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RINGKASAN 

YUSMA INDAH JAYADI. Efikasi Minuman Lemon dan Madu terhadap Tekanan 

Darah, Profil Lipid, Kadar ADMA dan F2-isoprostan Penderita Prahipertensi.  

Dibimbing oleh AHMAD SULAEMAN, ENY PALUPI, MIRA DEWI, dan 

HARDINSYAH. 

 Prahipertensi secara signifikan meningkatkan risiko penyakit 

kardiovaskular dan mortalitas berdasarkan meta-analisis studi kohort prospektif 

berskala besar, serta berpotensi berkembang menjadi hipertensi jika tidak ditangani. 

Hipertensi merupakan kondisi medis serius yang meningkatkan risiko penyakit 

jantung, stroke, gangguan ginjal, dan menjadi penyebab utama kematian dini secara 

global, dengan estimasi 1,28 miliar orang dewasa usia 30–79 tahun terdampak 

(33%), terutama di negara berpenghasilan rendah dan menengah, serta prevalensi 

sedikit lebih tinggi pada laki-laki (34%) dibanding perempuan (32%). Upaya 

pengendalian hipertensi di Indonesia mencakup pencegahan dan pengobatan 

melalui pedoman pengelolaan, termasuk modifikasi faktor risiko yang dapat diubah 

seperti pola makan tidak sehat dan rendah konsumsi buah serta sayuran. Citrus 

limon telah lama dikonsumsi karena manfaat kesehatannya, mengandung 

hesperidin dan eriocitrin yang berperan menurunkan mediator inflamasi dan spesies 

oksigen reaktif (ROS), sehingga menghambat peroksidasi lipid termasuk F2-

isoprostan yang merusak membran sel dan memperkuat siklus stres oksidatif. Madu, 

yang kaya asam ferulat, berkontribusi meningkatkan bioavailabilitas oksida nitrat 

(NO) sebagai molekul vasodilator penting bagi kesehatan vaskular. Namun, 

kombinasi lemon dan madu masih memerlukan pembuktian ilmiah melalui 

penelitian laboratorium dan uji klinis terkontrol. Oleh karena itu, penelitian ini 

bertujuan mengembangkan minuman lemon dan mengevaluasi efikasinya terhadap 

tekanan darah, profil lipid, ADMA, dan F2-isoprostan pada kelompok prahipertensi. 

Tujuan khusus dari penelitian ini adalah mengkaji efek intervensi lemon atau 

madu terhadap tekanan darah menggunakan sistematik literatur review dan 

metaanalisis, mengkaji potensi metabolit sekunder yang terkandung dalam lemon 

(Citrus limon) dan madu sebagai agen bioaktif yang mendukung aktivitas enzim 

dimethylarginine dimethylaminohydrolase I (DDAH I) melalui pendekatan in silico, 

mengembangkan  minuman lemon dan madu yang dianalisis secara fisik, sensori, 

kimia dan keamanan, mengkaji efikasi pemberian minuman lemon dan madu 

terhadap potensinya pada tekanan darah, kadar profil lipid, ADMA dan F2-

isoprostan pada kelompok prahipertensi. 

Penelitian ini dilakukan dalam tiga tahap, diawali dengan sistematik literatur 

review, meta-analisis, analisis profil metabolit sekunder in silico, kemudian 

dilanjutkan dengan pengembangan produk serta analisis fisik, kimia, sensori, dan 

mikrobiologi. Tahap berikutnya adalah uji klinis dengan desain quasi-experimental 

The Matching Only Pretest–Posttest Control Group Design untuk mengevaluasi 

pengaruh intervensi terhadap tekanan darah, profil lipid, ADMA, dan F2-isoprostan. 

Pembuatan minuman lemon madu menggunakan peralatan seperti gelas ukur, 

sendok, pisau, Heavy Duty Manual Juice Extractor, saringan, wadah pencampur, 
kompor, panci, termometer, dan botol kaca. Bahan utama adalah lemon matang 

(Citrus x limon (L.) Osbeck, suku Rutaceae) yang diperoleh dari petani lokal di T 

Ciampea Farm, Bogor, dengan penggunaan 46 kg lemon per produksi. Madu 



 

Kaliandra dan Itama (4000 mL) dan Akasia (20.000 mL) dibeli dari penangkar di 

Jepara, Dumai, dan Kalimantan. 

Pada tahap uji klinis, subjek harus memenuhi kriteria inklusi yaitu laki-laki 

usia 30–55 tahun dengan tekanan darah sistolik 120–139 mmHg dan diastolik 80–

89 mmHg, mampu berkomunikasi dengan baik, tidak mengalami gastritis atau 

GERD, bersedia berpartisipasi, dan menandatangani informed consent. Kriteria 

eksklusi meliputi rencana meninggalkan kota lebih dari satu minggu, memiliki 

penyakit kronis (seperti diabetes melitus atau gangguan ginjal), alergi terhadap 

produk intervensi, mengikuti penelitian lain secara bersamaan, atau menjalani 

terapi alternatif hipertensi seperti akupuntur dan lain-lain. Sebanyak 22 pegawai 

KPKNL, KPPN, dan Bapenda Kota Bogor direkrut dan dibagi menjadi dua 

kelompok (11 orang/kelompok), yaitu kelompok intervensi lemon madu dan 

kelompok edukasi. Intervensi diberikan selama 4 minggu dengan konsumsi 

minuman lemon madu 90 mL/hari. Analisis data dilakukan secara deskriptif dan 

inferensial dengan taraf signifikansi 0,05. 

Kajian metaanalisis menunjukkan lemon menurunkan tekanan darah diastolik 

dan madu menurunkan tekanan darah sistolik. Adapun Hasil UPLC-QtoF-MS/MS 

dan in silico mengonfirmasi keberadaan senyawa hesperidin sebagai bioaktif yang 

menunjukkan afinitas terendah terhadap enzim DDAH 1 yang menunjukkan 

bioaktif paling kuat dan stabil. Formula lemon dan madu akasia dengan 

perbandingan volume 50:40 (LM2) memiliki stabilitas fisikokimia dan bioaktif 

terbaik, sedangkan formula lemon  dan madu kaliandra dengan perbandingan yang 

sama (LM1) memperoleh tingkat penerimaan tertinggi.  

Karakteristik subjek antar kelompok intervensi homogen (p>0,05) kecuali 

usia namun setelah dilakukan ANCOVA usia tidak berperan sebagai faktor perancu 

terhadap hasil intervensi dalam penelitian ini. Data konsumsi dan aktivitas fisik 

yang dikumpulkan sebelum dan setelah intervensi, menunjukkan tidak terdapat 

perbedaan signifikan (p>0,05) antar kelompok kecuali asupan karbohidrat dan 

energi hanya pada sebelum intervensi. Setelah intervensi asupan energi dan 

karbohidrat telah homogen. Perubahan biomarker terjadi akibat intervensi yang 

diberikan. Hasil uji klinis menunjukkan minuman lemon dan madu akasia (LM2) 

menurunkan (p<0,05) tekanan darah sistolik (9,55 mmHg), kadar F2-isoprostan 

(54,68 pg/mL) dan ADMA (0,24 µmol/L) serta meningkatkan (p<0,05) kadar HDL 

(14,50 mg/dl) dibandingkan kelompok kontrol. Penelitian ini menyarankan 

minuman lemon dan madu sebagai alternatif minuman fungsional untuk 

pengelolssn prahipertensi dan peneliti selanjutnya dapat menambah biomarker lain 

seperti profil glukosa. 

 

Kata kunci: ADMA, F2-isoprostan, lemon, madu, profil lipid, tekanan darah 
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SUMMARY 

YUSMA INDAH JAYADI. Efficacy of a Lemon–Honey Beverage on Blood Pres-

sure, Lipid Profile, ADMA, and F2-Isoprostanes in Prehypertensive Subjects. 

Supervised by AHMAD SULAEMAN, ENY PALUPI, MIRA DEWI, and 

HARDINSYAH. 

 

Prehypertension significantly increases the risk of cardiovascular disease 

and mortality, as demonstrated by large-scale prospective cohort meta-analyses, 

and may progress to hypertension if left untreated. Hypertension is a serious medi-

cal condition that elevates the risk of heart disease, stroke, kidney disorders, and 

represents a leading cause of premature death worldwide. It affects an estimated 

1,28 billion adults aged 30–79 years (33%), predominantly in low- and middle-

income countries, with a slightly higher prevalence in men (34%) than in women 

(32%). Hypertension control strategies in Indonesia include preventive and thera-

peutic approaches through established management guidelines, emphasizing modi-

fication of risk factors such as unhealthy dietary patterns and low consumption of 

fruits and vegetables. 

Citrus limon has long been consumed for its health benefits and contains 

hesperidin and eriocitrin, bioactive compounds that reduce inflammatory mediators 

and reactive oxygen species (ROS), thereby inhibiting lipid peroxidation, including 

F2-isoprostanes, which damage cell membranes and perpetuate oxidative stress. 

Honey, which is rich in ferulic acid, contributes to increased nitric oxide (NO) bio-

availability, a crucial vasodilator for maintaining vascular health. However, the 

combined effects of lemon and honey require further scientific validation through 

laboratory studies and controlled clinical trials. Therefore, this study aimed to de-

velop a lemon beverage and evaluate its efficacy on blood pressure, lipid profile, 

ADMA, and F2-isoprostan levels in prehypertensive subjects. 

The specific objectives of this study were: (1) to assess the effects of lemon 

or honey interventions on blood pressure through a systematic literature review and 

meta-analysis; (2) to investigate the potential of secondary metabolites in lemon 

(Citrus limon) and honey as bioactive agents supporting dimethylarginine dime-

thylaminohydrolase I (DDAH I) activity using an in silico approach; (3) to develop 

a lemon–honey beverage and evaluate its physical, sensory, chemical, and safety 

characteristics; and (4) to examine the clinical efficacy of the beverage on blood 

pressure, lipid profile, ADMA, and F2-isoprostan levels in prehypertensive individ-

uals. 

This research was conducted in three stages: systematic literature review 

and meta-analysis; secondary metabolite profiling and in silico analysis; and prod-

uct development followed by physical, chemical, sensory, and microbiological 

evaluation. The final stage consisted of a quasi-experimental study using a Match-

ing-Only Pretest–Posttest Control Group Design to evaluate the effects of the inter-

vention on blood pressure, lipid profile, ADMA, and F2-isoprostan levels. The 

lemon–honey beverage was prepared using measuring cups, spoons, knives, a 
Heavy Duty Manual Juice Extractor, filters, mixing containers, a stove, a pan, a 

thermometer, and glass bottles. The primary raw material was ripe lemon (Citrus × 

limon (L.) Osbeck, family Rutaceae) obtained from local farmers at T Ciampea 

Farm, Bogor, Indonesia, with 46 kg of lemon used per production batch. Kaliandra 



 

honey and Itama (4000 mL) and Acacia honey (20.000 mL) were sourced from 

beekeepers in Jepara, Dumai, and Kalimantan. 

For the clinical trial phase, inclusion criteria were males aged 30–55 years 

with systolic blood pressure of 120–139 mmHg and diastolic blood pressure of 80–

89 mmHg, able to communicate effectively, free from gastritis or GERD, willing 

to participate, and having signed informed consent. Exclusion criteria included 

plans to leave the city for more than one week, presence of chronic diseases (such 

as diabetes mellitus or kidney disease), allergy to the intervention product, partici-

pation in other concurrent studies, or undergoing alternative hypertension therapies 

such as acupuncture. A total of 22 employees from KPKNL, KPPN, and Bapenda 

of Bogor City were recruited and allocated into two groups (11 subjects per group): 

the lemon–honey intervention group and the education control group. The interven-

tion was administered for four weeks at a dosage of 90 mL/day. Data were analyzed 

using descriptive and inferential statistics with a significance level of 0,05. 

Meta-analysis results indicated that lemon significantly reduced diastolic 

blood pressure, while honey significantly reduced systolic blood pressure. UPLC-

QToF-MS/MS and in silico analyses confirmed the presence of hesperidin as a key 

bioactive compound, showing the lowest binding affinity toward the DDAH I en-

zyme, indicating the strongest and most stable interaction. The lemon–Acacia 

honey formulation with a 50:40 volume ratio (LM2) demonstrated the best physi-

cochemical and bioactive stability, whereas the lemon–Kaliandra honey formula-

tion with the same ratio (LM1) achieved the highest sensory acceptance.  

The baseline characteristics of the subjects between the intervention groups 

were homogeneous (p>0.05), except for age; however, after adjustment using 

ANCOVA, age was not found to act as a confounding factor affecting the interven-

tion outcomes in this study. Dietary intake and physical activity data collected be-

fore and after the intervention showed no significant differences between groups 

(p>0.05), except for carbohydrate and energy intake at baseline. After the interven-

tion, both energy and carbohydrate intake were comparable between groups. Par-

ticipants did not substantially modify their dietary intake or physical activity during 

the intervention period. Therefore, observed biomarker changes were attributable 

to the intervention. Clinical trial findings demonstrated that the lemon–Acacia 

honey beverage (LM2) significantly reduced (p<0.05) systolic blood pressure (9,55 

mmHg), F2-isoprostan (54,68 pg/mL), and ADMA levels (0,24 µmol/L), and sig-

nificantly increased (p<0.05) HDL levels (14,50 mg/dl) compared with the control 

group. This study suggests that the lemon–honey beverage may serve as an alterna-

tive functional drink for supporting the management of prehypertension. Future 

studies are recommended to incorporate additional biomarkers, including glucose 

profile parameters, to further elucidate its broader metabolic effects. 

 

Keywords: ADMA, blood pressure, F2-isoprostanes, honey lemon, lipid profile  
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