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ABOUT THE JOURNAL

Journal of Functional Food and Nutraceutical (JFFN) is an official journal of Perhimpunan Penggiat Pangan
Fungsional dan Nutrasetikal Indonesia or Indonesian Society for Functional Food and Nutraceutical
(P3FNI-ISFFN) that has been established in collaboration with Research Center for Food and Health Swiss
German University (RC F&H SGU). JFFN publishes review and research result on frontier research,
development, and application in the scope of functional food and nutraceuticals. The journal is expected to bring
together all stakeholders in relation to the food ingredients and nutraceuticals.

Scope of the journal Include:

o Interdisciplinary approach of food technology, food nutrition, and health

e Plant bioactive; dietary fiber, probiotics; functional lipids; bioactive peptides; vitamins, minerals and
botanicals and other dietary supplements.

o Nutritional and technological aspects related to the development of functional foods and nutraceuticals.

e Food digestion, bioavailability, mechanism, efficacy, and safety of food ingredients and nutraceuticals.

e Food product development with health benefit

e Characterization of healthy foods and functional constituents

e Preparation of natural and synthetic ingredients for use in foods and supplement

o effects of processing (including packaging and storage) on functionality and improvement of product
quality; verification, quality control and traceability of natural and synthetic functional food ingredients
and nutraceuticals.

e The regulatory aspects of functional foods and related issues e.g. labelling, substantiation of health claims
are also of interest together with those dealing with the value creation on the food chains based on the
nutritional/healthy aspects.

JFFN publishes 2 times in a year, August and February. JFFN adopting Open Journal System for fast
manuscript management process. All authors are requested to register in advance and submit the manuscript
online to support the fast managing and review process and to be able to track the real-time status of the
manuscript.

All accepted manuscripts receive individual digital object identifier (DOI) and indexed by Google Scholar. The
online PDF version of the journal is open access from https://journal.sgu.ac.id/jffn

Subscription of the hard copy can be requested by email to jffn@sgu.ac.id
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j fr‘ Journal of Functional Food and Nutraceutical

PREFACE

Welcome to the inaugural issue of Journal of Functional Foods and Nutraceuticals
(JFFN). It is my great privilege and pleasure to present the inaugural volume of
this new peer-reviewed journal, a joint publishing journal of Perhimpunan
Penggiat Pangan Fungsional dan Nutraceutical Indonesia (P3FNI) or Indonesian
Society of Functional Foods and Nutraceuticals (ISFFN) and Research Center of
Food and Health, Swiss German University (SGU). JFFN is a frontier publication
devoted to strengthen the development of functional foods, from theoretical aspects
to application-dependent studies and the validation of emerging technologies,
which naturally complement each other, as well as any grass root issues for
practitioners. JFFN aims to provide a highly readable and valuable contribution
literature to emerging interest in functional foods science and technology in
Indonesia Society. The journal is also dedicated to encourage early bird authors to
experience publishing in an international journal by providing a friendly tutorial.

This first issue comprises five manuscripts, connected by a unifying theme: “Functional Food and Nutraceutical
for Community Health”. The presented articles can be categorized into the following groups:

- Basic research evaluating the functional activities

- Social studies on consumer trends on functional food

It is our hope that the articles of this first issue will become a valuable resource for the readers of JFFN, and will
stimulate further research into the vibrant world of functional foods.

As the chairman of P3FNI, | would like to use this inauguration occasion to thank many people who supported
the idea to create a new journal JFFN and provided the opportunity for the journal to be born, in particular Dr.
Maria S. Gunawan-Putri. | also deeply appreciate the hearty support of SGU as we strive to make JFFN the most
authoritative journal on the field of functional foods. Furthermore, as the editor in chief, | would like to extend
my sincere thanks to all members of the editorial and the advisory boards, whose service, dedication, and
commitment have made the creation of this journal possible. 1 would also like to acknowledge the highly
appreciative effort to all of manuscript reviewers for providing valuable comments and suggestions to the authors.
As we are working together, we aim to continue to strive for quality and excellence in published articles. It is
without doubt that the success of our journal depends highly on the author contribution of articles. Through
seamless collaboration with all of our authors, we aim to continue to strive for quality and excellence in publishing
articles.

It is our hope that JFFN could deliver valuable and interesting information to the nationwide and worldwide
community of food science and stimulate further exciting research in the diverse area of functional foods and
nutraceuticals. | am certain that this first issue will be followed by many others, providing high quality reports on
the most advanced developments in food science field. More information about JFFN guidelines for the
preparation and submission of papers can be found at JFFN website:
https://journal.sgu.ac.id/jffn/index.php/jffn/index .

Finally, as a newly established journal | do realize that there are still a lot of aspects that have to be improved.
Therefore, we are sincerely waiting for your mutual suggestions and criticism.

July 2019,
C. Hanny Wijaya
Editor in Chief of Journal of Functional Food & Nutraceutical

Journal Home: https://journal.sgu.ac.id/jffn 11
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THE CHARACTERISTICS OF SYNBIOTIC YOGHURT ICE CREAM
MADE FROM ICE CREAM MIX AND PURPLE YAM YOGHURT

(DIOSCOREA ALATA)
Rosida* Food Technology Department, Engineering Faculty, UPN Veteran Jawa Timur, JI. Raya Rungkut Madya
Ulya Sarofa Gunung Anyar Surabaya, Indonesia.

Raden Roro Regita Prasetyo Wardani

ABSTRACT

Synbiotic yoghurt ice cream is a kind of ice cream made from ice cream mix (milk, skim
milk and sugar) and purple yam yoghurt as the main ingredient. The inulin, prebiotic compound of
purple yam, inulin, can trigger the growth of beneficial bacteria so it would beneficial for the
health. The addition of stabilizer, xanthan gum, aims to produce yoghurt ice cream with a soft
texture. The aim of this study to determine the effect of proportion of ice cream mix:yoghurt and
concentration of xanthan gum on yoghurt ice cream characteristics. This study used a completely
randomized design-factorial pattern with two factors and three replications. The factors are
proportion of ice cream mix:yoghurt (70:30; 60:40; 50:50) and concentration of xanthan gum
(0.1%; 0.2%; 0.3.%). The observed data were analyzed using ANOVA, followed by DMRT test at
5% level if there were significant differences. The study revealed that the best treatment, based on
physicochemical properties of ice cream, is the proportion of ice cream mix:yoghurt (60:40) and
xanthan gum concentration (0.2%) with total LAB of 8.55 log CFU/ml; overrun 27.69%; melting
time 13.51 min/10 gr; total dissolved solids 31.00 ©Brix; viscosity 517.00 mPas.

Keywords: purple yam; synbiotic; xanthan gum; yoghurt ice cream
ABSTRAK

Es Krim yoghurt sinbiotik adalah jenis es krim yang dibuat dari ice cream mix dan
yoghurt uwi ungu sebagai bahan utamanya. Komponen prebiotik di dalam uwi ungu, yaitu
inulin, dapat meningkatkan pertumbuhan bakteri baik sehingga bermanfaat untuk kesehatan
manusia. Penambahan bahan penstabil, xanthan gum, bertujuan untuk menghasilkan es krim
yoghurt dengan tekstur yang lembut. Penelitian ini bertujuan untuk mengetahui pengaruh ice
cream mix:yoghurt dan konsentrasi xanthan gum terhadap karakteristik es krim yoghurt.
Penelitian ini menggunakan Rancangan Acak Lengkap Pola Faktorial dengan dua faktor dan 3
ulangan. Faktor-faktor yang digunakan adalah proporsi ice cream mix:yoghurt (70:30; 60:40;
50:50) dan konsentrasi xanthan gum (0,1%; 0,2%; 0,3.%). Data yang diperoleh dianalisa
menggunakan analisis ragam dan diikuti dengan Uji Duncan’s (pada taraf 5%) jika terdapat
perbedaan yang nyata. Hasil penelitian menunjukkan perlakuan terbaik (berdasarkan sifat fisiko
kimia es krim), adalah proporsi ice cream mix:yoghurt (60:40) dan konsentrasi xanthan gum
(0.2%) yang mempunyai total BAL 8,55 log CFU/mI; pH 5,33; total asam tertitrasi 0,46%;
overrun 27,67%; kecepatan meleleh 13,51 menit/10 gr; total padatan terlarut 31,00 ©Brix; dan
viscositas 517,00 mPas.

Kata kunci: es krim yoghurt; uwi ungu; sinbiotik; xanthan gum
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THE CHARACTERISTICS OF SYNBIOTIC YOGHURT ICE CREAM MADE FROM

Rosida., Sarofa, U., Wardani, R.R.R.P.

ICE CREAM MIX AND PURPLE YAM YOGHURT (DIOSCOREA ALATA)

INTRODUCTION

Synbiotic yoghurt ice cream is a kind of ice cream
made from ice cream mix and synbiotic yoghurt as
the main ingredient. Synbiotic yoghurt is made by
combining probiotic bacteria and prebiotic agents
(Puspitasari et al., 2015). Making yoghurt ice
cream is done by mixing yoghurt and ice cream
mix (ice cream dough) then frozen (Goff and
Hartel, 2013). In this study, synbiotic yoghurt was
made by mixing milk and purple yam filtrate as a
source of prebiotics and lactic acid bacteria as a
source of probiotics (Rosida, et al., 2019).

Winarti (2010) stated that purple yam (Dioscorea
alata) contains prebiotic agent in the form of
inulin. In the large intestine, inulin undergoes
fermentation due to the activity of the microflora
contained in the large intestine so that it has
positive implications for body health (Widowati,
2005). Based on the research of Maryati et al.
(2016), L. acidophilus FNCC0051 was able to
utilize inulin better than other lactic acid bacteria.
Thus, in this study, the probiotic bacteria L.
bulgaricus was used, besides S. thermophilus and
L. acidophilus.

The characteristics of yoghurt ice cream can be
influenced by the proportion or addition of
yoghurt to the ice cream mix. According to
Soukolis and Tzia (2008) the mixed yoghurt
ranges from 5-70% of the volume of the ice cream
mix. The addition of yoghurt to the ice cream mix
resulted in the texture of the yoghurt ice cream
being rough, so it was necessary to add a
stabilizer to overcome this problem. The stabilizer
serves to increase the thickness of the dough,
prolong the melting rate, improve the texture and
reduce the formation of large ice crystals, with the
presence of a stabilizer making the dessert
smoother and softer (Goff and Hartel, 2013).

Research by Soukolis and Tzia (2008) revealed
that the use of xanthan gum 0.2% in yoghurt ice
cream was the best treatment compared to guar
gum and Carboxymethyl Cellulose (CMC). Based
on this, this research study the production of
synbiotic yoghurt ice cream made by the
proportion of ice cream mix:yoghurt and the

concentration of xanthan gum.
MATERIALS AND METHOD

The materials used for the research were purple
yam obtained from farmers in Nganjuk, ice cream
mix (consists of milk, skim milk, sucrose), xanthan
gum, yoghurt starter mix (consists of L.
bulgaricus, S. thermophilus and L. acidophilus)
obtained from the Faculty of Science and
Technology-Airlangga University.

The equipments used for the research are
analitycal balance, blender, refrigerator, mixer, ice
cream maker, pan, stirrer, measuring glass, knife,
filter cloth, thermometer, laminar air flow,
incubator.

Making purple yam synbiotic yoghurt

The purple yam filtrate was made by crushing the
purple yam (purple yam: water = 1:4 (w/v)) using
blender. The juice was filtered using filter cloth to
obtain the purple yam filtrate. Heating the filtrate
at a temperature of 80°C for 15 minutes while
stirring continuously. Milk was pasteurized at
80°C for 15 minutes and mixed with purple yam
filtrate (50:50) (v/v), 10% skim milk (w/v) and
5% sugar (w/v). The medium was then cooled
down to 40°C. Yoghurt starter (S. thermophilus:
L. bulgaricus: L. acidophilus =1:1:1) was
inoculated (5%) in the medium (v/v), and then
incubated at 37°C for 18 hours. (Rosida et al.,
2019)

Making synbiotic yoghurt ice cream

Making ice cream mix is done by heating milk, 10%
skim milk (w/v), 18% (w/v) sugar to a temperature
of 45°C, then added xanthan gum according to
treatment (0.1%; 0.2 % ; 0.3%) (w/v). Then
pasteurization (temperature 85°C for 10 minutes),
homogenization, and aging (temperature 4°C for 12
hours). Then mixed ice cream mix and purple yam
synbiotic yoghurt according to treatment (70:30 ;
60:40 ; 50:50) and processed using an ice cream
maker for 30 minutes, and frozen of the ice cream
(temperature -10°C for 24 hours) (Venkateshaiah et
al., 1997). The ice cream yoghurt was directly
analyzed for Total LAB by Total Plate Count
Method (Fardiaz, 1992), pH (SNI, 2009) , overrun

58 2022:3(2), pp.57-62
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(Zahro and Fithri, 2015), melting time (Zahro and
Fithri, 2015), total soluble solid (SNI, 2009), and
viscosity (Zahro and Fithri, 2015).

Table 2. The average value of the total lactic acid
bacteria and ph of yoghurt ice cream from the
treatment of the proportion of ice cream mix:

yoghurt and xanthan gum concentration
RESULTS AND DISCUSSION

Treatment
Analysis of purple yam synbiotic yoghurt Ice cream mix— Xanthan (lOTngalFb',?nBl)* pH*
: yoghurt gum (%)
0.1 8.55 +0.073 5.47 #0.115
Table 1. Average of chemical composition of 70:30 0.2 8.55 +0.069 5.53 £0.115
purple yam synbiotic yoghurt 0.3 8.54 +0.068 5.57 +0.058
0.1 8.63 +0.053 5.30 £0.100
Parameter Analysis Results 60:40 0.2 8.56 +0.004 533 +0.058
Total lactic acid bacteria 9.31+0.137 0.3 8.54 +0.058 5.43 +0.058
(logCFU/mI) 0.1 8.63 +0.019 5.20 £0.100
o TEA0.05 50:50 0.2 8.61 +0.068 5.23 +0.115
0.3 8.59 +0.011 5.27 +0.058
Total acid (%) 1.15£0.041 Note: *The average value in the same column showed no
Total soluble solid (°Brix) 13.83+0.764 significant difference at p<0.05
Inulin content (%) 0.54+0.010
Dietary fiber content (%) 15140437 Table 2. Revealed that the lower the proportion of

Table 1. Showed that total lactic acid bacteria in
accordance with the requirements of SNI yoghurt
which requires a minimum of 107 CFU/mI starter
or 7 logCFU/ml. Gustaw et al., (2011) stated that
the activity of lactic acid bacteria will increase
when added with prebiotics. The prebiotics found
in water yam are able to stimulate the growth of
probiotic bacteria found in yoghurt, it will increase
the number of probiotic bacteria (Andriyani et al.,
2013).

Characteristics of purple yam synbiotic yoghurt
ice cream

Table 2. Showed that the average total LAB of
yoghurt ice cream was not significantly different,
which ranged from 8.54-8.63 logCFU/ml. This
was because in the process of making ice cream
there was no further fermentation, so that the
treatment with different proportions produced
almost the same total LAB. This was in
accordance with the research of Pangga et al.
(2018) and Baay et al. (2018), which stated that
the addition of yoghurt in yoghurt ice cream
production resulted in LAB populations that were
not significantly different.

ice cream mix or the higher the proportion of
yoghurt, the lower the pH of yoghurt ice cream.
The yoghurt used in this study had a pH of 4.53.
This was in accordance with Pangga et al. (2014)
The pH of yoghurt ice cream was influenced by
the proportion of yoghurt used as the main
ingredient in making yoghurt ice cream.

Table 3. Showed that the lower the proportion of
ice cream mix or the higher the proportion of
yoghurt and the higher ice cream overrun, however
the the higher xanthan gum concentration, the lower
the yoghurt ice cream overrun. Mahdian et.al.
(2012) stated that the lactic acid present in yoghurt
lowered the pH of the yoghurt ice cream dough so
that it clumps the protein contained in the yoghurt
ice cream dough. The clumping increases the
viscosity of the yoghurt ice cream dough, so that
during the agitation process, the dough cannot
expand optimally which results in low product
overrun. Purwadi (2019) added that protein
solubility decreases when the pH reaches 4.5-5.4
(isoelectric pH) then the protein would coagulate.

The higher the xanthan gum concentration, the
lower the overrun and the longer the melting time
of ice cream. This is because xanthan gum would
bind to water thereby preventing the formation of
large ice crystals and slowing down the melting

J. Functional Food & Nutraceutical
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time. The increase in the concentration of xanthan
gum caused the dough becomes thicker so that the
binding power to water is stronger so that the
yoghurt ice cream did not melt quickly. Goff and
Hartel (2013) stated that the stabilizer would
increase the viscosity of ice cream so that the

resulting ice cream had low overrun and soft
texture due to the formation of small ice crystals
and slow melting time. Goff and Hartel (2013)
stated that good quality of melting time for ice
cream ranges from 15- 20 minutes.

Table 3. The average of overrun, melting time, total dissolved solids and viscosity of yoghurt ice cream

Treatment
Icem ci;ee:im ;(uar?]t?%r; O\Es/;;un I\/I(ﬁ]lﬂ]r}g Otlg;e Total ﬁféﬂf solid Viscosity (mPas)
yoghurt
0.1 27.692+0.541 13.51 1+0.060 31.00¢+0.000 490.00 1+2.598
70:30 0.2 27.082+0.541 14.231 +0.053 31.17¢+0.289 512.83 '+2.566
0.3 26.81°+0.130 15.54 9+0.127 33.00 7 +0.000 545.50 9 +1.803
60:40 0.1 25.33°+0.577 15.53 7 +0.032 26.67 ©+1.155 553.33 F+1.041
0.2 24.05©+0.820 16.33 € £0.010 28.67 4+0.577 566.67 © +3.329
0.3 23.34 ©+0.649 16.51 ¢ +0.020 30.17 9+0.289 571.17 9+0.289
0.1 22.519+0.493 17.36 ©£0.021 23.332+0.577 575.50 € +0.500
50:50 0.2 20.39 € +0.907 19.22 °+0.012 24.50 2+0.500 579.17+1.143
0.3 18.88 7 +0.467 21.432+0.115 25.00 ® +0.000 604.50 2 +4.093

Note: The average value in the same column followed by different notations showed a significant difference at p<0.05

Table 3 showed the higher the proportion of ice
cream mix or the lower the proportion of yoghurt
and the higher the concentration of xanthan gum,
the higher the melting time, viscosity and total
dissolved solids of yoghurt ice cream. Mahdian et
al. (2012) stated that yoghurt added to yoghurt ice
cream dough has a low pH causing protein
clumping so that the dough becomes thicker and
difficult to trap air causing increased viscosity,
decreased yoghurt ice cream overrun and ice
cream did not melt easily. Goff and Hartel (2013)
stated that high acidity in ice cream would
increase the viscosity and the melting time of ice
cream would be longer. Besides that, the addition
of stabilizer would increase the viscosity and total
dissolved solids. Agustina et al. (2019) stated the
mechanism of xanthan gum as a stabilizer,
namely the hydroxyl group on xanthan gum
would absorb water thereby increasing viscosity.
The study revealed that the best treatment is the
proportion of ice cream mix:yoghurt 60:40 and
xanthan gum concentration 0.2% because it had
the highest overrun and  total LAB 8.63
logCFU/ml which had met minimum LAB (7.0
logCFU/ml) in yoghurt standard (SNI 2981-2009)

CONCLUSION

The results showed that the best treatment, based
on physicochemical properties of ice cream, was
the proportion of ice cream mix:yoghurt treatment
70:30 with a concentration of 0.1% xanthan gum,
that produced purple yam synbiotic yoghurt ice
cream with total LAB of 8.55 logCFU/ml; overrun
27.69%; melting time 13.51 min/10gr; total
dissolved solids 31.00°Brix; viscosity 517.00 mPas.
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ABSTRACT

Temulawak (Curcuma xanthorrhiza Roxb) is commonly used as traditional medicine. This
study aimed at determining the effect of ethanol concentration and of the duration of microwave-
assisted extraction (MAE) on antioxidant activity of C. xanthorrhiza ethanol extract. C.
xanthorrhiza rhizomes were extracted using 70%, 80% and 90% (v/v) ethanol for 5, 7 and 9
minutes. Compared to control (without microwave extraction) and analyzed for curcumin content,
total phenolic content (TPC), and 2.2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
capacity (RSA). Increasing the ethanol concentration from 70% to 90% as solvent and increasing
the extraction time from 0 to 7 minutes at 240 watt caused an increase in curcumin content, TPC,
and DPPH RSA. Curcumin, TPC, and DPPH RSA of C. xahorrhiza extract using 90% ethanol
solvent for 7 minutes were the largest compared to other treatments, namely 184 mg/g, 319.5 mg/g
and 71.08%; respectively.

Keywords: antioxidant; ethanol extract; microwave assisted extraction
ABSTRAK

Temulawak (Curcuma xanthorrhiza Roxb) biasa digunakan sebagai obat tradisional.
Penelitian ini bertujuan untuk mengetahui pengaruh konsentrasi etanol dan lama ekstraksi
berbantu gelombang mikro (MAE) terhadap aktivitas antioksidan ekstrak etanol C. xanthorrhiza.
Rimpang C. xanthorrhiza diekstrak menggunakan etanol 70%, 80% dan 90% selama 5, 7 dan 9
menit dibandingkan kontrol (tanpa ekstraksi gelombang mikro) dan dilakukan analisis kurkumin,
total fenol, dan kapasitas penangkapan radikal DPPH. Peningkatan konsentrasi etanol dari 70%
sampai 90% sebagai pelarut dan peningkatan lama ekstraksi 0 sampai 7 menit daya 240 watt
menyebabkan peningkatan kadar kurkumin, total fenol, dan kapasitas penangkapan radikal DPPH.
Kurkumin, total fenol, dan kapasitas penangkapan radikal bebas dari ekstrak C. xanthorrhiza
menggunakan pelarut etanol 90% selama 7 menit adalah paling besar dibandingkan perlakuan
yang lain yaitu masing-masing 184 mg/g, 319,5 mg/g dan 71,08%.

Kata kunci: antioksidan; ekstrak etanol; ekstraksi berbantu gelombang mikro
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INTRODUCTION

Lipid oxidation can occur in food products and in
the human body. Oxidation of food causes
rancidity and damages to vitamins, pigments and
proteins. Lipid oxidation can also lead to the
emergence of degenerative diseases, such as
coronary heart disease, stroke and diabetes
mellitus. Antioxidants can inhibit lipid oxidation.

Temulawak (Curcuma xanthorrhiza Roxb) is an
Indonesian native plant with important medicinal
value (Dharma 1985). C. xanthorrhiza as a
medicinal plant has properties as hepatoprotection,
anti-inflammatory, anticancer, antidiabetic,
antimicrobial, preventing cholera, and
antihyperlipidemia (Hwang et al., 2006).
Traditionally, this plant is used as a health
supplement known as “herbal medicine” or to treat
particular health disorders including hepatitis, liver
complaints, diabetes, rheumatism, anticancer,
hypertension, and heart disorders (Salleh et al.,
2016).

The efficacy of C. xanthorrhiza may be due to its
activity as an antioxidant. According to Gordon
(1990), antioxidants are substances with the ability
to prolong or prevent the lipid oxidation process. C.
xanthorrhiza and turmeric acetone extract from
sliced rhizomes dried using a cabinet dryer for 14 h
have a higher inhibitory activity of peroxide and
malonaldehyde formations from linoleic acid than
ginger (Septiana et al., 2006a). The antioxidant
activity of decoction of dried C. xanthorrhiza is
greater than that of dry turmeric (Samsudin and
Panigoro, 2013). C. xanthorrhiza extract is
potential to be used as antiatherosclerosis because
it has inhibitory activity of LDL oxidation and
macrophage cholesterol accumulation (Septiana et
al., 2006b). The bioactive components of C.
xanthorrhiza, such as curcuminoids (Menon and
Sudheer, 2007) and xanthorrhizol (Jantan et al.,
2012) can function as antioxidants. C. xanthorrhiza
also contains bioactive components in the form of
alkaloids, saponins, quinones and triterpenoids
(Panigoro et al., 2013).

Various extraction methods have been developed to
extract bioactive components from natural sources,
including several innovative technologies such as

microwave-assisted extraction (MAE), ultrasonic-
assisted extraction, enzyme-assisted extraction, and
several conventional methods such as maceration
and Soxhlet extraction. Compared to the
maceration and soxhlet methods, MAE method has
some advantages, such as shorter extraction time
and lower temperature, which leads to less
degradation of thermally labile compounds (Li et
al., 2017). In addition, MAE is also compatible
with water as an extraction solvent so that the use
of organic solvents is reduced or eliminated, and
more non-polar organic compounds from plant
materials could also be extracted by MAE (Zghaibi
et al., 2019). The use of a solvent mixture of
ethanol and water is widely used for extraction
because of the difference in polarity of the two, so
that the polarity can be adjusted based on the
proportion of ethanol with water, and the solvent
mixture is safe for humans. This study was
conducted with the aim of determining the
optimum proportion of ethanol with water as a
solvent in the extraction of C. xanthorrhiza and the
optimum duration of microwave-assisted extraction
(MAE) on the antioxidant activity of the resulting
extract.

MATERIALS AND METHOD

Materials

The main materials used in this study were C.
xanthorrhiza from farmers in Purbalingga, Central
Java, while the chemicals used in this study were
methanol, ethanol, standard curcumin, gallic acid,
Na,COs folin ciocalteau, and DPPH or 1,1-
diphenyl -2-picrylhydrazyl (Merck, Germany).

The tools used in this study were scales (Ohaus,
United States), erlenmeyer, beaker glass, test tubes
(Pyrex, Germany), vortex, microwave (Electrolux),
blender (Philip, Neetherlands), UV-Vis
spectrophotometer (Shimadzu 1240, Japan), and
cabinet dryer.

Method
Preparation of C. xanthorrhiza ethanol extract

First, the rhizomes of C. xanthorrhiza were
washed, drained and dried and powderized. The C.
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xanthorrhiza powder was obtained from fresh C.
xanthorrhiza rhizomes sliced 4 mm, dried at 57°C
for 14 h using a cabinet dryer, crushed and filtered
using a 60 mesh filter. A total of 5 g of C.
xanthorrhiza powder was dissolved in 75 ml 70%,
80% or 90% ethanol solvent (1:15 g/ml), allowed
to stand for 20 min. (Handayani et al., 2014), and
put in a 240 Watt microwave for 0, 5, 7 and 9 min.
Every one minute, the radiation will be paused for
one to two minutes, which was carried out to avoid
the temperature from increasing to above the
boiling point of the solvent (Li et al., 2009). The
extract was then cooled down to room temperature,
and filterred using a filter cloth, then filterred again
using Whatman No.1 Filter Paper to produce the
filtrate. Next, the filtrate was concentrated using a
rotary evaporator, at a temperature of 60°C.

Analysis of curcumin content (Delfiya et al.,
2014)

Curcumin content of ethanolic extract of C.
xanthorrhiza tested using curcumin as a standard.
The standard curve made by making a series of
dilutions of curcumin in ethanol with various
concentrations (0.2; 0.4; 0.6; 0.8 and 1.0 pg/mL).
Analysis of curcumin from various ethanolic
extracts of C. xanthorrhiza with different MAE
durations and standard curcumin carried out by
placing each sample in a spectrophotometer cuvette
and the absorbance measured at a 425 nm.
Absorbance vs curcumin standard concentration
curve was made by connecting a line at these
points and the correlation equation was made.
Curcumin concentrations were calculated using a
curcumin standard absorbance vs concentration
graph. Tests on aqueous extracts were carried out
in the same method as the standard based on the
curcumin standard concentration.

Analysis  of  total phenolic  content
(Hammerschmidt and Pratt, 1978)

Total phenolic content (TPC) of C. xanthorrhiza
extract was tested using gallic acid as a standard.
The standard curve was made by making a series of
dilutions of gallic acid in ethanol. Each gallic acid
and 0.1 mL ethanol extract of C. xanthorrhiza were
added with 2 mL of Na,COs, then mixed and
allowed to stand for 2 minutes, added 0.1 mL of

folin ciocalteau and mixed using a vortex. The
mixture was then kept in the dark for 30 minutes
and the absorbance was measured at a wavelength
of 750 nm using spectrophotometry.

Free radical scavenging capacity (Sheikh et al.,
2009)

The extract solution was prepared by dissolving the
sample of ethanol extract of C. xanthorrhiza in
methanol. Then, 2 ml of ethanol extract was mixed
with 2 ml of 0.16 mM DPPH solution in methanol.
The mixture shaken for 1 minutes, left for 30
minutes in the dark and the absorbance was
measured at 517 nm. The ability to capture DPPH
radicals is calculated by the following equation:

Radical scavenging capacity (%)
Abs. I:I:lﬁf."l:ll.—.ﬁhs.":llmplf X 100%
Abs. control

Abs: Absorbance
Statistical analysis

DPPH radical scavenging capacity, curcumin
content, and total phenolic content analysed using
Analysis of variance (ANOVA) at the 5% level. If
there was a significant effect on the treatment, the
analysis continued with Duncan’s Multiple Range
Test (DMRT).

RESULTS AND DISCUSSION

The results in Table 1 show that the increase in
ethanol concentrations of 70% to 90% increased
TPC of C. xanthorrhiza extract. The results of this
study are in line with the study conducted by Do et
al (2014), stating that the use of ethanol
concentrations of 50% to 100% increased total
phenolic content of Limnophita aromatica extract.
The increase in ethanol concentration does not
necessarily increase total phenolic content
depending on the type of sample. The highest total
phenol content of Vermonia amygdalian ethanol
extract using microwave assisted extraction (MAE)
was obtained using 60% ethanol solvent compared
to 40% and 80% ethanol solvent (Alara et al,,
2020).

Total phenolic content test used to test compound
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content belonging to the phenolic compounds
group. Phenolic compounds are characterized by
the presence of a phenyl ring containing one or
more hydroxyl substitutes. Thus, total phenolic
content has a very diverse structure identified as
phenolic monomer, dimer, and polymeric. Some
phenolic compounds include simple phenolics,
benzoquinones, phenolic acids, flavonoids, and
condensed tannins (Lattanzio, 2013). Thus,
phenolic compounds have different polarities
depending on the material.

Table 1. Curcumin content, total phenolic content
and DPPH radical scavenging capacity of C.
xanthorrhiza ethanol extract

Treatment Curcumin Total phenolic DPPH
content (mg/g) content scavenging
(mg/g) at 4000 ppm
Ethanol
concentration
70% ethanol 100.5¢ 170.75¢ 55.67°
80% ethanol 124.5b 232P 58.51°
90% ethanol 153.252 259.52 64.96°
Duration of
MAE
0 minutes 106°¢ 202.5¢ 53.40°
5 minutes 128.25b 229° 62.57°
7 minutes 1512 271.5% 65.47°
9 minutes 119° 182.75¢ 57.40°

Curcumin belongs to a group of phenolic
compounds that are commonly found in C.
xanthorrhiza. The increase in ethanol solvent
concentration of 70% to 90% increased curcumin
content of ethanolic extract of C. xanthorrhiza. The
results of this study are in line with study on the
curcumin content of turmeric extract (Paulucci et
al., 2013) and multistage extraction of C.
xanthorrhiza (Anggoro et al., 2015) extracted using
96% ethanol which was higher than that using 70%
ethanol.

Curcumin content and total phenolic content of C.
xanthorrhiza extract were also affected by the
duration of Microwave-Assisted Extraction (MAE)
from 0 to 9 minutes. The increase in the extraction
time from 0 to 7 minutes at 240 watt increased

curcumin content and total phenolic content of C.
xanthorrhiza extract. Extraction using MAE
method utilizes microwave radiation to accelerate
selective extraction through heating the solvent
quickly and efficiently, it generates tremendous
pressure on cell wall due to swelling of plant cells
and the pressure developed pushes cell wall from
inside, stretch the cell wall and ruptures them (Jain
et al., 2009) thereby increasing the contact between
the sample and the solvent. The increase in the
extraction time up to 7 minutes increased the
contact time between the sample and the solvent,
so that the amount of compounds extracted
increased. The increase in the extraction time from
7 to 9 minutes reduced curcumin content and total
phenolic content of C. xanthorrhiza extract because
it was suspected that prolonged extraction cause
the degradation of some antioxidants. Similar
results were reported in studies on the extraction of
total phenolic from blackthorn flowers (Lovric et
al., 2017).
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Figure 1. Effect of solvent type and duration of
microwave-assisted extraction on total phenolic
content of C. xanthorrhiza ethanol extract

The results of this study in Figure 1 show that at a
concentration of 70%, the addition of extraction
time does not play a role in the changes in the total
phenolic content when compared to the
concentrations of 80% and 90%. The increase in
duration of MAE from 0 min. to 7 min. further
increased total phenolic content of C. xanthorrhiza
extract with 90% ethanol compared to 70%
ethanol. The results of this study in line with the
study conducted by Lee et al. (2011) on the
ethanol extract of eleuthero. Higher water
concentration  causes  more  non-phenolic
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compounds, such as carbohydrates to be extracted.
Carbohydrates do not only cause phenolic content
extracted to be lower, but also protect phenolic
compounds so that at radiation for more than 7
min., the decrease in phenolic content of 70%
ethanol extract was lower than that of 80% and
90% ethanol extract. In addition, it was suspected
that more phenolic compounds in C. xanthorrhiza
were non-polar than polar compounds. One type of
phenolic compound commonly found in rhizomes
of C. xanthorrhiza is curcumin.

The increase in total phenolic content and
curcumin content through the increase in ethanol
concentration of 70% to 90% and the increase in
duration of microwave-assisted extraction to 7
minutes increased DPPH free radical scavenging
capacity. DPPH radical scavenging capacity can be
used to determine the antioxidant activity of C.
xanthorrhiza extract. The results of this study are
in line with the study conducted by Do et al (2014),
indicating that the use of 50% to 100% ethanol
increased total phenolic content and antioxidant
DPPH radical scavenging activity of Limnophita
aromatica extract.

Curcumin and other phenolic compounds in C.
xanthorrhiza are compounds with the potential as
antioxidants. The correlation analysis between total
phenolic content and curcumin content with
antioxidant activity aims the determination the
relationship  between the compounds and
antioxidant activity. The relationship between
curcumin content and total phenolic content with
antioxidant activity as DPPH scavenger has a
correlation coefficient (R?) of 0.92 and 0.80;
respectively. The resulting value was positive,
therefore the relationship between total phenolic
content and curcumin content on antioxidant
activity was directly proportional. Based on the
correlation coefficient (R?) value that greater than
0.8; both phenolic and curcumin compounds (as
part of phenolic compounds) had a significant
correlation or the bioactive compounds had a
significant effect on antioxidant activity based on
DPPH radical scavenging capacity. The results of
this study in line with the study conducted by
Septiana et al (2021).

The highest curcumin content, total phenolic

content, and free radical scavenging capacity of C.
xanthorrhiza extract were obtained through MAE
using 90% ethanol solvent for 7 minutes these are
184 mg/g, 319.5 mg/g and 71.08%; respectively.
DPPH free radical scavenging capacity was carried
out at a fairly small concentration of 4000 ppm.
DPPH radical scavenging capacity testing at large
concentrations  generaly higher. Lemongrass
antioxidant activity testing at a concentration of
20,000 ppm was 79.98% (Suri et al., 2020).

CONCLUSIONS

The increase in concentration of ethanol solvent
from 70% to 90% and the increase in extraction
time from O to 7 minutes at 240 watt caused an
increase in curcumin content, total phenolic
content, and DPPH radical scavenging capacity,
but an increase in extraction time from 7 to 9
minutes decreased the extract parameters. The
highest curcumin content, total phenolic content,
and free radical scavenging capacity of C.
xanthorrhiza extract were using 90% ethanol for 7
minutes compared to other treatments, namely 184
mg/g, 319.5 mg/g and 71.08%; respectively.
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ABSTRACT

Red dragon (Hylocereus polyrhizus) fruit peel as household waste was still underutilized
although it was high in bioactive compounds with antioxidant and antidiabetic properties. The oil
extract of freshwater fish, such as catfish (Pangasius sp.) was high in monounsaturated fatty acids
with reported antihyperglycemia properties. The objectives of this study were to encapsulate
catfish oil extract, determine the most liked formulation of gummy candy with dragon fruit peel
extract and encapsulated fish oil beads content, and analyze the proximate content and in vitro a-
amylase inhibition activity of the most liked gummy candy formulation. The methods consisted of
dragon fruit peel extraction, encapsulation of catfish oil extract using sodium alginate, gummy
candy formulation, sensory evaluation, and analysis of color, proximate, and a-amylase inhibition
activity. Twenty five percent w/w of the gummy candy ingredients were composed of the extracts
and encapsulation beads at 1:1, 1:3, and 3:1 weight ratios. Encapsulation of the fish oil could mask
the fishy odor in the gummy candy. All formulation could be molded into gummy candy perfectly
and showed chewy texture. The addition of dragon fruit peel extract could increase the yellowness
value, while the fish oil beads decreased the lightness value of the candy. The most liked gummy
candy formulation was F3 (ratio 3:1). It was composed of 54.47% water, 1.59% db ash, 5.77% db
fat, 1.82% db protein, 36.36% db carbohydrates and showed 46.49% a-amylase inhibition activity.

Keywords: alginate; a-amylase; catfish; proximate; sensory
ABSTRAK

Kulit buah naga merah (Hylocereus polyrhizus) umumnya hanya menjadi limbah rumah
tangga padahal banyak mengandung senyawa bioaktif dengan aktivitas antioksidan dan
antidiabetes. Ekstrak minyak ikan air tawar, seperti patin (Pangasius sp.), tinggi akan kandungan
asam lemak tidak jenuh rantai tunggal yang memiliki efek antihiperglikemia. Penelitian ini
bertujuan untuk mengenkapsulasi minyak ikan patin, menentukan formulasi permen jeli dengan
kandungan ekstrak kulit buah naga dan enkapsulasi minyak ikan patin, serta menganalisis
kandungan proksimat dan aktivitas penghambatan a-amilase in vitro terhadap formulasi permen
yang paling disukai berdasarkan uji sensori. Tahapan dalam penelitian ini adalah ekstraksi kulit
buah naga dan minyak ikan patin, enkapsulasi minyak ikan dengan natrium alginat, formulasi
permen jeli, uji sensori, analisis warna, proksimat, dan aktivitas penghambatan enzim a-amilase.
Ekstrak kulit buah naga dan enkapsulasi minyak ikan menyusun 25% b/b bahan permen jeli
dengan rasio bobot 1:1, 1:3, dan 3:1. Enkapsulasi minyak ikan dapat mencegah bau amis pada
permen jeli. Seluruh formulasi permen jeli dapat tercetak dengan sempurna dan bertekstur kenyal.
Penambahan ekstrak kulit buah naga dapat meningkatkan nilai kekuningan permen, sedangkan
penambahan enkapsulasi minyak ikan dapat menurunkan nilai kecerahan permen jeli. Permen jeli
F3 dengan rasio ekstrak kulit buah naga : enkapsulasi minyak ikan 3:1 paling disukai oleh panelis
dan memiliki kadar air 54,47%; abu 1,59%bk; lemak 5,77%bk; protein 1,82%bk; karbohidrat
36,36%bk; serta menunjukkan aktivitas inhibisi a-amilase sebesar 46,39%.

Kata kunci: alginat; a-amilase; patin; proksimat; sensori
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INTRODUCTION

Kulit buah naga merah (Hylocereus polyrhizus)
yang menyusun 30-35% total berat buah naga
belum dimanfaatkan secara optimal. Pemanfaatan
ekstrak kulit buah naga sebagai bahan pembuatan
permen jeli dapat memberikan nilai tambah pada
limbah konsumsi buah naga, yaitu sebagai sumber
pewarna merah alami, agen pembentuk gel dengan
kandungan pektin bermetoksil tinggi (Muhammad
et al., 2014), dan sumber serat pangan (Huang et
al.,, 2021). Kulit buah naga merah juga
mengandung beragam senyawa bioaktif, seperti
flavonoid, fenolik, terpenoid, alkaloid, dan tanin
(Panjaitan & Novitasari, 2021) dan ekstraknya
menunjukkan aktivitas antioksidan yang lebih
tinggi dibandingkan daging buahnya secara in vitro
(Budilaksono, 2014). Selain menunjukkan aktivitas
antioksidan yang tinggi, ekstrak kulit buah naga
juga menunjukkan aktivitas antidiabetes yang baik
yang terbukti pada penelitian pemberian ektstrak
etanol kulit buah naga merah pada tikus penderita
diabetes mellitus tipe 2 (DM-2) sebanyak 0,4 mg/g
berat badan dapat menurunkan kadar gula darah
(Panjaitan & Novitasari, 2021).

Ikan air tawar, seperti ikan patin (Pangasius sp.)
mengandung asam lemak esensial tak jenuh, seperti
asam lemak omega 3 (EPA dan DHA) yang
penting bagi kesehatan mata, otak, dan
perkembangan sistem imunitas (Sugata et al.,
2019). Kandungan asam lemak tak jenuh tunggal
(MUFA) dalam minyak ikan patin hibrid memiliki
aktivitas  hipoglikemik dengan meningkatkan
sensitivitas insulin, aktivasi AMPK, translokasi
GLUT4, dan menekan ekspresi protein pro-
inflamasi sitokin (Keapai et al., 2016). Asam lemak
tak jenuh memiliki ikatan rangkap yang mudah
teroksidasi sehingga mudah terputus menjadi jenuh
dan radikal yang ditandai dengan penurunan mutu
minyak dan timbulnya aroma amis. Proses
enkapsulasi minyak ikan dapat memberikan
perlindungan terhadap asam lemak tak jenuh
sehingga mencegah terjadinya oksidasi dan mampu
meningkatkan  mutu  minyak ikan  ketika
diaplikasikan dalam permen jeli (Idrus et al., 2013).

Permen jeli menjadi produk yang disukai hampir
seluruh golongan usia dengan komposisi yang
umum didominasi oleh gula sederhana. Inovasi

permen jeli dengan kulit buah naga yang diteliti
oleh Yuwidasari et al. (2019) juga mengandung 60-
80% sukrosa. Hal ini menyebabkan konsumsi
permen jeli mudah meningkatkan kadar gula darah
sehingga perlu dihindari oleh penderita diabetes
mellitus tipe-2 (DM-2). Sementara itu, DM-2 telah
menjadi penyebab kematian urutan ke-7 di dunia
dan angka penderita DM-2 di Indonesia mencapai
10,3 juta penduduk yang menyebabkan Indonesia
menempati peringkat ke-6 negara penderita DM-2
tertinggi pada tahun 2017 (Hestiana, 2017).
Permasalahan tersebut membutuhkan penanganan
khusus untuk mengurangi peningkatan angka
penderita DM-2 melalui formulasi pangan
fungsional, seperti permen jeli rendah gula yang
mengandung bahan pangan dengan potensi
antihiperglikemia.

Penelitian  ini  bertujuan  untuk  membuat
enkapsulasi minyak ikan patin, menentukan
formulasi permen jeli rendah gula dengan
kandungan ekstrak kulit buah naga dan enkapsulasi
minyak ikan patin, serta menganalisis kualitas
sensori, warna, kandungan proksimat, dan aktivitas
antihiperglikemia. Uji penghambatan enzim a-
amilase digunakan sebagai model uji aktivitas
antihiperglikemia secara in vitro.

BAHAN DAN METODE

Bahan dan Alat. Bahan utama dalam penelitian ini
adalah ikan patin dan buah naga yang dibeli dari
pasar dan supermarket di daerah Tangerang. Bahan
kimia teknis food grade yang digunakan adalah
polioksietilen-20-sorbitan monolaurat (Tween 20),
sorbitan monooleate (Span 80), natrium alginat,
kalsium Klorida, dan pektin. Reagen kimia
analytical grade diperoleh dari distributor Merck,
seperti n-heksana, asam sulfat, natrium hidroksida,
asam borat, dan asam klorida. Peralatan utama
dalam penelitian ini adalah kolorimeter (Biobase
NH310), blender (Miyako), oven (Denpoo DEO-
18T), kompor (Rinnai), inkubator (Memmert),
tanur (Carbolite Gero), perangkat Kjeldahl (Behr),
perangkat Soxhlet (lwaki), dan spektrofotometer
UV-Vis (Shimadzu). Penelitian dilakukan secara
bauran, yaitu di Lab Pangan Molekuler, Fakultas
Teknobiologi, Universitas Katolik Indonesia Atma
Jaya dan di rumah.
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Ekstraksi Kulit Buah Naga. Pembuatan ekstrak
kulit buah naga mengacu pada metode Yuwidasari
et al. (2019). Kulit buah naga disortasi, dicuci
dengan air mengalir, lalu ditimbang. Kemudian
kulit buah naga dihancurkan dengan blender dan
ditambahkan air mineral dengan perbandingan
bobot kulit buah naga : air = 1 : 2. Hasil blender
disaring dengan saringan 100 mesh (0,147 mm)
sehingga diperoleh ekstrak kulit buah naga halus.

Ekstraksi Minyak lkan Patin. Minyak ikan patin
diekstraksi dengan metode dry rendering agar
kualitas asam lemak tak jenuh tetap terjaga dan
rendemennya lebih tinggi dibandingkan wet
rendering (Eka et al., 2016). Metode ekstraksi
minyak ikan mengikuti metode Rozi et al. (2019).
Ikan patin dibersihkan dan dipotong menjadi 4
bagian. Daging ikan patin dipotong menjadi
potongan dadu kecil dengan ukuran * 2 cm.
Potongan  kecil ikan  patin  dihancurkan
menggunakan blender dengan kecepatan medium
selama 3 menit untuk menghasilkan bubur ikan
patin. Bubur ikan patin dipanaskan dalam oven
pada suhu 100 °C selama 30 menit. Minyak hasil
pemanasan diperas dengan kain kasa dan dihitung
persentase rendemennya dengan rumus pada
persamaan 1.

Bobot minyak kasar (g)
0, =
Rendemen (/0) Bobotikan (g)

x 100% (1)

Enkapsulasi  Minyak lkan Patin. Metode
enkapsulasi mengacu pada Dewandari et al. (2018).
Minyak ikan dicampurkan 5% v/v Tween 20 lalu
diblender hingga homogen. Campuran minyak ikan
dengan Tween 20 dituang ke larutan Span 80 (5%
v/v) dengan perbandingan bobot campuran tersebut
dan Span 80 1:1 b/b lalu diblender sehingga
menghasilkan emulsi. Emulsi dicampurkan dengan
larutan Na-alginat 1% b/v dengan perbandingan
volume emulsi : Na-alginat = 1:2 lalu diaduk
hingga homogen. Campuran tersebut diteteskan ke
larutan kalsium klorida 100 mM dengan pipet tetes.
Butiran enkapsulasi yang terbentuk disaring dan
dibilas dengan air mineral.

Formulasi Permen Jeli. Bahan utama yang
digunakan dalam formulasi permen jeli adalah
campuran ekstrak kulit buah naga dan butiran
enkapsulasi minyak ikan patin sebanyak 25% dari

bobot total seluruh bahan permen jeli. Perlakuan
formulasi terletak pada perbedaan rasio kedua
bahan utama (Tabel 1). Bahan lainnya dalam
formulasi permen jeli adalah pektin 2%; xylitol
30%; asam sitrat 1%; perisa 0,1%, dan air 50% b/v
(Yuwidasari et al., 2019). Xylitol dan pektin
dicampurkan dan dipanaskan dalam 250 g air
selama 10 menit pada suhu 80 °C menggunakan
kompor. Larutan diaduk selama 5 menit agar
seluruh bahan tercampur merata. Setelah itu asam
sitrat dan perisa ditambahkan sesuai formulasi
ketika pemanasan masih berlangsung. Adonan
dicetak dan didinginkan pada suhu ruang selama 1
jam lalu disimpan pada suhu £ 5 °C di dalam
kulkas selama 1-2 jam untuk memperkuat tekstur.

Tabel 1. Komposisi minyak ikan dan ekstrak kulit
buah naga dalam permen jeli 500 g

Formulasi F1L F2 F3 F4 F5 F6

Ekstrak kulit 0 125 31,25 625 93,75 0
buah naga (g)

Butiran minyak 0 0 93,75 62,5 3125 125
ikan (g)

Rasio kulit buah - - 31 11 1:3
: butiran minyak

Pengujian Sensori dengan Metode Uji Hedonik.
Uji hedonik (Eka et al., 2016) menggunakan 30
orang panelis tidak terlatih, yaitu mahasiswa
Fakultas Teknobiologi, Universitas Katolik
Indonesia Atma Jaya. Setiap panelis diberikan 3
buah permen jeli untuk masing-masing formulasi.
Tingkat kesukaan konsumen terhadap 6 formulasi
permen jeli diukur berdasarkan atribut warna, rasa,
tekstur, aroma, dan keseluruhan permen jeli. Skor
penilaian yang digunakan adalah 1 (amat sangat
tidak suka) hingga 9 (amat sangat suka). Pengujian
sensori dilakukan dengan mengirim sampel permen
jeli ke rumah panelis. Pengisian form kesediaan
panelis (https://tinyurl.com/Formkesediaanpanelis)
dan kuesioner penilaian permen jeli dilakukan
menggunakan Google Form
(https:/ftinyurl.com/borangujihedonik).

Pengujian Warna dengan Metode Kolorimetri.
Warna sampel diuji dengan alat kolorimeter.
Sampel dimasukkan ke dalam wadah, kemudian
color reader ditempelkan pada permukaan sampel
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(Wibawanti & Rinawidiastuti, 2018). Nilai yang
dihasilkan adalah lightness (L*), redness (a*), dan
yellowness (b*). Lightness (L*) merupakan tingkat
kecerahan warna yang nilainya berkisar antara 0
(hitam) hingga 100 (putih). Nilai redness (a*)
mengindikasikan kemerahan (+) hingga kehijauan
(-) pada sampel. Nilai yellowness (b*)
menunjukkan warna kekuningan (+) hingga
kebiruan (-).

Pengujian  Proksimat.  Pengujian  proksimat
dilakukan sebagai uji lanjut terhadap permen jeli
formulasi terbaik hasil uji sensori. Pengujian kadar
air secara gravimetri menggunakan oven pada suhu
105°C selama 5 jam. Pengujian kadar abu secara
gravimetri menggunakan tanur pada suhu 600°C
selama 6 jam. Pengujian kadar lemak
menggunakan  metode  Soxhlet,  sedangkan
pengujian kadar protein menggunakan metode
Kjeldahl (AOAC, 2007).

Analisis Aktivitas Penghambatan Enzim a-Amilase
secara In Vitro. Pengujian dilakukan menurut
metode Puspantari et al. (2020). Larutan sampel
sebanyak 125 pL dicampurkan dengan 125 pL
larutan a-amilase dari porcine pancreatic (1
unit/mL) lalu diinkubasi pada suhu 37 °C selama
10 menit. Larutan pati kentang 1% b/v sebanyak
125 plL ditambahkan dan diinkubasi kembali.
Pereaksi DNS 0,096 M sebanyak 500 pL
ditambahkan dan diinkubasi selama 5 menit.
Sebanyak 5 mL air demineral juga ditambahkan
dan diukur absorbansinya dengan spektrofotometer
UV-Vis pada 540 nm. Kontrol A dibuat dengan
125 pL buffer untuk menggantikan sampel. Kontrol
B disiapkan tanpa penambahan enzim a-amilase.
Blangko disiapkan tanpa penambahan sampel dan
enzim. Kontrol positif menggunakan akarbosa 1
mg/mL yang dilarutkan dalam 100 mL HCI 2 N.
Persentase penghambatan a-amilase ditentukan
dengan perhitungan pada persamaan 2:

% penghambatan
_ Absorbansi {(kontool A - blangke]) - Absorbansi {zampsl - kontool B)
- Absorbansi (kontrol A - blansko)

x 100% (2)

Analisis Data. Percobaan dilakukan sebanyak dua
kali pengulangan. Analisis warna dilakukan
sebanya tiga kali dan analisis proksimat serta uji

aktivitas inhibisi a-amilase dilakukan masing-
masing sebanyak dua Kkali. Analisis statistik
dilakukan terhadap uji warna dan uji hedonik
dengan IBM SPSS 25 pada taraf kepercayaan 95%.
Uji sebaran data menggunakan uji Shapiro Wilk.
Data uji warna berdistribusi normal sehingga
dilakukan analisis varians (ANOVA) satu arah dan
uji lanjut Duncan’s Multiple Range Test. Data uji
hedonik tidak berdistribusi secara normal dan
dilakukan analisis non-parametrik Kruskal Wallis
dan uji lanjut Mann Whitney.

HASIL DAN PEMBAHASAN

Ekstrak kulit buah naga. Kulit buah naga yang
digunakan dalam penelitian ini menyusun sebesar
36,86% b/b dari bobot total buah naga. Ekstrak
kulit buah naga yang dihasilkan adalah sebanyak
73,71% b/b dari total bobot buah naga. Ekstrak
yang diperoleh lebih tinggi dibandingkan bobot
kulit buah naga yang diekstraksi karena adanya
penambahan air dengan komposisi bobot kulit buah
naga : air = 1 : 2 b/b. Kulit buah naga dapat
terekstraksi dengan baik menggunakan air dan
masih menunjukkan warna merah keunguan yang
diduga merupakan komponen pigmen larut air,
seperti betalain dan antosianin (Sharma et al.,
2021). Kulit buah naga merah mengandung
betasianin (15 mg/g) dan total fenolik (36 mg asam
galat ekivalen/g) yang lebih tinggi dibandingkan
daging buahnya serta kandungan antosianin (135
mg sianidin Kklorida ekivalen/g) yang lebih rendah
dibandingkan daging buahnya (Huang et al., 2021).
Senyawa betalain merupakan pigmen alami pada
kulit buah naga merah yang umum digunakan pada
produk pangan. Betalain terdiri atas betasianin
yang menghasilkan warna merah keunguan serta
betaxanthin yang menghasilkan warna kuning
jingga (Sharma et al., 2021). Betalain tergolong
alkaloid yang merupakan konjugat imonium dari
asam betalamat dengan siklo-dopa dan gugus
amino (asam amino, amina, dan turunannya) yang
bersifat stabil pada pH 4-6, baik dalam keadaan
aerob maupun anaerob (Priatni & Pradita, 2015).
Kandungan betasianin pada kulit buah naga merah
bermanfaat sebagai antioksidan, menurunkan kadar
gula darah, dan mencegah akumulasi lipid serta
penyakit kardiovaskular (Huang et al., 2021).
Potensi  efek antidiabetes dari  betasianin
berkorelasi kuat dengan interaksi betasianin-pati
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dan betasianin-amilase (Huang et al.,, 2021).
Senyawa antosianin tergolong flavonoid yang
bersifat polar dan dapat turut berperan sebagai agen
antihiperglikemia (Budilaksono, 2014).

Ekstrak Minyak lkan Patin. Minyak ikan patin
dapat terekstraksi melalui metode dry rendering
pada suhu 100 °C dengan produk beraroma amis,
rasa pahit, dan warna jernih. Rendemen minyak
ikan kasar yang diperoleh sebesar 9,2% (Tabel 2).
Aroma amis pada minyak ikan merupakan hasil
oksidasi asam lemak tak jenuh (Idrus et al., 2013).
Rasa pahit pada minyak ikan dapat terbentuk
selama pemanasan akibat degradasi protein ikan
dan oksidasi asam amino metionin dari peptida
ikan yang akhirnya menghasilkan senyawa peptida
siklik (Stamenkovic et al., 2019). Metode dry
rendering dipilih karena dapat meningkatkan
rendemen dan kualitas minyak ikan dibandingkan
dengan wet rendering. Hal ini disebabkan dry
rendering tidak menggunakan air sebagai pelarut,
melainkan mengeluarkan air dari proses pemanasan
dengan oven sehingga kandungan lemak pada
daging ikan patin dapat terekstraksi secara optimal
(Eka et al., 2016). Menurut Andinata (2013),
minyak ikan patin hasil dry rendering juga
memiliki angka asam lemak bebas dan peroksida
yang rendah serta angka penyabunan dan bilangan
iod yang lebih tinggi dibandingkan wet rendering.
Semakin kecil angka peroksida, kualitas minyak
semakin  baik, sedangkan  bilangan iod
mengindikasikan keberadaan asam lemak tak jenuh
(Andinata, 2013). Asam lemak tak jenuh berpotensi
dalam mekanisme antidiabetes (Zheng et al., 2016).
Walaupun demikian, pemilihan suhu pada dry
rendering dapat mempengaruhi rendemen minyak
ikan. Ekstraksi minyak ikan patin siam secara dry
rendering akan menghasilkan rendemen tertinggi
pada suhu 70°C dan menurun seiring peningkatan
suhu (Kamini et al., 2016).

Butiran  Enkapsulasi Minyak lkan Patin.
Enkapsulasi pada penelitian ini terbentuk akibat
terjadinya interaksi ionik antara gugus karboksil
bermuatan negatif pada natrium alginat dengan
kation divalen pada kalsium yang membentuk
ikatan silang antar molekul (Dewandari et al.,
2018). Tween dan Span berperan sebagai
emulgator dalam pembentukan butiran enkapsulasi.
Keduanya memiliki gugus non-polar yang

berikatan dengan gugus non-polar minyak ikan
serta gugus polar yang berikatan dengan gugus
polar air sehingga terbentuk campuran yang
homogen (Syaputri & Patricia, 2019). Butiran
enkapsulasi yang diperoleh sebanyak 380 g dari
250 g minyak ikan dan berukuran 2-3 mm.
Tahapan pembuatan enkapsulasi hanya dilakukan
sekali dalam 1 batch. Pembuatan permen jeli
dilakukan  sebanyak 2 kali  pengulangan
menggunakan butiran enkapsulasi dari batch yang
sama. Hal ini bertujuan untuk meminimalkan
perbedaan atau variasi bahan yang dapat
berkontribusi terhadap karakteristik sensori permen
jeli. Berdasarkan penilaian sensori secara subjektif
oleh peneliti terhadap hasil enkapsulasi, butiran
enkapsulasi memiliki tekstur kenyal dan tidak
memiliki bau amis, tetapi terdapat rasa pahit (data
tidak ditunjukkan). Hal tersebut juga dikuatkan
dengan profil sensori permen jeli F3-F6 yang
mengandung butiran enkapsulasi minyak ikan
(Tabel 3 dan Tabel 4). Permen jeli F3 merupakan
permen yang paling disukai dari atribut aroma dan
permen jeli F3 dan F6 memiliki aroma yang lebih
disukai dibandingkan kontrol tanpa butiran
enkapsulasi (Tabel 4).

Tabel 2. Hasil ekstraksi minyak ikan patin

No. Tahapan ekstraksi Bobot
1. Ikan patin awal 2754 g
2. Potongan kecil ikan patin 2729 ¢
3. Bubur ikan patin sebelum pemanasan 2664 g
4. Bubur ikan patin setelah pemanasan 2648 g
5. Minyak kasar ikan patin 2459

Penelitian yang dilakukan ini tidak menguji
karakteristik ~ struktur ~dan  fungsi  butiran
enkapsulasi yang terbentuk, khususnya terhadap
kerusakan oksidatif minyak ikan. Hal ini
disebabkan enkapsulasi dengan alginat sudah
umum dilakukan dan fungsi proteksi terhadap
kerusakan oksidatif minyak ikan sudah dibuktikan
pada penelitian Idrus et al. (2013). Enkapsulasi
dengan alginat efektif menutupi bau amis dan
memberikan  perlindungan  dalam  mencegah
oksidasi minyak ikan (ldrus et al., 2013), namun
tidak mampu menutupi rasa pahit. Rasa pahit
tersebut dapat terbawa dari hasil ekstraksi minyak
ikan patin yang sudah dijelaskan sebelumnya.
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Enkapsulasi dengan alginat memiliki kemampuan
rendah untuk menyamarkan persepsi rasa pahit,
seperti halnya pada produk mikroenkapsulasi
sampel ekstrak fenolik daun zaitun menggunakan
alginat/pektin yang diteliti oleh Flamminii et al.
(2020).

Profil Tekstur, Aroma, dan Warna Permen Jeli.
Seluruh formulasi permen jeli dapat tercetak
sempurna, bertekstur kenyal, tidak berminyak, dan
beraroma tidak amis, tetapi terdapat perbedaan
warna antarformulasi yang dapat dilihat pada Tabel
3. Kekenyalan tekstur diperoleh dari penambahan
pektin dengan konsentrasi yang sama di setiap
perlakuan dan ekstrak kulit buah naga dengan
konsentrasi yang bervariasi. Pektin dengan gugus
metoksil tinggi berperan sebagai gelling agent
sehingga menghasilkan tekstur elastis dan kenyal
pada permen jeli (Yuwidasari et al., 2019). Aroma
yang tidak amis pada permen jeli menunjukkan
bahwa hasil enkapsulasi minyak dapat menjaga
stabilitas komponen aktif minyak ikan dan
memberikan  perlindungan terhadap oksidasi
selama proses pemanasan dalam pembuatan
permen jeli (Dewandari et al., 2018).

Tabel 3. Nilai rata-rata uji lightness (L*), redness
(a*), dan yellowness (b*)

Parameter F1 F2 F3 F4 F5 F6
Warna
L 43,73° 3828 3365° 31,85¢ 3342 28,03¢
cd
a 15,45 17,89 20,15 16,44 18,1* 16,142
b 5,95¢ 13,200 7,7 6,430 7,08 756>

Ket: Huruf yang sama pada baris yang sama menunjukkan
perbedaan yang tidak signifikan antarsampel (p>0.05). Kode
sampel: kontrol tanpa bahan aktif (F1), kontrol tanpa
enkapsulasi minyak (F2), rasio formulasi ekstrak kulit buah
naga : enkapsulasi minyak 3:1 (F3), 1:1 (F4), 1:3 (F5), dan
kontrol tanpa ekstrak kulit buah naga (F6).

Gambar 1 menunjukkan penampakan permen jeli
seluruh formulasi. Permen jeli kontrol F1, yaitu
tidak ditambahkan kedua bahan utama berupa
ekstrak kulit buah naga maupun butiran
enkapsulasi minyak ikan, memberikan warna
merah bening dan memiliki nilai kecerahan
tertinggi. Warna permen F2, F3, F4, F5
menunjukkan kemerahan yang mirip satu sama

lain. Warna permen F6 agak kecoklatan dengan
adanya penambahan butiran minyak ikan yang
terbanyak. Ekstrak kulit buah naga memiliki warna
merah terang dan butiran enkapsulasi minyak ikan
berwarna putih kekuningan. Penambahan kedua
bahan utama akan menurunkan nilai kecerahan
permen. Butiran enkapsulasi minyak juga memiliki
warna agak gelap sehingga semakin banyak butiran
enkapsulasi yang ditambahkan akan semakin
menurunkan nilai kecerahan permen jeli. Tingkat
kemerahan  permen tidak berbeda nyata
antarformulasi, namun penambahan ekstrak kulit
buah naga dapat meningkatkan intensitas warna
kekuningan, khususnya pada kontrol F2 dan
sampel F3. Penambahan butiran enkapsulasi
minyak akan mengurangi intensitas warna kuning
dari ekstrak kulit buah naga pada sampel F3, F4,
dan F5 sehingga menyamai kontrol tanpa kedua
bahan utama (F1).

F6

Gambar 1. Permen jeli dengan berbagai perlakuan,
yaitu (F1) kontrol tanpa ekstrak kulit buah naga
dan enkapsulasi minyak ikan, (F2) kontrol tanpa

enkapsulasi minyak ikan, sampel dengan rasio
ekstrak kulit buah naga dan enkapsulasi minyak
ikan (F3) 3:1, (F4) 1:1, (F5) 1:3, dan (F6) kontrol
tanpa ekstrak kulit buah naga

Senyawa betasianin pada buah naga stabil pada
suhu di bawah 40 °C dan pH 4-6, sedangkan
larutan permen jeli memiliki pH sekitar 4 dan
dipanaskan pada suhu 80°C. Kondisi pH asam (3-
4) dapat mengubah struktur betasianin melalui
reaksi dehidrogenasi dan dekarboksilasi sehingga
menurunkan intensitas warna merah (Gengatharan
et al., 2017). Proses pemanasan pada suhu tinggi
(di atas 65 °C) juga dapat mendegradasi senyawa
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betasianin  melalui proses isomerisasi dan
dekarboksilasi yang  berangsur-angsur  akan
menghasilkan warna akhir cokelat muda (Priatni &
Pradita, 2015). Selain itu, pemanasan permen dapat
menyebabkan terjadinya reaksi Maillard antara
komponen gula alami dan asam amino dalam
ekstrak kulit buah naga sehingga meningkatkan
intensitas warna kuning dan mempengaruhi warna
akhir permen (Asra et al., 2019). Wong dan Siow
(2015) menyarankan penambahan asam askorbat
0.25%, menjaga pH 4, dan pasteurisasi pada suhu
65 °C selama 30 menit untuk menjaga stabilitas
betasianin pada produk jus buah naga merah.

Tabel 4. Skor rerata kesukaan panelis pada keenam
formulasi permen jeli

Atribut F1 F2 F3 F4 F5 F6
Kenampakan 4.57 4.87 7.23" 7.03" 6.8° 6.77"
Aroma 527 550 7.00" 58 527 653"
Rasa 567 577 550 497 403 513
Tekstur 490 557 523 503 383 433
Keseluruhan 550 573 577 550 490 5.50
* (p<0,05) menunjukkan perbedaan nyata antara sampel dengan
kontrol F1 pada setiap baris Kode sampel: kontrol tanpa bahan
aktif (F1), kontrol tanpa enkapsulasi minyak (F2), rasio
formulasi ekstrak kulit buah naga : enkapsulasi minyak 3:1
(F3), 1:1 (F4), 1:3 (F5), dan kontrol tanpa ekstrak kulit buah
naga (F6).

Tingkat Kesukaan Permen Jeli. Skor rerata hasil uji
sensori ditampilkan pada Tabel 4. Sampel F3
paling disukai oleh panelis berdasarkan atribut
kenampakan (7.23) dan aroma (7.00). Tingkat
kesukaan panelis terhadap atribut rasa, tekstur, dan
keseluruhan permen tidak menunjukkan perbedaan
yang signifikan antara masing-masing sampel
dengan kontrol F1. Permen F3 mengandung
18,75% ekstrak kulit buah naga dan 6,25% butiran
enkapsulasi minyak ikan (rasio 3:1) yang secara
visual menunjukkan warna merah terang (Gambar
1). Hal ini disebabkan oleh pigmen betasianin dan
antosianin yang dimiliki oleh ekstrak kulit buah
naga (Asra et al., 2019; Rista et al, 2018). Bila
dibandingkan dengan F2 yang hanya mengandung
ekstrak kulit buah naga, F3 memiliki nilai
kecerahan dan intensitas warna kuning yang lebih
rendah (Tabel 3). Oleh karena itu, penambahan
butiran  enkapsulasi  minyak ikan  dapat
menyeimbangkan nilai kecerahan dan intensitas

kekuningan permen sehingga kenampakannya
menjadi lebih disukai oleh panelis.

Aroma permen jeli F3 juga paling digemari sengan
skor 7.00 (suka) dan berbeda nyata dibandingkan
kontrol F1, demikian halnya dengan permen F6
yang hanya mengandung enkapsulasi minyak ikan.
Hal ini membuktikan bahwa penambahan
enkapsulasi minyak ikan dalam permen jeli tidak
menghasilkan aroma amis yang mengganggu
panelis (Zhang et al., 2016), bahkan dapat
meningkatkan skor kesukaan panelis terhadap
aroma permen. Walaupun demikian, sampel F4 dan
F5 yang juga mengandung enkapsulasi minyak
ikan memiliki aroma yang sama-sama disukai
seperti kontrol F1. Penambahan ekstrak kulit buah
naga dapat meningkatkan kesukaan panelis
terhadap aroma. Hal ini ditunjukkan oleh F3 yang
mengandung proporsi ekstrak kulit buah naga
tertinggi dibandingkan F4 dan F5. Aroma dan rasa
khas dari ekstrak kulit buah naga disebabkan oleh
kandungan senyawa alami, seperti fenolik,
alkaloid, terpenoid, flavonoid, tiamin, niasin,
piridoksin, kobalamin, fenolik, karoten, dan
fitoalbumin. Senyawa tersebut dapat merangsang
indera pengecap dan penciuman sehingga mampu
meningkatkan kesukaan panelis terhadap produk
formulasi yang mengandung eksrak kulit buah naga
merah (Rista et al., 2018).

Komposisi bahan lain dalam formulasi permen jeli
sama pada seluruh formulasi sehingga tidak
terdapat perbedaan yang nyata pada tingkat
kesukaan panelis terhadap rasa, tekstur, dan
keseluruhan permen jeli. Rasa asam berasal dari
asam sitrat dan manis dari xylitol. Xylitol berperan
sebagai pengganti gula dengan tingkat kemanisan
1,0-1,2 kali lebih tinggi dan kandungan kalori yang
lebih rendah dibandingkan sukrosa. Indeks
Glikemik (1G) yang dimiliki xylitol adalah 7, lebih
rendah dibandingkan sukrosa dengan IG 60-70
sehingga permen jeli rendah gula ini aman
dikonsumsi oleh penderita DM-2 (Mahyati, 2017).

Kesukaan panelis terhadap tekstur permen jeli tidak
terpengaruh secara signifikan dengan variasi
penambahan ekstrak kulit buah naga. Kandungan
pektin alami dalam ekstrak kasar kulit buah naga
cukup kecil untuk dapat mempengaruhi tekstur
permen. Keterbatasan dalam penelitian ini adalah
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tidak mengukur kadar pektin yang terkandung
dalam ekstrak kulit buah naga. Ekstrak kulit buah
naga yang mengandung 11% pektin dapat
berkontribusi terhadap peningkatan nilai tekstur
permen jeli (Yuwidasari et al.,, 2019). Pektin
tergolong polisakarida yang mampu membentuk
ikatan hidrogen dan ikatan silang antarmolekul
yang memerangkap air sebanyak 8 — 12% air pada
kondisi setimbang (Rista et al., 2018). Pektin juga
mampu menghambat Kristalisasi gula, mengubah
cairan menjadi padatan yang elastis, dan
memperbaiki bentuk, serta tekstur permen yang
dihasilkan (Yuwidasari et al., 2019). Dengan
demikian, permen F3 dipilih sebagai formulasi
terbaik berdasarkan hasil uji sensori sehingga
sampel tersebut diuji terhadap kandungan
proksimat dan aktivitas antidiabetes menggunakan
model pengahambatan enzim a-amilase secara in
vitro.

Kandungan nutrisi permen jeli. Tabel 5
menunjukkan hasil pengujian proksimat terhadap
permen jeli F3 yang dibandingkan dengan data SNI
dan informasi nilai gizi pada tabel nutrisi permen
jeli komersial. Permen jeli F3 memiliki kadar abu
1,59% £ 0,21 bk sehingga telah memenuhi SNI
3547.02-2008, yaitu maksimal 3%, namun kadar
airnya 54,47% + 1,19 atau lebih tinggi
dibandingkan SNI. Hal ini dapat disebabkan oleh
proses pemasakan permen jeli yang dilakukan pada
suhu rendah, yaitu 80 °C, yang dilakukan untuk
mempertahankan kandungan senyawa betasianin
yang dapat berperan sebagai senyawa antioksidan
dan antidiabetes (Sharma et al., 2021). Kadar air
yang tinggi dapat menyebabkan permen jeli
memiliki umur simpan yang lebih rendah (Asra et
al., 2019). Hal ini dapat diatasi pada penelitian
selanjutnya dengan cara mengurangi komposisi air
dalam formulasi permen jeli dan menentukan suhu
pemanasan yang optimal.

Permen jeli F3 juga memiliki kadar lemak sebesar
5,33% = 0,59 bk, lebih tinggi dibandingkan kadar
lemak permen komersial. Hal ini wajar karena
permen jeli F3 mendapat penambahan 6.25%
butiran enkapsulasi minyak ikan. Kadar lemak
yang lebih tinggi berpotensi memberikan manfaat
fungsional karena minyak ikan patin dilaporkan
mengandung asam lemak tak jenuh sebesar 12,22%
b/b PUFA dan 33,94% b/b MUFA (Suseno et al.,

2020) yang dapat berkontribusi terhadap aktivitas
antihiperglikemia (Zheng et al., 2016). Kadar
protein permen jeli F3, yaitu 1,82% + 1,29, hampir
setara dengan permen komersial, yaitu 1 %. Kadar
karbohidrat permen jeli F3, yaitu 36,36% + 1,49,
lebih tinggi dibandingkan permen komersial. Hal
ini dapat disebabkan oleh kandungan serat pangan
dari ekstrak kulit buah naga. Kulit buah naga
mengandung serat pangan yang terdiri atas serat
pangan terlarut sebesar 14,82% dan serat pangan
tidak larut sebesar 56,50% (Puspita et al., 2016).
Oleh sebab itu, permen jeli F3 dengan komposisi
6,25% butiran minyak ikan dan 18,75% ekstrak
kulit buah naga lebih bernutrisi dibandingkan
permen jeli komersial karena memiliki kadar lemak
dan serat yang tinggi.

Tabel 5. Kandungan nutrisi permen jeli

Komposisi Permen F3 Permen Jeli Komersial
Proksimat (Hasil Pengujian) (SNI atau Tabel Nutrisi)
Kadar abu 1,59%+ 0,21 Maks. 3% (SNI 3547.02-2008)
(%bk)
Kadar air (%) 54,47 % £ 1,19 Maks. 20% (SNI 3547.02-2008)
Kadar lemak 5,33 % £ 0,59 0% (Marine Gummy)
(%bk)
Kadar protein 1,82 % + 1,29 1% (Marine Gummy)
(%bk)
Kadar 36,36 % + 1,49 3% (Marine Gummy)
karbohidrat
(%bk)

Aktivitas penghambatan terhadap enzim o-amilase.
Permen jeli F3 memberikan efek antihiperglikemia
dengan nilai penghambatan terhadap enzim o-
amilase  sebesar 46,39% + 4,43. Nilai
penghambatan ini lebih tinggi dibandingkan
aktivitas penghambatan in vitro oleh kulit buah
jenis lain, seperti ekstrak kulit jeruk dengan
aktivitas penghambatan sebesar 34,2% (Setyabudi
et al, 2015), namun tetap lebih rendah
dibandingkan akarbosa yang mencapai 97,29%
(Sari, 2015). Akarbosa merupakan senyawa
inhibitor a-amilase dan a-glukosida hidrolase yang
digunakan sebagai obat penurun kadar gula darah
serta sering menyebabkan efek samping, seperti
mual, kembung, dan diare. Efek samping tersebut
muncul karena banyaknya polisakarida yang tidak
tercerna sehingga difermentasi oleh mikrob di usus
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besar dan menghasilkan gas yang tinggi. Aktivitas
penghambatan a-amilase yang tidak terlalu kuat
pada permen jeli F3 menyebabkan permen tersebut
berpotensi menjadi pangan fungsional yang dapat
mencegah hiperglikemia sebagai gejala awal
penyakit DM-2 dengan efek samping yang lebih
minimal  serta dapat dikonsumsi  secara
menyenangkan.

Penelitian ini memiliki kelemahan, yaitu tidak
menganalisis aktivitas penghambatan o-amilase
terhadap kontrol F1 dan antarperlakuan serta hanya

membandingkan dengan literatur yang
menggunakan metode serupa sehingga tidak dapat
diketahui perbandingan hasil tersebut

antarperlakuan dan tidak dapat ditentukan rasio
mana yang memberikan aktivitas penghambatan o-
amilase terbaik. Enzim a-amilase berperan dalam
hidrolisis karbohidrat menjadi gula sederhana
sehingga penghambatan terhadap enzim tersebut
dapat menjadi model penghambatan peningkatan
kadar glukosa darah secara in vitro. Aktivitas
penghambatan diuji dengan spektrofotometer UV-
Vis untuk mengukur absorbansi warna kuning yang
dihasilkan oleh reaksi asam 2,3-dinitrosalisilat
(DNS) dengan gula sederhana. Semakin tinggi
kadar pati yang terhidrolisis menjadi gula
sederhana, warna kuning yang dihasilkan akan
semakin pekat. Sebaliknya, apabila hidrolisis pati
menjadi gula sederhana terhambat, absorbansi
warna kuning menjadi lebih rendah (Agustinah et
al., 2016). Penelitian ini dapat dilanjutkan dengan
uji antihiperglikemia secara in vivo.

KESIMPULAN

Enkapsulasi minyak ikan patin menggunakan
alginat dengan metode gelasi ionik mampu
menutupi aroma amis minyak ikan. Enkapsulasi
tersebut juga dapat menyatu dengan bahan lain
dalam pembuatan permen jeli rendah gula. Seluruh
formulasi permen jeli dapat tercetak sempurna,
bertekstur kenyal, dan tidak amis. Permen jeli F3
dengan komposisi 18,75% ekstrak kulit buah naga
dan 6,25% butiran enkapsulasi minyak ikan paling
disukai oleh panelis pada atribut kenampakan (skor
7,23) dan aroma (7,00). Penambahan ekstrak kulit
buah naga merah dapat meningkatkan intensitas
warna kekuningan, sedangkan penambahan butiran
enkapsulasi minyak ikan dapat menurunkan nilai

kecerahan permen jeli. Permen jeli F3 tersebut
memiliki kadar air 54,47%; abu 1,59%bk; lemak
5,77%bk; protein 1,82%bk; dan karbohidrat
36,36%bk serta menunjukkan aktivitas
penghambatan enzim a-amilase sebesar 46,39%
sebagai model uji antihiperglikemia secara in vitro.
Penelitian selanjutnya dapat dilakukan untuk
mengonfirmasi aktivitas antihiperglikemia secara
in vitro dan in vivo.
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ABSTRACT

This research aimed to develop and validate a reversed phase-high performance liquid
chromatography method to determine phenolic compounds in dried flowers extract
simultaneously. The research was divided into two parts: (1) optimization of the separation
condition employing a Box Behnken design, and (2) validation test including assessment for the
precision, accuracy, and method applicability of a High-Performance Liquid Chromatography
(HPLC) coupled with Diode Array Detector (DAD). The studied factors for the optimization of
the separation condition were flow rate (0.8—1.2 ml min™), percentage of the mobile phase at the
beginning (0—20% phase B), and end (70—-100% phase B) of the gradient program. It was
statistically evinced that the chromatographic resolutions (Rs>1.0) indicated acceptable separation
for protocatechuic acid, p-hydroxybenzoic acid, protocatechuic aldehyde, vanillic acid, p-
coumaric acid, and ferulic acid. A fast separation method (8.00 min) was achieved by applying the
optimum condition of a flow rate of 1 mL min, mobile phase composition of 20% acidified
methanol at the beginning, and 100% acidified methanol at the end of the gradient program. The
validation was then performed for the developed method assuring high precision and accuracy.
Additionally, the HPLC-DAD method was successfully applied to determine the phenolic
compounds in three dried flower extracts revealing that the method was reliable for routine
analyses.

Keywords: bnox-behnken design; edible flowers; method applicability; method validation
ABSTRAK

Penelitian ini bertujuan untuk mengembangkan dan validasi metode kromatografi cair
kinerja tinggi untuk mengidentifikasi komponen fenolik pada ekstrak bunga kering secara
bersamaan. Penelitian dibagi menjadi 2 bagian: (1) optimasi kondisi pemisahan menggunakan
metode desain Box Behnken, dan (2) uji validasi yang meliputi pengujian presisi, akurasi, dan
aplikabilitas metode pada Kromatografi Cair Kinerja Tinggi (HPLC) yang dilengkapi dengan
detektor Diode Array (DAD). Faktor yang dianalisis untuk optimasi kondisi pemisahan adalah laju
aliran (0.8-1.2 ml min1), persentase fase gerak pada awal (0-20% fase B), dan pada akhir (70-
100% fase B) program gradien. Dibuktikan secara statistik bahwa resolusi kromatografi (Rs>1.0)
mengindikasikan pemisahan yang baik untuk asam protokatecuat, asam p-hidroksi benzoat,
aldehid protokatecuat, asam vanilat, asam p-kumarat, dan asam ferulat. Metode separasi yang
cepat (8.00 min) didapatkan dengan mengaplikasikan kondisi optimum dari laju aliran yaitu 1 mL
min-t, komposisi fase gerak 20% metanol ter-asidifikasi pada tahap awal, dan 100% metanol ter-
asidifikasi pada tahap akhir program gradient. Validasi dilakukan terhadap metode yang
dikembangkan untuk memastikan tingginya presisi dan akurasi. Metode HPLC-DAD berhasil
diaplikasikan untuk mengidentifikasi komponen fenolik dari tiga ekstrak bunga kering dan
membuktikan bahwa metode tersebut dapat digunakan untuk analisis rutin.

Kata kunci: aplikabilitas metode; bunga yang daat dimakan; desain box-behnken; validasi metode.
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INTRODUCTION

Edible flowers are a class of harmless flowers that
has gained attention in many sectors widely. It is
preferred as traditional cuisine, traditional
medicine, and primarily as ornaments. Edible
flowers could enhance the food flavor, color, and
aesthetic value. Consumption of flowers has started
in ancient Rome and Greece, and the trend has
recently increased [9]. In the recent market, edible
flowers are used as salad, soup, and tea from dried
ones [24]. Currently, the infusion has become the
most common way to utilize edible flowers since it
is a simple way to obtain the bioactive substance of
the flower. Moreover, edible flowers can be
transformed into sauces, jams, jelly, candy, wine,
and food preservatives [14]. [13] reported that 97
families, 100 genera, and 180 species of edible
flowers are used globally, and their demand is
exceptionally high. Some are dianthus, osmanthus,
chrysanthemum white, orange lily, calendula, and
peach blossom.

The aforementioned edible flowers are well-known
because they exhibit an excellent source of
bioactive compounds, such as phenolic, flavonoid,
anthocyanin, and alkaloid [6] [15]. The phenolic
compounds found in the edible flowers include
epicatechin, gallic acid, protocatechuic acid, and
catechin. The total phenolic compounds were also
relatively high [6][17]. The phenolic compounds of
edible flowers are attractive to explore due to
exhibit antioxidant power, whereas phenolic
compounds positively impact several chronic
diseases [5][24]. To obtain the advantage of edible
flowers, therefore, identifying and quantifying
phenolic compounds is necessary. The most
frequently used method for determining bioactive
compounds is liquid chromatography [5][11].

High-performance liquid chromatography (HPLC)
is a separation method for chemical compounds
and is the most commonly used method for the
analysis of phenolic compounds [2][8][9]. The
compound will be separated in the column
depending on their polarity. When using the
reverse phase column, the less polar compounds
will retain in the column for a longer time than the
more polar compounds, and hence, the more polar
compounds have a shorter retention time. HPLC is

a fast method to analyze compounds since it uses
high pressure to force the solvents through the
column [6].

Retention time is the amount of time a compound
spends on the column after being injected. If a
sample contains several compounds, each
compound will spend a different amount of time on
the column according to its chemical composition,
i.e., each will have a different retention time.
Retention times are usually quoted in units of
seconds or minutes [7]. Retention time is used to
measure the resolution, which measures how well
separated two peaks are from each other.
Resolution is defined as the difference in retention
time between the peaks divided by the widths of
the peaks [5]. Some factors such as gradient
program and flow rate could affect the resolution
and analysis time of the separation using HPLC

[8].

Usually, the interaction among the separation
factors may influence the resolution. The
chemometric approach can be applied to assist the
optimization of the chromatographic method by
evaluating the factors concurrently. In evaluating
the chromatographic parameters, factorial design is
more  worthwhile  than  the  single-factor
experimental [19]. Moreover, BBD is time efficient
since it offers fewer runs for three factors over
other factorial designs [7].

After developing an analytical method, validation
testing must be performed by checking the
linearity, detection and quantification limits,
precision, and accuracy [3]. In this study, the ICH
Guideline Q2 (R1) and suggestions in 1SO 17025
outlined the assessment of the validation
parameters. Henceforth, the objective of this study
was to evaluate the robustness and other validation
parameters of HPLC-DAD for the determination of
phenolic compounds in some selected dried edible
flowers (dianthus, chrysanthemum, and orange

lily).
MATERIALS AND METHOD
Materials

HPLC-grade methanol and acetic acid were
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purchased from Merck (Darmstadt, Germany).
Standard compounds of the highest available purity
were used. Protocatechuic acid (PRO),
Protocatechuic aldehyde (PRA), p-hydroxybenzoic
acid (p-OHB), vanillic acid (VAA), p-coumaric
acid (p-COU), and ferulic acid (FER) were
obtained from Sigma Aldrich (St. Louis, MO,
USA). Water (aqua pro injection) was obtained
from PT Ikapharmindo Putramas (Jakarta,
Indonesia). Stock standard solutions of studied
compounds were prepared in aqueous methanol
50:50 (v/v) at 1000 mg L.

Dried edible flowers

The separation method was developed using a
mixture of three commonly used dried flowers for
tisane:  carnation or dianthus (Dianthus
caryophyllus), chrysanthemum white
(Dendranthema x grandiflorum), and orange lily
(Lilium bulbiferum). The dried edible flowers were
purchased from Elif Tea and Tisane (Cirebon,
Indonesia). While for the real sample application,
the method was utilized to determine the phenolic
compounds in each dried flower.

Sample preparation

The dried flowers were firstly ground for 4.5 min
with resting for 30 s in every 30 s milling process.
The phenolic compounds in 1 g of dried flower
samples were extracted using the Ultrasound-
Assisted Extraction (UAE) method applying the
conditions of 80% ultrasound power at ambient
temperature using methanol:water (1:1) as an
extraction solvent with a sample-to-solvent ratio of
1:5. The extraction process was performed in three
cycles, each for 10 min. The obtained supernatants
were separated with a centrifuge of 4000 x g for 10
min. Subsequently, the resulting extracts were
collected, and the organic solvent was removed
under a vacuum using a rotary evaporator until the
remaining extract was 5 mL. The concentrated
extract was then filtered with a 45 um nylon filter
prior to the injection to the HPLC-DAD system.

Chromatographic method

The compounds separation was performed by an
HPLC Shimadzu prominence with a C18 column

Shim-Pac GIST Shimadzu (150 mm, 4.6 mm, 5
um) supported by a binary pump (LC-20AD) and
an auto-sampler (SIL-HTC, Shimadzu, Japan). The
diode array detector (DAD SPD M-20A) was set
for compound identification wusing a three-
dimensional (3D) scan mode in the wavelength
range from 190 to 350 nm. While for compounds
quantification, a channel of 260, 280, and 320 nm
was selected. This chromatographic system was
managed using LabSolutions software. The mobile
phases consisted of phase A containing 2% acetic
acid, 5% methanol in water, and mobile phase B
containing 2% acetic acid, 88% methanol in water.
Both phases were filtered using a 45 um nylon
filter then were sonicated in an ultrasound bath for
20 min before use.

Experimental design

A Box Behnken Design (Figure 1) was used to
evaluate the effect of three studied independent
variables: xi1, flow rate (min); x2, mobile phase
composition at the gradient start (%B initial), and;
X3, mobile phase composition at the end of gradient
elution (%B end). Each variable was normalized,
resulting in three levels coded as -1, 0, and 1 (Table
1). The composition of the mobile phases in this
study was set by earlier studies of phenolic
compounds with HPLC [8]. Standard solutions of
the six studied phenolic compounds were used to
assess the effect of the operating HPLC condition
on the separation result. All standard compounds
were mixed, achieving a concentration of 200 mg
L"* for each compound.

4
3
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|
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Figure 1. Fifteen run box-behnken design with 3
factors and 3 levels
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Table 1. Selected variables and their levels

Coded )
Factor - Unit
-1 0 1
Flow rate 08 1 12 mLmin!
Phase B initial 0 10 20 %

Phase B end 70 85 100 %

The responses considered for the optimization were
analysis time and the resolution (Rs) of
chromatographic peaks. The analysis time was
indicated by the retention time of the last eluted
peak in the chromatogram. While the peak
resolution (Rs) described the separation of two
adjacent peaks in terms of their average baseline
peak width and was measured using the following
equation:
E2 -1

Rs = )

—(t2—t1)

where Rs is the peak resolution; t; and t; are the
retention times of the first and second peaks,
respectively; wi and w, are the corresponding
widths at the bases of the pair of adjacent peaks.

Method validation

The validation criteria were based on ICH
Guideline Q2 (R1) and suggestions in ISO 17025
for the linearity of the calibration curve, limit of
detection, the limit of quantification, precision, and
accuracy. Standard working solutions were
prepared by dissolving the standard stock solution
(1000 mg L—-1) using aqueous methanol 50:50
(v/v), resulting in concentrations 1, 10, 30, 50, 75,
and 100 mg L-1. Regression analysis was
performed to measure the coefficient of
determination (R?). The limit of detection (LOD)
and limit of quantification (LOQ) were then
calculated using the regression result for each
compound.

standard error of the regression curve
L0Q =3.3x , f s reg )
slopeof the regression curve

standard error of the regression curve
LOD = 10 x ZEnde TS ©)
Slopeof the regression curve

The precision was done by comparing three HPLC-
DAD runs intra-day analysis (repeatability, n = 9)
and inter-day analysis (intermediate analysis, n =
3x3). Possible outliers were checked using the Q
Dixon test. The precisions were indicated by the
coefficient of variation (CV) values for each
phenolic compound. The value of the CV should
not exceed 15 % [1].

(v = Standard deviation o000 (4)

Mean value

RESULTS AND DISCUSSION
Data acquisition for the responses

The peaks of phenolic compounds appeared in the
order of polarity. As a reverse-phase column of
C18 was used, the higher polarity, the faster the
compound retained in the column. Therefore,
protocatechuic acid (PRO) was first eluted,
followed by p-OH benzoic acid (p-OHB),
protocatechuic aldehyde (PRA), vanillic acid
(VAA), p-coumaric acid (p-COU), and ferulic acid
(FER). Hereafter, these order numbers indicate the
corresponding compounds, as cited in the peak
resolution. Rs;» means resolution between PRO
and p-OHB, and so forth.

The collected extracts were analyzed using HPLC-
DAD to identify the existing phenolic compounds
in the sample. The compounds were identified
based on the comparison of the retention times
comparison of the peaks that appeared in the
sample chromatogram to the peaks of the studied
six standard compounds that were used as
references.

Optimization of HPLC-DAD condition

Utilizing a Box-Behnken design (BBD) of three
factors and three levels, 15 analyses were
performed to assess the effect of HPLC-DAD
factors on the separation of the studied phenolic
compounds (Table 2). The resolution between each
consecutive peak was higher than 1.0, confirming
good separations applying different conditions
suggested by the BBD. Henceforth, a flow rate
change from 0.8 to 1.2 ml min as well as altering
the mobile phase composition slightly at the
beginning (0 to 20% Phase B) and end (70 to 100%
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Phase B) of the gradient program did not affect the

separation performance of the method.

Table 2. Results obtained in 15 runs performed for peak resolutions analysis time

HPLC factors Resolutions*

Run Flowrate %Binitial %Bend Rsi2 RS»3 RS3s  RSss  RSse Analysis time
1 -1 -1 0 6.83 490 384 755 134 13.34
2 -1 0 1 6.30 523 349 746 1.28 11.55
3 -1 1 0 6.62 573 3.80 9.66 1.76 11.38
4 -1 0 -1 6.74 5.83 451 959 1.82 13.14
5 0 1 -1 6.35 540 3.87 1020 212 10.22
6 0 0 0 6.19 541 4.28 9.04 1.76 10.83
7 0 -1 -1 6.93 532 4.64 8.85 1.74 12.32
8 0 -1 1 6.25 456 351 7.13 1.30 10.65
9 0 0 0 6.16 544 4.26 9.10 1.78 10.81

10 0 0 0 6.12 546 4.30 9.09 1.78 10.81
11 0 1 1 6.56 522 337 851 149 9.06
12 1 -1 0 6.36 4.67 4.42 837 171 10.54
13 1 0 1 559 493 3.78 8.06 1.54 8.89
14 1 1 0 588 5.00 3.52 940 1.93 8.57
15 1 0 -1 575 486 423 934 189 10.39

* Rs1-2, resolution between protocatechuic acid and p-OH benzoic acid; Rs..3, resolution between p-OH

benzoic acid and protocatechuic aldehyde; Rss., resolution between protocatechuic aldehyde and vanillic

acid; Rsas, resolution between vanillic acid and p-coumaric acid; Rs5-6, resolution between p-coumaric acid

and ferulic acid.

Subsequently, the effects of flow rate and mobile
phase composition throughout the gradient
program were calculated to optimize the HPLC-
DAD factors with the target to minimize the
analysis time. The statistical significance for each
studied factor was measured (Figure 2). The
corresponding bar crossing the vertical line showed
the significant factors influencing the analysis time
(p<0.05). All the main (X1, X2, and x3) and their
quadratic effects (XiX1, X2X2, and Xsxsz), in addition
to the interaction of the mobile phase composition
at the initial and end of the gradient program (x2Xs),
significantly influenced the analysis time.

The aforementioned significant effects were then
used to construct a mathematical model to predict
the optimum HPLC-DAD factors. The resulting

model for the proposed chromatographic method
was as follows:

Y=1082—-138x, —095x,— 074 x, +
0.28 xyx, — 0.14x,x, — 0.11 xgx; +
0.13x,x,

where y was the analysis time (min), xi were the
studied factors (x;, flow rate; x,, mobile phase
composition at the gradient start (%B initial), and;
X3, mobile phase composition at the end of gradient
elution (%B end).

As suggested by the model, a fast separation (8.00
min) was achieved by applying a flow rate of 1 ml
mint with 20% and 100% phase B for the mobile
phase composition at the initial and end of the
gradient program, respectively.
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Validation of optimization
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Figure 2 Standardized values of main, interaction,
and quadratic effects of HPLC-DAD factors on the
analysis time

following the 1SO 17025 and ICH Guidelines (R1)
(ICH, 2005; ISO, 2005). The linearity of
calibration curves for protocatechuic acid, p-OH
benzoic acid, protocatechuic aldehyde, vanillic
acid, p-coumaric acid, and ferulic acid was
validated with a high coefficient of determination
(R?, higher than 99.69%). The limit of detection
(LOD) ranged from 5.07 (p-coumaric acid) to 7.60
(ferulic acid) mg L%, while the limit of
guantification (LOQ) ranged from 15.37 (p-
coumaric acid) to 23.04 (ferulic acid) mg L.

Table 3. Concentration of phenolic compounds in dried edible flowers

Phenolic compounds (ug g)

Samples PRO VAA p-COU FER
Dianthus caryophyllus 169.50+1.64 148.96+0.54 ND ND
Dendranthema x grandiflorum ND 419+ 0.01 ND ND ND
Lilium bulbiferum ND ND 296.29+2.28  267.96+1.88

Note. PRO, protocatechuic acid; PRA, protocatechuic aldehyde; VAA, vanillic acid; p-COU, p-coumaric acid;
FER, ferulic acid. ND, not detected as the value was lower than the limit of detection.

A Q-Dixon test was performed to evaluate the data
for the precisions and showed that there were no
outliers in the data set. Two levels of precision of
the developed HPLC-DAD method, namely
repeatability and intermediate precision, were
evaluated. The precision, indicated as CV, of the
HPLC-DAD method was ranged from 0.23
(protocatechuic aldehyde) to 0.97%
(protocatechuic acid) for repeatability (n=9) and
0.56 (p-hydroxybenzoic acid) to 1.50% (ferulic
acid) for intermediate precision (n=3x3). Since
both CV values for repeatability and intermediate
precision were below 1.50%, the developed HPLC-
DAD has been proved as a precise separation
method.

Real sample application

The compounds were identified based on the
comparison of the retention times of the peaks that
appeared in the sample chromatogram to the peaks
of six standards compounds that were used as
references (protocatechuic acid, p-OH benzoic
acid, protocatechuic aldehyde, vanillic acid, p-
coumaric acid, and ferulic acid). Five phenolic
compounds were detected in the dried flower
samples, namely protocatechuic acid,
protocatechuic aldehyde, vanillic acid, p-coumaric
acid, and ferulic acid. These identified compounds
were in common to those that have been reported
to be presented in edible flowers namely dianthus,
chrysanthemum white and orange lily. Chen at al.
(2015) reported protocatechuic acid (719.27 ug g*)
and vanillic acid (555.18 pg g*) were found in
Dianthus caryophyllus, while in Dendranthema x
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grandiflorum  showed  different level of
protocatechuic acid content (31.32 pg g?) in
addition to protocatechuic aldehyde. Other report
by Sim et al. (2020) revealed the identification of
p-coumaric acid and ferulic acid in Lilium
lancifolium with a concentration of 1.14 and 1.46
mg g respectively. On the other hand, p-OH
benzoic acid was not detected in the studied
samples as the concentration was lower than the
detection limits of the validated HPLC-DAD
method.

CONCLUSION

An HPLC-DAD was developed and validated to
determine phenolic compounds in selected dried
flowers. This method offers the advantage of using
a short run time of 8 min to separate six studied
phenolic compounds on the C18 column. Sufficient
separation of the compounds was achieved (Rs >
1.0), applying a mobile phase composition of 20%
and 100% at the beginning and end of the gradient
program, respectively, at a flow rate of 1 ml min™.
Results from validation of the method proved
satisfactory linearity, accuracy, and precision;
therefore, we conclude that the method is suitable
for routine quantification of individual phenolic
compounds in dried edible flowers.
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ABSTRACT

Diabetes mellitus proved to be a significant risk factor for both COVID-19 infection and
poor outcomes among these chronic health problems. Plants are a rich source of chemical
components that could block carbohydrate digestion enzymes, and they can be utilized as
therapeutic or functional foods. Natural pigments that have potential benefits, such as chlorophyll,
anthocyanin as a part of flavonoid, and carotenoid. Chlorophylls are the most significant and
widespread pigment molecules in nature, and they are required for photosynthesis to occur.
Anthocyanins are the most important group of water-soluble pigments in plants, responsible for
the red, purple, and blue colors of many fruits, vegetables, cereal grains, and flowers. Carotenoids,
natural pigments found in an array of different foodstuffs, are the most abundant pigments present
in the human diet. The most frequent method for determining a substance's antidiabetic potential is
to assess the substance's hypoglycemic or antihyperglycemic.

Keywords: anthocyanin; antidiabetic; chlorophyll; carotenoid; natural pigment
ABSTRAK

Diabetes mellitus terbukti menjadi faktor risiko yang signifikan untuk infeksi COVID-19
dan dampak buruk di antara masalah kesehatan kronis lainnya. Tumbuhan merupakan sumber
yang kaya akan komponen kimiawi yang memiliki kemampuan untuk memblokir enzim
pencernaan karbohidrat, sehingga dapat dimanfaatkan sebagai makanan terapeutik ataupun
fungsional. Pigmen alami yang memiliki potensi manfaat antara lain klorofil, antosianin sebagai
bagian dari flavonoid, dan karotenoid. Klorofil adalah molekul pigmen yang paling signifikan dan
tersebar luas di alam, dan pigmen ini diperlukan untuk terjadinya fotosintesis. Antosianin adalah
kelompok pigmen larut air yang paling penting pada tumbuhan, yang bertanggung jawab atas
warna merah, ungu, dan biru pada banyak buah, sayuran, biji-bijian sereal, dan bunga. Karotenoid
adalah pigmen alami yang ditemukan dalam berbagai bahan makanan yang bervariasi, sebagai
pigmen paling melimpah yang ada dalam makanan manusia. Metode yang paling sering
digunakan untuk menentukan potensi antidiabetes suatu zat adalah dengan menilai hipoglikemik
atau antihiperglikemik dalam kandungan tersebut.

Kata kunci: antosianin; antidiabetes; karotenoid; klorofil; pigmen alami
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INTRODUCTION

A novel coronavirus, the severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) was
discovered in Wuhan (Hui et al, 2020). Although
the virus affected people of all ages, it was more
common in elderly people, especially those who
had underlying chronic health issues. Diabetes
mellitus, in particular, proved to be a significant
risk factor for both COVID-19 infection and poor
outcomes among these chronic health problems.
Diabetes is already linked to an increased risk of
death from any acute or chronic disease, including
infection (Zoppini et al, 2018). At least one
comorbidity was found in 25.1% of COVID-19
patients in a Chinese national study of 1,590
hospitalized patients. Hypertension (16.9%) was
the most common comorbidity, followed by
diabetes (8.2%) (Guan et al., 2020).

Plants are a rich source of chemical components
that have the ability to block carbohydrate
digestion enzymes, and they can be utilized as
therapeutic or functional foods (Sales et al., 2012).
Oxidative stress, on the other hand, is one of the
most common issues in diabetes patients, and it can
lead to serious consequences. As a result, one of
the goals for creating next-generation antidiabetic
medicines is to locate antidiabetic compounds or
extracts with antioxidant properties (Orhan et al.,
2020).

In this review, there are several types of research
that can be evaluated as new natural sources in the
treatment of diabetes mellitus, especially for the
natural pigments that have potential benefits, such
as chlorophyll, anthocyanin as a part of flavonoid,
and carotenoid. Chlorophyll is chosen because this
natural pigment is the largest. Anthocyanin is also
reviewed as a water-soluble pigment in nature that
is very abundant. Chlorophyll and anthocyanin are
found in plants, but carotenoids can be found both
in plants as well as animals that are very abundant
in the human diet. These three pigments have
significantly  bioactive compounds such as
antidiabetic also be functional foods nowadays.

DIABETES MELLITUS

Diabetes mellitus (DM) is a metabolic disease

characterized by excessive blood sugar,
dyslipidemia (impaired lipoprotein metabolism),
and altered protein metabolism as a result of
decreased insulin production and/or action.
Diabetes mellitus (DM) is a condition marked by
persistently high blood sugar (hyperglycemia)
caused by a lack of insulin synthesis, secretion, or
resistance. This condition is critical since the
number of sufferers is growing, it is estimated that
there are presently 200 million sufferers
worldwide. Furthermore, DM is critical due to the
problems it creates. The majority of chronic
consequences of DM are caused by vascular
diseases, namely tiny blood vessels
(microangiopathy) and big blood vessels
(aneurysms) (macroangiopathy) (Kariadi, 2001).
Type 1 diabetes mellitus (DM-1) is also known as
insulin-dependent diabetes mellitus (IDDM), while
type 2 diabetes mellitus (DM-2) is also known as
noninsulin-dependent diabetes mellitus (NIDDM).

Insulin production is nonexistent or limited in DM-
1 severe pancreatic damage, thus insulin must be
obtained from outside the body. DM-1 is also
known as insulin-dependent diabetes mellitus, and
it can strike at any age (children, adolescents).
Insulin insufficiency is present in DM-2, although
it is not as severe as it is in DM-1. Insulin
resistance is associated with insulin insufficiency in
DM-2, meaning that the presence of insulin is
unable to control blood sugar levels adequately for
the body's demands, and so plays a role in raising
blood sugar levels. DM-2 generally manifests itself
at the age of 30-40 years, and it can even manifest
itself at the age of 50 or 60 years. The most
frequent method for determining a substance's
antidiabetic potential is to assess the substance's
hypoglycemic or antihyperglycemic (blood sugar
lowering) impact in experimental animals,
generally rats with alloxan-induced diabetes. Due
to damage to the B-cells of the islets of Langerhans
in the pancreas, alloxan induces a significant
reduction in insulin excretion, resulting in
hyperglycemia ~ (Marpaung, 2020).  Several
phytochemicals potentially use to change to
hypoglycemic such as chlorophyll, anthocyanin,
and carotenoid.
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Plants have three mechanisms of reducing blood
sugar levels. First, it acts as an astringent, which
means it may precipitate intestinal mucous
membrane proteins and produce a protective barrier
around the intestines, preventing glucose
absorption and lowering blood glucose levels.
Second, it accelerates the release of glucose from
the circulation by accelerating blood circulation,
which is closely related to the work of the heart, as
well as filtration and renal excretion, resulting in
increased urine production, increased glucose
excretion through the kidneys, and lower blood
glucose levels. Third, increased metabolism or
incorporation into fat deposits speeds up the release
of glucose. The pancreas is involved in this process
because it produces insulin (Suryowinoto, 2005).
The importance of reducing postprandial
hyperglycemia (PPHG) in the treatment of type 2
diabetes has been demonstrated by a favorable
connection between human pancreatic alpha-
amylase (HPA) activity and the increase in
postprandial glucose levels (Watanabe et al., 1997).
The capacity of alpha-amylase enzyme inhibitors to
prevent dietary starch from being digested and
absorbed in the body has led to the label "starch
blocker” (Horii et al., 1986).

Besides, antioxidants in the form of vitamins can
help patients with DM-1, both chronic and acute,
minimize oxidative stress (Lee, 2002). The
majority of antioxidants in plasma can be
decreased in individuals with DM-2 as a result of
diabetic complications such as atherosclerosis and
coronary heart disease (Tiwari & Rao, 2002).
Insulin resistance can be greatly improved by
taking 132 mg of isoflavones from soybean extract
every day for 12 weeks. Consumption of high-
carotene vegetables and fruits can protect against
hyperglycemia, and plasma levels of lutein and f3-
carotenoids can help healthy volunteers maintain
blood glucose levels indirectly. In DM-2 test
animals, carotenoids and astaxanthin can lower
non-fasting blood glucose levels. Grape seed
extracts include a number of flavonoids, notably
proanthocyanidins, which can improve insulin
sensitivity and decrease free radical production.
The flavonoid quercetin was discovered to be
effective in preventing the development of diabetic
cataracts (Schoenhals, 2005).

CHLOROPHYLL

Chlorophylls are the most significant and
widespread pigment molecules in nature, and they
are required for photosynthesis to occur. They
serve a crucial part in photosynthesis by absorbing,
transmitting, and transducing light energy (Scheer,
2006). Chlorophyll is a blue or green pigment that
has a maximum absorption range of 660 to 665 nm.
(Hosikian et al, 2010). It is required for
photosynthesis because it allows charged electrons
to flow through to molecules that produce sugars.
All-natural chlorophyll derivatives have a centrally
attached magnesium atom and are substituted
tetrapyrroles (Ferruzzi & Blakeslee, 2007). The
abundant availability of chlorophyll in nature, as
well as its biological characteristics, have made it a
viable candidate for development as a dietary
supplement or functional food (Prangdimurti,
2007). Meanwhile, nearly all chlorophyll-based
dietary supplements on the market in Indonesia are
imported and sell for a relatively high price
(Nurdin et al., 2009).

Chemical structure

Chlorophylls may be classified into two groups
based on their distribution in photosynthetic
organisms: chlorophylls in oxygenic photosynthetic
organisms (abbreviated Chls) and chlorophylls
(bacteriochlorophyll) in anoxygenic photosynthetic
bacteria (abbreviated BChls) (Chew and Bryant
2007). For a long period, it was believed that there
are only four chemically distinct chlorophylls in
oxygenic photosynthetic organisms, namely Chls a,
b, ¢, and d (Chen et al., 2010). Plants also contain
tiny quantities of pheophytin, protochlorophyllide,
and other compounds in addition to Chls and
BChls. Chlorophylls are cyclic tetrapyrroles with a
distinctive isocyclic five-membered ring (porphyrin
ring) that are used in photosynthesis for light-
harvesting or charge separation. The structure can
be seen in Figure 1. Chlorophyll members have
varied characteristics depending on their
architectures, allowing different photosynthetic
organisms to adapt to different conditions. The
IUPAC-IUB nomenclature is used to name the
rings and carbon atoms on a chlorophyll structure
(Moss, 1988).
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Figure 1. Chlorophyll general structure

Green algae contain chlorophyll b, a green or
yellow pigment with a maximum absorption range
of 642 to 652 nm. Chlorophyll b is an auxiliary
pigment that absorbs light and transfers it to
chlorophyll a during photosynthesis (Hosikian et
al., 2010). Chlorophyll c is a blue-greenish pigment
that has a maximum absorbance range of 447 to
452 nm. Chlorophyll ¢ can also be present in
seaweed. Chlorophyll d is found in red algae and
marine cyanobacteria, and it absorbs far-red light
with a wavelength of 710 nm (Larkum & Kihl,
2005). Porphyrins, chlorins, bacteriochlorins,
pheophorbides, bacteriopheophorbides,
texaphyrins, porphycenes, and phthalocyanines are
some of the types of chlorophyll produced from
marine algae and cyanobacteria. These derivatives
exhibit chlorin's basic structural skeleton and
absorb light significantly in the red band spectrum
(Lietal., 2007).

Chlorophyll sources

Chlorophyll is the most significant tetrapyrrolic
pigment, found in sea algae and cyanobacteria as
part of a chlorophyll-protein complex (Hosikian et
al., 2010). Besides, chlorophyll pigment can be
found in several types of plants. According to
Ashok (2011), a project is underway to
demonstrate the effectiveness of wheatgrass in the
treatment of diabetes mellitus. Triticum aestivum L.
is an immunomodulator, antioxidant, astringent,
laxative, diuretic, and antibacterial plant that is
used in the treatment of acidity, colitis, renal
dysfunction, swollen wounds, and vitiated states of
the Kapha and Pitta doshas.

Wheatgrass is also thought to have the ability to

regulate blood sugar levels. The existence of
chlorophyll, which is thought to be a
pharmacologically active component in wheatgrass
as an antidiabetic drug, was verified by
instrumental characterization of wheatgrass (spray-
dried powder of juice). Chlorophyll a has a
maximum of 661.1, whereas chlorophyll b has a
maximum of 642.6. The GC-MS results revealed
peaks linked to chemicals that are chlorophyll
degradation  products.  Furthermore, HPLC
examination confirmed the existence of chlorophyll
a and chlorophyll b.

The pigment content of acetone and ethanol
extracts of G. salicornia, T. decurens, and H.
macroloba revealed that the green algae H.
macroloba had the highest content for all types of
pigments, with chlorophyll C1+C2 being the
pigment with the highest content, with values of
1.85+0.53 and 6.23+0.12 mg/g dry weight for the
acetone and ethanol extracts, respectively (Sanger
et al., 2018).

Chlorophyll as antidiabetic

In recent years, chlorophyll derivatives have
opened a slew of new possibilities for
photodynamic treatment (Li et al., 2007).
Antibacterial (Alenezi et al., 2017), antioxidant
(Lanfer-Marquez et al., 2005), anti-inflammatory
(Jelic et al., 2012), and antimutagenic activities
(Ferruzzi & Blakeslee, 2007) are all common uses
for  chlorophyll derivatives in  biomedical
applications.

According to Shilpa Vs et al. (2019), fresh E. hirta
leaves were nutritionally analyzed and found to
possess adequate  quantities of  essential
components. With an 1Cs value equivalent to that
of the medication metformin, this plant
demonstrated considerable inhibition of the
enzyme alpha-amylase in a concentration-
dependent manner, suggesting that it may yield
important antidiabetic chemicals for use in the
treatment of diabetes. Antidiabetic efficacy of
Euphorbia hirta was investigated using an in vitro
alpha-amylase inhibition test.

The methanolic extract of Euphorbia hirta was
found to have concentration-dependent inhibitory
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action against the a-amylase enzyme, with an ICsg
of 0.748 mg/ml in this investigation. The extract's
in vitro antidiabetic efficacy was compared to that
of the standard medication Metformin, which has
an 1Cso of 0.58 mg/ml. Since E. hirta methanolic
extract has an 1Csp value that is equivalent to that
of the conventional medication, it inhibits alpha-
amylase significantly, and therefore it may have
antidiabetic potential. Other Euphorbiaceae plants,
such as Phyllanthus amarus, Acalypha indica, and
Euphorbia thymifolia, have been found to have
considerable antidiabetic potential through their
inhibition of the alpha-amylase enzyme.

The antioxidant activity of G. salicornia acetone
extract was measured at ICsop of 1.24+0.1402
mg/mL. G. salicornia possesses antioxidant, ion-
reducing, chelating, cytotoxic, and antidiabetic
properties (Sanger et al. 2013; Saeidnia et al.
2009). According to Hardoko et al. (2015), G.
gigas includes agarose (0.28%), agar (5.91%), and
agaropectin  (6.07%), all of which exhibit
antidiabetic action by reducing the activity of the
a-glucosidase enzyme with ICso values of
0.09+0.004, 0.12+0.005, and 0.15+1.77 mg/mL,
respectively.

In alloxan-induced diabetic mice, a dosage of 150
mg/kg of Clinacanthus nutans leaf water extract
can lower blood glucose levels. This supports its
usage as an antidiabetic in the population. When
compared to the other fractions, the ethanol
precipitate fraction contained the same secondary
metabolite compounds as the aqueous extract,
namely flavonoids, steroids/triterpenoids, and
tannins, which resulted in the greatest reduction in
blood glucose levels in mice using the glucose
tolerance method (Nurulita et al., 2008).

Adding alfalfa seed to the human diet has been
shown to lower triglycerides and LDL, enhance
HDL levels, and lower blood glucose levels in
previous studies (Asgary et al., 2008; Mehranjani
et al., 2008). As a result, alfalfa leaves have long
been utilized in South Africa as an effective
diabetic therapy (Lust, 1986; Gray & Flatt, 1997).
Insulin secretion is stimulated by alfalfa. It also
enhances insulin function by lowering blood
glucose levels, although its effects on blood lipids
have not been well studied (Gray & Flatt, 1997;

Winiarska et al., 2007). Fourty experimental rats
were randomly divided into four groups, each with
ten rats: first, a control group fed normal water and
food; second, a diabetic control group; third, an
experimental group consisting of diabetic rats
given a 250 mg/kg dose of alfalfa aqueous extract;
and fourth, a diabetic group consisting of diabetic
rats given a 500 mg/kg dose of alfalfa aqueous
extract; and fourth, a diabetic group consisting The
remaining three diabetic groups were produced by
injecting 120 mg/kg alloxan monohydrate
intraperitoneally to produce alloxan-induced
diabetic rats (Matkovics et al., 1997).

Blood glucose of rats was tested seven days after
alloxan monohydrate injection for confirming the
diabetic condition in rats, and diabetic rats with
blood glucose concentrations more than 200
mg/100 cc were chosen (8 rats out of 10) (Takasu
et al., 1991). For equivalence of shock achieved by
intraperitoneal injection, the first control group is
injected with the physiologic serum. To easily
comparing the research respectively, these all
experiments compile into Table 1 below.

ANTHOCYANIN
Chemical structure

Anthocyanins are efficient hydrogen donors.
Anthocyanins can easily donate protons to highly
reactive free radicals, preventing further radical
formation, due to their positive charge (Figure 1),
the number and arrangement of aromatic hydroxyl
groups, the extent of structural conjugation, and the
presence of electron-donating and electron-
withdrawing substituents in the ring structure
(Oliveira et al., 2020).

H‘

OH
99
HO @ gx R2
7 0R?
OH
Figure 2. General anthocyanin structure present in

fruits (Freitas and mateus, 2006; Kahkonen and
heinonen, 2003; Giusti et al., 1999).
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Table 1. Effectiveness chlorophyll as antidiabetic in several research

Sources Extraction Mechanism Experiment Reference
Fresh Euphorbia Inhibitory action against the . Shilpa Vs et al.
. Methanol In vitro
hirta leaves a-amylase enzyme (2019)
Ethanol (agar),
o Dimethyl sulfoxide  Reducing the activity of the ) Hardoko et al.
Gracilaria gigas  (agarose & ] In vitro
agaropectin) a-glucosidase enzyme 2015
Clinacanthus Alloxan-induced diabetic ) Nurulita et al.,
Water ) In vivo
nutans leaf mice 2008
Fourty experimental rats Matkovics et al.,
Alfalfa seed Aqueous were randomly divided into  In vivo 1997; Takasu et

four groups

al., 1991

Because of their peculiar chemical structure,
anthocyanins possess health properties. They are
reactive towards reactive oxygen species (ROS),
such as superoxide (02.7), singlet oxygen (*O),
peroxide (RCOQ’), hydrogen peroxide (H20,), and
hydroxyl radical (OH"), as well as reactive nitrogen
species in a terminator reaction, which breaks the
cycle of generation of new radicals, due to their
electron deficiency (Magalhaes et al., 2008; Choe
and Min, 2006; Kong et al., 2003; Min and Bolf,
2002). The antioxidant properties of phenolic
compounds are also linked to chelate metal ions,
which participate in the generation of free radicals
and so reduce metal-induced peroxidation (Liu,
2010). Anthocyanins exhibit multiple biological
effects, but this paper will focus on the antidiabetic
effect.

Anthocyanins are glycosilate polyhydroxy or
polymethoxy derivatives of 2-phenylbenzopyrilium
with molecular weights ranging from 400 to 1200
(medium-size biomolecules) and two benzyl rings
(A and B) (Andersen and Jordheim, 2010; He and
Giusti, 2010; Castaneda-Ovando et al., 2009;
Gould et al., 2009; Ghosh & Konishi, 2007).
Anthocyanins are most commonly found as
glycosides. The aglycones are rarely found in
plants other than as artifacts; the 3-deoxy forms,
which can be found in red-skinned bananas,
sorghum, and black tea, are the notable exceptions.
The sugars most commonly encountered are

glucose (the most common), galactose, rhamnose,
arabinose, xylose, and glucoronic acid, usually as
3-glycosides or 3.5-diglycosides (Pereira et al.,
2009; Freitas and Mateus, 2006); 3-diglycosides
and 3-diglycoside-5-monoglycosides are less
common. Rutinose, sambubiose, lathyrose, and
sophorose are the four main biosides encountered.
In terms of glycoside distribution, 3-glycosides
occur almost two and a half times as frequently as
3.5-diglycosides, with cyanidin-3-glucoside being
the most common anthocyanin (Kong et al., 2003).
Anthocyanidins are the de-glycosilated or aglycone
forms of anthocyanins.

Anthocyanin sources

Anthocyanins are naturally occurring pigments.
Throughout the plant kingdom, it can be found in
all plant tissues (Kong et al., 2003). Anthocyanins
are phytochemicals that belong to the flavonoid
family and are found in nature (Pervaiz et al.,
2017). Anthocyanins belong to the phenolics or
polyphenolics  superfamily ~ of  antioxidants
(Quideau et al., 2011; Ferretti et al., 2010; Daayf
and Lattanzio, 2008). Flavonoids are a class of
phytochemicals that make up the most important
category of phenolics in foods. They are commonly
found in teas, honey, wines, fruits, vegetables, nuts,
olive oil, cocoa, and cereals (Raghvendra et al.,
2011; Wallace, 2011; Andersen & Markham,
2006).

98 2022:3(2), pp.93-107

J. Functional Food & Nutraceutical



A REVIEW OF THE EFFECTIVENESS NATURAL PIGMENT AS

ANTIDIABETIC TO DECREASE THE SIGNIFICANT RISK
FOR COVID-19 DISEASE

Alexander., Sandra., Surya, V.S.,
Marpaung, A. M.

Anthocyanins are the most important group of
water-soluble pigments in plants, responsible for
the red, purple, and blue colors of many fruits,
vegetables, cereal grains, and flowers. They are
odorless and practically flavorless, adding to taste
as a somewhat astringent sensation (He & Giusti,
2010; Gould et al., 2009; Motohashi, 2008; Veitch
and Grayer, 2008; Andersen & Jordheim, 2006;
Escribano-Bailon et al., 2004; Vidal et al., 2004;
Williams and Grayer, 2004; Harborne & Williams,
2000; Harborne & Grayer, 1988). Anthocyanins
obtained from fruits and vegetative tissues have
simpler structures than anthocyanins isolated from
flowers (Andersen & Jordheim, 2010).

Anthocyanin as antidiabetic

Diabetes mellitus is a disease with an oxidative
stress component. Free radicals react with
biomembranes causing oxidative destruction of
unsaturated fatty acids to form cytotoxic aldehydes
via lipid peroxidation. Furthermore, lipid
peroxidation was measured under conditions of
thiobarbituric acid reactive substances (TBARS)
and lipid hydroperoxides (HPX), which are the end
products of lipid peroxidation. Increased lipid
peroxidation of membranes and lipoproteins occurs
in patients. HPX formed from lipid peroxidation
has a direct toxic effect on endothelium cells and
degrades to form hydroxyl radicals. This can be
seen in beta pancreatic cells (Pari & Latha, 2005).

Free radicals are unstable, reactive, and have the
ability to damage biological molecules so that free
radicals in excess in the body are very dangerous
because they cause damage to cells, nucleic acids,
proteins, and fatty tissues. Free radicals are formed
in the body as a by-product of metabolic processes
or because the body is exposed to free radicals
through breathing (Tias, 2010). The normal body
contains endogenous antioxidant or anti-free
radical mechanisms. Antioxidants are compounds
that can inhibit free radical reactions in the body
(Wardatun, 2011). Antioxidants can stop the
process of cell destruction by donating electrons to
free radicals. Antioxidants will neutralize free
radicals so they do not have the ability to steal
electrons from cells and DNA. The mechanism of
action of primary antioxidants is to prevent the
formation of new free radical compounds or

change the free radicals that have been formed to
become more stable and less reactive by breaking
the chain reaction (polymerization) or known as
chain breaking (Sayuti and Yenrina, 2015).

The flavonoid group of compounds has been
reported to have antioxidant activity. Anthocyanins
are included in the flavonoid group, namely
compounds that function as antioxidants because
these compounds are phenolic compounds with an
-OH group attached to the carbon of the aromatic
ring. Antioxidants block reactive oxygen species
(ROS) that damage DNA and cause mutations. The
free radical product of this compound is resonance
stabilized and is not reactive when compared to
other free radicals so that it can function as an
antioxidant (Budiarti et al., 2014).

These anthocyanins can lower blood sugar levels
by increasing insulin resistance, protecting beta
cells, increasing insulin secretion, and reducing
glucose digestion in the small intestine. Its
mechanism of action is related to its antioxidant
properties, but enzymatic prevention and other
means are also relevant (Sancho and Pastore,
2012). Antioxidant activity is able to capture free
radicals that cause pancreatic beta-cell damage and
inhibit pancreatic beta-cell damage so that the
remaining beta cells still function. These
antioxidants are thought to be able to protect a
number of beta cells that remain normal, thus
enabling the regeneration of the remaining beta
cells through the process of mitosis or through the
formation of new islets by endocrine proliferation
and differentiation of ductal and ductular cells
(Suryani et al., 2013). However, to achieve an
effect in a particular tissue, the bioactive compound
must be available i.e. effectively absorbed from the
intestine into the circulation and delivered to the
appropriate area to reach the target. Fruits rich in
anthocyanins, extracts or pure compounds have
been shown to be effective in preventing or
suppressing diseased areas (Miguel, 2011).

CAROTENOID
Chemical structure

Carotenoids, natural pigments found in an array of
different foodstuffs, are the most abundant
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pigments present in  the human diet
(Ngamwonglumlert & Devahastin, 2019). They are
lipid-soluble and show a range of reds, oranges,
and yellows, and are divided into 2 groups, which
are carotenes and xanthophylls. Carotenes are
hydrocarbons, with xanthophylls being their
oxygenated counterparts (Campbell-Platt and
IUFOST, 2017). There are over 600 different
carotenoids, but this paper will focus only on 5 of
them, that being lutein, p-Carotene, lycopene,
zeaxanthin, and astaxanthin.

In the human diet, carotenoids are mainly found in
fruits and vegetables, though they also appear in
some animal tissues and products, such as salmon
and egg yolk. The name itself is a clue as to the
most well-known source of carotenoids; that being
carrots, where they give carrots their orange
coloring. Although, carotenoids are also available
from leafy greens such as kale, spinach, and
lettuce, and other sources, like in tomatoes, where
the red pigment is a result of the presence of
lycopene, a red-colored carotenoid (Schieber &
Weber, 2016; Ngamwonglumlert & Devahastin,
2019). All of these things are commonly present in
the average diet.

The general structure of carotenoids grants them
their colorings. They usually have a 40-carbon
chain backbone, with 8 isoprene molecules, and
multiple double bonds. The differences between
the colors occur due to differences in the full
structure. (Ellison, 2016) Some examples of the
structure of a few carotenoids are shown in Figure
3 below.

p-carotene

Lutein
OH

HO

Figure 3. Several carotenoids structures

Carotenoids have been observed to have many
positive effects on human health. The most studied
of which being their antioxidative properties, and
link to eye health. Some of them (such as f-
carotene) are provitamin A, meaning they’re easily
converted into vitamin A, which is essential for the
proper function of the immune system (Krinsky &
Johnson, 2005). There is even evidence of
carotenoids having positive effects against cancer,
but this paper will be focused on the 6 mentioned
possible effects of carotenoids regarding diabetes
and glucose intolerance, and complications that can
arise from such.

Carotenoid as antidiabetic

Since carotenoids are antioxidants and diabetes is a
disease that is brought on by oxidative stress, the
possibility of carotenoids having a role in the fight
against diabetes has been speculated on for a while.
Limited studies have been done on the subject, and
the few that have been done have produced mixed
results. Each of the selected carotenoids will be
looked at separately.

p-Carotene

B-Carotene, a red-orange pigment found in carrots,
sweet potatoes, and other fruits and vegetables, is
one of the most common carotenes available, with
it being abundant in the human diet (Schieber &
Weber, 2016). It is the most commonly studied
carotenoid, with health benefits being widely
known at this point. Benefits of B-Carotene for the
prevention of diabetes have been suggested many
times, though until recently, there has not been
solid evidence regarding such.

A study (Sluijs et al., 2015) done over 10 years and
released in 2015 concluded that, among 37,846
people, higher consumption of B-Carotene does
contribute to lowered risk of diabetes. Other,
smaller studies have also found an association
between B-Carotene and lowered risk of diabetes
(Montonen et al., 2004; Arnlév et al., 2008; Asemi
et al., 2016). B-Carotene is considered a strong
antioxidant, which is generally attributed to its
benefits against diabetes, as antioxidants reduce
oxidative stress, the base cause of diabetes.
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There is evidence that 3-Carotene is also beneficial
for those already afflicted with diabetes. Some
studies (Canas et al., 2012; Asemi et al., 2016)
have observed that consumption of B-Carotene by
individuals with type 2 diabetes has benefits
towards insulin metabolism.

Lycopene

Lycopene is another one of the major dietary
carotenoids. It exhibits a red color and is most
found in tomatoes, watermelon, and other red or
orange-red fruits, though it is mostly associated
with tomatoes and tomato products (Rao et al.,
2006). Unlike pB-Carotene, lycopene is a non-
provitamin A carotenoid (Ellison, 2016).

Lycopene has been observed to reduce oxidative
stress, which is perceived to play a part in the
prevention of the development of type 2 diabetes
and the alleviation of its complications. A few
studies have been conducted to find a solid
connection, though results are generally
inconclusive. Some studies yielded results
suggesting that higher lycopene intake reduces the
risk of diabetes (Sugiura et al., 2015), but the
margins were not significant. Other studies show
that there is no association with lycopene and
lowered diabetes risk or prevention at all (Wang et
al., 2006). The interest in lycopene’s role in human
health is more focused towards other diseases such
as cancer rather than diabetes, so not many studies
have been done.

Lutein

A xanthophyll (that is, an oxygenated carotenoid)
carotenoid that is available in egg yolks, corn,
carrots, and fish, lutein is one of the major dietary
carotenoids. It is yellowish in color, and along with
B-Carotene, lycopene, and zeaxanthin, is one of the
most common carotenoids present in the human
diet (Abdel-Aal et al., 2013).

The role of lutein in eye health is well documented
(Koushan et al., 2013; Abdel-Aal et al., 2017;
Mitra et al., 2021), though its potential benefits
against diabetes itself has limited research, and
what research was conducted yielded inconsistent
results (Sluijs et al., 2015; Sugiura et al., 2015).

However, it has been documented that lutein helps
alleviate complications caused by diabetes,
particularly when it comes to the eyes, such as with
diabetic retinopathy (Hu et al., 2011). A study was
also done on diabetic rats that concluded that lutein
might also help prevent the development of
diabetes related cataracts (Arnal et al., 2009).

Zeaxanthin

Zeaxanthin is a xanthophyll that is yellow in color,
found in eggs and squash and an array of other
foodstuffs (Tudor & Pintea, 2020). It is not as
abundant as some of the other carotenoids
mentioned in this paper, but its effect on health has
more often been studied thus far compared to other
carotenoids, excluding perhaps p-Carotene. Its
effects are often studied alongside lutein, as they
are isomers of each other, with both being
commonly related to protection against several eye
diseases, among other things (Ribaya-Mercado &
Blumberg, 2004).

The role of zeaxanthin specifically in the
prevention of diabetes itself has not been
investigated all that often, however more general
studies of the association between carotenoids and
risk of type 2 diabetes have yielded conflicting
results. Some report an inverse relationship
between zeaxanthin intake and cases of diabetes
(Montonen et al., 2004; Coyne et al., 2005), while
others remain inconclusive (Sluijs et al., 2015).

Astaxanthin

Astaxanthin is a xanthophyll that, unlike its
counterparts previously discussed, are commonly
present in salmonid and crustaceans, where
astaxanthin gives them their red orange coloring
(Higuera-Ciapara, Félix-Valenzuela and
Goycoolea, 2006). It was chosen to be included in
this paper because it is a somewhat common
animal sourced carotenoid, as well as its
associations  with  diabetes alleviation and
prevention.

CONCLUSION

The COVID-19 pandemic, which has been ongoing
since December 2019, has caused many deaths.

J. Functional Food & Nutraceutical

2022:3(2), pp.93-107 101



A REVIEW OF THE EFFECTIVENESS NATURAL PIGMENT AS

ANTIDIABETIC TO DECREASE THE SIGNIFICANT RISK
FOR COVID-19 DISEASE

Alexander., Sandra., Surya, V.S.,
Marpaung, A. M.

Diabetes mellitus proved to be a significant risk
factor for COVID-19 infection. Studies have
shown that natural pigments from plants possess
many health benefits especially as diabetes mellitus
patients with their phytochemicals. These
pigments, namely chlorophylls, anthocyanins, and
carotenoids exhibit antidiabetic properties, with
different working mechanisms. Furthermore,
potential bioactive compounds also containing in
these natural pigments are very abundant in nature
and human diet. Some researchers are be done with
in vitro and in vivo analysis to give the proofs
about the effectiveness of natural pigments as
antidiabetic substances. This potential should be
utilized properly through the exploration of natural
pigments for practical applications in food or for
commercialization in industrial forms. Although
natural pigments have a weakness, namely the
color is not uniform, and tends to be expensive.
However, natural pigments have the advantage of
being food coloring which tends to be safe
compared to synthetic dyes and is also beneficial
for human health as functional food.
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As part of the submission process, authors are required to check off their submission’s compliance with all of the
following items, and submissions may be returned to authors that do not adhere to these guidelines.
e The originality of the manuscript and ensure the manuscript has not been published previously — Please
see “Originality”
e Manuscript text is prepared in accordance with the author guidelines and given template (for Research
Papers and Short Communications and Notes).
e Ensure that some of the provisions are checked and present — Please see file Check List:
http://bit.ly/checklistjffn.

e Article Submission

Online submission via Open Journal System (https://journal.sgu.ac.id/jffn). Please refer to the User Account
Registration Guideline for submission process. After the submission, author who submit the manuscript will get
a confirmation email and able to track their submission status by logging in to the system. The submission tracking
includes a status of manuscript review and editorial process. If authors have any problems with the online
submission, please contact JFFN admin at the following email: jffn@sgu.ac.id
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the review result/s to the JFFN journal editor as the requirement whether the manuscript is appropriate to be
published in JFFN.

2. Submitting the review

Reviews must be entered in the JFFN submission system. Drop us an email if you encounter trouble accessing
the manuscript or entering your comments to jfin@sgu.ac.id.
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The deadline for completing the manuscript review process is 14 days. If you are unable to complete or need
additional time for the review process, please notify us immediately so that we can keep the authors informed
and assign alternative solution if necessary.

Confidentiality

All reviewers are required to maintain the confidentiality of the manuscript and never share information to the
other parties without the editor's consent. The involvement of third parties in the review process, must be declared
during the review process. Correspondence as part of the review process is also to be treated confidentially by all
parties.

All reviewers are strongly required to keep the confidentiality of process reviews, maintain material
confidentiality of manuscripts, and will not take advantage during the review process.

Anonymity
Reviewers are anonymous by default. Reviewers’ identities are not revealed to authors or to other reviewers

unless reviewers specifically request to be identified by signing their names at the end of their comments.

All reviewer’s identity will be kept confidential. The reviewer's identity will not be revealed to anyone unless
reviewers specifically request to notify the identity by writing the name on the review form or comments.

Writing the Review
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scientific journal guideline. Please download the review form from: http://bit.ly/revformjffn.
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1. Is the manuscript technically sound and do the data support the conclusion?
2. Has the statistical analysis been performed appropriately and rigorously?
3. s the manuscript presented in an intelligible fashion and written in standard English/Indonesian?
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4. Review comments to the author? Please state the positive suggestion that might support the authors to
improve the manuscript.

5. If you would like your identity to be revealed to the authors, please include your name here (optional)
*Your name will not be published in the manuscript.

Revisions
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