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Anchalee Sirikanchanarod®, Akkarach Bumrungpert®, Wiroje Kaewruang?,
Tipanee Senawong?® and Patcharanee Pavadhgul®™

lDepartment of Nutrition, Faculty of Public Health, Mahidol University, 420/1 Rajchavithi Road, Rajchathevee,

Bangkok 10400, Thailand

*The Queen Sirikit Department of Sericulture, Ministry of Agriculture and Cooperatives, 2175 Phahonyothin

Road, Lat Yao, Bangkok 10900, Thailand

Abstract: Mulberry (Morus alba) fruit is abundant nutrients and phytochemicals, especially anthocyanins. Mulberries
have anti-oxidant and anti-hyperlipidaemic effects both in vitro and animal models. However, the effect of mulberry fruits
on lipid profiles in human is unknown. The aim of this study was to determine the effect of mulberry fruit consumption on
lipid profiles in hypercholesterolemic subjects. This study is an experimental study, with a randomized controlled trial.
Fifty-eight hypercholesterolemic subjects (aged 30-60 years) were recruited. The intervention group received freeze-
dried mulberry 45 g (325 mg anthocyanins) per day for six weeks. The control group had their usual dietary intake for the
same period of time. After six weeks, mulberry consumption significantly decreased the level of total cholesterol (TC)
(- 3.73 % vs. 3.33 %, p < 0.001) and low density lipoprotein cholesterol (LDL-C) (- 6.53 % vs. 0.15 %, p < 0.001)
compared to the control group. No change in triacylglycerol (TAG) and high density lipoprotein cholesterol (HDL-C).
Mulberry consumption ameliorates TC and LDL-C concentrations. The mulberry fruits may be an alternative therapy for
hypercholesterolemia patients and a cardiovascular disease protective for people in general.
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INTRODUCTION

Cardiovascular disease (CVD) is a leading cause of
the mortality worldwide. Over 80% of CVD deaths take
place in low- and middle-income countries, which
include Thailand [1, 2]. CVD remains one of the most
significant diet-related health problems in Thailand and
is also the leading cause of death in Thailand.
Hyperlipidemia has been identified as a major risk
factor for atherosclerosis. Atherosclerosis can lead to
other complications which can further cause heart
disease or strokes. Several studies have shown that
the elevation of low-density lipoprotein cholesterol
(LDL-C) levels is related to an increased risk of plaque
formation and CVD [3, 4]. Therefore, reducing LDL-C
and raising high-density lipoprotein cholesterol (HDL-C)
has been considered an important strategy for the
prevention and treatment of CVD.

Epidemiological studies suggest that there is an
association between diets rich in fruits and vegetables
and a reduction in the incidence of CVD [5, 6]. The
World Health Organization (WHO) suggests that the
consumption of fruits and vegetables in adequate (five
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standard portions, 400 g per day) can prevent the
occurrence of chronic diseases such as CVD,
hypertension (HT), diabetes mellitus (DM), and cancer.
There is a report that low fruit and vegetable
consumption contributes to 2.7 milion non-
communicable diseases (NCD) related deaths per year
[7]. Although fruit and vegetable intake have many
health benefits, the consumption of fruit and vegetables
in the population remains lower than the recommended
levels. More than 80 % of Thai people consume
insufficient quantities of fruit and vegetables per day
[8]. Dietary intervention is considered a first approach
in controlling and treating CVD. Anthocyanins-rich
fruits, such as grapes and berries, were reported to
have hypocholeserolaemic and antioxidant effects [9].
Berry fruits are the best source of vitamins, minerals,
and fiber. Moreover, deep colored fruits and vegetables
are not only nutrient-rich but also are good source of
phytochemicals, including antioxidants. Streppel et al.
[10] found that for every 10 g per day increment in
fiber, there was a 17% reduction in coronary heart
disease mortality and a 9% reduction in all-cause
mortality. In addition, the cohort study reported that
anthocyanins intake was associated with a significantly
reduced risk of CVD mortality in postmenopausal
women [11].

Mulberry belongs to the family of Moraceae and
genus Morus. It is a deciduous tree and grows widely
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under various climatic conditions in Asia, Europe, North
and South America, and Africa. In Thailand, mulberry is
widely grown since it is cultivated easily and provides
healthy foliage [12]. It is an economically important
plant in the northern and northeast areas of Thailand.
In previous times, mulberry production was focused on
enhancing the leaves to feed silkworms, the cocoon of
which is used in silk production. Recently, Thai people
have turned to consuming fruits products of the
mulberry. Ripe mulberry fruit is a dark red to purple-
black fruit, which contain antioxidants, being especially
high in anthocyanins. The antioxidant activities of
anthocyanins are superior to vitamin C and E. Many
studies have found an association between
anthocyanin intake, the reduction of damage from free
radicals (DPPH, OH, O,, and H,0;), and improved
cholesterol concentrations [13-15]. In previous studies,
mulberry anthocyanin extracts have demonstrated
significant improvements in LDL oxidation, inhibition of
lipid biosynthesis and a great capability of scavenging
radicals both in vitro and in vivo [16, 17].

Since fresh mulberry fruits are soft pulp fruit, they
bruise easily and are perishable. Therefore, after
harvesting they are highly sensitive to storage
conditions and their harvesting seasons are very short.
Consequently, we choose freeze-dried mulberries for
this study since they contain antioxidant properties, the
requisite nutrient composition, an extended shelf life
and they also have sensory acceptance by resembling
fresh mulberries [18]. However, only a few studies are
available about the effects on lipid profiles by mulberry.
The majority of the existing literature is limited to in
vitro and animal studies. In addition, there are no
randomized controlled trials that have reported the
effects of mulberry fruit consumption on lipid profiles in
humans. Therefore, the aims of this study were to
determine freeze-dried mulberries effects on blood
lipids in hypercholesterolemic subjects.

METHODS

Materials

The mulberry fruits were harvested at the full-ripe
stage, and their skin colors were dark purple to black.
The ripe mulberry fruits were flash frozen; at the
freezing temperatures of -20°C for 48 hours, and then
lyophilized using a freeze-drying machine for 24 hours.
The freeze-dried mulberries were then placed in sealed
food grade packaging.

The quantification of phytochemicals in the freeze-
dried mulberry fruits was verified prior to the

commencement of the trial. The total anthocyanins,
total polyphenol, and quercitin values, per 45 g, that
were found in the freeze-dried mulberries were
326.25+1.43, 482.40+1.68, 0.62+1.95 mg, respectively.

Subjects

Sixty hypercholesterolemic subjects aged 30-60
years were recruited by an advertisement in the
research area. The subjects were considered to have a
fasting total cholesterol level of > 200 mg/dL or LDL
cholesterol > 130 mg/dL. They were excluded if they
had any chronic diseases, including cancer, CVD,
diabetes mellitus, hypertension, liver disease, renal
disease or thyroid disorders. Also, subjects who were
consuming steroidal medications, antioxidants, and
lipid-lowering dietary supplements or alcohol or were
currently smokers, pregnant or lactating were excluded.
The study was approved by the Ethical Review
Committee for Human Research, in the Faculty of
Public Health, Mahidol University No.MUPH 2014-094.
All subjects provided written informed consent.

Study Design

This study was a randomized controlled trial. After
the screening for the exclusion and inclusion criteria,
the eligible subjects were randomized by stratified
random sampling to the mulberry group (n=30) or the
control group (n=30). The mulberry group consumed
45 g of freeze-dried mulberry (equivalent 160 g fresh
mulberries, 325 mg anthocyanins) per day for six
weeks. Our mulberry dose was selected based on
previously reported anthocyanins interventions in a
human study, where a daily intake of 320 mg
anthocyanins was shown to safe and effective in
improving the level of lipid profiles [19]. For seven days
preceeding and during the trial, all subjects were
instructed to avoid consuming anthocyanin-rich foods
and beverages (e.g. berries, red grapes, berry juice); a
list of these food and beverages was given to each
subjects. The subjects maintained their usual diet,
physical activity, and lifestyle patterns during the period
of study. In addition, they were also asked to record
their daily food intake. Subjects returned for follow-up
visits at weeks 2, 4 and 6 of the trial. Their
anthropometric measurements, including body weight,
height, waist circumference and blood pressure were
performed by trained personal and blood draws were
performed by a professional nurse at the baseline and
the end of study. No member of laboratory staff knew
the treatment group.
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Anthropometric Assessment

Body weight, body fat and visceral fat were
determined using a Body fat analyzer scale Model
HBF-356 (Omron) that measures using the
Bioelectrical Impedance (Bl) method.

Biochemical Analysis

Blood samples were collected at both the baseline
and at the end of intervention in all subjects at the
same time. The subjects were required to fast
overnight for at least 12 hours to enable blood sample
collection in the morning. A blood sample of 5 ml were
collected for determining the lipid profiles including total
cholesterol (TC), triacylglycerol (TAG), high density
lipoprotein cholesterol (HDL-C), and low density
lipoprotein cholesterol (LDL-C). Serum total cholesterol
and TAG were measured using an enzymatic
colorimetric test. HDL-C and LDL-C were measured
using a homogeneous enzymatic colorimetric.

Dietary Analyses

This study used the three-day food records to
assess the daily food intake (including 2 workdays and
1 weekend) at the baseline, at week 3 and again at
week 6 of the study. The subjects also received training
on accurate food record completion; the details
included recording type and amount of food consumed
and the cooking method. The subjects estimated their
food portion sizes by using food models or common

household utensils such as cups, table-spoons, or a
tea-spoon and cup. The subjects recorded all foods
and beverages consumed each day starting from when
they wake up and tried to list the foods/ beverages
immediately after eating or drinking. Portion size
measures were converted into grams. Food intake
records were analyzed by using an INMUCAL-Nutrients
computer program.

Statistical Analysis

The difference on lipid profiles and anthropometry
between the mulberry group and the control group
were compared by using an Independent samples t-
test and calculating the differences in lipid profiles and
anthropometry in the mulberry group (pre-post test) by
using a paired t-test. The analysis of the dietary intakes
for each group was by One-way ANOVA. Data were
analyzed using SPSS 18.0 for Windows statistical
analysis software and statistical significance was
accepted at p-value < 0.05.

RESULTS

Anthropometric Characteristics and Dietary Intake

Sixty hypercholesterolemic subjects were included
in the study. Two subjects in the control group lost
follow-up during the study. The characteristics of the
fifty-eight subjects who completed the study are shown
Table 1. The gender ratio of subjects (male: female)
were 4: 26 and 4: 24 in the mulberry and the control

Table 1: Changes in the Anthropometrics at Baseline (Week 0) and the End of Study (Week 6) in the Mulberry and

Control Groups®*

Variables Group Week 0 p - value’ Week 6 p - value®
Body weight (kg) Mulberry 58.67 + 11.19 0.301 58.60 + 11.05 0.246
Control 62.38 £ 15.67 62.72 £ 15.48
BMI (kg/m?) Mulberry 23.87 + 3.87 0.454 24.02 + 3.86 0.464
Control 24.80 £5.41 24,92 £5.32
% body fat Mulberry 32.44 +5.28 0.471 32.34+5.44 0.563
Control 31.34+6.14 31.09 + 6.81
% visceral fat Mulberry 7.17 +4.04 0.621 6.93 + 3.92 0.433
Control 7.99+£5.93 8.00£5.55
Waist Mulberry 81.67 £9.87 0.667 83.22 £ 9.55 0.534
circumference (cm) Control 82.98 + 12.90 85.00 + 12.06
SBP (mmHg) Mulberry 118.17 + 15.18 0.844 115.77 + 13.40 0.745
Control 119.00 + 16.82 116.96 + 14.55
DBP (mmHg) Mulberry 77.37 £9.31 0.868 74.23 £10.44 0.869
Control 76.93 £ 10.62 73.79 £ 10.03

'Data are shown as mean + SD.

*There were no significant differences between the two groups at baseline for any variable by the independent-sample t test.
*There were no significant differences between the two groups at the end of study for any variable by the independent-sample t test.
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Table 2: Dietary Nutrient Intakes of the Subjects at Baseline, Week 3, and Week 6 of Study1

Mulberry Control p —value®
Energy (kcal/d) Week 0 1,265.0 + 279.1 1,243.9 + 288.6 0.783
Week 3 1,194.7 £ 302.0 1,209.7 + 256.4
Week 6 1,163.7 + 295.7 1,183.3 + 230.9 0.785
p - value’ 0.393 0.702
Carbohydrate
(g/d) Week 0 188.0 + 47.8 189.0 + 49.1 0.939
Week 3 175.8 + 47.0 181.9 + 53.0
Week 6 170.1 +41.8 171.2 £ 4422 0.925
p —value’ 0.305 0.422
(% of energy) Week 0 59.2+8.2 58.9+7.4 0.872
Week 3 58.8+7.3 59.0+8.2
Week 6 59.1+8.3 57.7+8.2 0.542
p —value’ 0.974 0.796
Protein
(g/d) Week 0 43.1+14.2 431+12.2 0.984
Week 3 415+12.7 41.9+10.5
Week 6 441+ 175 41.7+11.8 0.560
p —value’ 0.793 0.890
(% of energy) Week 0 13.7+2.6 140+ 3.1 0.725
Week 3 14.1+23 14.0£2.9
Week 6 14.7+2.9 14.8+4.1 0.977
p —value’ 0.315 0.650
Fat
(g/d) Week 0 38.1+13.3 36.5+ 13.0 0.659
Week 3 37.0+14.1 37.8+12.3
Week 6 35.4+15.2 37.2+10.8 0.636
p —value’ 0.771 0.966
(% of energy) Week 0 26.6 + 6.6 255+6.0 0.543
Week 3 28.0+9.0 27.2+6.3
Week 6 26.2+6.8 28.1+6.1 0.286
p - value’ 0.614 0.317
Cholesterol (mg/d)
Week 0 202.4 +100.2 203.1+94.3 0.979
Week 3 199.4 +118.8 201.6 + 87.7
Week 6 195.0 + 118.8 195.9 £ 92.8 0.973
p —value’ 0.968 0.957
Fiber (g/d)
Week 0 10.7£6.9 8.0+4.9 0.096
Week 3 19.4£5.9 8.3+37
Week 6 18.4+43 7.7+38 <0.001*
p - value’ <0.001* 0.865

'Data are shown as mean + SD.
2Analysis of the difference dietary intakes for each group at the baseline, week 3, and week 6 of study for any variables by One-way ANOVA.

3Analysis of the difference in the dietary intakes for between the two groups at the baseline and the end of study for any variable by independent-sample t test.

*Significant differences, p < 0.001.
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groups, respectively. The average age of the subjects
in mulberry group and control group were 46.57 + 8.46
and 44.96 + 8.70 years, respectively. At the baseline,
no differences were observed in age and
anthropometric characteristics between the mulberry
and the control group. Similarly, there were also no
differences in body weight, body mass index, body fat
percentage, visceral fat, waist circumference and blood
pressure after the end of study (Table 1). The mulberry
group had a significantly higher dietary fiber intake than
at the baseline point and the control group at the end of
week 6. However there were no differences in energy,
carbohydrate, protein, fat and cholesterol intake
between both groups and along the period of time
(Table 2). During the first week of the study, seven

subjects had mild gastrointestinal side effects including
flatulence and discomfort in the abdomen but did not
require any treatment and was possibly as a result of
additional fiber in the freeze-dried mulberry intake.

Effects of Freeze-Dried Mulberries Consumption on
Fasting Serum Lipid Profiles

As shown in Table 3, the baseline concentrations of
levels TC, LDL-C, HDL-C and TAG did not differ
between the two groups. In the mulberry group, there
were a significantly decreased serum TC from 235.07 +
28.10 to 225.83 * 24.26 (p < 0.001) and serum LDL-C
from 167.47 + 29.32 to 156.07 + 24.70 (p < 0.001) after
the six weeks freeze-dried mulberry intake. There were
no differences in HDL-C and TAG levels. The control

Table 3: Changes in Lipid Profiles at Baseline (Week 0) and the End of Study (Week 6) in the Mulberry Group and the

Control Group*

Lipid profiles (mg/dL) Group Week 0 Week 6 Mean change
TC* Mulberry 235.07 £ 28.10 225.83 £ 24.26 -9.23+10.75
Control 237.26 £ 32.72 24470 £ 33.12 7.44 +12.13
LDL-C* Mulberry 167.47 + 29.32 156.07 + 24.70 -11.40+ 12.04
Control 166.59 + 34.02 166.48 + 32.64 -0.11 £8.77
HDL-C Mulberry 61.13 £ 12.59 62.57 = 13.66 1.43+4.96
Control 65.39 + 15.86 66.14 + 15.96 0.75+7.33
TAG Mulberry 117.03 +41.21 109.28 + 43.65 -7.76 £ 30.69
Control 100.50 + 31.97 97.31 £ 30.74 -3.19 £ 25.40

Abbreviations. TC: total cholesterol, LDL-C: low density lipoprotein cholesterol, HDL-C: high density lipoprotein cholesterol, TAG: triacylglycerol
'Data are shown as mean + SD.

*Significant differences, p < 0.001 assessed by independent-sample t test.

Percent change of Lipid profiles

-10

——

-C HDL-C

*

Lipid profiles (mg/dL)

B

B Mulberry

Figure 1: Percentage change in lipid profiles between the mulberry group and the control group.

*Significant differences, p < 0.001.

Control
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group significantly increased serum TC from 237.26 +
32.72 to 244.70 + 33.12 (p = 0.004) and there was no
change in serum TC, LDL-C and HDL-C. We observed
significant differences in the changes of LDL-C by
6.53% and TC by 3.73% (p < 0.001) levels between the
mulberry and control group, while TAG and HDL-C did
not change (Figure 1).

DISCUSSION

In the present study, we investigated the effect of
mulberry fruits consumption on blood lipid profiles in
hypercholesterolemic subjects. Our data showed that
six weeks' of freeze-dried mulberry (325 mg
anthocyanins) intake resulted in significant reducing
serum TC and LDL-C by 3.73%, 6.53%, respectively. It
had no effect on TAG and HDL-C. Likewise, two
previous studies have demonstrated that purified
anthocyanins derived from bilberry and black currant
supplementation decreased LDL-C (13.6%), increased
HDL-C (13.7%) for eight weeks in dyslipidemic subjects
[19] and lowered the LDL-C (10.4%), and raised the
HDL-C (14%) in six months in adults with
hypercholesterolemia. There were no significant
differences in the levels of TAG and TC [20]. Similarly,
the results have consistently been observed with
freeze-dried strawberry powder (320 mg anthocyanins)
in subjects with metabolic syndrome as well [21, 22].
On the other hand, Curtis et al. [23] was conducted to
investigate the effects of elderberry (500 mg
anthocyanins) on the biomarkers of CVD risk and liver
and kidney functions for 12 weeks in healthy
postmenopausal women. There was no significant
change in the biomarker of inflammatory (CRP, TNFo)
and blood lipid profiles. The mulberry fruits are good
source of natural bioactive compounds or
phytochemicals that exhibit pharmacological and
biological effects on human health. Mulberries have
plenty of anthocyanins (210-294 mg per 100 g fresh
weight) [24], which is equal to that of bilberries,
blueberries and black currants. Mulberries contained
higher amounts of anthocyanins than cranberries and
strawberries [25]. The major anthocyanins found in
mulberries are cyanidin-3-glucoside (cy-3-glc) and
cyanidin-3-rutinoside  (cy-3-rut) [26, 27], while
bilberries, blueberries, black currant, strawberries,
elderberries are delphinidin (dp), malvidin (mv),
delphinidin (dp), pelargonindin (pl), cyaniding (cy),
respectively [28]. It might be possible that the
cholesterol-lowering effects of berry fruits depend on
the chemical structure of the anthocyanins, the duration
of the invention, and the characteristics of subjects.

Anthocyanins from mulberry have been shown to
affect lipid metabolism in cellular culture and animal
models of dyslipidemia. The results from the study by
Yang et al. [29] determined the hypolipidemic and anti-
oxidant effects of freeze-dried powder mulberry (MFP)
fruit in hyperlipidaemia rats. After the end of trial, rats
fed MFP on high-fat diet significantly reduced the levels
of serum and liver TC, TAG, LDL-C, while HDL-C and
anti-oxidant enzyme activity (SOD, GSH-Px) were
significantly increased. Moreover, the mulberry water
extracts (MWEs) and mulberry anthocyanins-rich
extracts (MACs) have a great ability to scavenge free
radicals, inhibit LDL oxidation, decrease macrophage
deaths and foam cell formation, which was induced by
oxidized LDL-C, while the efficacy of the MACs was 10
times greater than that of MWEs [16].

Interestingly, several studied have been found the
mechanisms of the cholesterol-lowering effects of
mulberry were as follows: (i) they blocked the uptake of
cholesterol into Caco-2 cells (about 25% inhibition)
[30], (ii) inhibited cholesterol ester transfer protein
(CETP) activity [19], (iii) inhibited cellular lipid
accumulation through activating the AMPK pathway,
(iv) suppressed the lipogenic enzyme , (v) enhanced
the gene expression of the LDL receptor and (vi)
stimulated fatty acid oxidation [17, 20, 31].

Nevertheless, the mulberry fruits are not only a
good source of phytochemicals but also plenty of
vitamins, minerals, and dietary fiber. The predominant
mineral elements of these fruits are potassium,
followed by the calcium, sodium, magnesium,
phosphorus, iron, zinc, copper, and manganese [32].
Koca et al. [26] reported that calcium, sodium, and iron
contents of mulberries are higher than values in other
berries, including strawberry, redcurrant, blackcurrant,
raspberry, blueberry and blackberry. Dietary calcium is
one mineral which is able to up-regulate the gene of
cholesterol-7a-hydroxylase (CYP7ALl), a rate-limiting
enzyme in the synthesis of bile acids in the hepatic
system that brings about raised bile production and the
excretion of fecal cholesterol. It also decreases plasma
CETP activity, which leads to a reduction in the liver
and plasma cholesterol levels [33].

Moreover, the freeze-dried mulberry provides
approximately 24.3 g fiber/100 g freeze-dried mulberry
[34]. Hypocholesterolaemic action was, at least partly,
found in our study may have been due to the increase
in dietary fiber intake from the baseline of about 10 g
per day during the six weeks of the study. The results
of a cohort study by Castro et al. [35] following 316
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Japanese-Brazilians subjects over seven years
observed a decrease of 12.5 mg/dL in the serum TC
levels for each increase of 10 g in the consumption of
dietary fiber. In addition, the American Dietetic
Association recommends a total dietary fiber intake of
14 g per 1000 kcal from foods in order to reduce blood
lipid profiles and other risk factors of CVD [36]. Hence,
the synergistic effects of anthocyanins and fiber in
mulberry fruits are possibly the reasons for decreasing
serum TC, LDL-C levels in the hypercholesterolemic
subjects. Mulberries are remarkable fruits because they
provide abundant nutrients, at a low cost, but are still
rich in anthocyanins with an equivalence to other
berries. It is estimated that 100 g of mulberries provide
anthocyanins equal to 500 g of strawberries. The
advantages of freeze-dried mulberries consumption are
eat as a snack, delicious, healthy and an excellent
choice for long-term food storage, which do not waiting
for that fruit-producing season. Our study is these first
to our knowledge indicate that the potential of mulberry
fruits to ameliorate on blood lipid profiles in human
intervention. Since most current cholesterol-lowering
drugs are expensive and have potential side effects,
mulberry fruits could be an alternative therapy for
hypercholesterolemia patients and a CVD protective for
people in general. Certain limitations of this study
include subjects consisting primarily of women and it
examined mulberries intake over a short period of time.
Further prospective studies should be undertaken to
evaluate the impact of fresh mulberry consumption on
lipid profiles and different cardiovascular benefits.
These studies may also be used to confirm the benefits
in men.

In conclusion, we have provided evidence that the
consumption of mulberry fruits significantly lowered TC
and LDL-C concentrations in hypercholesterolemic
subjects. The current study indicates that mulberry fruit
is natural source of antioxidants and a great way to
boost the fiber content in dietary intake, which improve
blood lipids and benefits cardiovascular health in
humans.
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