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RINGKASAN

HASLINDA DIDIN SAMSUDIN. Buah Lontar sebagai Suplemen Kebugaran
Tubuh melalui Normofungsi Gula Darah dan Stres Sistemik Pre-Exercise.
Dibimbing oleh WASMEN MANALU, HERA MAHESHWARI, dan HUDA
SHALAHUDIN DARUSMAN.

Aktivitas fisik dengan intensitas tinggi meningkatkan kebutuhan energi dan
Konsumsi oksigen, yang pada gilirannya memicu pembentukan reactive oxygen
species (ROS). Ketika produksi ROS melebihi kapasitas antioksidan endogen, stres
oksidatif dapat terjadi, mengganggu homeostasis metabolik, meningkatkan
inflamasi, mempercepat kelelahan, dan menurunkan performa fisik. Salah satu
strategi untuk meminimalkan kondisi ini adalah pemberian antioksidan alami
sebelum berolahraga (pre-exercise). Penelitian ini bertujuan untuk menganalisis
dan menguji potensi ekstrak buah lontar sebagai suplemen kebugaran tubuh melalui
normofungsi gula darah dan stres sistemik pre-exercise. Secara khusus, penelitian
ini dilakukan untuk membuktikan ekstrak buah lontar yang dapat menjaga
kebugaran tubuh saat olahraga dapat diberikan melalui aplikasi pre-exercise,
menganalisis profil bahan aktif pada ekstrak buah lontar sebagai suplemen
kebugaran tubuh, mengidentifikasi kriteria dan indikator kebugaran yang dapat
dipertahankan oleh suplementasi bahan berkhasiat buah lontar secara in vivo, serta
mengidentifikasi mekanisme fisiologi dan farmakologi dari bahan berkhasiat yang
dapat menjaga kebugaran tubuh saat olahraga melalui aplikasi pre-exercise.

Simplisia buah tua lontar dianalisis proksimat dan dimaserasi menggunakan
pelarut polar (etanol 70% dan metanol) dan pelarut non-polar (n-heksana) selama
14 — 16 jam diaduk menggunakan shaker dengan agitasi 150 rpm untuk
mendapatkan ekstrak kental. Ekstrak kental masing-masing kemudian diuji
aktivitas antioksidan dengan metode [,/-diphenyl-2-picrylhydrazil (DPPH) dan
dianalisis Gas Chromatography-Mass Spectrometry (GC-MS). Hasil dari DPPH
akan dipilih satu ekstrak yang terbaik aktivitas antioksidannya untuk selanjutnya
diuji in vivo. Sebanyak 36 ekor tikus jantan galur Sprague-Dawley dibagi ke dalam
9 kelompok perlakuan dengan masing-masing kelompok perlakuan diwakili oleh 3
ekor, tambahan 3 ekor untuk database, dan tambahan 6 ekor sebagai cadangan: (1)
kontrol normal (N), (2) kontrol negatif (C-) renang 5 menit, (3) kontrol negatif (C-)
renang 15 menit, (4) kontrol positif (C+) renang 5 menit, (5) kontrol positif (C+)
renang 15 menit, (6) Dosis 1 (D1) renang 5 menit, (7) Dosis 1 (D1) renang 15 menit,
(8) Dosis 2 (D2) renang 5 menit, (9) Dosis 2 (D2) renang 15 menit. Pemberian
ekstrak dilakukan per oral 1 kali/hari sebanyak 1 mL sebelum olahraga selama 14
hari. Tikus diberi perlakuan renang gaya bebas pada jam 9 sampai 10 pagi dengan
durasi 5 dan 15 menit pada hari ke-1, 7, dan 14. Bobot badan dan gula darah diukur
pada hari ke-0, 1, 7, 14, dan 15. Profil hematologi diukur pada hari ke-0 dan 15,
rasio neutrofil-limfosit (NLR) dan Blood Urea Nitrogen (BUN) diukur pada hari
ke-15, serta lama renang diukur pada hari ke-1, 7, dan 14. Analisis statistik
menggunakan uji One-way ANOVA (aktivitas antioksidan), Two-way Repeated
Measure ANOVA (bobot badan, gula darah, dan profil hematologi), dan Two-way
ANOVA (NLR dan BUN) yang dilanjutkan dengan uji Tukey (p<0,05).

Penelitian tahap 1 analisis proksimat dan pengujian aktivitas antioksidan.
Hasil uji proksimat, kandungan karbohidrat yang sangat dominan sebesar 78,61%.



Nilai energi bruto sebesar 3762 kal/gram, kadar air sebesar 11,89%, abu sebesar
2,30%, lemak kasar sebesar 0,69%, protein kasar 6,51%, dan serat kasar sebesar
3,17%. Aktivitas antioksidan dalam ekstrak buah lontar diukur dengan metode
DPPH. Masing-masing ekstrak buah lontar dengan berbagai konsentrasi (0,05
mg/mL, 0,1 mg/mL, 0,15 mg/mL, 0,25 mg/mL, 0,3 mg/mL, 0,35 mg/mL, dan 0,4
mg/mL). Perbandingan efektivitas ketiga pelarut (etanol, metanol, dan n-heksana)
pada konsentrasi 0,40 mg/mL mencapai 59,25%, 53,69%, dan 64,27%. Aktivitas
antioksidan yang dihasilkan oleh ekstrak n-heksana mencapai 64.27%, sedangkan
ekstrak etanol dan metanol masing-masing menghasilkan 59.25% dan 53.69%.
Hasil pengujian ICso mengkonfirmasi temuan aktivitas antioksidan, di mana n-
heksana dan etanol merupakan pelarut dengan ICso terendah, yaitu dengan
konsentrasi 0.23 + 0.02 mg/mL dan 0.24 £+ 0.03 mg/mL. Nilai ICso pelarut metanol
sebesar 0.37 £ 0.27 mg/mL, menegaskan kembali bahwa n-heksana dan etanol
adalah pelarut yang paling efisien.

Tahap 2 adalah analisis fitokimia menggunakan metode GC-MS.
Berdasarkan nilai % area, terdapat perbedaan senyawa dominan pada masing-
masing ekstrak. Pada ekstrak etanol senyawa dengan kontribusi terbesar antara lain
n-Hexadecanoic acid, 9,12-Octadecadienoic acid (Z,Z)-, methyl ester, 9-
Octadecenoic acid (Z)-, methyl ester, dan Hexadecanoic acid, methyl ester. Ekstrak
metanol menunjukkan dominasi senyawa seperti n-Hexadecanoic acid, Oleic acid,
v-Sitosterol, dan Octadecanoic acid. Sementara itu, ekstrak n-heksana didominasi
oleh senyawa nonpolar  seperti  y-Sitosterol,  1-Norvaline,  N-(2-
methoxyethoxycarbonyl)-, hexadecyl ester, serta beberapa senyawa aromatik.
Berdasarkan hasil karakterisasi kimia menggunakan GC-MS serta uji potensi
antioksidan, ekstrak buah lontar dengan pelarut etanol menunjukkan profil senyawa
fitokimia yang representatif dan aktivitas fungsional yang baik. Oleh karena itu,
ekstrak etanol dipilih sebagai sampel yang digunakan pada tahapan pengujian in
vivo.

Tahap 3 adalah uji in vivo, pemberian ekstrak buah lontar pre-exercise
menunjukkan kelompok D2 (15 menit) secara signifikan (p<0,05) mengalami
peningkatan bobot badan pada hari ke-15 (251 g), mampu mempertahankan kadar
gula darah dalam kisaran fisiologis, menjaga profil hematologi tetap normal,
penurunan NLR (0,43) sebagai indikator stres sistemik, serta kadar BUN pada D1
(15 menit) rendah (17 mg/dL) sehingga mengindikasikan berkurangnya
katabolisme protein selama aktivitas fisik. Kelompok yang memperoleh ekstrak D2
juga menunjukkan kemampuan mempertahankan kondisi fisiologis dan daya tahan
fisik yang lebih baik dibandingkan kelompok kontrol. Simpulan pada penelitian ini
adalah pemberian ekstrak etanol buah tua lontar pre-exercise terbukti memiliki
nutrisi yang kaya energi dan profil bahan aktif sebagai antioksidan sehingga kadar
gula darah, profil hematologi, NLR, dan BUN pada hewan tikus dapat terjaga secara
normal, serta meningkatkan daya tahan renang pada tikus.

Kata kunci: Antioksidan, Borassus flabellifer Linn., kebugaran tubuh, normofungsi
gula darah, pre-exercise.
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SUMMARY

HASLINDA DIDIN SAMSUDIN. Lontar Fruit as a Fitness Supplement
through Normofunction of Blood Glucose and Systemic Stress Pre-Exercise.
Supervised by WASMEN MANALU of the 1 SUPERVISOR, HERA
MAHESHWARI of the 2™ SUPERVISOR, and HUDA SHALAHUDIN
DARUSMAN of the 3" SUPERVISOR.

High-intensity physical activity increases energy requirements and oxygen
consumption, which in turn triggers the formation of reactive oxygen species (ROS).
When ROS production exceeds the capacity of endogenous antioxidants, oxidative
stress can occur, disrupting metabolic homeostasis, increasing inflammation,
accelerating fatigue, and reducing physical performance. One strategy to minimize
this condition is to provide natural antioxidants before exercise (pre-exercise). This
study aimed to analyze and test the potential of palm fruit extract as a body fitness
supplement through blood sugar normofunction and pre-exercise systemic stress.
In particular, this study was conducted to prove that palm fruit extract, which can
maintain body fitness during exercise, can be administered through pre-exercise
application, analyze the active ingredient profile of palm fruit extract as a body
fitness supplement, identify criteria and fitness indicators that can be maintained by
supplementation of nutritious ingredients of palm fruit in vivo, and identify the
physiological and pharmacological mechanisms of efficacious ingredients that can
maintain body fitness during exercise through pre-exercise applications.

The simplicia of the old fruit of the lontar was analyzed proximate and
macerated using polar solvents (70% ethanol and methanol) and non-polar solvents
(n-hexane) for 14 — 16 h stirred using a shaker with agitation of 150 rpm to obtain
a thick extract. The viscous extracts were then tested for antioxidant activity by the
1,1-diphenyl-2-picrylhydrazil (DPPH) method and analyzed by Gas
Chromatography-Mass Spectrometry (GC-MS). The DPPH results will be used to
select the extract with the best antioxidant activity to be further tested in vivo. A
total of 36 male Sprague-Dawley rats were divided into 9 treatment groups, with
each treatment group represented by 3 rats, an additional 3 rats for the database, and
an extra 6 rats as reserves: (1) normal control (N), (2) negative control (C-)
swimming 5 min, (3) negative control (C-) swimming 15 min, (4) positive control
(C+) swimming 5 min, (5) positive control (C+) swimming 15 min, (6) dose 1 (D1)
swimming 5 min, (7) dose 1 (D1) swimming 15 min, (8) dose 2 (D2) swimming 5
min, and (9) dose 2 (D2) swimming 15 min. The extract was administered orally 1
time/day as much as 1 mL before exercise for 14 days. The rats were given freestyle
swimming treatments from 9 to 10 a.m. with a duration of 5 and 15 min on days 1,
7, and 14. Body weight and blood sugar levels were measured on days 0, 1, 7, 14,
and 15. Hematological profiles were measured on days 0 and 15, neutrophil-to-
lymphocyte (NLR) and Blood Urea Nitrogen (BUN) ratios were measured on days
15, and swimming time was measured on days 1, 7, and 14. Statistical analysis was
conducted using One-way ANOVA (antioxidant activity), Two-way Repeated
Measure ANOVA (body weight, blood sugar, and hematology profile), and Two-
way ANOVA (NLR and BUN) followed by Tukey’s test (p<0.05).

Phase 1 research proximate analysis and antioxidant activity testing. The
results of the proximate test showed that the carbohydrate content was dominant at



78.61%. The gross energy value was 3762 cal/gram, the moisture content was
11.89%, ash was 2.30%, crude fat was 0.69%, crude protein was 6.51%, and crude
fiber was 3.17%. The antioxidant activity of the palm fruit extract was measured
using the DPPH method. Each palm fruit extract had different concentrations (0.05,
0.1, 0.15, 0.25, 0.3, 0.35, and 0.4 mg/mL). The comparison of the effectiveness of
the three solvents (ethanol, methanol, and n-hexane) at concentrations of 0.40
mg/mL reached 59.25%, 53.69%, and 64.27%, respectively. The antioxidant
activity of the n-hexane extract reached 64.27%, while the ethanol and methanol
extracts yielded 59.25% and 53.69%, respectively. The results of the ICso test
confirmed the findings of antioxidant activity, where n-hexane and ethanol were
the solvents with the lowest ICso, namely with concentrations of 0.23 + 0.02 mg/mL
and 0.24 + 0.03 mg/mL. The ICso value of methanol solvents 1s 0.37 = 0.27 mg/mL,
teaffirming that n-hexane and ethanol are the most efficient solvents.

Stage 2 involved phytochemical analysis using the GC-MS method. Based on
the % area value, there were differences in the dominant compounds in each extract.
In ethanol extracts, the compounds with the largest contribution include n-
hexadecanoic acid, 9,12-Octadecadienoic acid (Z,Z2)-, methyl ester, 9-Octadecenoic
acid (Z)-, methyl ester, and hexadecanoic acid, methyl ester. The methanol extract
showed the dominance of compounds such as n-hexadecanoic acid, oleic acid, y-
sitosterol, and octadecanoic acid. Meanwhile, the n-hexane extract is dominated by
nonpolar  compounds  such as  y-Sitosterol, 1-Norvaline,  N-(2-
methoxyethoxycarbonyl)-, hexadecyl esters, as well as some aromatic compounds.
Based on the results of chemical characterization using GC-MS and antioxidant
potential tests, palm fruit extract with ethanol solvent showed a representative
phytochemical compound profile and good functional activity. Therefore, ethanol
extracts were selected for in vivo testing.

Stage 3 was the in vivo test. Administration of lontar fruit extract pre-exercise
showed that the D2 group (15 min) experienced a significant increase in body
weight on day 15 (251 g) (p<0.05), was able to maintain blood glucose levels within
the physiological range, maintained the hematological profile within normal limits,
showed a decreased NLR (0.43) as an indicator of systemic stress, and had a low
BUN level on DI (15 min) (17 mg/dL), indicating reduced protein catabolism
during physical activity. The group receiving the D2 extract also demonstrated a
better ability to maintain physiological conditions and physical endurance than the
control group. The conclusion of this study is that the administration of ethanol
extract of mature lontar fruit prior to exercise has been shown to possess energy-
rich nutrients and a profile of active compounds as antioxidants, so that blood
glucose levels, hematological profile, NLR, and BUN in rats can be maintained
within normal ranges, as well as increasing swimming endurance in rats.

Keywords: Antioxidants, body fitness, Borassus flabellifer Linn., normofunction of
blood sugar, pre-exercise.
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