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Abstract. Hidayah N, Noviandi CT, Astuti A, Kustantinah. 2024. Chemical composition with different drying methods and ruminant 
methane gas production of Palisada perforata. Nusantara Bioscience 16: 37-42. Indonesia is a tropical country with a large diversity of 
seaweed, but a few studies analyzed it as an ingredient or supplement for ruminant feed. Evaluation of the nutrient content and phenolic 
compound with different drying methods (freeze-drying and shade-drying) and ruminant gas production from Palisada perforata (Bory) 
K.W.Nam to know about the potential for ruminant feed and methane mitigation were the goals of this investigation. The nutrient 
content, kinetic, and methane gas production were analyzed descriptively; meanwhile, the phenolic compound was analyzed with T-tests 
for the differences among treatments, using 4 replications. The result showed that the nutrient content of P. perforata had higher 

Organic Matter (OM), Crude Protein (CP), and Nitrogen-Free Extract (NFE) with the freeze-drying method (83.47 vs. 52.85%DM, 
19.33 vs. 16.05%DM, and 54.16 vs 26.80%DM, respectively) and the mineral content was higher with shade-drying method (16.53 vs 
47.15%DM). The shade-drying method decreased almost 50% of the phenolic compound compared to the freeze-drying method. The 
kinetic gas production of P. perforata had easily degraded, potentially degraded, and total degraded and fermented fractions at 5.88, 
24.91, and 30.80 mL/200 mgDM, respectively; the methane gas production in 24 and 48 hours incubation at 1.80 and 3.01 mL/gDM. 
The study concluded that the freeze-drying method is better than the shade-drying method to dry P. perforata and this species' potential 
as ruminant feed and methane mitigation. 

Keywords: Nutrient content, Palisada perforata, phenolic compound, ruminant methane gas production  

INTRODUCTION 

Recent research on improving feed management is 

interested in using seaweed as a feed ingredient or 

additional feed for ruminant livestock (Roque et al. 2019; 

Min et al. 2021). Min et al. (2021) stated that seaweed is 

rich in polysaccharides, amino acids, vitamins, secondary 

metabolites, and minerals, which are important for livestock 

metabolic functions. Therefore, using seaweed can increase 

feed conversion efficiency, growth rate, health, and 

productivity of ruminants (Belanche et al. 2016; Pirian et 

al. 2017; Gaillard et al. 2018; Roque et al. 2019). Seaweed 
is also very efficient in reducing CH4 emissions in 

ruminant livestock (Kinley et al. 2016, 2020; Machado et 

al. 2016; Li et al. 2017; Roque et al. 2019; Choi et al. 2021; 

Min et al. 2021; Mihaila et al. 2022) because it contains 

metabolite compounds; there is halogen (such as bromoform) 

and phlorotannin compounds which are not present in 

terrestrial plants, phenolic compound, and others. Hagaggi 

and Abdul-Raouf (2022) reported that Cystoseira myrica 

(S.G.Gmelin) C.Agardh was extracted with methanol and 

ethyl acetate for Catenococcus thiocycli Sorokin, 1994 had 

the highest quantities of flavonoids (2,164.7 and 1,418.4 µg 
quercetin equivalent/mg extract), respectively. A notable 

quantity of saponins and tannins (778 µg diosgenin 

equivalent/mg extract and 606 µg catechol equivalent/mg 

extract, respectively) were present in the C. myrica 

extracted with ethyl acetate. 

Studies on using various seaweed species as feed 

ingredients or additional feed for ruminants and their 

effectiveness in reducing enteric CH4 from subtropical 

seaweed species are still minimal. The genus of 

Asparagopsis is the most vigorous additive in decreasing 

enteric CH4 production (40-98%) with low levels (0.2-2% 

Organic Matter (OM)) (Machado et al. 2016; Li et al. 2017; 

Kinley et al. 2020; Mihaila et al. 2022). Indonesia is one of 

the tropical countries that produces the largest seaweed in 
the world (38.7%) after China (47.9%) (FAO 2018), with a 

fresh seaweed harvest of almost 10 million metric tons in 

2019 (van der Heijden et al. 2022). Erniati et al. (2016) 

stated that seaweed diversity in Indonesia is the largest than 

in other countries. Waters et al. (2019) stated that Indonesia 

is a good place to grow different kinds of seaweed because 

it has a tropical climate, 64,000,000 km2 of ocean area, and 

110,000 km of coastline. 

Seaweed in Indonesia has been used as food raw 

material, especially Eucheuma cottonii Weber Bosse, 1913 

and Gracilaria Greville, 1830 for carrageenan and agar-
agar, respectively, which are used in the production of 

various food items, including crackers, drinks, noodles, 

jellies, sweets, etc. (van der Heijden et al. 2022). However, 

until now, the seaweed used and commercialized is still 
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very limited to the Eucheuma spp. and Gracilaria spp. So, 

there are still many seaweed species that have not been 

explored. Haryatfrehni et al. (2015) stated that 

Gunungkidul, Yogyakarta, Indonesia, has several beaches 

with the potential for high diversity and availability of 

natural seaweed sources. Palisada perforata (Bory) 

K.W.Nam is one of the seaweed species abundant in 

Gunungkidul coastal areas, with the potential to evaluate 

the chemical composition (nutrient content and phenolic 

compound) as an alternative feed ingredient or additional 
feed for ruminant livestock (Figure 1).  

However, it is crucial to investigate the different drying 

methods to evaluate the chemical composition of P. 

perforata because seaweeds are high in water content. 

Kustantinah et al. (2022) reported that some tropical 

seaweed species had water content higher than 70% and 

even up to 85%, depending on the species, as Badmus et al. 

(2019) stated. Hence, the drying process is very important 

to investigate. Moreira et al. (2015) found that the total 

polyphenol content and antioxidant activity decreased as 

the drying temperature increased. So, this study aims to 
evaluate the effect of different drying methods (low 

temperature: freeze drying and high temperature: shade 

drying) on the chemical composition of P. perforate. This 

study also investigates ruminant gas production from the 

best drying method to observe seaweed degradation in the 

rumen and potential methane mitigation.  

MATERIALS AND METHODS 

The P. perforata collection and drying method 

This sample was collected by hand picking in October 

2022 from Gunungkidul, Yogyakarta, Indonesia, and 

identified with the morphological method in the Plant 
Systematics Laboratory, Biology Faculty, Universitas 

Gadjah Mada, Yogyakarta, Indonesia. After water rinsing 

to remove any remaining sand or grit, the seaweed samples 

were dried using a freeze drier (Buchi, Lyovapor, L-200) 

for the freeze-drying method (-20°C for 3 days). The 

sample was spread on the bamboo shelf and left to dry 

under the roof, which was indirectly exposed to the 

sunlight for the shade drying method (25-30°C for 4 days). 

The dry samples were pulverized in a hammer mill to a fine 

powder (80-100 mesh) and placed in sealed plastic bags in 

a freezer for further analysis. 

Chemical composition analysis 

Powder samples, comprising nutritional content and 

phenolic component analysis, were employed for the 

chemical composition examination.  

Nutrient content analysis 

Dry Matter (DM), ash, Organic Matter (OM), Crude 

Protein (CP), Ether Extract (EE), Crude Fiber (CF), and 

Nitrogen-Free Extract (NFE) were the components of the 

nutrient content analysis, which was conducted following 

AOAC (2005). After the sample was dried at 105°C to 

determine the DM concentration, the residue was burned at 

550°C to the analyzed ash concentration. The amount of 

OM as [100-ash], following N analysis using the Kjeldahl 

method, CP values were determined as N × 6.25. After the 

material was extracted using the Soxhlet technique and 
dried at 105°C, the amount of ether extract was determined. 

In the meantime, the CF was assessed using the boiling 

sample in a solution of sulfuric acid (H2SO4), and it was 

further boiled for 30 minutes at 300°C using a solution of 

sodium hydroxide (NaOH) before being dried at 105°C. 

The formula for calculating NFE was [100-(ash+CP+EE+CF)]. 

Phenolic component analysis 

Flavonoids, phenol, and tannin were among the phenolic 

compounds analyzed. The procedure was followed by 

Abdulrazak and Fujihara (1999), who specified methanol 

as the solvent in preparing the extracts. In summary, during 
the extraction process, 200 mg of dried seaweed powder 

was dissolved in 10 mL of methanol solvent and incubated 

for 90 min at 130 rpm and 30°C in a platform incubator 

shaker series (Innova 42, New Brunswick, Eppendorf AG, 

DE). 
 
 

  
 

Figure 1. Palisada perforata (Bory) K.W.Nam 



HIDAYAH et al. – Different drying methods of Palisada perforata  

 

39 

Next, for phenolic analysis, the mixture was centrifuged at 

3000 rpm for 20 minutes at 4°C, and the supernatant was 

moved to another tube as much as possible without disturbing 

the residue. The phenol and tannin were assessed using the 

Folin-Ciocalteau method (Makkar 2003); we utilized 

solutions of tannic acid (20-100 µg/mL) from Sigma–

Aldrich as a standard with the curve (y= 0.0108x+0.0102, 

r2= 0.99). The absorbance was measured at a wavelength of 

725 nm. Next, Arvouet-Grand et al. (1994) adopted the 

Dowd method for measuring flavonoid concentration. The 
absorbance was measured at 415 nm using quercetin 

(Sigma-Aldrich) solutions in the 20-100 µg/mL range for 

the standard curve (y= 0.002934x-0.032, r2= 0.99). 

In vitro gas production evaluation 

A Bali bull and cow (350 and 290 kg body weight and 5 

years old) were employed as donors of ruminal fluid for the 

in vitro incubations, and this provided the rumen fluid for 

in vitro feeding. The feed was in the 60:40%DM fresh 

Napier grass and beef cattle concentrate ratio. Clean water 

was constantly accessible, and feed was offered twice, 

between 8 a.m. and 5 p.m. The National Research Council 
(NRC) guidelines for feeding cattle based on maintenance 

needs are followed. Rumen fluid was taken before morning 

feeding, then filtered and added to the media, according to 

Menke and Steingass (1988). All the experimental 

procedures were approved by the Animal Care Committee 

at the Faculty of Veterinary Medicine Universitas Gadjah 

Mada, Indonesia (Approval number: 052/EC-

FKH/Eks./2022). 

The powdered seaweed samples were used as substrate 

and put into 100 mL glass syringes (Haberle Labortechnik, 

Lonsee, Germany) with 200 mgDM. They were mixed with 
30 mL of rumen liquor-buffer solution (1:2 ratio vol/vol) 

and incubated for 72 hours at 39°C under anaerobic 

conditions. Next, to adjust the gas production values for 

gas release from endogenous substrates, a total of 12 glass 

syringes were used in the in vitro incubation runs: 4 glass 

syringes for the samples, 4 glass syringes for blanks 

(without substrate) to correct the gas production values for 

gas release from endogenous substrates, and 4 glass 

syringes for standard (the seaweed substrate replaced with 

Pangola grass) as an indicator in vitro incubation process; 

the gas production was determined at 2, 4, 8, 12, 24, 48, 

and 72 hours. The Neway program (Chen 1994) was used 
to calculate the gas production using the formula Y= 

a+b(1-e-ct), where Y is the total gas produced in time t, a 

and b are the easily degraded and potentially degraded 

fractions, c is the rate at which the b fraction is producing 

gas, and the total fraction fermented and degraded (a+b 

fraction) is the total fraction; the Fievez et al. (2005) 

method measured methane emissions from gas samples. 

After a 24-hour incubation period, 10 mL samples were 

collected from the aliquot and placed in a vacuum tube to 

analyze methane gas production (Kang Jian, China). Gas 

chromatography (GC 14B, Shimadzu Crop., Kyoto, Japan) 
with a Paropak column (50 m × 0.2 mm × 0.3 μm) and an 

FID detector were used to measure the methane emissions 

from gas samples.  

Research design and statistical analysis 

The nutrient content and phenolic compound, kinetic, 

and methane gas production were analyzed descriptively 

using a Completely Randomized Design with 4 replications 

and T-tests for the differences among treatments. Analysis 

of statistics was executed using IBM SPSS Statistics (26 

versions). 

RESULTS AND DISCUSSION 

Nutrient content  

The nutrient content of P. perforata had higher Organic 
Matter (OM), Crude Protein (CP), and Nitrogen-Free 

Extract (NFE) with the freeze drying method (83.47 vs. 

52.85% DM, 19.33 vs 16.05% DM, and 54.16 vs 26.80% 

DM respectively) than the shade drying method. 

Meanwhile, the mineral content was higher with the shade-

drying method than the freeze-drying method (16.53 vs 

47.15% DM) (Figure 2).  

The lower CP in the shade drying method might be due 

to the high drying temperature that caused protein 

degradation. Ullah et al. (2023) stated that the protein may 

become more denaturized due to the high-temperature 
drying processes, which could make the protein less 

extractable. Hamid et al. (2018) also reported that the 

nutrients in seaweed are decreased when dried at high 

temperatures. Meanwhile, as a low heat-drying treatment, 

the freeze-drying method will not break down the protein 

formation, so it is lower in the Maillard reaction process 

than high heat-drying (Boateng and Yang 2021). The same 

result was reported by Regal et al. (2020); the CP content 

of Asparagopsis taxiformis (Delile) Trevis. with oven-

drying (high temperature at 60°C for 72 h) was lower than 

freeze-drying (low temperature at -40°C and 4 × 10-4 mbar 
for 48 h). One possible reason for the reduced protein in 

oven-dried A. taxiformis could be that there was dripping 

during the 72 hours in the oven (while the water is freeze-

dried, making this dripping impossible). 

 
 

 

 
Figure 2. Nutrient content of P. perforata with different drying 
methods. FD: Freeze Drying, SD: Shade Drying, OM: Organic 
Matter, CP: Crude Protein, EE: Ether Extract,  
CF: Crude Fiber, NFE: Nitrogen-Free Extract 
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Figure 3. Kinetic and methane gas production of P. perforata dried with freeze-drying method. a: Easily degraded fraction, b: 
potentially degraded fraction, and a+b: Degraded and fermented fractions, CH4.24: Methane gas production that incubated 24 hours, 
CH4.48: Methane gas production that incubated 48 hours 
 
 
Table 1. The phenolic compound of P. perforata with different 
drying methods (mg/g DM) 
 

Drying methods Phenol Tannin Flavonoid 

Freeze drying  0.80b±0.11 0.76b±0.12 4.26b±0.13 
Shade drying 0.45a±0.03 0.42a±0.04 3.70a±0.34 
P- Value 0.00 0.00 0.00 

 

 
 

However, the freeze-drying method had lower mineral 

content than the shade-drying method. This condition 

might be due to the high temperature not affecting the 

mineral content of P. perforata. Uribe et al. (2018) reported 

the same result: the ash content in dried Ulva spp. 

Linnaeus, 1753 was higher with the high temperature 

(Solar Drying (SD) and Convective Drying (CD), with the 
average ash content of 19.65 g/100 mg DM) than with low 

temperature (Freeze Drying (FD) and Vacuum Drying 

(VD) that average ash of 17.69 g/100 mg DM). Paga et al. 

(2021) explained that Sargassum sp. C.Agardh, 1820 that 

dried with the sun-drying method (high temperature) had a 

higher mineral content (P <0.01) than the freeze-drying 

methods (low temperature) based on macro minerals like 

cobalt (30.62 vs. 22.98 ppm) and micro minerals like 

calcium (38.48 vs 20.98 g/kgDM) and magnesium (13.20 

vs 11.10 g/kgDM). Therefore, the sun-drying method (high 

temperature) can optimally preserve the fresh Sargassum 
sp. without compromising the mineral composition. 

Phenolic compound 

The shade-drying method decreased (P <0.01) almost 

50% of the phenol and tannin compound and 13.15% of the 

flavonoid content of P. perforata than the freeze-drying 

method. The phenolic compound from the freeze-drying 

method at 0.80 mg tannic acid per g of dry matter for 

phenol, 0.76 mg tannic acid per g of dry matter for tannin, 

and 4.26 mg quercetin per g of dry matter for flavonoid. 

Meanwhile, the shade drying method at 0.45 mg tannic 

acid per g of dry matter for phenol, 0.042 mg tannic acid 

per g of dry matter for tannin, and 3.70 mg quercetin per g 

of dry matter for flavonoid (Table 1). 

Kamiloglu et al. (2016) stated that the drying process 

directly exposed to the sun had the lowest phenol content. 

This could be because the sample was exposed to the 

atmosphere for a longer period, which caused the phenolic 
compounds to oxidize and cause degradation. In 

comparison, the low-temperature drying methods had 

higher retention of bioactive compounds and better 

antioxidant activities (Meng et al. 2018). The same result 

reported by Paga et al. (2021) reported that the phenolic 

compound (phenol, tannin, and flavonoid) of Sargassum 

sp. was higher with freeze dry than with sun dry method 

(9.43 vs. 6.61%, 1.22 vs. 0.89%, and 7233.03 vs 2393 

mg/kg respectively). The same result reported by Neoh et 

al. (2021) that Sargassum polycystum C.Ag. extracted with 

cold water had total phenol and flavonoid compound, with 

freeze dry method (25.33 mg PGE/gDE and 12.12 mg 
RE/gDE) higher than sun dry method (22.76 mg PGE/gDE 

and 7.30 mg RE/gDE). 

Kinetic gas production and methane emission 

The dried P. perforata methods had different results for 

nutrient and phenolic compounds. The freeze-drying 

method had a higher nutrient content and phenolic 

compound than the shade-drying method. So, the freeze-

drying sample was used for the in vitro gas production 

evaluation to know about the rumen degradability of P. 

perforata. The result showed that the kinetic gas 

production of P. perforata had easily degraded, potentially 
degraded, and degraded and fermented fractions at 5.88, 

24.91, and 30.80 mL/200 mgDM, respectively, and 

methane gas production in 24 and 48 hours incubation at 

1.80 and 3.01 mL/gDM (Figure 3). This result on the 

several compounds is higher than the result reported by 

Hidayah et al. (2023), the Gracilaria sp. collected from 

Kalapa beach, Tuban, East Java, Indonesia at 2.02, 27.60, 

29.62 mL/200 mgDM and high methane gas production in 

24 hours incubation at 9.81 mL/gDM. The result indicated 
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that P. perforata for single feed was easily degraded by 

rumen microbes and produced low gas methane production.  

In comparison with the previous research by Hidayah et 

al. (2023), kinetic gas production of P. perforata had a 

higher easily degraded fraction (a) but a lower potentially 

degraded (b) and degraded and fermented fraction (a+b) 

than Laminaria sp. J.V.F.Lamouroux, 1813, Padina 

australis Hauck, Gracilaria sp., and E. cottonii. This 

condition might be affected by the CP and NFE of P. 

perforata, which are higher than those of these seaweeds. 
Jayanegara et al. (2009) reported that gas production (P 

<0.05) had a positive correlation (r= 0.81) with crude 

protein. This is because protein is an easily degraded 

component in the rumen, except for proteins protected 

using certain compounds. Meanwhile, the methane gas 

production incubated for 24 hours was less than that of all 

these seaweed species. This condition might be due to the 

higher phenolic compound of P. perforata than all these 

seaweed species. Lee-Rangel et al. (2022) explained many 

studies showing that seaweed secondary metabolites can 

reduce rumen CH4 production during enteric fermentation. 
Gemeda and Hassen (2015) also reported that there was a 

significant (p <0.001) negative correlation between 

methane production at 24 hours of incubation with phenolic 

compounds (total phenol, total tannin, condensed tannin, 

and hydrolyzable tannin). The study concluded that the 

freeze-drying method is better than the shade-drying 

method for chemical composition to dry P. perforata. This 

seaweed species is easily degraded by rumen microbial and 

low gas methane production, so the seaweed species has 

potential as ruminant feed and methane mitigation. 
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