc oxxupinns /li B 060X craTeit.
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JoaaBaHHsA BOAHOTIO BiABapy 3 KBiTiB poMalllKi A0 MaprapMHOBMICHOI Ai€TM BMKAMKAaAO TEeHAEHINIO A0
3HVDKEHHsI IIPUPOCTY MacH Tida Ta 3HM3MUAO iHAeKC oXupiHH:A i B obox craTtert. Muii, sAki orpumyBaan
MaprapyHOBUIT parjioH, mokazaay Ha 15% i 30% MeHIe 3araabHe CIIOKMBaHHA TXi y caMIiiB i camok,
BiATIOBiAHO, TIOPIiBHAHO 3 KOHTPOABHOIO TPYIOIO. Y TOM >Ke 4ac, Pi3HMIII B KiABKOCTI KaaAopiil, Mix
KOHTPOABHOIO I'PYIIOIO Ta I'PyIIOIO, III0 OTpMMYyBala Maprapiuy, He criocrepirasocs. Ha aieti 3 404aBaHHAM
MaprapyHy caMIli CIIoKmuBaau B cepegaboMy 70% ocHoBHOI TXi Ta 30% MaprapuHy, TOoAi K paljioH caMOK
ckAagasca npudansuo 3 50% ocHoBHOI Txi i 50% Mmaprapuny. KpiMm Toro, mMmii, SKMX rogyBaiau OAHUM
MaprapyHOM Ta MaprapMHOM Ha ()OHi BidBapy pOMalIlIKy, CIIOKMBaAu MeHirte Boau. CIIOXKMBaHHA BiABapy 3
KBiTiB pOMaIIIK/ 3 MaprapyHOM 30iABIINAO CIIOXKMBAHH: DXKi y caMIIiB 40 PiBHA KOHTPOABHOI IPYIIN, ale He
Mazo noaibHoro eQekry y caMok. fIK i y MuImeri, sikux rogyBaau MaprapyHOM, y MUIIEN, SIKMX TOoAyBaAu
MaprapuHOM i BOAHMM BigBapOM pOMallIK}i, CIIOCTepiradacsi TeHAEHIIisA A0 3HMIKEHHS CIIOXKMBAHHS BOAIL.
MoskHa 3poOMTM BMCHOBOK, IO MaprapMH-BMicHa TXKa He IpMU3BOAMAAa AO BUAVMUX O3HaK OXUPIHHA y
MUIIIEN.

Kaiodosi caoBa: Maca Tiaa, BigBap 3 KBiTiB pOMaIIIKN, CIIOKMBaHHA 1XXi, MaprapuH, mMeTaboAiqHNII
CUHAPOM, MUIIII.



