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RINGKASAN

JASMINE MUTIARA INDIRA NURDIN. Evaluasi Dampak Fermentasi Media
Padat oleh Aspergillus tamarii pada Komposisi Fitokimia Rimpang Temu Ireng.
Dibimbing oleh SYAEFUDIN dan USWATUN HASANAH.

Temu ireng (Curcuma aeruginosa Roxb.) merupakan tanaman famili
Zingiberaceae yang telah lama dimanfaatkan sebagai obat tradisional dan
imengandung senyawa bioaktif seperti fenolik, flavonoid, dan kurkuminoid yang
berperan sebagai antioksidan, antiinflamasi, dan antikanker, sehingga berpotensi
dikembangkan sebagai bahan nutrasetikal. Namun, kadar kurkuminoid dalam
rimpangnya masih tergolong rendah (0,01-1,95%), sehingga diperlukan
pendekatan alternatif untuk meningkatkan nilai fungsionalnya, salah satunya
melalui fermentasi media padat (solid-state fermentation, SSF) yang memanfaatkan
aktivitas enzimatik kapang, seperti Aspergillus, untuk melepaskan senyawa bioaktif
yang semula terikat pada dinding sel. Karena dampak fermentasi terhadap
kandungan bioaktif bersifat spesifik tergantung jenis tanaman dan kapang, dan
pengaruh Aspergillus tamarii pada temu ireng belum pernah dikaji, penelitian ini
dilakukan untuk mengevaluasi pengaruh fermentasi media padat oleh A. tamarii
selama 14 hari pada suhu 25 °C terhadap kadar fenolik, flavonoid, profil
kurkuminoid, aktivitas antioksidan, dan aktivitas sitotoksik rimpang temu ireng,
dibandingkan dengan sampel nonfermentasi dan fermentasi hari ke-0 sebagai
kontrol.

Ekstraksi dilakukan dengan maserasi metanol 96%; kadar fenolik dan
flavonoid total ditentukan spektrofotometri (Folin—Ciocalteu dan aluminium
klorida), profil kurkuminoid dianalisis dengan UFLC, aktivitas antioksidan diukur
dengan metode DPPH, dan aktivitas sitotoksik dievaluasi dengan BSLT terhadap
larva Artemia salina, dilengkapi analisis korelasi Pearson serta uji ANOVA satu
arah dan Tukey HSD. Hasil penelitian menunjukkan bahwa kadar air simplisia
adalah sebesar 6,46 + 0,21%, yang telah memenuhi standar mutu Depkes RI, dan
fermentasi berlangsung baik ditandai terbentuknya hifa putih kecoklatan pada
media. Selain itu, fermentasi 14 hari terbukti meningkatkan kadar total fenolik
secara signifikan sekitar 75% (dari 28,12 + 1,45 menjadi 49,05 + 3,17 mg GAE/g),
sedangkan kadar total flavonoid menurun sekitar 16% (dari 32,09 + 3,44 menjadi
26,83 + 0,49 mg QE/g) tanpa beda nyata secara statistik. Lebih lanjut, ketiga
golongan kurkuminoid (BDMC, DMC, dan kurkumin) tetap terdeteksi pada seluruh
sampel, namun kadarnya menurun nyata setelah 14 hari fermentasi, yaitu BDMC
dari 2,16 menjadi 0,62 mg/g, DMC dari 1,12 menjadi 0,33 mg/g, dan kurkumin dari
1,12 menjadi 0,33 mg/g, mengindikasikan terjadinya degradasi atau
biotransformasi oleh aktivitas enzimatik kapang.

Sejalan dengan peningkatan fenolik, aktivitas antioksidan juga meningkat,
ditunjukkan penurunan ICso DPPH sekitar 17% (dari 309,36 + 5,45 menjadi 258,00
+ 2,80 pg/mL), sementara nilai LCso BSLT cenderung meningkat sekitar 14% (dari
403,33 + 49,55 menjadi 461,12 + 13,88 ng/mL) yang mengindikasikan penurunan
potensi sitotoksik meski tidak berbeda nyata secara statistik, dengan seluruh sampel
tCtap tergolong toksisitas sedang. Hasil analisis korelasi Pearson turut menunjukkan
bahwa aktivitas antioksidan berkaitan erat dengan kadar total fenolik (r = -0,89
terhadap 1Cso), sedangkan flavonoid, BDMC, dan DMC berkorelasi positif dengan



ICso (berbanding terbalik dengan aktivitas antioksidan), sementara aktivitas
sitotoksik lebih berkaitan dengan kadar kurkumin (r = -0,61 terhadap LCso)
dibandingkan BDMC maupun DMC. Peningkatan kadar fenolik dan aktivitas
antioksidan tersebut diduga terjadi karena A. tamarii menghasilkan enzim
hidrolitik, seperti pektinase, amilase, dan xilanase, yang mendegradasi matriks
dinding sel sehingga senyawa fenolik yang semula terikat pada polisakarida dan
protein dapat terlepas dan lebih mudah terdeteksi; peran fenolik non-flavonoid
dalam kontribusi ini juga terlihat dari tetap tingginya aktivitas antioksidan meski
kadar flavonoid menurun. Sementara itu, penurunan kadar BDMC, DMC, dan
kurkumin lebih mengarah pada biotransformasi enzimatik menjadi metabolit
turunan lain dibandingkan sekadar degradasi total, sedangkan tidak berubahnya
sitotoksisitas secara nyata menunjukkan bahwa transformasi metabolit selama 14
hari fermentasi belum cukup kuat memengaruhi komponen yang berperan dalam
efek toksik ekstrak. Secara keseluruhan, fermentasi media padat oleh A. tamarii
selama 14 hari mengubah komposisi metabolit bioaktif temu ireng melalui
peningkatan fenolik total serta penurunan flavonoid dan kurkuminoid, yang
berdampak positif pada peningkatan aktivitas antioksidan tanpa perubahan
sitotoksisitas yang signifikan, sehingga berpotensi meningkatkan nilai fungsional
temu ireng sebagai bahan nutrasetikal—terutama melalui penguatan aktivitas
antioksidannya—dan perlu ditindaklanjuti dengan analisis LC-MS serta kajian
aktivitas enzimatik 4. tamarii untuk memperjelas mekanisme biotransformasi yang
terjadi.

Kata kunci: Aspergillus tamarii, fermentasi, fitokimia, kurkuminoid, temu ireng



SUMMARY

JASMINE MUTIARA INDIRA NURDIN. Evaluasi Dampak Fermentasi Media
Padat oleh Aspergillus tamarii pada Komposisi Fitokimia Rimpang Temu Ireng.
Supervised by SYAEFUDIN and USWATUN HASANAH.

Curcuma aeruginosa (black turmeric), a member of the Zingiberaceae family,
has long been used in traditional medicine and contains bioactive compounds such as
phenolics, flavonoids, and curcuminoids that act as antioxidants, anti-inflammatory,
and anticancer agents, giving it potential as a nutraceutical ingredient. However, its
rhizome contains relatively low curcuminoid levels (0.01-1.95%), so an alternative
approach is needed to enhance its functional value, one of which is solid-state
iermentation (SSF), which exploits the enzymatic activity of molds such as Aspergillus
to release bioactive compounds otherwise bound to the cell wall. Because the effect of
fermentation on bioactive content is plant- and mold-specific, and the effect of
Aspergillus tamarii on black turmeric has never been studied, this research was
conducted to evaluate the effect of 14-day solid-state fermentation by A4. tamarii at
25 °C on the phenolic, flavonoid, and curcuminoid contents, as well as the antioxidant
and cytotoxic activities of black turmeric rhizome, compared with non-fermented
samples and day-0 fermentation as a process control.

Extraction was performed by maceration with 96% methanol; total phenolic and
flavonoid contents were determined spectrophotometrically (Folin—Ciocalteu and
aluminum chloride methods), the curcuminoid profile was analyzed by UFLC,
antioxidant activity was measured by the DPPH assay, and cytotoxic activity was
evaluated by BSLT using Artemia salina larvae, complemented by Pearson correlation
analysis and one-way ANOVA with Tukey's HSD test. The results showed that the
moisture content of the simplicia was 6.46 + 0.21%, meeting Indonesian Ministry of
Health quality standards, and fermentation proceeded well, marked by the formation of
brownish-white hyphae on the medium. Furthermore, 14 days of fermentation
significantly increased total phenolic content by approximately 75% (from 28.12 + 1.45
t0 49.05 + 3.17 mg GAE/g), while total flavonoid content decreased by approximately
16% (from 32.09 + 3.44 to 26.83 + 0.49 mg QE/g) without a statistically significant
difference. Additionally, all three curcuminoids (BDMC, DMC, and curcumin)
remained detectable in every sample, but their levels decreased markedly after 14 days
of fermentation—BDMC from 2.16 to 0.62 mg/g, DMC from 1.12 to 0.33 mg/g, and
curcumin from 1.12 to 0.33 mg/g—indicating degradation or biotransformation driven
by the mold's enzymatic activity.

In line with the increase in phenolic content, antioxidant activity also improved,
shown by a roughly 17% decrease in DPPH ICso (from 309.36 + 5.45 to 258.00 + 2.80
pug/mL), while the BSLT LCso tended to increase by about 14% (from 403.33 + 49.55
to 461.12 + 13.88 pg/mL), indicating reduced cytotoxic potential, although the
difference was not statistically significant, with all samples remaining in the
moderately toxic category. The Pearson correlation analysis further revealed that
antioxidant activity was strongly associated with total phenolic content (r = -0.89
against 1Cso), whereas flavonoids, BDMC, and DMC correlated positively with ICso
(ie., inversely with antioxidant activity), while cytotoxic activity was more closely
related to curcumin content (r = -0.61 against LCso) than to BDMC or DMC. The rise
1n phenolic content and antioxidant activity is likely attributable to hydrolytic enzymes
produced by A. tamarii, such as pectinase, amylase, and xylanase, which degrade the
cell-wall matrix and release phenolics previously bound to polysaccharides and



proteins, making them more readily detectable; the sustained antioxidant activity
despite the decline in flavonoids further suggests a meaningful contribution from non-
flavonoid phenolics. Meanwhile, the decrease in BDMC, DMC, and curcumin levels
points more toward enzymatic biotransformation into other derivative metabolites than
outright degradation, while the lack of a significant change in cytotoxicity suggests that
the metabolite transformation occurring over 14 days of fermentation was not
substantial enough to affect the components responsible for the extract's toxic effect.
Overall, 14-day solid-state fermentation by A. tamarii altered the bioactive metabolite
composition of black turmeric through an increase in total phenolic content alongside
a decrease in flavonoid and curcuminoid levels, which positively enhanced antioxidant
activity without significantly affecting cytotoxicity, indicating that this fermentation
approach could enhance the functional value of black turmeric as a nutraceutical
ingredient—particularly through strengthened antioxidant activity—and warrants
further investigation using LC-MS analysis and enzymatic activity studies of A.
tamarii to clarify the underlying biotransformation mechanisms.

Keywords: Aspergillus tamarii, curcuminoid, fermentation, phytochemical, temu
ireng
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