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This study aimed to investigate the effect of tannin extract frommangosteen peel

(MANGTAN) in soybean meal on the in vitro gas production kinetics,

degradability, and intestinal digestion of proteins using a three-step in vitro

procedure. A completely randomized design (CRD) was used as the

experimental design with nine treatments. The dietary treatments involved

spraying different amounts of mangosteen peel extract (MANGTAN; mL) onto

soybeanmeal (SBM; gDM) in amixture, with the ratios being 0:100, 5:100, 10:100,

15:100, 20:100, 25:100, 30:100, 35:100, and 40:100. It was found that MANGTAN

did not influence the gas production kinetics (P < 0.05). However, MANGTAN did

influence the gas production from the immediately soluble fraction (a), which

was found to have the highest gas volume at the level of 15 mL of MANGTAN/100

gDM of soybean meal. In vitro dry matter at 12 h decreased when using 5–40 mL

of MANGTAN/100 gDM of soybean meal. Organic matter degradability at 12 and

24 h was reduced when using MANGTAN on soybean meal (P < 0.05). Analysis of

crude protein degradability using a three-step in vitro procedure found that

increasing the levels of 5 to 40 mL of MANGTAN/100 gDM of soybean meal

resulted in reduced crude protein degradation in the rumen (24 h), but the

intestinal digestion of proteins was improved. In addition, the levels of 15 mL of

MANGTAN/100 gDM of soybeanmeal and above influenced the decrease in total
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protein degradation (P < 0.05). Based on the results, using 15 mL of MANGTAN/

100 gDM of soybean meal could modify gas production kinetics, increase in vitro

degradability, protect ruminal crude protein degradability, and increase intestinal

crude protein degradability.
KEYWORDS

tannin extract, mangosteen peel, in vitro degradability, gas production kinetics, three-
step in vitro
1 Introduction

Feeds are a necessary factor for determining a product’s quality. The

protein content in feed consists of rumen undegradable protein (RUP)

and rumen degradable protein (RDP). When RDP enters the rumen, it

is broken down bymicroorganisms into peptides, ammonia, and amino

acids. RDPs are found in raw materials, such as fish meal and soybeans,

while RUP or bypass protein is very important in animal production as

it can serve as an amino acid in ruminants. Currently, the use of bypass

protein in the ruminant industry is popular in animals that require high

energy and protein, such as dairy cows that produce high milk yields.

Tannins can increase the RUP amount in the diet. When it is combined

with high-quality proteins, it can improve nitrogen utilization and milk

yield by increasing the passage of amino acids to the small intestine. The

production of bypass proteins is a process in which the physical or

chemical properties of proteins change, such as extruded soybeans,

soybean meal (SBM) treated at 140°C, soybean meal treated with

formaldehyde, and the mechanism of the tannin–protein complex.

Tannins are secondary compounds foundmainly in tropical plants such

as cassava leaves and acacia; in particular, plants with an astringent

flavor are high in tannins, such as mangosteen peels. Mangosteen is a

source of phenolic compounds. The important phenolic compounds

that are found in mangosteen are xanthones, tannins, and

proanthocyanins. Tannins are polyphenols that have been used as

feed additives to manipulate rumen fermentation and microbiota

(Charoenphun et al., 2020). Foiklang et al. (2016b) revealed that

using mangosteen peel powder as a feed additive for dairy steers did

not affect feed intake but can increase nutrient degradability and

increase the microbial population and rumen fermentation in dairy

steers. Bouchard et al. (2015) reported that dietary tannin

concentrations between 20 and 40 gCT/kgDM resulted in rumen

methane production, and Bueno et al. (2015) reported that tannin

deficiency affected methane release and phenolic compounds can

inhibit methanogenic processes both in vitro and in vivo, with the

efficacy largely dependent on the type, concentration, and source of

tannin condensate. Patra and Saxena (2010) reported that rumen

methane concentrations were decreased with tannin supplementation.

Tannins bind with proteins/enzymes in the rumen and reduce protein

degradation, and if included in small concentrations in supplements,

they can increase the flexibility of urea inclusions (Martello et al., 2020).

The inclusion of hydrolyzed tannins reduced the total short-chain fatty
02
acid concentration. Within a dose range of 10 to 40 g/kg of a condensed

tannin extract, the total short-chain fatty acid concentration was

reduced by 0.804 mM in the rumen fluid (Brutti et al., 2023).

Moreover, Phesatcha et al. (2021) reported that when dairy cows

received mangosteen peel liquid-protected soybean meal (MPLP-

SBM), milk composition was increased in terms of 3.5% FCM (fat-

corrected milk) and milk protein, which could be due to the condensed

tannins and soybean meal creating a tannin–protein complex bond to

protect the digestion of protein in the rumen, resulting in moving the

bypass protein to the duodenum, where cows receive amino acids from

the digestion of bypass protein and use it to produce milk.

The digestion of proteins in ruminants is different from that of other

animals, particularly in protein degradation in the rumen. Protein and

non-protein nitrogen compounds in feed, when entering the body

through the mouth, are mixed with saliva in the stomach. They are

swallowed via the esophagus and transported to the rumen for

digestion. Approximately 70% of proteins are digested by proteolytic

microorganisms. It has been found that more than 40% of the total

microbial population in the rumen can digest proteins, especially

bacteria, with numbers up to 1010–11 cells/mL. The proteolytic

bacteria, namely Bacteroides spp., Butyrivibrio spp., and Selenomonas

spp., produce protease enzymes to digest proteins and nitrogen

compounds through the hydrolysis process, while some protozoa also

digest proteins, such as Entodinium and Eudiplodinium. The products

of protein digestion by microbiota are peptides and amino acids. The

remaining 30% of proteins avoid digestion and bypass the small

intestine, and are thus named RUPs (Wanapat, 2015). How much of

the protein in the feed is absorbed in the small intestine? This question

can be answered using a three-step in vitro method, simulating the

degradability of proteins in the rumen, abomasum, and small intestine

according to the method of Gargallo et al. (2006). Therefore, the current

study aimed to study the process of extracting tannins frommangosteen

peels and examining the effect of this mangosteen peel extract

supplementation on in vitro gas production kinetics, degradability,

and intestinal protein digestion using a three-step in vitro procedure.
2 Materials and methods

All the procedures involving animals providing rumen fluid

collection were approved by the ethics committee of Maejo
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University, following the guidelines of the Institutional Animal

Care and Use Committee of Maejo University, Chiang Mai,

Thailand (Approval No. MACUC 006A/2567).
2.1 Experimental design and dietary
treatments

The experimental design was a completely randomized design.

The dietary treatments were mangosteen peel extract (MANGTAN;

mL) sprayed on soybean meal (gDM) in a concentrate mixture at

ratios of 0:100, 5:100, 10:100, 15:100, 20:100, 25:100, 30:100, 35:100,

and 40:100, respectively. Mangosteen peel was bought from the

local market in Chiang Mai Province, Thailand. Samples of the

dietary treatment were dried at 60°C for 72 h, ground to pass a 1-

mm sieve, and used for further analysis. The tannin extraction

method involves soaking the solution mixed with water and

ethanol, modified from the method of Im et al. (2017). The steps

were as follows: 1) Tannin extract preparation used a solution of

50% ethanol as a solvent. 2) The mangosteen peel powder was

soaked in the extract solution using the ratio of mangosteen peel

powder to extract solution of 1:50, soaking for 24 hours at room

temperature. The resulting extract was called MANGTAN. 3) The

amount of MANGTAN was then analyzed by adapting the methods

of Hou et al. (2003) and Ye et al. (1999). Thus, 1 mL of the

MANGTAN sample was put into a test tube, and 1 mL of 1N Folin-
Frontiers in Animal Science 03
Ciocalteu reagent and 1 mL of 7.5% sodium carbonate (Na2CO3)

were added, mixed well, and left at room temperature for 1 hour.

The amount of tannin compounds in the extract was calculated by

comparing it with the standard curve of gallic acid at 0, 0.5, 1, 1.5, 2,

2.5, 3, 3.5, and 4 mL. The absorbance was measured at a wavelength

of 745 nm using a UV-vis spectrophotometer (Benassi et al., 2008).

A Biochrom Libra 5516v2.02 spectrophotometer was used. The

average total tannin content was detected at 31.69 ppm/mL, which

is 0.03169 mg/mL or 0.003169%w/v. The dry matter (DM), ash, and

crude protein (CP) of all the dietary samples were analyzed using

the procedures of the AOAC Official Method 950.02 Animal Feed,

2023, and neutral detergent fiber (NDF) and acid detergent fiber

were analyzed according to Van Soest et al. (1991). The ingredients

and chemical compositions of the concentrate and rice straw used

in the in vitro experiment are shown in Table 1.
2.2 Rumen inoculum preparation

Rumen fluid was collected from two rumen-fistulated beef cattle

with an average body weight of 230 ± 30 kg and an age of 4 years

that were fed with concentrate feed at 0.5% BW and ad libitum rice

straw. The animals were kept in individual pens, and clean, fresh

water and mineral blocks were offered with free access. The animals

received the diets for the adjusting period of 14 days before the

rumen fluid was collected. On day 14, 1,000 mL of rumen fluid was
TABLE 1 Ingredients and chemical composition of the concentrates and rice straw used in the experiment (kg dry matter, DM).

Items
SBM1: MANGTAN2 ratios

Rice straw
100:0 100:5 100:10 100:15 100:20 100:25 100:30 100:35 100:40

Cassava chips 60 60 60 60 60 60 60 60 60 –

Rice bran 16 16 16 16 16 16 16 16 16 –

Soybean meal 20 20 20 20 20 20 20 20 20 –

MANGTAN liquid 0 5 10 15 20 25 30 35 40 –

Urea 1 1 1 1 1 1 1 1 1 –

Premix 1 1 1 1 1 1 1 1 1 –

Molasses 1 1 1 1 1 1 1 1 1 –

Pure sulfur 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 –

Salt 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 –

Chemical composition

DM (%) 89.6 89.3 88.8 88.1 87.4 86.7 86.5 85.6 84.6 96.7

………. % of DM …………

OM 92.8 88.5 88.6 88.6 88.9 89.1 89.0 88.9 89.1 81.6

Ash 7.2 11.5 11.4 11.4 11.1 10.9 11.0 11.1 10.9 18.4

CP 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 2.4

NDF 12.2 12.2 12.2 12.2 12.2 12.2 12.2 12.2 12.2 87.4

ADF 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 55.8
SBM1, soybean meal; MANGTAN2, tannin extract from mangosteen peel; DM, dry matter; OM, organic matter; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber..
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obtained from each animal before the morning feeding. The rumen

fluid was filtered through four layers of cheesecloth into pre-

warmed thermoflasks and then transported to the laboratory.

The medium preparation per run (2,911 mL) was described by

Makkar et al. (1995). The reduced medium (2,251 mL) consists of

1,095 mL of distilled water, 730 mL of rumen buffer solution, 365

mL of macro-mineral solution, 0.23 mL of micromineral solution, 1

mL of resazurine, and 60 mL of freshly prepared reduction solution.

Then, 660 mL of rumen fluid from beef cattle was mixed with the

reduced medium as described by Makkar et al. (1995). The mixture

was continuously stirred under CO2 at 39°C using a magnetic stirrer

fitted with a hot plate under continuous flushing with CO2. A

portion (40 mL) of the rumen fluid medium was transferred into

each bottle and incubated in an incubator at 39°C.
2.3 In vitro rumen incubation, gas
production kinetics, and degradability

Samples of the experimental 0.5 g of rice straw and concentrate

mixture ratios (60:40) were weighed into 50-mL serum bottles. Each

incubation was performed in triplicate with three blanks. Ruminal

fluid from each animal was mixed with the artificial saliva solution

of Menke (1988) at 39°C under continuous flushing with CO2.

Bottles were sealed with rubber stoppers and aluminum caps and

incubated at 39°C (120 h) for an in vitro gas test. The bottles were

gently mixed 30 min after starting the incubation and then mixed

three times every 3 h. For each sampling time, three bottles

containing only the rumen inoculum were included within each

run, and the mean gas production values of these bottles were used

as blanks. The blank values were subtracted from each measured

value to give the net gas production. Gas production kinetics during

the incubation and the gas production were measured immediately

after incubation at 0, 0.5, 1, 2, 4, 6, 8, 12, 18, 24, 48, 72, and 96 h

according to the method of Foiklang et al. (2016a). A glass syringe

fitted with an 18-gauge needle was used to punch a hole in the

rubber stopper on the fermentation bottles, which were then placed

in the incubator. We then noted that the gas volume was growing

and used the fit curve program to explain the kinetics of the gas

production. Cumulative gas production data were fitted to the

model of Ørskov and McDonald (1979) as follows: y = a + b (1–e

(-ct)); where a = the gas production from the immediately soluble

fraction, b = the gas production from the insoluble fraction, c = the

gas production rate constant for the insoluble fraction (b), t =

incubation time, (a + b) = the potential extent of gas production,

and y = gas produced at time ‘t’.

After 0 h and 4 h of incubation, serum bottles were removed

from the incubator and the pH immediately measured using a

HANNA pH meter (HANNA Instruments, Nusfalau, Romania).

Then, the fermentation liquid was filtered through four layers of

cheesecloth and was used for NH3-N and volatile fatty acid (VFA)

concentration analysis. The samples were centrifuged for 15 min at

16,000× g, and then the supernatant was collected and kept at -20°C

until analysis. The concentration of NH3-N was analyzed using the

micro-Kjeldahl method (AOAC Official Method 950.02 Animal
Frontiers in Animal Science 04
Feed, 2023), and VFA concentration, including acetic acid (C2),

propionic acid (C3), and butyric acid (C4), was measured using gas

chromatography (GC; Shimadzu, Model: GC-2014, Kyoto, Japan)

according to So et al. (2022).

In vitro degradability was determined after the termination of

incubation at 12 and 24 h. Each treatment was immediately

refrigerated at -20°C to stop microbial activity and wait for

subsequent digestion analysis. We then removed the samples

from the freezer and allowed them to thaw at room temperature

before analyzing. The samples were filtered through Whatman filter

paper No. 4 and rinsed with distilled water. We placed the residual

samples in the crucible and baked them at 100°C for 2 h. The

residual DM was estimated. We then calculated the in vitro dry

matter degradability (IVDMD) using the following equation:

IVDMD (%) = {[(RS100 - C) - (RB100 - C)]/WS} · 100, where

RS100 is the weight of the crucible and the residue after drying at

100°C, RB100 is the weight of the crucible and the chemical reagent

residue after drying at 100°C (blank), C is the weight of the dried

crucible, and WS is the DM weight of the sample (before

incubation). The dried feed sample and residue left above were

ashed at 600°C for 4 h and determined for in vitro organic matter

degradability (IVOMD) (Tilley and Terry, 1963).
2.4 The three-step in vitro procedure

A three-step in vitro procedure was used to determine the

intestinal digestion of proteins using the protocol of the Daisy II

procedure (Gargallo et al., 2006) as follows: First step: Weigh

approximately 5 g of feed (ground through a 2-mm screen) into

5 × 10 cm nylon bags (AnkomR510, pore size 50 µm; Ankom,

Fairport, NY) and suspend them in the rumen for 12 h. After

ruminal incubation, rinse the bags for 5 min three times in an

automatic washing machine. Allow them to drain and dry in an

oven at 55°C for 48 h. Pool the residues from the bags, combine

them with feedstuffs, and determine the N content using the

Kjeldahl method (AOAC Official Method 950.02 Animal Feed,

2023). Second step: Weigh 0.5 to 5 g of rumen-exposed residue

into nylon bags and heat-seal. Place up to 30 bags in each

incubation bottle in a Daisy II incubator (Ankom). Add 2 L of a

prewarmed 0.1 N HCl solution (pH 1.9) containing 1 g/L of pepsin

(P-7000, Sigma, St. Louis, MO) and incubate with constant rotation

at 39°C for 1 h. After incubation, drain all the liquid and rinse the

bags with tap water until the runoff is clear. Third step: Introduce

the bags into the incubation bottles (a maximum of 30 bags per

bottle) and add 2 L of a prewarmed pancreatin solution (0.5 M

KH2PO4 buffer, pH 7.75, containing 50 ppm of thymol and 3 g/L of

pancreatin; Sigma P-7545). Incubate the bags for 24 h with constant

rotation at 39°C. After incubation, drain all the liquid and rinse the

bags with tap water until the runoff is clear. Allow the bags to drain

and dry in an oven at 55°C for 48 h. Record the dry weight. Analyze

the N content of the residue in all the bags using the Kjeldahl

method (AOAC Official Method 950.02 Animal Feed, 2023).

Calculate the pepsin–pancreatin digestion of protein as the

amount of the sample N (rumen-exposed residue) minus the N
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remaining after pepsin–pancreatin incubation, divided by the

amount of sample N.
2.5 Statistical analysis

Triplicate in vitro data were pooled per substrate. The triplicate

results for each substrate per run were averaged before the statistical

analysis. The experimental unit for the in vitro measurements was

the value of the average data (fermentation bottles). All data were

statistically analyzed by analysis of variance (ANOVA) using PROC

GLM, and the mean difference of the experimental group was

compared using Duncan’s new multiple range test (Steel and

Torrie, 1960) in the SAS Institute (2016). Data for the in vitro

experiment were analyzed for each MANGTAN level in a complete

randomized design (CRD), with the concentration of MANGTAN

as the fixed effect and the run as the random effect. Differences

among means with P < 0.05 were regarded as statistically

significant differences.
3 Results and discussion

3.1 In vitro gas production kinetics and
degradability

Table 2 shows the values obtained from the kinetics of the gas

production models for the substrates studied. It was found that gas

production from soluble fractions (a) ranged from 1.35 to 6.73 mL/

0.5 g, and supplementation with 20 mL of MANGTAN/100 gDM of

soybean meal did not affect gas production compared to the control

group (P < 0.05). The gas production from the insoluble fraction (b)
Frontiers in Animal Science 05
and the potential extent of gas production (a+b) were also not

altered when increasing the level of MANGTAN in soybean meal (P

> 0.05). The gas production rate constants for the insoluble fraction

(c) ranged from 0.021 to 0.023 mL/0.5 g, which was similar among

treatments (P > 0.05). Cumulative gas production (at 96 h of

incubation) ranged from 109.2 to 117.3 mL/0.5g, which was

similar when comparing MANGTAN in soybean meal and the

control group (Figure 1). The in vitro gas production kinetics is an

indication of the total amount of gas produced. The majority of the

gas is VFAs, which are gases mainly produced from the degradation

of carbohydrates. To know how much protein in feed is degradable,

it must be analyzed by the three-step in vitro method. Chamadia

et al. (2020) reported the effect of in vitro gas production and

digestibility levels of tannic acid on the protein protection of

soybean meal. Soybean meal was treated with different levels of

tannic acid, i.e., 1%, 2%, 3%, and 4%, and it was found that gas

production kinetics did not vary significantly. Phesatcha et al.

(2021) investigated the use of liquid-containing tannin in dairy

cows as a dietary additive to reduce rumen protein degradation.

They reported that when supplemented with MPLP-SBM, methane

content was reduced because the condensation tannins inhibited the

methanogens attached to the protozoa. Norrapoke et al. (2012)

reported that mangosteen peel powder supplementation in dairy

cows’ diets reduced methanogens and methane production.

Shokryzadan et al. (2016) found that when mangosteen peel

powder was mixed with concentrated alfalfa grass, it decreased

methane yields.

The in vitro dry matter digestibility (IVDMD) and in vitro true

dry matter digestibility (IVTDMD) values at 12 and 24 h in

treatments supplemented with MANGTAN 25 mL/100 gDM of

soybean meal were 75.59% and 80.48% higher than all the

supplement levels and tended to decrease with increasing
TABLE 2 Effect of mangosteen peel extract supplementation on in vitro gas production kinetics and cumulative gas production at 96 h
after incubation.

SBM1: MANGTAN2 rations
Gas kinetics3

Cumulative gas4 (mL/0.5 g)
a b c a+b

100:0 1.35c 116.52 0.0236 117.87 113.10

100:5 3.10ab 114.58 0.0221 117.68 111.27

100:10 3.11ab 113.26 0.0214 116.37 109.20

100:15 6.73a 116.06 0.0223 122.79 116.17

100:20 2.26b 118.73 0.0221 120.99 114.77

100:25 4.85ab 116.07 0.0225 120.92 115.67

100:30 3.28ab 119.69 0.0224 122.97 117.30

100:35 4.17ab 115.57 0.0229 119.75 114.37

100:40 4.25ab 114.95 0.0221 119.20 112.83

SEM5 0.3003 0.3845 0.0001 0.4409 0.4887

P-value 0.0021 0.8002 0.4989 0.6813 0.3266
SBM1, soybean meal; MANGTAN2, tannin extract from mangosteen peel. Gas kinetics3, athe gas production from the immediately soluble fraction, bthe gas production from the insoluble
fraction, cthe gas production rate constant for the insoluble fraction (b), a + b= the gas potential extent of gas production. Cumulative gas4 after 96 hours of incubation time (mL/0.5 g of
substrate). SEM5, standard error of the mean.
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MANGTAN supplementation levels. IVOMD at 12 and 24 hours in

the control group (without MANGTAN) showed digestibility

values that were 76.23% and 80.24% higher than all the

supplement levels, as shown in Table 3, and tended to decrease

with increasing MANGTAN supplementation levels. From the
Frontiers in Animal Science 06
experimental results, when the level of MANGTAN in soybean

meal was increased, the degradability in the rumen decreased,

which was as expected, as the application of tannins on soybean

meal can protect protein degradation in the rumen. This result was

similar to the experiment of Phesatcha et al. (2021), where tannins
TABLE 3 Effect of mangosteen peel extract supplementation on the in vitro degradability of dry matter and organic matter, and in vitro true dry
matter digestibility.

SBM1: MANGTAN2 rations
IVDMD3 (%DM) IVOMD4 (%DM) IVTDMD5 (%DM)

12 h 24 h 12 h 24 h 12 h 24 h

100:0 74.00ab 77.71a 76.23a 80.24a 74.00ab 77.71a

100:5 72.88ab 75.63b 70.45a 75.02ab 72.88ab 75.63b

100:10 71.44ab 80.03ab 66.87ab 75.06ab 71.44ab 80.03ab

100:15 62.73c 78.85ab 67.54ab 70.19c 62.73c 78.85ab

100:20 70.67ab 74.54b 67.01ab 78.65ab 70.67ab 74.54b

100:25 75.59a 80.48a 64.13b 66.33c 75.59a 80.48a

100:30 72.65ab 75.48ab 67.67ab 72.73ab 72.65ab 75.48ab

100:35 70.27b 75.49ab 66.70ab 71.09bc 70.27b 75.49ab

100:40 72.72ab 80.15ab 68.67ab 72.42bc 72.72ab 80.15ab

SEM6 0.703 0.454 0.654 0.824 0.703 0.454

P-value 0.0012 0.0002 0.0056 0.0257 0.0012 0.0002
SBM1, soybean meal; MANGTAN2, tannin extract frommangosteen peel; IVDMD3, in vitro dry matter degradability; IVOMD4, in vitro organic matter degradability; IVTDMD5, in vitro true dry
matter digestibility; SEM6, standard error of the mean. athe gas production from the immediately soluble fraction, bthe gas production from the insoluble fraction, cthe gas production rate
constant for the insoluble fraction (b), a + b= the gas potential extent of gas production.
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were extracted by soaking the mangosteen peel and spraying the

liquid on the soybean meal, which was reported to have reduced

digestibility when supplemented with larger amounts of condensed

tannins. It also resulted in reduced protein digestibility when the

MPLP level was increased. When supplementing with further

increased MANGTAN levels, tannin toxicity may result. When

animals are fed excessive amounts of tannins, they inhibit the

production of digestive enzymes in the abomasum. Besharati

et al. (2021) investigated the beneficial effect of monensin, tannic

acid, and cinnamon essential oil supplementation on sesame meal

degradability using the three-step in vitro method. The treatments

with monensin, tannic acid, and cinnamon essential oil showed the

highest rate of organic matter degradability in the total tract.
3.2 Three-step in vitro procedure to
determine the intestinal digestion of
proteins

In this method, the substrates are sprayed with MANGTAN on

the SMB only, with no other feed ingredients. Table 4 shows the in

vitro dry matter degradability values obtained from the rumen

models for the substrates studied. It was found that the in vitro dry

matter degradability and degradability of crude protein at 24 h

incubation (rumen) decreased when supplemented with 5 to 40 mL

of MANGTAN/100 gDM of soybean meal.

(P < 0.0001). Furthermore, after incubation at 1 h in pepsin and

24 h in pancreatin, the degradability of crude protein increased

when supplemented with 5 to 40 mL of MANGTAN/100 gDM of

soybean meal (P < 0.001). From the experimental results,

MANGTAN was found to protect against protein degradation by
Frontiers in Animal Science 07
microorganisms in the rumen. Because the degradability of crude

protein in the rumen decreased, the amount of rumen undegradable

protein increased, and this increased the crude protein degradation

(RUP) by pepsin from the abomasum and pancreatin from the

small intestine. Loregian et al. (2023) reported the effects of

incorporating varying levels of tannins into three protein sources

(cottonseed, peanut, and soybean meals) on ruminal kinetic

parameters, ruminal fermentation, and intestinal digestibility by

three in situ experiment methods. They found that the effects of

tannin treatment in soybean meal at 20 g/kg increased the

proportion of RUP and decreased the dry matter degradability

and intestinal degradability. Tannin treatment in peanut meal at 20

to 60 g/kg did not affect dry matter degradability and intestinal

degradability, but tannin treatment at 60 g/kg increased the

proportion of RUP. The increase in RUP implies a decrease in

the quantity of substrates accessible for microbial fermentation

within the ruminal environment (Chamadia et al., 2020). Thus, we

hypothesized that tannin treatment could increase the RUP content

of the tested feeds without impacting the intestinal degradability of

protein. In fact, the MANNGTAN treatment in soybean meal

indicates that the protein–tannin complexes were sufficiently

robust to shield the protein from rumen fermentation but not

strong enough to prevent their breakdown after passing through the

rumen. The complexes formed for feed protection between proteins

and tannins should be reversible when exposed to pH values lower

than the ruminal pH, such as those found in the abomasum and

small intestine (Verma et al., 2021). Thus, the application of

MANGTAN on soybean meal can be used as a bypass protein.

Besharati et al.’s (2021) study investigated the beneficial effect of

monensin, tannic acid, and cinnamon essential oil supplementation

on sesame meal degradability using the three-step in vitro method.
TABLE 4 Effect of mangosteen peel extract supplementation on intestinal digestion of proteins using a three-step in vitro procedure.

SBM1:
MANGTAN2

rations

IVDMD3 (%DM) Degradability of crude protein, %

24h of
incubation
(rumen)

1h (pepsin4) and
24h (pancreatin5)
of incubation

24h of
incubation
(rumen)

1h (pepsin4) and
24h (pancreatin5)
of incubation

Total
degradability

100:0 57.21a 23.87 44.78a 39.76c 84.54a

100:5 55.26b 23.16 40.47b 46.42b 86.89a

100:10 55.07b 24.15 32.00c 53.42a 85.41a

100:15 53.45c 24.57 34.37c 46.56b 80.93b

100:20 54.99b 24.23 32.22c 48.67b 80.88b

100:25 55.48b 24.18 32.98c 47.07b 80.05b

100:30 55.95b 24.95 34.54c 44.68b 79.22b

100:35 54.10bc 24.31 33.87c 46.75b 80.63b

100:40 54.98b 24.43 33.17c 47.27b 80.44b

SEM6 0.1837 0.067 0.8344 0.6864 0.5277

P-value <0.0001 0.5626 <0.0001 0.0008 0.0001
SBM1, soybean meal; MANGTAN2, tannin extract from mangosteen peel; IVDMD3, in vitro dry matter degradability; Pepsin4, 0.1 N HCL solution (pH 1.9) containing 1g/L of pepsin (P-7000,
Sigma, St. Louis, MO); Pancreatin5, 0.5M KH2PO4 buffer, pH 7.75, containing 50 ppm of thymol and 3g/L of pancreatin (Sigma P-7545); SEM6, standard error of the mean. athe gas production
from the immediately soluble fraction, bthe gas production from the insoluble fraction, cthe gas production rate constant for the insoluble fraction (b), a + b= the gas potential extent of
gas production.
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The effect of experimental additives on the degradability of sesame

meal in the rumen, after the rumen, and in the whole

gastrointestinal tract was significant. The in vitro ruminal and

intestinal digestibility of sesame meal crude protein with

experimental additives was in the range of 76% to 84% and 49%

to 60%, respectively. The intestinal degradability of crude protein

increased with the addition of tannic acid (approximately 10%). The

addition of monensin, tannic acid, and cinnamon essential oil

significantly increased the degradability of NDF and ADF in the

rumen, intestines, and the whole gastrointestinal tract. The results

showed that the addition of tannic acid (100 mg/L) decreased the

disappearance of crude protein in the rumen, while it increased

crude protein degradation after the rumen. Caroprese et al. (2020)

reported that tannic acid has successfully been used to reduce

methane production, ruminal protein decomposition, and

ammonia production and increase ruminal protein for further

digestion in the gut, improving ruminal fermentation efficiency.
3.3 Ruminal fermentation end-product
parameters

Table 5 shows the values obtained for the in vitroVFAs, methane

production, and ammonia-nitrogen (NH3-N) concentration. The

ammonia nitrogen concentration values in bottled serum decreased

when supplemented with 15 to 40 mL of MANGTAN per 100 g of

soybean meal, ranging from 4.06 to 6.51 mg/100mL, compared to the

control group with an ammonia nitrogen concentration of 7.28 mg/

100 mL (P<0.0001). Similarly, Mohammadabadi and Chaji (2012)

reported the mean values of NH3-N concentrations were 31.6, 19.2,

15.3, 19.5, and 18.2 mg/dL for untreated SBM, SBM treated with 30 g/
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kg DM oak fruit tannin, oak leaves tannin, pistachio hull tannin, and

pistachio leaves tannin, respectively. This shows that the

concentration of ammonia nitrogen decreased when tannins were

supplemented in soybean meal. Phesatcha et al. (2021) reported that

the rumen NH3-N concentration of the dairy cows fed dietary

treatments with MPLP-SBM decreased. This could be due to

increased microbial protein synthesis that can consequently reduce

the NH3-N concentration in the rumen. However, CTs have a high

capacity for CP binding in the rumen and would reduce dietary

protein loss by ammonia production, thus improving protein

utilization (Adejoro et al., 2018). El-Waziry et al. (2013) found that

the concentration of ruminal NH3-N decreased with protected SBM.

Reducing NH3-N in the rumen means that treated SBM reduced

peptide degradation, proteolysis, and amino acid deamination in the

rumen. Ampapon et al. (2019) stated that plant phytonutrients such

as CT exhibited selective suppression of cellulolytic bacteria in the

rumen. Due to the complexation of protein–tannin, MANGTAN

supplementation in the diet has beneficial effects, reducing the

availability of feed protein for possible ruminal degradation to

produce ammonia–nitrogen since tannins are polyphenolic

compounds that have a high affinity for protein. Under normal

rumen conditions, these active components can form stable rumen

complexes and protect dietary proteins from degradation (Zhang

et al., 2019). The result of condensed tannin supplementation is less

gastric protein degradation, which may reduce rumen ammonia

nitrogen (NH3-N) concentrations (Focant et al., 2019). However,

Shokryzadan et al. (2016) found that the ammonia production in the

rumen fluid samples using 25% and 50% mangosteen peel replacing

alfalfa did not affect ammonia production after 24 hours of

incubation. Similarly, Bahrami-Yekdangi et al. (2016) observed that

the concentration of NH3-N in the diet was unchanged. Thus, it may
TABLE 5 Effect of mangosteen peel extract on in vitro volatile fatty acids (VFAs), methane production, and ammonia–nitrogen (NH3-N) concentration.

SBM1:
MANGTAN2 rations

Total VFA
(mmol/L)

VFA3 (%) C2 to
C3 ratio

CH4 production4

(mmol/L)
NH3-N

5

(mg/100 mL)C2 C3 C4

100:0 35.05c 64.14 22.14 13.72ab 2.90 28.26 7.28a

100:5 45.80a 64.49 22.29 13.22bc 2.89 28.31 7.33a

100:10 35.51c 65.41 21.50 13.09c 3.04 28.52 7.01a

100:15 36.24c 63.72 22.13 14.16a 2.89 28.38 4.66c

100:20 38.13b 64.64 22.41 12.95c 2.89 28.06 4.06c

100:25 38.15b 65.48 21.78 12.75c 3.01 28.54 6.21b

100:30 34.98c 64.23 22.17 13.60ab 2.90 28.02 5.17bc

100:35 34.96c 63.61 22.34 14.05a 2.85 28.02 6.02b

100:40 45.62a 65.08 23.47 11.45c 2.77 27.58 6.51b

SEM6 0.8462 0.1318 0.1038 0.1582 0.015 0.058 0.2253

P-value <0.0001 0.0949 0.3547 <0.0001 0.5549 0.7343 <0.0001
SBM1, soybean meal; MANGTAN2, tannin extract from mangosteen peel; VFA3, volatile fatty acids (C2, acetic acid; C3, propionic acid; C4, butyric acid); Calculated CH4 production
4 = 0.45 (%

C2) − 0.275 (%C3) + 0.40 (%C4); C2, acetate; C3, propionate; C4, butyrate; NH3-N
5, ammonia nitrogen; SEM6, standard error of the mean. athe gas production from the immediately soluble

fraction, bthe gas production from the insoluble fraction, cthe gas production rate constant for the insoluble fraction (b), a + b= the gas potential extent of gas production.
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depend on the amount of tannin concentration used and the source

of the tannin.

The proportion of VFAs in the rumen had concentrations of acetic

acid (C2) of 63.61%–65.48%, propionic acid (C3) of 21.50%–23.47%,

and butyric acid (C4) of 11.45%–14.16%. Themolar ratio of C2:C3, C2,

and C3 was insignificant (P>0.05) when supplemented with 5 to 40 mL

of MANGTAN/100 gDM of soybean meal. These results were similar

to those reported by Phesatcha et al. (2021), whose study investigated

the use of liquid-containing tannin in dairy cows as a dietary additive to

reduce rumen protein degradation. They reported that when

supplemented with MPLP-SBM, the proportion of volatile fatty acids

in the rumen had a concentration of acetate of 55%–65%, propionate of

20%–25%, and butyrate of 10%–15%. The concentrations of total VFA

and C3were increased by protein level or byMPLP inclusion.Wanapat

et al. (2014) reported that the mangosteen peel supplementation in

buffaloes impacted total rumen VFA production and increased the C3

concentration. Total volatile fatty acids, acetic acid (C2), and butyric

acid were similar between treatments while reducing C2:C3 and CH4

production. Additionally, Polyorach et al. (2016) reported that the use

of condensed tannin from mangosteen peel powder (MSP) in dairy

cows can increase total VFA concentration, especially C3. Increasing

the level of MSP supplement decreases rumen methane production

from 27.5 to 23.7 mmol/100 ml3. Moreover, in the present study, CH4

production was not statistically significantly different (p > 0.05) after

MANGTAN supplementation, with methane production ranging from

27.58 to 28.54 mmol/L. Poungchompu et al. (2009) revealed that plants

containing condensed tannins and saponin greatly improved ruminal

feed degradation by mitigating the C2 concentration and CH4

production, enhancing the C3 concentration. The value of methane

production was not significantly different (P>0.05) when

supplementing with 5 to 40 mL of MANGTAN/100 gDM of

soybean meal. Brutti et al. (2023) analyzed the effects of the use of

tannins on the ruminal fermentation of cattle from the 27 studies and

concluded that tannins affect the concentration of short-chain fatty

acids, ammonia nitrogen, dry matter digestibility, and methane

production. Tannins associated with balanced protein–energy diets

can reduce ruminal protein degradability and methane production,

which can benefit animal metabolism and the environment. Many

previous studies have stated that condensed tannins and saponin or

their extracts are effective in reducing CH4 production in both in vitro

and in vivo studies (Abdalla et al., 2012). MANGTAN supplementation

resulted in a reduction in NH3-N and CH4 production.
4 Conclusions and recommendations

Based on this experiment, it can be concluded that 15 mL of

MANGTAN per 100 gDM of soybean meal can be supplemented in

concentrate diets with no negative effect on gas kinetics and rumen

fermentation. It reduces in vitro degradability and protein

degradability in the rumen and increases protein degradability in

the abomasum and small intestine. Therefore, its use in animal

feeding contributes to an increase in bypass protein. However, these

findings should be applied in further in vivo experiments to estimate

animal performance.
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