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Abstract. Fidriyanto R, Priadi G, Ridwan R, Nahrowi N, Jayanegara A. 2023. Physicochemical, thermal properties, and in vitro rumen 
fermentation of four different underutilized fruit by-products. Biodiversitas 24: 2416-2425. The objective of this study was to investigate 
the potential use of selected agricultural wastes consisting of Mangosteen (Garcinia mangostana L.) Peel (MGP), pomegranate (Punica 

granatum L.) Peel (PGP), kaffir lime (Citrus hystrix DC.) Peel (KLP), and Melastoma candidum D.Don Fruit (MCF) as ruminant feeds 
and enteric methane mitigation. The samples were analyzed for proximate, phytochemical, enzyme inhibition activity, XRD, FTIR, 
TGA, and in vitro rumen fermentation. The study found that MCF had the highest protein content (105.69 g/kg DM), while KLP had the 
lowest crude fiber (115.89 g/kg DM). MCF extract had the highest total phenol and flavonoid, and PGP extract had the highest enzyme 
inhibition activity. XRD analysis showed that KLP had the highest crystallinity (18.23%), followed by MCF (17.95%). KLP had the 
highest potential gas production (147.78 mL), followed by PGP (62.20 mL), MCF (27.86 mL), and MGP (4.46 mL). In addition, rumen 
digestibility, post-rumen digestibility, and VFA followed a similar pattern. The lowest methane production was observed in MGP and MCF. In 
conclusion, kaffir lime peel is potentially used as ruminant feed due to its higher digestibility and VFA production. Although MCF has lower 

digestibility, it is potentially used as a source of phenolic compounds to reduce methane production due to its higher phenolic and flavonoid 
content. 

Keywords: Biomass utilization, by-product, characterization, feed, fruit peel 

Abbreviations: PGP: Pomegranate Peel, MGP: Mangosteen Peel, KLP: Kaffir Lime Peel, MCF: Melastoma candidum D.Don Fruit, 
VFA: Volatile Fatty Acid, R-DMD: Rumen Dry Matter Digestibility, R-OMD: Rumen Organic Matter Digestibility, PR-DMD: Post-
Rumen Dry Matter Digestibility, PR-OMD: Post-Rumen Organic Matter Digestibility 

INTRODUCTION 

The development of the agriculture industry has 

generated an enormous amount of waste. The agricultural 

wastes include weed plants and peels generated from fruit 

crops. Melastoma is an invasive weed easily found in 

plantation crops in tropical and subtropical countries such 

as Indonesia, Malaysia, China, Vietnam, and India (Joffry 

et al. 2011; Ng et al. 2017; Zhang et al. 2020; Huda et al. 

2022). Melastoma has been used as a traditional medicine 
to treat diarrhea, bleeding, diabetes, and tumors (Zheng et 

al. 2021a). Previous studies have shown that various parts of 

melastoma, such as leaf extract, have beneficial effects as 

antioxidants, with an IC50 value of DPPH scavenging assay 

was 43,13 μg/mL (Marjoni and Zulfisa 2017). Furthermore, 

the root extract of melastoma had anti-inflammatory activities 

on the production of the Nitric Oxide (NO) in 

Lipopolysaccharide (LPS)-stimulated RAW264.7 cells (He et 

al. 2022). In addition, Melastoma fruit was found to have 

potential use in preventing diabetic complications (Lee et al. 

2013). Although melastoma has been used as a traditional 

medicine, it has not yet been developed on a large scale. As a 

result, most of it is still underutilized due to its invasive nature.  

The fruit processing industry has generated large 

amounts of waste, including peel, seed, skin, and pulp. 

Fruit peel contains high moisture content and quickly 

deteriorates; for these reasons, it is crucial to find a strategy 

for recycling fruit peel waste (Chaouch and Benvenuti 
2020). Citrus hystrix DC., also known as Kaffir lime, is one 

of the citrus fruit varieties widely used in Southeast Asian 

dishes for its distinct flavor and aroma. Kaffir lime is 

growing in India, Malaysia, Thailand, and Southern China. 

Kaffir lime juice and leaves are popular food ingredients in 

Asian dishes. Kaffir lime peel is often not utilized and 

becomes a waste that can pollute the environment. 

However, the fruit's peel is also a rich source of bioactive 

compounds, which have been found to possess numerous 

health benefits. According to the previous study, the kaffir 
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lime peels contain various phenolic compounds such as: gallic 

acid, catechin, ferulic acid, hesperidin, naringenin, hesperetin, 

and nobiletin (Wijaya et al. 2017). Phenolic compounds in 

kaffir lime peel extract have been known to have high 

antioxidant capacity and antimicrobial activity against 

pathogen bacteria (Budiarti et al. 2022; Mohideen et al. 2022). 

Pomegranate and mangosteen are two tropical fruits 

widely grown in many parts of the world and gained 

considerable attention for their nutritional qualities. 

However, significant pomegranate (Punica granatum L.) 
and mangosteen (Garcinia mangostana L.) juice industry 

waste comprises seeds, skins, pulp, and unwanted pieces. 

In 2017, global pomegranate production exceeded 3.8 million 

metric tons, of which around 54 percent (2.05 million metric 

tons) will become waste in the form of seeds and skins 

(Kahramanoglu 2019). Tannin, phenolic acids, and flavonoids 

are the most abundant bioactive compounds in pomegranate 

peel, providing antioxidant and antimicrobial capabilities 

(Marra et al. 2022). According to El-Morsy et al. (2022) 

supplementation of partial replacement of corn plant silage 

with 50% pomegranate peel silage in dairy cows increased the 
VFA and decreased methane production by 9.71% and 

17.67%, respectively. Moreover, supplementation of 1,200 g 

pomegranate by-products (pulp and seed) per cow daily 

positively affected antioxidant status. That was indicated by a 

depressed Malondialdehyde level of 25.47%. That 

supplementation also enhanced blood total antioxidant 

capacity and superoxide dismutase activity by 26.22% and 

10.57%, respectively (Safari et al. 2018). 

Similarly, mangosteen peel is high in bioactive 

compounds such as alkaloids, flavonoids, tannins, and 

saponins (Sriwidodo et al. 2022). The mangosteen 
production in Indonesia in 2021 was 303 thousand tons 

(BPS 2022). Therefore, the high fiber content of 

pomegranate and mangosteen peel had the potential used to 

improve rumen function and the growth of beneficial 

microbial populations in the rumen. Furthermore, in 

ruminants, the bioactive compounds in both pomegranate 

and mangosteen peel had the potential used to improve 

rumen function and reduce methane production. According 

to Shokryzadan et al. (2016), mangosteen peel contains 

condensed tannins and saponins, which can affect rumen 

microbes to reduce enteric methane emissions. That study 

also found mangosteen peels at medium and high levels 
(25% and 50% replacing alfalfa) could reduce methane 

production and rumen biohydrogenation in vitro. 

Additionally, Ampapon et al. (2019) investigated the 

supplementation of swamp buffaloes with concentrate 

mixture containing 91% of mangosteen peel powder can 

improve NDF digestibility by 12.84%, improve ADF 

digestibility by 12.94%, decrease C2/C3 ratio by 33.33%, 

and reduce methane production by 13.55%. Furthermore, 

using pomegranate and mangosteen peel as ruminant feed can 

be sustainable and cost-effective and reduce the risk of 

environmental hazards (Dou et al. 2018; Fausto-Castro et al. 
2020). Research on C. hystrix, peel and melastoma fruit as 

ruminant feed and its ability to mitigate methane gas 

emissions is limited compared with pomegranate and 

mangosteen peels. Therefore, this study aimed to investigate 

the characteristics and potential use of Melastoma candidum 

D.Don fruit and C. hystrix peel compared with pomegranate 

and mangosteen peels as ruminant feed and methane 

mitigation. These materials were characterized through 

phenolic compound analysis, thermal analysis (thermal 

gravimetric analysis), FTIR, and XRD to provide supportive 

information for their use as feed ingredients. 

MATERIALS AND METHODS 

Sample preparation 

Local suppliers provided Pomegranate (P. granatum) 

Peel (PGP), Kaffir Lime (C. hystrix DC) Peel (KLP), and 

Mangosteen (G. mangostana) Peel (MGP). The M. 

candidum Fruit (MCF) was collected from PT Perkebunan 

Nusantara (PTPN) VIII, West Java, Indonesia. The 

samples were chopped and left to air dry at room 

temperature for 60 hours. Next, the sample was milled, 

sifted with a 1mm screen, and stored in polyethylene bags 

at 4°C to be analyzed. The flow chart of sample preparation 

and analysis is shown in Figure 1.  

Physicochemical characterization 

Samples were analyzed for proximate analysis 

according to the standard methods of AOAC (2016). The 

proximate analysis consisted of dry matter content 

(Vacutherm oven, Thermo Scientific), ash content (Heraeus 

M110 Muffle Furnace), crude protein content (Kjeltec 

8400, Hoganas, Sweden), crude fiber content (FOSS 

Fibertec 2010, Hoganas, Sweden), and crude fat content 

(FOSS Soxtec 2050, Hoganas, Sweden). The X-Ray 

Diffraction (XRD) patterns of samples were analyzed by 

XRD 7000 Shimadzu instrument with range ϴ 10-80, scan 
speed 2°/C, voltage 40kV, and 30 mA. The Fourier 

Transform Infrared Spectroscopy (FTIR) of samples was 

determined using FTIR-UATR Perkin Elmer Spectrum 

Two instrument. The spectra were recorded in transmission 

mode from 4000-400 cm-1, the number of scanning: 16, the 

resolution was 4 cm-1, and the data interval was 1 cm-1. 

Lateral Order Index (LOI), Hydrogen Bond Index (HBI), 

and Lignin/Cellulose (L/C) ratio were calculated from the 

intensity of FTIR peak according to Gaur et al. (2015), and 

Total Crystallinity Index (TCI) was calculated from the 

intensity of FTIR peak according to Colom and Carrillo 

(2002). The thermal degradation of samples was studied by 
Thermogravimetric Analysis (TGA). The TGA measurements 

were performed on TA Instruments Thermal Analysis 

Workstation (Shimadzu Corporation, Japan) with the aid of 

TA-60WS software. An average of 5 mg sample was weighed 

in pans with an empty pan as a reference. The conditions of 

the TG analysis were heated from 25°C to 500°C, and heat 

rate was 10°C/ min, and an Argon flow of 20 mL/min. 
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Figure 1. Process flow chart of fruit by-product preparation and analysis 
 

 
 

Extraction procedure 

The phenolic compound extraction was determined 

according to the methods of Fidriyanto et al. (2023). Four 
grams of dried powder were extracted with 100 mL of 70% 

acetone. The mixture was extracted by ultrasonic water 

bath for one hour. The extracts were filtered (Whatman 

filter paper No. 1), concentrated by rotary evaporator, and 

freeze-dried. Dried samples were placed in dark bottles and 

kept in a refrigerator (4°C) for further analysis. The extract 

solution was further prepared by dissolving 40 mg of dried 

extract in 1 mL of acetone 70%. The extract was subjected 

to the determinations of total phenolic, total flavonoid, 

DPPH scavenging capacity, ferric ions reducing 

antioxidant power assay, and ferrous ion chelating activity.  

Total phenolic was determined according to the method of 
Makkar et al. (1993). Furthermore, tannic acid was used as the 

standard for total phenolic, and data were expressed as 

microgram per gram tannic acid equivalents (µg TAE/mg). 

Total flavonoid was determined according to Lin and Tang 

(2007). Next, the extract solution (0.5 mL) was mixed with 1.5 

mL of aquadest, 0.1 mL of 10% aluminum chloride 

hexahydrate, 0.1 mL of 1 M potassium acetate, and 2.8 mL of 

deionized water. After incubation at room temperature for 40 

min, the reaction mixture absorbance was measured at 415 nm 

against a deionized water blank on a spectrophotometer; 

Quercetin was chosen as a standard. The data were expressed 
as milligram quercetin equivalents (µg QE/mg) dried extract. 

The DPPH scavenging capacity was determined 

according to the methods by Molyneux (2004). Briefly, 600 

µL of sample and 2,4 mL of 0.1 mM DPPH were mixed 

and incubated at room temperature for 40 min, and 

absorbance was taken at 516 nm; Ascorbic acid was used 

as standard. The data were expressed as ascorbic acid 

equivalents per mg dried extract (AAE/mg DE). The ferric 

ions reducing antioxidant power assay (FRAP) was 

determined according to the method of Gülçin (2005) with 
slight modification. First, an aliquot 0.5 mL sample was 

mixed with 1.25 mL sodium phosphate buffer (0.2 M, pH 

6.6) and 1.25 mL of potassium ferricyanide solution (1%). 

Next, the sample was vortexed and incubated at 50°C for 

20 min. Then, 1.25 mL of trichloroacetic acid (10%) was 

added to the the mixture. Next, 1.25 mL of mixture was 

mixed with 1.25 mL distilled water and 0.25 mL FeCl3 

solution (0.1%). The mixture was measured at 700 nm with 

a spectrophotometer; Quercetin was chosen as a standard. 

The data were expressed as milligram quercetin equivalents 

(µg QE/mg) dried extract. Ferrous ion chelating activity was 

determined according to methods by Dinis et al. (1994). 
Pepsin inhibition assay was determined using methods 

by Uthayakumar and Rupert (2020) with modification. 

Briefly, 100 μL of 2 mg/mL bovine pepsin in 1 M 

phosphate buffer (pH 2) was pre-incubated with 100 μL of 

plant extract (10 mg/mL) for 15 min at 39°C. Then, 

2mg/mL of hemoglobin solution (800 μL) was added, 

vortexed, and incubated at 37°C for 30 min. The reaction was 

stopped by adding 700 μL of 5% trichloroacetic acid. The 

mixture was centrifuged (Fresco™ 21 Microcentrifuge, Thermo 

Scientific) at 10,000 rpm for 10 min. Next, the supernatant was 

added with Reagen Total Protein Glory Diagnostics (Linear 
Chemicals, S.L.U), and a spectrophotometer measured the 

reaction mixture. Pepsin activity without extract was used as a 

control. The value was presented as the percentage of 

inhibitory activity. Furthermore, Amylase inhibition activity 

was performed by Ghane et al. (2018) methods with minor 

modifications. Next, 100 microliters of plant extract 

(10mg/mL) were mixed with 100 mL α-amylase solution (20 
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units). Sodium phosphate buffer (0.02 M, pH 6.9) was added 

to the mixture to make the final volume 1 mL. The mixture 

was vortexed and incubated at 25°C for 15 min. Briefly, 500 

mL of 1% starch solution was added, and the reaction mixture 

was incubated at 25°C for 30 min. The reaction was stopped 

by adding 0.5 mL dinitro salicylic acid reagent, then placed in 

a water bath (100°C, 5 min) and cooled to room temperature. 

Furthermore, the reaction mixture was measured by a 

spectrophotometer at 540 nm. The control was prepared using 

sodium phosphate buffer. In addition, the value was presented 
as the percentage of inhibitory activity. 

In vitro rumen fermentation 

The method of Theodorou et al. (1994), with minor 

modification, was used to perform in vitro ruminal 

fermentation analysis. The rumen fluid was obtained from 

two rumen-fistulated Ongole crossbred cattle before morning 

feeding. Rumen fluid was filtered through two layers of 

cheesecloth, mixed, put in bottles that had already been 

prewarmed, and immediately taken to the lab. Samples (500 

mg) were mixed with 50 mL of rumen solution (rumen fluid 

and McDougall buffer with a 1:2 ratio) in a 100 mL serum 
bottle glass. The bottle was flushed with CO2 gas for 30 s 

and closed immediately to obtain anaerobic conditions. At 

the same time, two sets of samples were made for rumen 

and post-rumen digestibility tests. Samples were incubated 

in a water bath incubator at 39°C for 48h. During 

incubation, the amount of gas (2, 4, 8, 10, 12, 24, and 48 h) 

and methane production were also measured at 24 and 48 h 

incubation. After 48 hours of incubation, the first set of 

treatments was taken. The precipitate and rumen solution 

was separated with Whatman™ papers no 41 (CAT 

No.1441-125) by vacuum filtration for rumen dry matter 
(R-DMD) and organic matter digestibility (R-OMD) 

analysis. The rumen solution was analyzed for pH, NH3-N 

(Souza et al. 2013), and volatile fatty acid (VFA) 

(Fidriyanto et al. 2021). For post-rumen in vitro 

digestibility analysis, samples were centrifuged (Heraeus - 

Multifuge X3R, Thermo Scientific) at 6,000 rpm at 4°C for 

10 minutes, and the precipitated sample was rinsed with 

distilled water. The precipitate was added with 50 mL pepsin-

HCl solution (2 g L-1 pepsin and 17.8 mL L-1 HCl) and 

incubated at 39°C for 48 h. In addition, post-rumen dry matter 

(PR-DMD) and organic matter digestibility (PR-OMD) were 

determined using the same methods as rumen-digestibility. 

Data analysis 

The experiment was arranged in a completely randomized 

design with five replications. Data were analyzed by one-way 

analysis of variance using SPSS 23 (SPSS, Inc., IBM, 

Chicago). Significant effects of treatments were determined by 

Duncan's multiple-range test method. Significant differences 

were accepted if P<0.05. Data of gas production were adjusted 

at the model proposed by López et al. (1999) as: p = b (1 – e(– 

c(t-L))) that P is the gas produced at time t, 'L' is the lag time, 'b' 

is the gas produced by the insoluble but slowly fermenting 

fraction, 'c' is constant gas production rate, 't' is the time of 
fermentation. Kinetic parameters of the López equation were 

obtained by non-linear regression procedure.  

RESULTS AND DISCUSSION 

Nutrient composition 

Table 1 shows the nutrient composition of the samples. 

The MCF had the highest (p<0.05) protein content (105.69 

g/kg DM). Compared to the other materials, KLP has the 

lowest organic matter (848.94 g/kg DM), dry matter (908.76 

g/kg DM), and crude fiber (115.89 g/kg DM). The lowest 

(p<0.05) ether extract was observed in PGP (9.91 g/kg DM). 

Antioxidant activity 

Significant differences existed between all extracts for 
total phenol, flavonoid, antioxidant, and enzyme inhibition 

activity (Table 2). The MCF extract had the highest total 

phenol (p<0.05). The high total phenol in MCF extract was 

followed by high antioxidant activity (DPPH scavenging 

capacity, FRAP, and Fe chelating assay). Antioxidants 

react with free radicals in three ways: hydrogen atom 

transfer, single electron transfer, and a combination of 

hydrogen and single electron transfer. This study used the 

DPPH and FRAP assay to assess the extract's ability as an 

antioxidant based on a single electron transfer mechanism 

(Shalaby and Shanab 2013). The antioxidant donates an 
electron to the free radical in a single electron transfer 

mechanism. The antioxidant's ionization potential is the most 

important energetic factor in determining its antioxidant 

action (Liang et al. 2014). According to Aryal et al. (2019), 

total phenolic content positively correlated with antioxidant 

activity in plant extracts. 

There were no significant differences in α-amylase 

Inhibition between PGP and MGP extract. Pepsin 

inhibition was significantly lower than the PGP extract due 

to lower total flavonoid and phenol. Phenolic compound 

decreases enzymatic activity due to enzyme-phenolic 
complexation (Giuberti et al. 2020; Shahidi and Dissanayaka 

2023). The lowest enzyme α-amylase and pepsin inhibition 

was observed in KLP extract by 25.44% and 17.66%, 

respectively. The lower enzyme inhibition in MCF extract was 

due to the presence of flavonoid glycosides in MCF. 

According to Joffry et al. (2011), Melastoma fruit contains 

flavonoid glycosides such as cyanidin-3-glucoside and 

cyanidin-3,5-diglucoside. Flavonoid glycoside has a lower 

affinity to protein than flavonoid aglycones (Gonzales et al. 

2015). The best result for α-amylase and pepsin enzyme 

inhibitor was observed in pomegranate extract. The PGP 

extract could inhibit amylase and pepsin activity by 50.91% 
and 35.73%, respectively. 

The main cause of oxidative stress is Reactive Oxygen 

Species (ROS), formed as necessary intermediates of metal-

catalyzed oxidation reactions. Therefore, the formation of 

reactive oxygen species can be reduced by chelating metal 

ions with chelating agents. PGP and MCF extract had the 

potential as a metal chelating agent (Figure 2). PGP extract 

had the highest activity on chelating ferrous (47.66%), 

followed by MCF extract (42.73%), MGP extract (33.77%), 

and KLP extract (21.12%). The lowest ferric-reducing 

antioxidant power was observed on kafir lime peel. There was 
no significant difference between PGP, MCF, and MGP 

extract on ferric-reducing antioxidant power. 
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Table 1. Chemical composition of fruits peel and Melastoma candidum D.Don fruit 
 

Variables PGP MGP KLP MCF 

Dry Matter (g/kg) 947.01±1.85d 927.06±1.30c 908.76±2.50a 916.78±0.86b 
Organic matter (g/kg DM) 898.95±2.85d 872.76±1.41c 848.94±3.06a 858.21±1.06b 
Crude protein (g/kg DM) 58.43±1.61b 41.73±1.19a 87.50±2.24c 105.69±1.98d 
Ether Extract (g/kg DM) 9.91±1.25a 52.43±9.16d 27.50±1.01b 43.45±2.34c 
Crude fiber (g/kg DM) 165.13±8.87b 382.28±8.06d 115.89±9.02a 259.72±8.20c 

Note: PGP: Pomegranate Peel, MGP: Mangosteen Peel, KLP: Kaffir Lime Peel, MCF: Melastoma candidum D.Don fruit, a-d Means with 
different superscripts within the row significantly differed (p<0.05) 
 
 
 
Table 2. Total phenol, total flavonoid, antioxidant, and enzyme inhibition activity of fruits peel and Melastoma candidum D.Don fruit extract 
 

Variables PGP MGP KLP MCF 

Total Flavonoid (µg QE/mg DE) 151.35± 7.30c 107.25± 4.06b 97.14± 6.64a 210.07± 6.85d 
Total Phenol (µg TAE/mg DE) 232.31± 13.89d 121.59± 2.53b 155.66± 10.96a 289.76± 16.66c 
DPPH (µg AAE/mg DE) 304.88± 1.15c 283.57± 5.89b 169.46± 2.98a 462.21± 5.42d 
FRAP (µg QE/mg DE) 318.82± 6.15b 335.59± 22.50b 149.39± 5.20a 332.19± 22.31b 
α-amylase Inhibition (%) 50.91± 2.04c 47.23± 2.32c 25.44± 3.21a 41.83± 3.89b 
Pepsin Inhibition (%) 35.73± 3.24d 31.16± 3.54c 17.66± 3.60a 26.30± 2.43b 

Note: FRAP: Ferric Ions Reducing Antioxidant Power Assay, PGP: Pomegranate Peel, MGP: Mangosteen Peel, KLP: Kaffir Lime Peel, 
MCF: Melastoma Candidum D.Don fruit, a-d Means with different superscripts within the row significantly differed (p<0.05) 
 
 
 

Crystallinity analysis 

X-ray diffraction and FTIR were utilized to determine 

the samples' crystallinity degree. Figure 3 showed 3 highest 

2Ө peaks of PGP (20.33, 21.77, and 23.38), MGP (20.26, 

21.22, and 21.85), KLP (18.61, 19.73, and 21.07), and 

MCF (15.10, 21.34 and 21.92). The XRD 2θ peaks pattern 

for all samples appeared between the 15-25° range 
indicating cellulose and hemicellulose fraction (Zhang et 

al. 2017). The main diffraction peak of MCF was around 

15°, 21°, showing that the fiber fractions contained type I 

cellulose (Dong et al. 2019). 

The infrared spectra in the 400-4,000 cm-1 region for 

pretreated fruit peel and M. candidum fruit powder are 

shown in Figure 4. The spectrum confirmed the complex 

nature of the peels and M. candidum fruit powder, 

containing various compounds. Figure 4 reveals that all the 

samples exhibited similar band absorption wavelengths, 

indicating they had functional groups with similar 
properties. Similar band absorptions were observed at 

around 3,288 cm-1 (O-H stretching band), 2,925 cm-1 (C-H 

stretching), 1,723 cm-1 (carbonyl group C=O), and 1,640 

cm-1 (vibration of C=C groups) (Da Silva Barud et al. 

2013; Mattos et al. 2015; Ben-Ali et al. 2017). The 

absorption of hemicellulose, cellulose, and lignin were also 

observed in the sample. However, there are also some band 

absorptions differences observed. The peak bands around 

1,510 cm-1 (C=C stretch) were related to lignin, and the 

peak around 1,210 cm-1 (C-O-C bond) was associated with 

cellulose (Pai et al. 2020). Furthermore, PGP and KLP 

showed the presence of sharp medium-intense peaks at 
1,740-1,720 cm-1, and both MCF and MGP showed a 

strong intensity related to a carbonylic group of esters 

(Puccini et al. 2016). In addition, KLP was shown high 

band absorptions at around 1,032 cm-1 attributed to skeletal 

vibration of C-O-H or C-O-R vibration (Orozco et al. 2014) 

and around 898 cm-1 attributed to C-H deformation, which 

led to the amorphous region in cellulose (Poletto et al. 

2014). 

The crystallinity of the sample from XRD and FTIR 

analysis is shown in Table 3. The Hydrogen Bond Index 

(HBI), Total Crystallinity Index (TCI), Lateral Order Index 

(LOI), and Lignin/Cellulose (L/C) ratio were all calculated 
using the absorbance intensity of the peak from the FTIR 

result. FTIR has been used to determine the crystallinity of 

cellulose (Gaur et al. 2015). Lignin to cellulose (L/C) is a 

lignin crystallinity parameter. It is the ratio between the 

peak at 1,510 cm-1, which is a carbonyl group associated 

with the aromatic ring mode in lignin (the crystalline 

region), and the peak at 898 cm-1, which is a C-H 

deformation in cellulose (amorphous region) (Singh and 

Sivanandan 2014). In cellulose, the crystal system and the 

degree of intermolecular regularity are closely linked to the 

Hydrogen Bond Index (HBI) (Kljun et al. 2014). Furthermore, 
the LOI and TCI were used to study the crystallinity of 

cellulose and related to the overall degree of order in cellulose 

and crystallinity of cellulose, respectively (Maceda et al. 2022; 

Romão et al. 2022). The result from XRD analysis showed 

that KLP has the highest crystallinity (18.23%), followed by 

MCF (17.97%), PGP (17.25%), and MGP (16.03%), 

respectively. Although KLP has high crystallinity, the FTIR 

results show low cellulose crystallinity, indicated by the low 

TCI (0.86) and LOI (1.23) values. Moreover, KLP has the 

highest HBI value, implying low crystallinity and an increased 

number of available hydroxyl groups in the cellulose chain. 

The highest cellulose crystallinity was in MCF because it has 
low HBI and high TCI and LOI values. Moreover, MCF has 

the highest L/C (2.35), followed by MGP (1.75), PGP (1.32), 

and KLP (0.70). 
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Figure 2. Ferrous ion chelating activity of fruits peel and 
Melastoma candidum D.Don fruit extract 
 
 

 
Figure 3. X-ray diffraction pattern of fruits peel and Melastoma 
candidum D.Don fruit powder 
 
 
Table 3. Crystallinity and amorphous of fruits peel and 
Melastoma candidum D.Don fruit powder 
 

Variables PGP MGP KLP MCF 

Crystallinity (%) 17.25 16.03 18.23 17.97 
Amorphous (%) 82.75 83.97 81.77 82.03 
TCI (A1373/A2925) 0.90 1.02 0.86 1.13 
LOI (A1423/A898) 1.77 2.34 1.23 2.43 
HBI (A3288/A1320) 1.01 1.28 1.48 1.01 
L/C (A1516/A898) 1.32 1.75 0.70 2.35 

Note: TCI: Total Crystallinity Index, LOI: Lateral Order Index, 
HBI: Hydrogen Bond Index, L/C: Lignin/Cellulose, PGP: 
Pomegranate Peel, MGP: Mangosteen Peel, KLP: Kaffir Lime 
Peel, MCF: Melastoma candidum D.Don fruit 
 
 

Thermal profiles 

Thermal gravimetric analysis (TGA) has been used to 

understand the thermal stability and predict fiber in feed 

ingredients (Lyons et al. 2018; Silva et al. 2019). 

Thermogravimetric profiles of fruit peels and MCF powder 

were assessed by TGA (Figure 5). According to Figure 5, 

all samples showed two weight loss stages between 25 to 

500°C. The PGP (10.48 percent) had the highest weight 

loss between 25 and 120°C (10.48%), followed by KLP 

(9.25%), MCF (8.33%), and PGP (7.07%). The peak 

temperatures at the first stage for PGP, MGP, KLP, and 

MCF were 56.90°C, 47.79°C, 44.63°C and 50.68°C, 

respectively. The first weight loss stage (25-120°C) was 

attributed to moisture loss and some volatile organic 

components such as oils, terpenes, and pigments (Pathak et 

al. 2017). In addition, the devolatilization process occurs at 

120°C due to the evaporation of water (Hajjami et al. 2014).  

The second weight loss was observed between 190°C 
and 350°C (Table 4). Major weight loss occurred in this 

stage. The highest weight loss was on KLP (57.32%), 

followed by MCF (45.41%), PGP (43.76%), and MGP 

(38.49%). The highest initial transition temperature was 

observed in MGP at 310.30°C. High maximum transition 

temperature was observed in MCF and KLP with 329.97°C 

and 322.12°C, respectively. High initial and maximum 

transition temperatures in MGP and MCF indicate 

thermally stable. The number of weights lost in this stage 

indicated cellulose or hemicellulose degradation. 

Lignocellulosic material composition is complex and 
susceptible to chemical reactions. Thermal analysis 

revealed that hemicellulose and cellulose mainly were 

decomposed at 310-400°C (Ambaye et al. 2021). The 

decomposition of cellulose was due to the breakdown of its 

molecular structures (Selvan et al. 2022). Lignin degradation 

occurred when the temperature exceeded 400°C. According to 

previous studies, lignin was the most difficult to degrade and 

decompose slowly at a range temperature of 350-900°C 

(Kawamoto 2017; Mansingh et al. 2022). 

In vitro rumen fermentation 

The In vitro ruminal fermentation profile of samples is 
presented in Table 5. The KLP had the highest potential 

gas production (147.78 mL), followed by PGP (62.20 mL), 

MCF (27.86 mL), and MGP (4.46 mL). A similar pattern 

was observed in rumen digestibility, post-rumen 

digestibility, and total VFA. According to Noersidiq et al. 

(2020), organic matter digestibility strongly correlates with 

VFA production. The highest potential gas production, 

TVFA, R-DMD, R-OMD, PR-DMD, and PR-OMD of 

KLP were due to its low crude fiber, total phenol, total 

flavonoid, phenolic activity, and enzyme inhibition 

activity. In addition, the lowest rumen degradability and 

post-rumen digestibility (p<0.05) was observed in MGP. 
The lower digestibility was possibly influenced by the 

enzyme inhibition activity of the phenolic compound and 

crude fiber content in MGP. The MGP had the highest 

crude fiber content (382.28 g/kg DM). According to the 

TGA result, MGP had the lowest weight loss (38.49%) 

during heating from 200-400°C compared with the other 

samples. This result may indicate that MGP crude fiber 

contained lower cellulose and hemicellulose. This result 

was also supported by a high L/C ratio, which means a high 

amount of lignin. Cellulose and hemicellulose 

decomposition mainly happened at 220-400°C (Zheng et al. 
2021b). Cellulose and hemicellulose can be degraded 

during rumen fermentation, while lignin is resistant to 

degradation by bacteria and fungi within the rumen 

(Raffrenato et al. 2017). The phenolic compound in MGP 
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had higher inhibition activity in α-amylase (47.23%) and 

pepsin enzyme (31.16%) compared with MCF and KLP, 

which also contributed to lowering the digestibility. This 

result was due to the higher total phenol, flavonoid, and 

crude fiber. The lower digestibility of MCF was also 

affected by the higher crystallinity. The presence of more 

amorphous regions in cellulose increases digestibility and 

methane production in the rumen (Wang et al. 2020). 

MCF had the lowest (p<0.05) lag time (-0.38h). The 

lower lag time indicates that the sample contained a soluble 
fraction easily used by rumen microbes as substrate. 

Positive lag time value was observed in PGP, MGP, and 

MCF. Positive results on the lag time showed that the 

growth of rumen microbes was delayed, which could be 

caused by a lack of soluble fraction in feed (Tosto et al. 

2015). In this study, the highest methane production at 24h 

and 48h were observed in KLP with 9.20 mL and 6.20 mL, 

respectively. The lowest methane production was observed 

in MGP and MCF. Even though the potential gas 

production was significantly higher (p<0.05) in PGP than 

in MCF, methane gas production at 24 h was 
insignificantly lower in MCF. Rumen methane production 

was affected by phenolic compounds (total phenol and total 

flavonoid) and phenolic compound activity (antioxidant 

and enzyme inhibition). The antioxidant activity strongly 

correlates negatively with methane production in ruminants 

(Naumann et al. 2018). Flavonoid is toxic to protozoa in 

the rumen (Hassan et al. 2020). Therefore, the anti-

protozoal effect could decrease methane production by 

reducing the number of rumen protozoa. Ruminal 

methanogenic archaea interact with protozoa and bacteria, 

metabolizing H2 and CO2 to create methane (CH4) (Vasta et 
al. 2019). Moreover, methane production correlated with 

volatile fatty acid production. High methane production in 

KLP and PGP were also followed by high C2/C3 and C4 

(Table 5). According to the previous study, A positive 

correlation between methane emission with C2/C3 ratio and 

butyrate has been quantified by a meta-analysis approach 

(Guyader et al. 2014).  

Table 4. The degradation temperature from TG analysis of fruits 

peel and Melastoma candidum D.Don fruit powder 

 

Variables 

Transition 

temperatures 

Weight lost at 

corresponding 

transition (%) 

Residual 

weight (%) at 

500°C Ti 

(°C) 

Tm 

(°C) 

Tf 

(°C) 
PGP 215.54 226.21 315.84 43.76 49.17 
MGP 310.30 322.12 322.99 38.49 51.02 
KLP 201.90 312.29 319.58 57.32 33.42 
MCF 198.54 329.97 351.95 45.41 46.25 

Note: PGP: Pomegranate Peel, MGP: Mangosteen Peel, KLP: 

Kaffir Lime Peel, MCF: Melastoma candidum D.Don fruit, Ti: 
Initial temperature for transition, Tm: Maximum temperature for 
transition, Tf: Final temperature for transition  

 

 

 

 
 

Figure 4. FTIR transmittance value for IR wavenumber from 400 
to 4,000 cm-1 for fruits peel and Melastoma candidum D.Don fruit 
powder 

 

 

 

 
 
Figure 5. Thermogravimetric profiles of fruits peel and Melastoma candidum D.Don fruit powder 
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Table 5. The rumen fermentation profile of fruits peel and Melastoma candidum D.Don powder 
 

Variables PGP MGP KLP MCF 

L (h) 0.62±0.15c 2.84±0.96d 0.24±0.12bc -0.38±0.12a 
B (mL) 69.20±0.65c 4.46±0.72a 147.78±2.55d 27.86±0.87b 
c (mL/h) 0.104±0.011b 0.053±0.02a 0.090±0.007b 0.081±0.011b 
pH 6.80±0.06a 6.97±0.02b 6.77±0.14a 6.97±0.04b 
Methane 24h (mL) 2.70±0.67b 0±0a 9.20±1.15c 1.80±0.45b 

Methane 48h (mL) 2.90±1.92b 0±0a 6.20±1.48c 0.80±0.45a 
R-DMD (%) 48.23±2.69c 2.37±0.97a 79.37±2.59d 17.07±1.92b 
R-OMD (%) 52.33±2.47c 5.93±0.93a 84.03±2.08d 25.05±2.12b 
PR-DMD (%) 59.31±0.95c 4.55±1.69a 88.71±0.90d 26.67±0.76b 
PR-OMD (%) 59.99±0.88c 10.68±1.80a 89.45±0.90d 28.99±0.61b 
NH3-N (mM) 1.13±0.53a 1.51±0.50a 3.00±0.34b 2.90±0.56b 
Phenol (mM) 1.87±0.14b 1.84±0.08b 1.15±0.09a 1.15±0.25a 
Volatile fatty acid (%) 
C2 61.52±1.62b 49.68±0.36a 68.51±0.48d 63.62±1.65c 

C3 27.44±1.62d 25.76±0.08b 20.50±0.28a 21.72±1.05a 
C4  7.14±0.23b 7.75±0.11c 6.65±0.46a 6.74±0.52ab 
i-C4  1.05±0.04a 5.18±0.11c 1.11±0.06a 2.33±0.16b 
C5 1.74±0.50a 6.12±0.23c 1.75±0.24a 2.41±0.59b 
i-C5 1.10±0.08a 5.51±0.11d 1.58±0.04b 3.19±0.28c 
TVFA (mM) 32.56±3.36c 5.99±0.12a 65.81±5.51d 20.67±2.62b 
C2/C3  2.25±0.18b 1.93±0.02a 3.34±0.06d 2.94±0.21c 

Note: PGP: Pomegranate Peel, MGP: Mangosteen Peel, KLP: Kaffir Lime Peel, MCF: Melastoma candidum D.Don fruit, L: Lag time, 
B: Potential gas production, C: Gas production rate, R-DMD: Rumen Dry Matter Digestibility, R-OMD: Rumen Organic Matter 
Digestibility, PR-DMD: Post Rumen Dry Matter Digestibility, PR-OMD: Post Rumen Organic Matter Digestibility, C2: acetate, C3: 
propionate, C4: butyrate, C5: valerate, i-C4:iso-butyrate, i-C5: iso-valerate, TVFA: Total Volatile Fatty Acids, and C2/C3: ratio of acetate 
to propionate, a-d Means with different superscripts within the row significantly differed (p<0.05) 
 
 
 

In conclusion, kaffir lime peel is potentially used as 

ruminant feed due to its higher digestibility, gas 

production, and VFA production. Although MCF had 

lower digestibility, this material's higher phenolic and 

flavonoid content made it potentially useful as a source of 

phenolic compounds that could reduce methane production. 
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