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The high prevalence of type 2 diabetes mellitus and dependence on imported nori in Indonesia have driven efforts
to identify sustainable, locally sourced alternatives for nori-like functional foods. This study developed and
characterized a nori-like sheets using underutilized local resources: sea grapes (Caulerpa racemosa) and luhu leaves
(Ormocarpum cochinchinense). The formulation combined sea grape and /uhu leaves pulp with garlic, shallots,
candlenuts, sugar, salt, ground pepper, powdered chicken broth, and carboxymethyl cellulose as a binder. It was
then baked in a microwave (140 Watts for 18-24 minutes). Analyses included proximate composition and dietary
fiber content. Sensory evaluation used a nine-point hedonic scale with 30 semi-trained panelists. /n vitro assays
assessed a-glucosidase inhibitory activity and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging capacity.
The resulting nori-like sheets product exhibits a promising nutritional profile, with a protein content of 38.78% +
1.14%, a very high total dietary fiber content of 49.64% + 1.24%, and a low fat content (0.98% =+ 0.03%). From a
sensory perspective, the product was well received by panelists, scoring above 7.0 across all tested parameters. /n
vitro evaluations demonstrated that this product exhibits significant a-glucosidase inhibitory activity (ICso 71.18 +
0.11 mg/L). Meanwhile, its antioxidant capacity, as determined by the DPPH assay, showed an ICso value of 113.76
+4.39 mg/L. These findings reinforce the potential of the combination of sea grapes and /u/u leaves as a local raw
material for developing functional foods with anti-diabetic and antioxidant properties. Further in vivo studies are
necessary to confirm these health benefits.

1. INTRODUCTION

of approximately 10.8% [4]. North Sulawesi ranked fourth nationally
with a prevalence of 8.5% in 2018, and this figure continues to rise

Diabetes mellitus, particularly type 2, continues to rise globally. In
2021, an estimated 529 million people were living with diabetes, with
a global prevalence of 6.1% [1]. Of this total, approximately 90%
were cases of type 2 diabetes, a proportion that is expected to continue
to dominate the rise in diabetes rates through 2050 [2]. Data from
the International Diabetes Federation Atlas indicate that the number
of people with diabetes aged 20—79 years is projected to surge from
approximately 537 million (10.5%) in 2021 to 783 million (12.2%)
by 2045 [3]. Indonesia itself remains among the top 10 countries with
the highest rates of type 2 diabetes, with a prevalence among adults
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[5]. Without meaningful intervention, the prevalence of diabetes in
Indonesia is projected to rise from 9.19% (18.7 million cases) in 2020
to 16.09% (40.7 million cases) by 2045 [6]. This growing burden
underscores the need for accessible and innovative dietary strategies
for the prevention and management of diabetes.

Importantly, the pathogenesis and progression of type 2 diabetes
mellitus (T2DM) and its cardiovascular complications are linked to
oxidative stress. This condition results from an imbalance between
reactive oxygen species (ROS) production and the body’s antioxidant
defenses [7]. In T2DM, hyperglycemia increases oxidative stress
through mechanisms such as advanced glycation end products and
mitochondrial dysfunction. These changes lead to increased ROS,
cellular damage, impaired beta-cell function, and insulin resistance.
They also contribute to vascular complications such as retinopathy,
nephropathy, and cardiovascular disease [8]. Dietary strategies that
manage postprandial glucose and provide antioxidant protection hold
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significant therapeutic importance [9]. This dual benefit highlights
the need to evaluate the antidiabetic and antioxidant potential of
functional food.

Developing functional foods enriched with flavonoids, polyphenols,
and other bioactive compounds offers a promising strategy for glycemic
control. Many of these phytochemicals inhibit a-glucosidase, thereby
slowing carbohydrate digestion and dampening postprandial glucose
spikes [10—12]. Beyond enzyme inhibition, flavonoids and phenolics
also act as antioxidants by scavenging free radicals, chelating metal
ions, and upregulating endogenous defense enzymes such as superoxide
dismutase and catalase [13]. This dual functionality benefits diabetes
management, as oxidative stress exacerbates insulin resistance
and contributes to diabetic complications, including neuropathy,
nephropathy, and cardiovascular disease [ 14,15]. Therefore, functional
foods combining a-glucosidase inhibition and antioxidant capacity
offer a holistic approach to mitigating both hyperglycemia and
oxidative damage [16]. Inhibiting the a-glucosidase enzyme reduces
glucose absorption and stabilizes blood sugar levels. This is relevant
for the prevention and management of T2DM [17].

Indonesia faces challenges to food sovereignty, especially its
dependence on imported food products. Nori is a popular snack in
Indonesia, made from dried red algae (Porphyra sp.), but most of it
is imported [18]. Nori was chosen as the product format in this study
for strategic reasons. First, the nori format has practical advantages as
a light, long-lasting, ready-to-eat snack that requires no preparation.
This makes it suitable for today’s fast-paced lifestyle [19]. Second,
nori snacks are highly accepted among Indonesian youth—a key
demographic for functional food innovation. Recent studies show that
teenagers and young adults in Indonesia respond positively to nori
snacks. This preference is driven by attractive packaging, flavors, and
the perception of nori as a healthy alternative [20,21]. Third, demand
for imported nori and raw materials increased from about 122,847 tons
in 2018 to 633,760 tons by 2023 [22]. This reliance on imports presents
both a challenge to food sovereignty and an economic opportunity.
Substituting imports with locally sourced nori-like functional foods
can provide both economic and health benefits.

Sea grapes (Caulerpa racemosa) are a green seaweed that is an
underutilized Indonesian biological resource, often consumed fresh by
coastal communities in the Sangihe Islands, North Sulawesi (locally
known as lahe) [23]. This green seaweed has attracted increasing
scientific attention due to its promising nutritional and health benefits.
Magdugo et al. [24] provided a comprehensive analysis of C. racemosa
from the Philippines, demonstrating its rich composition of essential
amino acids, minerals, and bioactive compounds, which underpins its
potential as a functional food ingredient. Furthermore, Taslim et al.
[25] reported that Indonesian C. racemosa extracts exhibit significant
antioxidant activity and a beneficial metabolite profile, supporting
its traditional use and potential for modern food applications. The
broader economic potential of this genus is highlighted in a recent
review by Windarto et al. [26], which positions Caulerpa as a "green
gold" with expanding opportunities in global seaweed markets.
Beyond its nutritional value, C. racemosa is reported to be rich in
phytochemicals, peptides, and polyunsaturated fatty acids [27], and
preliminary in vitro studies have shown its potential anti-diabetic
and antioxidant properties [28-31]. However, preliminary studies
have explored nori-like products from other local seaweeds such
as Ulva lactuca and Eucheuma cottonii [32], Gelidium sp. [33],
and Kappaphycus alvarezii [34].

Similarly, Ormocarpum cochinchinense is a local leafy vegetable
traditionally consumed by communities in the Nusa Utara archipelago

(Sangihe, Talaud, Siau, Tagulandang, and Biaro). This plant is known
as luhu among the Nusa Utara communities. Luhu has been reported
to contain bioactive compounds, including flavonoids, tannins, and
phenols, which are associated with its antioxidant and therapeutic
potential [35-37]. However, the strategic combination of C.
racemosa and O. cochinchinense to create nori-like functional foods
has not been reported previously.

This study is unique in developing a nori-like product from a new
combination of C. racemosa and O. cochinchinense leaves. Both
ingredients are reported to have antidiabetic and antioxidant potentials.
This study provides comprehensive characterization, including
nutritional profiles (proximate composition and dietary fiber),
sensory acceptance, and assessment of anti-diabetic and antioxidant
potential in vitro through o-glucosidase inhibition and 2,2-diphenyl-
1-picrylhydrazyl (DPPH) radical scavenging assays. The research
is based on promoting local food sovereignty. It aims to transform
two underutilized indigenous Indonesian resources into value-added
functional foods. This strategy not only enhances product acceptance
in local communities by using familiar ingredients such as luhu
leaves but also helps build trust in the brand. It also reduces import
dependency and strengthens regional economic resilience, especially
in archipelago regions.

Therefore, this study was conducted to develop and characterize a
nori-like functional product from a combination of sea grape (C.
racemosa) and luhu leaves (O. cochinchinense). Comprehensive
characterization was performed, including analysis of the
nutritional profile (proximate composition and dietary fiber
content) and sensory acceptance evaluation. In addition, this study
aimed to assess the biofunctional properties in vitro of nori-like
products by determining a-glucosidase inhibitory activity, an
indicator of anti-diabetic potential, and DPPH radical scavenging
activity, an indicator of antioxidant capacity. The findings from this
study provide a basis for the potential development of this nori-
like product as a dietary strategy for the management of T2DM in
Indonesia and also a foundation for future in vivo studies to confirm
these health benefits.

2. MATERIALS AND METHODS

2.1. Raw Materials and Chemicals

Caulerpa racemosa was collected from two coastal locations
in the Sangihe Islands, North Sulawesi, Indonesia: Lapango
(3.396377°N, 125.588721°E) and Mahumu (3.410093°N,
125.567335°E). Luhu leaves (O. cochinchinense) and supporting
materials were purchased from the Towoe traditional market in
Tahuna, Sangihe Islands (3.608779°N, 125.503336°E). The
Indonesian Biology Generation Foundation botanically identified
the /uhu plant (Service Order ID: BT-072473). Fresh samples of
C. racemosa and O. cochinchinense leaves were collected during
the dry season, specifically between June and August 2025. This
period is characterized by hot weather and minimal rainfall in
the Sangihe Islands region, which represents the typical harvest
season for these local resources. Fresh C. racemosa samples
were transported in a cooler and processed within 24 hours. The
sampling locations are illustrated in Figure 1. All chemicals
and reagents used were of analytical grade; enzymes, including
o-glucosidase,  4-nitrophenyl-a-D-glucopyranoside  (pNPG),
DPPH, and other chemicals for enzymatic assays, were sourced
from Merck and Sigma-Aldrich.



84 Tanod et al.: Journal of Applied Biology & Biotechnology 2026;14(5):82-95

2w 12s300E sw0e e

INDONESIA

NORTH SULAWESI

-
’
N
@ E
N
4

"'.‘l
Y Sl

0o 2 8
- Km

Fazow

B

- Sangihe Islands
Sampling Location

[ ] for Sea Graphes (C. Rasemosa)

™ Sampling Location (

for Luhu Leaves (0. Cochinchinense)

TIOE TEROE TEHTE B

Figure 1. Sample collection sites for C. racemosa and O. cochinchinense.
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Figure 2. Samples of sea grape and /u/u leaves.

2.2. Development of the Nori-Like Sheet

The nori-like sheets were developed using formulations optimized
from preliminary studies [38]. Sea grapes and /uhu leaves collected
from the Sangihe Islands are shown in Figure 2. Sea grapes were
washed with running tap water to reduce adhering dirt and salt
content. Next, the sea grapes were soaked in fresh water overnight,
with the water changed every 3 hours. After that, the sea grapes
were soaked in a 5% (w/v) lime solution (Ca(OH),) for 5 hours,
followed by rinsing with fresh water until the rinse water was
clear. The drained sea grapes were boiled in boiling water for 5
minutes, drained, and pureed into a smooth paste. The /uhu leaves

are washed with running water and boiled for 5 minutes. The boiled
leaves are then pureed into a homogeneous paste. Sea grape paste
(43.29%) and luhu leaf paste (43.29%) were mixed with supporting
ingredients and a binder. The complete formulation, including
the percentage of each ingredient, is presented in Table 1. The
homogeneous solution was spread evenly into a heat-resistant
glass container to form a thin sheets (~2 mm thick). Drying was
carried out in a microwave oven (SHARP Microwave R-728) at
140 Watts for 18-24 minutes, in accordance with the optimization
by Montolalu er al. [39], with modifications to better prevent
reduction of bioactive compounds.
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Table 1. Formulation of the nori-like sheets from sea grapes (C. racemosa)
and luhu leaves (O. cochinchinense).

Formulation Total (%)
Main ingredients
Sea grape (C. racemosa) paste 43.29
Luhu leaves (O.cochinchinense) paste 43.29
Supporting ingredients
Garlic 1.73
Shallots 1.73
Candlenuts 1.73
Sugar 1.73
Salt 0.87
Ground pepper 0.43
Chicken bouillon powder 0.87
Binder
Carboxymethyl cellulose (CMC) 433
Total 100.00

Table 2. Sensory evaluation score sheets with hedonic scale.

Hedonic scale Score
Extremely like 9
Very like 8
Like 7
Somewhat like 6
Neutral 5
Somewhat dislike 4
Dislike 3
Very dislike 2

—

Extremely dislike

2.3. Proximate Composition and Dietary Fiber Analysis

The proximate composition of the nori-like sheets was evaluated in
accordance with Indonesian National Standards (SNI). Moisture,
ash, protein, and fat content were analyzed in accordance with (SNI
01-2891-1992) [40]. The carbohydrate content was determined in
accordance with AOAC International methods [41]. Total calorie value
was calculated using the Atwater conversion factors as recommended
by the Food and Agriculture Organization [42]. Total dietary fiber
content, water-soluble fiber content, and water-insoluble fiber content
were evaluated using the enzymatic-gravimetric method (AOAC)
[43]. All analyses were performed in triplicate (z = 3) and presented as
the mean =+ standard deviation (SD).

2.4. Sensory Evaluation

Sensory acceptance evaluation was conducted in accordance with
the SNI for organoleptic/sensory testing (SNI 01-2346-2006) using a
hedonic scale [44]. The evaluation involved 30 semi-trained panelists
(university students who had studied sensory evaluation techniques).
Samples of the nori-like sheets were presented in random order in
plastic containers. The testing was conducted under sufficient white
light to minimize blurring. The panelists evaluated the appearance,
aroma, taste, and texture parameters using a nine-point hedonic scale
(1 = extremely dislike, 5 = neutral, 9 = extremely like). The hedonic

score sheets was presented in Table 2. Verbal informed consent was
obtained from all panelists prior to participation, and their anonymity
was protected by assigning panelist codes in place of personal
identifiers.

2.5. In vitro a-Glucosidase Inhibitory Activity Assay

The inhibitory activity of a-glucosidase was determined using the
method described by Febrinda ef al. [45] and Miller and Joubert [46],
with slight modifications. The nori-like sheets was ground into a fine
powder and extracted with methanol (1:10, w/v) for 24 hours. Next,
the extract was filtered and stored for testing. The test was conducted
in three replicates, with concentrations of 25, 50, 75, 100, and 125
mg/L. The reaction mixture contained 50 pl of 0.1 M phosphate buffer
solution (pH 6.8), 25 pul of sample extract at various concentrations,
and 25 pl of a-glucosidase solution (0.5 mg/L). After initial incubation
at 37°C for 10 minutes, 25 pl of 5 mM pNPG substrate was added
to start the reaction. The mixture was then incubated at 37°C for 30
minutes, after which the reaction was stopped by adding 100 pl of 0.2
M sodium carbonate solution. The amount of p-nitrophenol released
was measured spectrophotometrically at 405 nm (Shimadzu UV-VIS
1800). A comparative control was prepared using acarbose, a negative
control was prepared using buffer, and a blank was prepared using
buffer instead of both the sample and the enzyme. Inhibition activity
was calculated as a percentage using the following formula:

Sample Absorbance
Control Absorbance

% Inhibition =1 — % 100%

The ICso value (concentration required to inhibit 50% of enzyme
activity) was determined from the regression line of percentage
inhibition versus sample concentration. The analysis was performed
in triplicate (n = 3), and the data are presented as the mean + SD.

2.6. In vitro DPPH Scavenging Activity Assay

The antioxidant activity of extracts from nori-like sheets was
evaluated using a modified DPPH free radical scavenging assay
[47,48]. Methanol extracts were serially diluted to 25, 50, 75, 100, and
125 mg/L. An aliquot of each dilution (1 ml) was mixed with 1 ml of
350 mg/L DPPH solution, homogenized, and incubated in darkness
at ambient temperature for 30 minutes. Absorbance was then read at
517 nm (Shimadzu UV-VIS 1800). A methanol-DPPH mixture served
as the negative control, while vitamin E was used as the reference
standard. This assay was performed in duplicate (n = 2), and data were
presented as mean + SD. The percentage of DPPH radical scavenging
activity was calculated using the equation:

A control-A sample

DPPH Scavenging Activity (%) % 100%

A control
A control is the absorbance of the control, and A sample is the
absorbance of the sample. The ICso value, which is the concentration of
extract required to neutralize 50% of DPPH radicals, was determined
through linear regression analysis of the concentration—response
curve.

2.7. Preliminary Phytochemical Analysis

The prepared methanol extract of the nori-like sheets was analyzed to
determine the presence of flavonoids, alkaloids, phenolics, saponins,
tannins, steroids, and terpenoids, according to the method described
by Harborne [49]. Positive results of this test were evaluated by
observing precipitate formation or color changes.
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2.8. Data Analysis

Proximate analysis data were obtained in triplicate (n = 3), and the
data are presented as mean + SD. To determine the ICso values,
simple linear regression analysis was performed by plotting percent
inhibition against extract concentration. The o-glucosidase inhibition
assay was conducted in triplicate (n = 3), while the DPPH radical
scavenging assay was conducted in duplicate (n = 2) due to limited
extract volume. Data from both assays are presented as mean + SD.
Sensory acceptance data from 30 semi-trained panelists were analyzed
descriptively by calculating the mean and SD of hedonic scores for
each sensory attribute, with the number of panelists serving as the
replicate (n = 30). All calculations of means and SDs were performed
using Microsoft Excel Home and Student 2021.

3. RESULTS AND DISCUSSION

3.1. Nutritional Profile of the Nori-Like Sheet

The proximate composition and dietary fiber content of the developed
nori-like sheets are presented in Table 3. The results of the proximate
and fiber analysis are reported as means + SD. The proximate analysis
of the nori-like sheets shows the typical characteristics of seaweed-
based foods, with high carbohydrate and dietary fiber content,
moderate protein, and low fat, resulting in a caloric value of 308.66
Kcal/100 g. These analytical results indicate that nori-like sheets
are nutritionally beneficial as functional snacks, providing sufficient
energy while being low in fat. Therefore, this nori-like sheets (Fig. 3),
developed from a combination of C. racemosa seaweed and luhu
leaves (O. cochinchinense), has a nutritional profile comparable in
some respects to Porphyra-based nori, particularly high protein and
low fat.

Figure 3 shows that the product resembles dark green to brownish
nori sheets, visually similar to commercial nori made from Porphyra
sp., which are typically dark green to blackish-green [50]. The
surface is uniform with a slight gloss, comparable to commercial
nori. The thickness is about 0.2-0.35 mm, slightly more than typical
commercial nori (0.19-0.25 mm) [51]. The aroma of the nori-like
sheets is dominated by supporting ingredients: pepper, shallots, garlic,
and candlenuts. Interviews with panelists described the aroma as
savory (umami), likely due to chicken broth powder and the glutamate
in sea grapes.

Commercial nori from Porphyra sp. has been reported to contain
41.49% protein, 0.44% fat, 4.99% ash, and 13.14% moisture [52]. Nori
has also been reported to contain approximately 33.2% protein, 2.8%
fat, 37% carbohydrates, and 21.3% dietary fiber [53]. This nutritional
composition is consistent with previous studies on seaweed-based
food products, which generally have high carbohydrate and fiber with
low fat [54]. Caulerpa racemosa also contains 17.92% of moisture,
47.85% of ash, 7.82% of lipid, 1.34% of crude fiber, and 25.06% of
carbohydrate. Additionally, it contains 2.74% of Na, 0.32% of Mg,
and 1.96% of Ca with water swelling capacity of 2.16 ml/g and water
holding capacity of 6.56 g/g [55]. Ormocarpum cochinchinense
leaves have been shown to enhance calcium and phosphorus levels in
biological contexts [56].

The high protein content (38.78%) is a logical outcome of the
ingredient selection. Sea grape paste and /wuhu leaf paste—each
comprising 43.29% of the formulation—contribute protein at
approximately 19.7%-20.3% [57] and 25.5% [58] on a dry basis,
respectively. Chicken broth powder, though a minor component
(0.87%), adds further protein (~14%) [59]. Microwave drying reduces

moisture to roughly 11%, concentrating these solids while preserving
protein integrity; retention rates above 97% have been reported for
this method, outperforming conventional hot-air drying [60]. Thus,
the high protein content in the nori-like sheets is not an anomaly but
a direct reflection of the intrinsic quality of the selected local raw
materials and of the concentration effect during production.

Beyond its impressive protein content, the product also exhibited a
relatively high ash content, which merits further discussion. The
relatively high ash content is thought to be due to the use of mineral-
rich additives such as garlic, shallots, candlenuts, salt, and powdered
chicken broth. Ash content indicates the total mineral content of a
product [61]. Garlic is reported to contain various minerals, such as
Ca, Fe, Mg, Mn, P, K, Na, Zn, and Se [62]. Shallots are also reported
to contain macro- and micro-minerals, including Ca, Mg, K, Na, P, S,
Fe, and Zn [63]. Candlenuts are reported to contain Ca and K [64]. Na
is reported to be the main mineral content in salt and chicken bouillon
powder [65,66]. In addition, the ash content is quite high, presumably
originating from lime residue that may still be attached to the surface
of sea grapes. This will be a concern in the future when developing
nori-like products.

Table 3. Proximate composition and dietary fiber content of the nori-like
sheet.

Parameter Value
Moisture (%) 11.18 +1.03
Ash (%) 12.88 £ 1.12
Lipid (%) 0.98 +0.03
Protein (%) 38.78 +1.14
Carbohydrate (%) 36.18 + 1.77
Total calorie (Kcal/100 g) 308.66 +3.83
Total dietary fiber (%) 49.64 + 1.24
Soluble fiber (%) 29.75 £ 0.69
Insoluble fiber (%) 19.89 + 0.54

-

Figure 3. Nori-like sheets from sea grape (C. racemosa) and luhu leaves (O.
cochinchinense).
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The low moisture content (11.18%) in nori-like sheets can confer
microbiological advantages, including improved shelf life [67]. A
significant finding is the very high dietary fiber content (49.64%),
with a favorable ratio of water-soluble to water-insoluble dietary fiber
(approximately 1.5:1). Water-soluble dietary fiber has been reported
to help form a thick gel in the intestines that delays gastric emptying
and slows glucose absorption, thereby contributing to better glycemic
control [68,69]. The high dietary fiber content of this nori-like snack
makes it a source of fiber that can help manage type 2 diabetes and
improve digestive health.

3.2. Sensory Acceptance

Consumer acceptance testing of appearance, aroma, taste, and texture
is an important factor in the development of functional foods [70].
Sensory acceptance results (Fig. 4) show that nori-like sheets scored
favorably across all parameters, with an average score above 7.0
on a nine-point hedonic scale, indicating that panelists liked their
appearance, aroma, taste, and texture. The panelists gave the highest
hedonic scores for appearance and aroma (7.83 = 0.89 and 7.77 £ 1.02,
respectively), indicating that the product was visually appealing and
had a pleasant aroma. The panelists also accepted the taste and texture
well (7.63 + 1.35 and 7.48 + 1.33, respectively).

The taste profile of the nori-like sheets, as described by the panelists,
indicated a balanced combination of savory (umami), slight sweetness,
and a mild salty taste, without any significant bitterness or astringency.
This contrasts favorably with some previously developed nori-like
products derived from the algae U. lactuca and Gracilaria changii,
which were reported to have an undesirable astringent taste [71]. The
absence of astringency in the nori-like product we developed from sea
grapes and /uhu leaves can be attributed to the pretreatment process
(soaking in a lime solution and boiling), which likely reduces oxalates
and other bitter compounds in the sea grapes, as well as the addition
of flavor-balancing ingredients (garlic, onion, sugar, and salt). When
compared to commercial Porphyra nori based on literature, which has
a characteristic umami flavor derived from high levels of free amino
acids such as alanine, glutamic acid, and glycine [72], the nori-like
product developed in this study has a more complex flavor profile due
to the addition of traditional Indonesian spices, such as shallots, garlic,
pepper, and candlenuts.

The texture profile of this nori-like product is crisp and rollable,
similar to commercial nori snacks, with a satisfying crunch when
bitten into. According to panelists, this nori-like product—made
from a combination of sea grapes and /uhu leaves—softens relatively
quickly when chewed and exposed to saliva, without becoming overly
chewy or sticky. This texture profile is comparable to commercial
Porphyra nori, which is crisp and easy to chew. This texture profile
can be achieved through microwave drying at controlled power
levels, which effectively removes moisture (to about 10%—11%) and
minimizes structural damage to the polysaccharide matrix (making it
rollable) [73].

The high acceptance scores across all sensory parameters can be
attributed to several factors. First, the use of familiar local ingredients
(luhu leaves, garlic, shallots, and candlenuts) created a flavor profile
that aligned with the culinary preferences of panelists from the North
Nusa archipelago. This aligns with the findings of Annunziata and
Vecchio [74], who emphasize that incorporating familiar ingredients
is key to consumer acceptance of new functional foods. Second, the
pre-treatment of sea grapes effectively reduced undesirable sensory
attributes (excessive saltiness and potential bitterness) that have been
reported in other nori-like products from tropical seaweeds [71].
Third, the microwave drying method preserved the natural color
and prevented the development of off-flavors that can occur with
prolonged thermal processing.

High acceptance of a functional food ingredient can bridge the gap
between health functions and consumer preferences, a common
challenge in developing functional foods [75]. The favorable sensory
profile of this nori-like product suggests its potential for successful
market acceptance, particularly among consumers familiar with
traditional North Sulawesi cuisine.

3.3. In vitro Anti-Diabetic Activity

The anti-diabetic potential of nori-like sheets is determined by the
inhibition of the a-glucosidase enzyme, the main therapeutic target for
managing postprandial hyperglycemia [76]. Nori-like sheets extracts
exhibited concentration-dependent inhibitory activity with an ICsq of
71.18 + 0.11 mg/L (Fig. 5). While this is less potent than acarbose
(ICso = 23.04 £+ 1.38 mg/L), the inhibitory activity of nori-like sheets

9 7.83+0.89 7.77£1.02 7.63£1.35 7.48+1.33
8
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Figure 4. Sensory evaluation scores of the nori-like sheet.
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may still provide a mild reduction in postprandial hyperglycemia
when included in the diet.

The o-glucosidase inhibitory activity observed in our study is
comparable to, or in some cases more potent than, findings reported for
other C. racemosa-based products. Apriasih et al. [77] evaluated the
anti-diabetic potential of Caulerpa species through flour fortification
in noodles. They demonstrated that substituting C. racemosa flour for
wheat flour in noodle products significantly reduced blood glucose
levels in rat models and resulted in low-glycemic-index products.
The study attributed this effect to flavonoid compounds acting as
a-glucosidase inhibitors, findings that align with our phytochemical
screening results and confirm the presence of flavonoids in our nori-
like product.

In another study of fermented beverages made from C. racemosa,
Permatasari et al. [78] and Augusta et al. [79] investigated sea grape
kombucha tea and reported that this probiotic beverage exhibited
>80%—-90% inhibition of a-glucosidase and a-amylase activity in vitro,
indicating a very strong antidiabetic effect. Importantly, Permatasari
et al. [78] also reported that sea grape kombucha significantly
reduced blood glucose levels in rats fed a high-fat/high-cholesterol
diet, confirming the in vivo relevance of the in vitro findings. This
supports the potential physiological benefits of functional foods based

on C. racemosa, including the nori-like product we developed, despite
differences in product format and processing methods.

The o-glucosidase inhibitory activity of our nori-like product is
thought to be mediated by bioactive components contained in both
main raw materials. Caulerpa racemosa has been reported to contain
phenolic compounds and flavonoids, which can inhibit a-glucosidase
by competitively binding to its active site [80]. Other studies have also
shown that C. racemosa extract is rich in carotenoids and polyphenols
and exhibits significant a-glucosidase inhibitory activity in vitro [31,81].

Similarly, the methanol extract of O. cochinchinense leaves has been
reported to exhibit significant in vifro inhibitory activity against
o-glucosidase and o-amylase. This indicates strong antidiabetic
potential [82]. To date, no research reports have been found
describing food or beverage products derived from /uhu leaves (O.
cochinchinense), but reports on their phytochemical profiles and
enzymatic mechanisms strongly support the development of /uAu leaf-
based food fortification as an antidiabetic functional food.

In addition to the chemical inhibition by bioactive compounds, the
high water-soluble dietary fiber content (29.75%) of our nori-like
product likely contributes to its overall glycemic management potential
through physical mechanisms. Water-soluble dietary fiber forms a thick
gel in the intestine, delaying gastric emptying and slowing glucose
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absorption, thereby contributing to better glycemic control [68,69].
This dual mechanism—chemical inhibition of digestive enzymes
combined with physical delay of glucose absorption—represents a
synergistic approach to managing postprandial blood glucose. This
concept aligns with the multi-target strategy proposed by Cheng et al.
[83] for functional foods in diabetes management.

Furthermore, the use of microwave drying in processing our nori-
like product is noteworthy. Studies by Hamamouche et al. [84]
and Badmus et al. [85] have demonstrated that microwave-assisted
processing can better preserve bioactive compounds compared to
conventional thermal drying methods, potentially explaining the
retained o-glucosidase inhibitory activity in our product despite
thermal processing.

The observed ICsq value for the nori-like product was moderate,
indicating that it is a moderate o-glucosidase inhibitor. For
context, synthetic acarbose typically shows ICso values of 20-50
mg/L across assay conditions [46]. Natural product extracts from
the Caulerpa genus have reported ICso values ranging from 50
to 150 mg/L [31,81,86,87], placing our product favorably within
this range. When considered alongside the high dietary fiber
content, the overall anti-diabetic potential of this nori-like product
is promising for incorporation into dietary strategies for type 2
diabetes management.

3.4. In vitro Antioxidant Activity

Cells undergoing oxidative stress contribute to the development and
progression of diabetes complications [88]. Therefore, antioxidants
are needed to help reduce oxidative stress and prevent diabetes
complications [89]. The antioxidant capacity of nori-like sheets,
evaluated based on their ability to capture DPPH free radicals, showed
an ICso value of 113.76 +4.39 mg/L (Fig. 6). These evaluations indicate
that the antioxidant capacity of nori-like sheets remains concentration-
dependent. The antioxidant capacity of this nori-like sheet, although
less potent than vitamin E as a control (ICsp = 39.27 £+ 1.53 mg/L), is
still significant as a functional food.

The significant difference in IC,, values between the nori sheets
product and pure vitamin E was actually expected. Vitamin E is a
pure compound known to be a powerful antioxidant. In contrast, the
nori sheets are a whole-food matrix. Within this matrix, bioactive
compounds—such as phenolics and tannins—are likely entrapped
within the food fiber network and polysaccharides. Although
microwave drying has been shown to be gentler on bioactive
components than conventional heating, it still has the potential to
reduce some of the activity of these compounds. Thus, an ICso value
in the range of 113 mg/L is a realistic achievement for functional food
products based on seaweed and local leafy greens.

The DPPH assay employed in this study was originally developed by
Blois [48]. Molyneux [90] noted that the ICso value obtained from the
DPPH assay is inversely related to antioxidant potency: a lower 1Csg
indicates stronger radical scavenging activity. The ICsq of the nori-
like sheets (113.76 mg/L) is approximately threefold higher than that
of pure vitamin E (39.27 mg/L), placing the product in the moderate
range of antioxidant activity when compared to other Caulerpa-based
foods reported in the literature. This moderate antioxidant capacity,
combined with the product's high dietary fiber and protein content, still
represents a meaningful functional benefit for a ready-to-eat snack.

The antioxidant activity of our nori-like sheets can be meaningfully
compared with that of several recently developed C. racemosa-

based functional foods. These comparisons reveal that the
antioxidant potential of C. racemosa is highly dependent on
processing methods, product matrix, and extraction techniques. The
ICso value of our nori-like sheets (113.76 + 4.39 mg/L) compares
favorably with the yogurt study by Dewi and Purnamayati [91],
which reported an ICso of approximately 183 mg/L for C.
racemosa yogurt—approximately twice our value, suggesting our
product has superior radical scavenging potency on a concentration
basis. This difference may be attributed to several factors. First,
our microwave drying method (140 Watts for 18-24 minutes)
likely preserved heat-sensitive antioxidant compounds more
effectively than conventional thermal processing, as supported
by Hamamouche et al. [84], who demonstrated that microwave-
assisted extraction better retains bioactive compounds in seaweeds.
Second, the combination with O. cochinchinense leaves in our
product may provide synergistic antioxidant effects not present in
products containing only C. racemosa.

Direct comparison with the powdered drink study by Damayati ez al.
[92] is challenging due to different reporting units (mg/100 g vs. ICs
in mg/L). However, their finding that 10% gum arabic produced the
highest DPPH value (13.21 mg/100 g) and best sensory acceptance
highlights the importance of formulation optimization—a principle
we applied in developing our nori-like sheets through preliminary
formulation studies [38].

The solid-state fermentation approach reported by Astuti et al. [93]
is particularly noteworthy, as fermentation significantly enhanced
antioxidant properties (TPC 312 mg GAE/100 g; FRAP 1,107 mg
TE/100 g) compared to unfermented C. racemosa. This suggests
that future iterations of our nori-like sheets could potentially achieve
even higher antioxidant activity through controlled fermentation,
representing an opportunity for product improvement. Additionally,
their identification of volatile siloxane compounds (hexamethyl and
octamethyl cyclosiloxane) that contribute to antioxidant activity opens
new avenues for understanding the complex chemistry of C. racemosa
beyond conventional phenolic compounds.

Kumar et al. [94] demonstrated that C. racemosa supplementation in
biscuits produced dose-dependent increases in phenolic content and
antioxidant activities (DPPH, ABTS, H,O, scavenging, and FRAP),
with sensory acceptance remaining in the "neutral to somewhat like"
range. This aligns with our finding that functional food products can
maintain acceptable sensory properties while delivering antioxidant
benefits, addressing the common challenge in functional food
development of balancing health benefits with consumer acceptance
[75].

The antioxidant capacity observed across these diverse product
formats is grounded in the rich phytochemistry of C. racemosa.
Kurniawan et al. [31] comprehensively characterized the carotenoid
profile of C. racemosa, identifying fucoxanthin, lutein, astaxanthin,
canthaxanthin, zeaxanthin, B-carotene, and [-cryptoxanthin as
major constituents. These carotenoids, together with polyphenolic
metabolites, demonstrated strong DPPH and ABTS radical
scavenging activities, as well as antidiabetic and anti-obesity effects
in vitro. Taslim et al. [25] further confirmed that Indonesian C.
racemosa extracts exhibit significant antioxidant activity and a
beneficial metabolite profile, with the extraction method substantially
influencing the recovered bioactivity. These fundamental studies
provide the biochemical rationale for the antioxidant activity
observed in our nori-like product and in other C. racemosa-based
functional foods.
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While our nori-like product uniquely combines C. racemosa with O.
cochinchinense leaves, to date, no published studies have specifically
formulated O. cochinchinense into food or beverage products.
However, extensive phytochemical and pharmacological studies on O.
cochinchinense leaf extracts provide strong evidence supporting its
antioxidant potential and justifying its inclusion in functional food
formulations.

Katturajan et al. [82] demonstrated that methanolic extracts of O.
cochinchinense leaves have the highest phenolic and flavonoid
contents among aqueous, acetone, hexane, and chloroform extracts,
and that these phytochemicals strongly correlate with potent radical
scavenging activity across multiple assays. This study also confirmed
significant in vitro a-amylase and a-glucosidase inhibitory activities,
positioning O. cochinchinense as a promising candidate for functional
foods targeting glycemic management.

Ganesanetal. [95]and Somashekar et al. [96] reported thatethanolic leaf
extracts of O. cochinchinense exhibited significant in vitro antioxidant
activity through DPPH and nitric oxide inhibition assays. Notably, the
extract inhibited nitrite radicals by up to 95% and demonstrated strong
anti-inflammatory activity through human red blood cell membrane
stabilization (up to 80%) in a dose-dependent manner. These findings
indicate that O. cochinchinense possesses dual antioxidant and anti-
inflammatory properties, which are particularly relevant for managing
the oxidative stress and chronic inflammation characteristic of type 2
diabetes [12,17]. Besides that, O. cochinchinense leaves are reported
to contain tannins and flavonoids, which are powerful antioxidants
[35]. For patients with diabetes, whose cells experience increased
oxidative stress, regular consumption of antioxidant-rich foods may
help reduce oxidative damage [97].

The absence of formulated food products containing O.
cochinchinense in the literature highlights the novelty of our approach.
However, several knowledge gaps remain to be addressed in future
research: (1) the stability of O. cochinchinense antioxidants within
food matrices during processing and storage, (2) safe consumption
doses for humans, and (3) sensory properties of O. cochinchinense-
containing products. Our study begins to address these gaps by
demonstrating that O. cochinchinense can be successfully incorporated
into a nori-like product with high sensory acceptance (scores >7.0 for
all parameters). The addition of O. cochinchinense represents a novel
contribution that expands the possibilities for developing culturally
relevant, locally sourced functional foods in Indonesia.

3.5. Phytochemicals of Nori-Like Sheet

The methanol extracts from nori-like sheets were analyzed by
qualitative phytochemical screening to detectkey bioactive compounds.
The results of the phytochemical screening are summarized in Table
4, indicating the presence of various phytoconstituents, including
alkaloids, flavonoids, phenolics, saponins, steroids, tannins, and
terpenoids.

The phytochemical profile observed in our nori-like sheets is
consistent with, and in several aspects broader than, previously
reported profiles of its two main ingredients, C. racemosa and O.
cochinchinense. The positive result for alkaloids in our nori-like sheets
aligns with the well-documented richness of the Caulerpa genus in
bisindole alkaloids such as caulerpin, caulersin, and caulerpenyne
[27,98]. Similarly, studies on O. cochinchinense leaves have
qualitatively detected alkaloids in various solvents (ethyl acetate,
ethanol, methanol, and water) and identified specific alkaloids and
amide derivatives by gas chromatography-mass spectrometry (GC-

Table 4. Phytoconstituents of nori-like sheet.

Compounds Test Result Description

Alkaloids Dragendorff + Red brick deposits formed
Mayer + Yellow/white deposits form
Flavonoids ~ Mg+ HCI 1% - No red color formed
+ ish-
Pb acetate 10% Formed a brownish-yellow
color
Phenolics Tron (III) + The blackish green precipitate
Chloride formed
Saponins Distilled water + Stable foam is formed
+HCI
Steroids Liebermann + A brown ring formed
Burchard’s
Tannins FeCl3 1% Formed a dark blue color
Terpenoids  Salkowski’s + Formed a golden yellow color

MS) analysis of ethanolic extracts [99]. The presence of alkaloids in
both raw materials contributes to the positive result in our combined
product.

The positive result with Pb acetate (brownish-yellow precipitate)
confirms the presence of flavonoids in our nori-like sheet, despite the
negative result with the Mg + HCl test. In addition, the heating process
during microwave drying, although relatively brief, can cause thermal
degradation of some heat-labile flavonoid compounds [100]. The
negative result with the Mg + HCI test (Shinoda test) deserves brief
clarification. This assay detects only certain flavonoid subclasses—
flavones, flavonols, and flavanones—that reduce to red anthocyanidins
under acidic conditions. Other subclasses, including isoflavones
and catechins, typically give no response [101]. Hence, a negative
Shinoda test does not exclude the presence of flavonoids; it simply
suggests that the flavonoids in our product are predominantly of types
unreactive to this specific reagent. Confirmation of the presence of
flavonoids was still obtained from the 10% lead acetate test, which
operates through a different mechanism—namely, the formation of a
yellowish-brown lead-flavonoid complex; and is known to be more
universal in detecting the presence of phenolic compounds, including
flavonoids.

Palaniyappan et al. [27] reported that methanolic extracts of C.
racemosa contain flavonoids with a total flavonoid content of
approximately 33 mg QE/g, which contribute significantly to
antioxidant and antidiabetic activities. IveSa et al. [102] further
confirmed flavonoids as major bioactive constituents in C.
racemosa through a comprehensive review. For O. cochinchinense,
flavonoids have been detected in methanol and aqueous extracts, with
GC-MS analysis identifying them as one of the major phytochemical
classes responsible for antioxidant and anti-inflammatory potential
[82,99].

The positive phenolic results (blackish-green precipitate with FeCl,)
in our product are strongly supported by the literature. Palaniyappan
et al. [27] reported a total phenolic content of 11.99 mg GAE/g in
methanolic C. racemosa extracts. Ahmed et al. [98] also confirmed
phenolic compounds in C. racemosa from the Red Sea coast. For O.
cochinchinense, phenolics are consistently reported as one of the
major phytoconstituent groups [82,99], which strongly correlate with
antioxidant activity. The combined phenolic contributions from both
ingredients likely account for the strong positive result in our nori-like
sheet.
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The stable foam formation confirming saponins in our nori-like
product is consistent with the detection of saponins in methanolic
and ethanolic extracts of C. racemosa. Ahmed et al [98]
qualitatively detected saponins in C. racemosa samples from the
Red Sea, while Chowdhury ef al. [103] confirmed their presence in
samples from the Bay of Bengal. Saponins have also been reported
in O. cochinchinense extracts, though less prominently than other
phytochemical classes [35].

The positive Liebermann—Burchard test (brown ring formation)
confirms the presence of steroids/sterols in our product. This aligns
with comprehensive phytochemical reviews that identify phytosterols
(including fucosterol) and other steroids in C. racemosa via Liquid
Chromatography-High Resolution Mass Spectrometry analysis and
biochemical studies. Ivesa et al. [102] confirmed that sterols are
characteristic constituents of Caulerpa species with various biological
activities. For O. cochinchinense, steroids have been identified in
acetone and chloroform extracts [35], and other studies have reported
the presence of "steroids, phytosterols" and similar compounds in
ethanolic extracts [104].

The dark blue color formation with FeCl; confirms the presence
of tannins in our product. Chowdhury e al. [103] reported tannin
content of approximately 18.6 mg TAE/g in methanolic extracts
of C. racemosa from the Bay of Bengal. Tannins have also been
detected in acetone and methanol extracts of O. cochinchinense [35]
and are considered important constituents potentially related to anti-
inflammatory and bone-healing effects [99]. The presence of tannins
in both raw materials contributes to the positive result in our combined
product.

The golden-yellow color with Salkowski's reagent confirms the
presence of terpenoids in our nori-like sheet. This finding is strongly
supported by literature documenting terpenoids and triterpenoids
(including betulin and various sesqui-/diterpenes) as major bioactive
fractions in C. racemosa [27,36,98]. For O. cochinchinense,
terpenoids have been detected in methanolic extracts [35], and GC-
MS analysis has identified phytol (a diterpene), other terpenoids,
and terpenoid fatty acids with antioxidant and anti-inflammatory
activities [99,104].

Importantly, the phytochemical profile of our nori-like product is
broader than that typically reported for commercial Porphyra-based
nori, which is primarily valued for its protein, vitamin, and mineral
content rather than its diversity of bioactive secondary metabolites
[52,53]. While Porphyra species do contain some phenolics and
carotenoids, the combination of C. racemosa (rich in unique bisindole
alkaloids and diverse terpenoids) with O. cochinchinense (rich
in flavonoids and phenolics) yields a phytochemical spectrum
that is distinct from conventional nori. This diversity underpins
the multifunctional properties (antioxidant and anti-diabetic)
demonstrated in our study and positions this nori-like product as a
novel functional food with potential health benefits beyond simple
nutrition.

3.6. Integrated Discussion: A Multi-Functional Food from
Local Resources

The findings of this study, nutritional profile, sensory evaluation, and
functional properties can support a strong, holistic argument for nori-
like functional food products. This nori-like sheet, a combination
of sea grapes (C. racemosa) and luhu leaves (O. cochinchinense),
successfully integrates functional properties that benefit health
through:

- Synergistic glycemic control: The combination of high
water-soluble dietary fiber content and o-glucosidase inhibitory
activity provides a multi-target approach to managing postprandial
blood glucose levels. This synergistic combination has potential as
a therapeutic approach in the development of functional foods for
metabolic diseases such as type 2 diabetes [83].

- Antioxidant defense: The antioxidant capacity of nori-like
sheets provides additional benefits by helping reduce oxidative stress,
potentially providing a protective effect against long-term diabetes
complications. This is important for developing nori-like functional
food products [105].

- Cultural and commercial viability: Culturally, these
functional properties are embedded in products that are sensory
acceptable. The use of local ingredients (lahe and [uhu) not only
ensures cultural relevance but also promotes sustainable resource
optimization and supports local food sovereignty [106].

The findings of this study suggest that traditional knowledge and
local biodiversity can be optimally utilized through appropriate food
processing techniques to create innovative foods that promote health.
Nori-like sheets combining C. racemosa and O. cochinchinense have
the potential to be a promising dietary strategy for the prevention
and management of type 2 diabetes in Indonesia. Although this
study provides a promising foundation, several limitations must be
acknowledged. The potential anti-diabetic and antioxidant properties
were only evaluated in vitro, future in vivo evaluation using diabetic
mouse models is still needed to confirm these health benefits in a
physiological context. Furthermore, this study focused on preliminary
development, nutritional characterization, and sensory acceptance.
However, detailed evaluation of microbiological safety and storage
stability, which are critical for commercial product development, was
not performed and remains an important goal for future research.

4. CONCLUSION

This study successfully developed a nori-like sheets that is sensory
acceptable, a combination of sea grapes (C. racemosa) and luhu
leaves (O. cochinchinense). This nori-like product has the potential
to become a functional food with Indonesian local wisdom, with a
promising nutritional profile—high fiber, moderate protein, and low
fat—and in vitro anti-diabetic and antioxidant activity, related to
the synergistic action of water-soluble dietary fiber and bioactive
compounds. Although these findings highlight the potential of
underutilized local resources for developing functional foods, further
in vivo studies are needed to confirm the physiological health benefits
of these nori-like sheets. This research supports a sustainable and
culturally relevant approach to the management of type 2 diabetes in
Indonesia, especially in the Nusa Utara Archipelago.
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