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ABSTRACT

Background: Diabetes mellitus (DM) is a chronic metabolic disease with an increasing prevalence over the world. 
Aim and Objective: This research aimed to analyze the effect of strawberries, Rome beauty apples, and their combination 
on the low-density lipoprotein cholesterol (LDL-C) levels of Type 2 DM patients. Materials and Methods: This 
study was experimental research with randomized pre- and post-test group design. The subjects were 44 patients with 
Type 2 DM divided into four groups, namely, K (control, no treatment), P1 (200 g/day strawberry), P2 (300 g/day 
Rome beauty apple), and P3 (combination of 100 g/day strawberries and 150 g/day Rome beauty apple) for 14 
days. Results: The results showed that the LDL-C level in DM patients was markedly high in all groups before the 
treatment. Treatment with only strawberry, Rome beauty apple and its combination significantly decreased the level 
of LDL-C compared to the control group. Furthermore, treatment with 300 g/day of Rome beauty apple exhibited 
a high decrease in LDL-C level compared to other treatment groups. Conclusion: These findings suggested that 
strawberries, Rome beauty apples, and their combinations could be used as promising functional food for DM therapy 
by lowering LDL-C levels.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disease 
with an increasing prevalence over the world. DM and its 
complications cause significant morbidity and mortality.[1] 
There were 425 million people around the world diagnosed 
with DM in 2017 and 4 million deaths due to DM.[2]
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DM Type 2 is characterized by chronic hyperglycemia. 
Chronic hyperglycemia causes oxidative stress and the 
pathogenesis of DM complications.[3] The increasing levels 
of free radicals cause an increase of lipid peroxidation and 
make low-density lipoprotein cholesterol (LDL-C) easily 
oxidized and lead to form cell damage.[4] There is a positive 
correlation between low-density lipoprotein oxidation 
and LDL-C concentration. The low antioxidant level 
was contributed to the increasing low-density lipoprotein 
oxidation in DM patients.[5] DM Type 2 patients indicated 
by small dense LDL-C particles which are very atherogenic, 
easily oxidized, and lead to complications.[6] Lowering LDL-C 
levels are an important prevention strategy in preventing 
DM complications.[7] LDL-C levels are recommended as the 
primary target for lipid-lowering therapy. Control of blood 
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glucose and LDL-C levels is an essential part of DM Type 2 
management.[8]

The current therapy of DM Type 2 is the use of insulin and 
oral antidiabetic drugs. These drugs have several adverse 
effects due to long-term administration, including kidney and 
liver damage and gastrointestinal disorder such as anorexia, 
nausea, stomach discomfort, and diarrhea.[9] The use of the 
drug should be considered to determine the intolerable side 
effects, drug ineffectiveness, and high cost of treatment.[10] The 
incidence of diabetes was increased globally and encouraged 
exploration of potential complementary medicine.[11] The use 
of functional foods and their bioactive compounds prevents 
the progression of DM Type 2 by reducing hyperglycemia, 
hyperlipidemia, insulin resistance, and oxidative stress.[12]

Apples contain several bioactive compounds such as 
quercetin and water-soluble fiber (pectin) which has been 
proved as potent natural antioxidants, antidiabetic effect, 
and reducing lipid metabolism.[13] Strawberries contain 
anthocyanins which have several biological effects such as 
increasing antioxidants, reducing oxidative stress, protecting 
cells from oxidative damage, and inhibiting the oxidation 
reaction of LDL-C.[14] Therefore, the present study aimed 
to analyze the effect of strawberries, Rome beauty apples, 
and their combination on the (LDL-C) levels of Type 2 DM 
patients.

MATERIALS AND METHODS

Study Design

This study is experimental research with pretest-posttest 
control-group design.

Study Population

DM Type 2 patients at Kratonan, Ngoresan, Sangkrah, and 
Banyuanyar Public Health Centers in Surakarta City from 
February to March 2020 were recruited as the research 
subjects.

Randomization and Intervention

The subjects who met the inclusion criteria at the four public 
health centers were randomly selected, which resulted in 
44 people assigned into four groups, namely, Group K 
(control group, no treatment), P1 (treated with 200 g/day of 
strawberries), P2 (treated with 300 g/day of Rome beauty 
apples), and P3 (treated with combined 100 g/day of 
strawberries and 150 g/day of Rome beauty apples). The 
inclusion criteria were male and female DM Type 2 patients, 
aged 40–55 years, taking oral antidiabetic drugs, being able 
to consume fresh fruit, and being able to communicate well. 
The fruits were delivered to the respondents home twice a 
day (morning and afternoon) for 14 days.

Data Analysis

The differences before and after the intervention/treatment 
were analyzed using a paired t-test. The analysis of differences 
in the effect of giving strawberries, Rome beauty apples, and 
their combinations was carried out using a one-way ANOVA 
test. Bonferroni posthoc test was used to analyze the most 
different intervention between strawberry, Rome beauty 
apple, and combination groups (P < 0.05).

Ethics Approval

The study was approved by the Health Research Ethics 
Commission of Dr. Moewardi No. 087/I/HREC/2020 on 
January 16, 2020.

RESULTS

Table 1 showed that the distribution of the subjects between 
the control, strawberry, Rome beauty apples, and combination 
groups was based on the characteristics of age, gender, 
education, occupation, nutritional status, physical activity, 
and oral anti-diabetes. There was no significant difference 
(P > 0.05) in all groups. Therefore, it was indicated that all 
subjects are homogeneous.

Table 2 showed that all groups exhibited a decrease in LDL-C 
levels after the intervention. The lowest decrease of LCL-C 
was found in the control group and the highest decrease of 
LCL-C was found in Rome beauty apple group (P2). Based 
on the paired t-test, the average decrease in LDL-C levels of 
the strawberry, Rome beauty apple, and combination groups 
was significant (P < 0.05), but in the control group, it was 
not significant (P < 0.05). The results showed that before the 
intervention, there was no significant difference (P = 0.056) 
between the control, strawberry, Rome beauty apple, and 
combination groups. It was indicated that randomization has 
been achieved as intended.

The results showed that the LDL-C level in DM patients was 
markedly high in all groups before the treatment. Treatment 
with only strawberry, Rome beauty apple, and its combination 
significantly decreased the level of LDL-C compared to 
the control group [Table 2]. Furthermore, treatment with 
300 g/day of Rome beauty apple exhibited a high decrease in 
LDL-C level compared to other treatment groups.

The results of the Bonferroni post hoc test in Table 3 showed 
that the decrease in LDL-C levels of the Rome beauty apple 
group is more significant than of the control group (P = 0.072).

DISCUSSION

The results showed that the administration of 200 g/day of 
strawberries for 14 days significantly (P < 0.05) reduced 
LDL-C levels (20.27 mg/dL). The decrease in LDL-C levels 
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Table 1: Characteristics of subjects
Characteristics Group Intervention P

K (n=11) P1 (n=11) P2 (n=11) P3 (n=11)
n % n % n % n %

Age (years)
40–45 1 9.1  1 9.1 3 27.3 3 27.3 0.54
46–50 3 27.3 4 36.4 1 9.1 4 36.4
51–55 7 63.6 6 54.5 7 63.6 4 36.4

Gender
Female 4 36.4 1 9.1 2 18.2 3 27.3 0.46
Male 7 63.6 10 90.9 9 81.8 8 72.7

BMI
Normal 5 45.5 7 63.6 6 54.5 6 54.5 0.932
Overweight 1 9.1 1 9.1 2 18.2 2 18.2
Obesity I 5 45.5 3 27.3 3 27.3 3 27.3

Physical activity
Low 11 100 10 100 9 81.8 11 100 0.269
Moderate - - 1 - 2 18.2 0 -

Oral anti diabetes (OAD)
Metformin 5 45.5 8 72.7 10 90.9 8 72.7 0.13
Metformin +Glimepiride 6 54.5 3 27.3 1 9.1 3 27.3

K = Control, P1 = Strawberry, P2 = Rome beauty apples, P3 = Combination

Table 2: LDL-C levels in all groups treatment before and after the intervention
Group Mean±SD Mean±SD Decrease LDL-C Pa

Before intervention After intervention
mg/dl mg/dl mg/dl

K 126.36±17.654 120.27±12.150 6.09±11.666 0.114
P1 121.55±16.114 101.27±9.155 20.27±12.784 <0.001*
P2 139.45±18.408 115.45±19.674 24.00±13.461 <0.001*
P3 136.91±15.821 115.91±19.434 21.00±15.02 0.001*
Pb 0.056 0.041* <0.014*
*Significant differences, aP<0.05) paired t-test, bP<0.05) One-way ANOVA

Table 3: Comparison of the mean difference in LDL-C levels
Group P

After intervention
K and P1 0.099
K and P2 0.018*
K and P3 0.072
P1 and P2 1.000
P1 and P3 1.000
P2 and P3 1.000
*Significant differences. aP<0.05) Bonferroni post hoc test

might be caused by the anthocyanin content in strawberries, 
which served as antioxidant enzymes activity inducer.[15] The 
anthocyanins reduce free fatty acid (FFA) levels and lipolysis 
in adipose tissue.[16] Anthocyanins improve endothelial 
dysfunction and increase mitochondrial function. Therefore, 

it could improve glycemic response and lipid profile, suppress 
lipogenesis, and increase lipolysis through decreasing 
fat accumulation in the liver, increasing the activity of 
peroxisome proliferator-activated receptor-gamma (PPAR-γ) 
in skeletal muscle and tissue.[17] Anthocyanins can increase 
the oxidation of fatty acids in the liver, inhibit cholesterol 
synthesis by hepatic cells, and increase insulin sensitivity. 
Increased insulin sensitivity will increase the lipoprotein 
lipase enzyme and reduce FFAs, inhibit cholesteryl ester 
transfer protein (CETP) activity, inhibit the 3-hydroxy-3-
methyl-glutaryl coenzyme (HMGCoA), increase the number 
of LDL-C receptors, and reduce cholesterol concentrations in 
the liver and plasma so that LDL-C decreases.[18] The results 
of this study in line with a previous study which proved 
that administration of strawberries for 4 weeks in diabetic 
rats could reduce LDL-C levels with an average decrease of 
81.77 mg/dL ± 5.29.[9]
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In this study, the administration of Rome beauty apples 
significantly reduced LDL-C levels (P < 0.05) by 24.00 mg/dL. 
The quercetin content in apples has a hypolipidemic effect, 
which leads to an increase in the level of phosphorylation, 
prevents increased hepatic glycogen synthesis, and increases 
glucose metabolism, thereby improving glucose and lipid 
metabolism in DM.[19] Quercetin prevents oxidative stress and 
lipid peroxidation by protecting and enhancing mitochondrial 
function, providing a protective effect against cholesterol-
induced pancreatic cell dysfunction for glycemic control and 
preventing lipid deposition and overproduction of reactive 
oxygen species.[20] Quercetin has a potential activity to improve 
glucose and lipid metabolism in DM by decreasing SIRT1 
expression and serine/threonine phosphorylation signaling 
pathways, regulating the expression of an enzyme involved in 
lipid metabolism, sterol regulatory element-binding protein 
(SREBP)2 protein, and activating adenosine monophosphate-
activated protein kinase (AMPK).[21] Apple polyphenols 
reduce LDL-C levels through cholesterol catabolism in the 
liver, the secretion of cholesterol lipoproteins containing 
apoB, and CETP activity.[22] This study is in line with that on 
the effect of giving Anna apples on reducing LDL-C levels 
in DM rats. The results showed that 15 ml/kg of apple juice 
reduced the mean LDL-C level by 43.27 ± 1.80 mg/dL and 
1 g/kgBW/day of apple skin extract reduced the mean LDL-C 
level by 66.03 ± 3.00 mg/dL with P < 0.05.[23]

The level of LDL-C in Rome beauty apple group was lower 
than the other groups because the quercetin and fiber contents 
in Rome beauty apple were higher than strawberries and the 
combination group. Furthermore, Rome beauty apple peels 
were high in pectin. During the ripening process, the protopectin 
in the apple peels is formed and converted into water-soluble 
pectin. The fiber in apples is a good composition compared to 
other fruits because it contains other active compounds which 
strongly bound to the fiber, including quercetin. The quercetin 
in apples can reach the large intestine and serve as a substrate 
for human intestinal bacteria. Flavonoids are usually absorbed 
at a low level in the intestines, but apple pectin has been 
demonstrated to increase the absorption of quercetin. The 
absorption rate of polyphenols depends on the concentration 
of apple pectin. The antioxidant activity of apple peels was 
higher than apple pulp.[24]

The polyphenols content of apple exhibited a cholesterol-
lowering activity with the same mechanisms as atorvastatin 
and simvastatin through HMG-CoA reductase inhibition.[25] 
Apple extract inhibited cholesterol synthesis by increasing 
mitochondrial respiration, glycolysis, lipolysis, and β 
oxidation of fatty acids, citric, and acetyl-CoA.[26]

Apple pectin is a highly fermentable substrate by human 
intestinal bacteria that produce short-chain fatty acids 
(SCFA). SCFA production provides a hypocholesterolemic 
effect by decreasing the activity of (CETP), reducing the 
cholesteryl ester in very-low-density lipoprotein (VLDL) 

particles which are transferred to LDL-C.[27] SCFA suppresses 
cholesterol synthesis in the liver and intestine by decreasing 
the expression of SREBP1c, fatty acid synthase, acetyl-CoA 
carboxylase, and PPAR-σ.[28]

Fiber could bind with cholesterol, fat, and bile acids, and 
also excrete through the large intestine in the form of feces. 
Water-soluble fiber reduces blood glucose levels, LDL-C 
levels, and insulin resistance in DM Type 2.[29] Based on 
Table 3, there was a significant difference in the average 
decrease in LDL-C levels between the control group and the 
Rome beauty apple group (P < 0.05). It was indicated that the 
administration of 300 g/day Rome beauty apples for 14 days 
was effectively reduced LDL-C levels in DM Type 2 patients.

In this study, the administration of 150 g/day of Rome 
beauty apples for 14 days significantly reduced LDL-C 
levels (P < 0.05) with a mean decrease of 21.00 mg/dL. The 
combination of strawberries and Rome beauty apples (P3) 
could not provide a synergistic effect in reducing LDL-C 
levels. It might be due to the concentration ratio of each extract 
in combination. The increase or decrease in the concentration 
of the combination greatly affects the antioxidant interaction 
and changes the interaction effect. The combination of tomato 
and purple sweet potato at the ratio of 1/10 and 3/10 showed 
a synergistic effect, while the ratio of 7/10 and 9/10 showed 
an antagonistic effect.[30]

CONCLUSION

The LDL-C level in DM patients was markedly high in all 
groups before the treatment. Treatment with only strawberry, 
Rome beauty apple, and its combination significantly 
decreased the level of LDL-C compared to the control group. 
Furthermore, treatment with 300 g/day of Rome beauty apple 
exhibited a high decrease in LDL-C level compared to other 
treatment groups. These findings suggested that strawberries, 
Rome beauty apples, and their combinations could be used 
as promising functional food for DM therapy by lowering 
LDL-C levels.
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