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13 Simple Summary: Reduction of methane gas without persuading any problems have been
14 considered by animal science experts through antimicrobial supplementation. However, the
15 commonly antimicrobial agents, namely from PUFA and polyphenol-containing plant that were
16 reports separately. Using in vitro gas production technique inviting PUFA substrate collections, we
17 found initially recommended dose for quercetin 0.2-3.0 mg and eugenol 0.11-1.62 mg from Piper
18 betle L. as potential herb, significantly to prohibit ruminal methane production inviting nurture
19 rumen. This study promotes an option way to improve rumen diet development corresponding to
20 environment friendly aspect, mentioning assessment of reducing methane pollution.

21 Abstract: This study had the objective to evaluate the effect of Piper betle L. powder (PP) at 5
22 different doses in substrate incubated by sunflower oil as secondary function of PUFA using in vitro
23 gas production technique. The treatments of this study were run as a 2X5 factorial arrangement in a
24 completely randomised design using the PROC GLM procedure of SAS 9.4: (1) control (S1) without
25 supplementation of PP; (2) 15 mg PP (S2); (3) 30 mg PP (S3); (4) 45 mg PP (S4); and (5) 60 mg PP
26 (55), while sunflower oil was supplemented in all treatments: low 15 mg/incubation and high 30
27 mg/incubation. A 500 mg of TMR (hay: concentrate, 50:50) was assigned to basal substrate. The PP
28 containing 1.84 mg/g DM quercetin and 1.00 mg/g DM eugenol altered rumen fermentation
29 without change pH (p < 0.001) and methane production was lesser (p < 0.001) about -30% and -25%
30 for DM and OM measurement, respectively. Gas kinetic, degradability, and ammonia level was
31 significantly affected by supplementing PP (p < 0.01). Overall, this study suggested quercetin and

32 eugenol deriving from PP acted three major accelerations: assembled carbon dioxide, behaved
33 antimicrobial role and performed the balance water molecules in the rumen kinetic. This study
34 suggests that PP promotes changing in vitro rumen fermentation and diminishing methane
35 production within recommended doses, 0.1-15 mg/incubation in DM.

36

37 Keywords: quercetin; eugenol; organic compounds; rumen; environment; HPLC-DAD;

38 polyphenols-containing plants

39 1. Introduction

40 Regardless of fat source, poly-unsaturated fatty acid (PUFA) was been known as long chain
41  expressing several secondary functions in modulation rumen fermentation [1,2]. Linoleic acid and
42 linolenic acid have undertaken a widely performance, particularly sunflower oil as linolenic source
43 had been confirmed to suppress methane number (-18% of total gas production) through alteration
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44 of rumen fermentation [3]. Sunflower oils have behaved more a hydrophobic role to interfere the
45 inhabitant in the rumen. Carreno et al. [4] sunflower oil interacted a stability of outer liner in
46  bacteria physiology through a membrane semipermeable that lower resistant toward a differential
47  water race in the rumen. This activity would be assessed as a substantial function as antimicrobial
48  value. However, supplementing single PUFA expressed a limitation to elaborate more toxicity in
49  oxidative reactive [5]. Thus, researchers have been looking for alternatives for combining with other
50  natural fractions. Due to their antimicrobial functions, plant-containing polyphenols is considered
51  owning the potential properties in diminishing methanogenesis coming along with nurturing
52 rumen.

53 Piper betle L. is tropical-Asian-plant owning a host of secondary metabolites. Purba and
54 Paengkoum [6] Piper betle L. had abundant of flavonoid and essential oil detected by a HPLC-DAD
55  deriving from polar and non-polar extraction. Hitherto, Piper betle L. investigations on rumen
56  fermentation and methane production have a limiting information. There is comprehensive
57  hypothesis mentioning interaction of Piper betle L. compounds and PUFA’s is prerequisite in
58  modulating rumen fermentation and methane loss. Hopefully, understanding pathway of this
59  interaction might improve the strategies in rumen diet development. Therefore, the objective was to
60  evaluate the effect of Piper betle L. powder (PP) at 5 different doses in substrate incubated by
61  sunflower oil as secondary function of PUFA using in vitro gas production technique.

62 2. Materials and Methods

63 All experimental procedures were approved and completed in accordance with the Rules of
64  Animal Welfare of Suranaree University of Technology (SUT 4/2558) for animal protection used
65  and/or applied for experimental purposes in accordance.

66  2.1. Animal, diet, and Piper betle L. powder (PP)

67 In vitro study was conducted following to previous study [7]. Four female Saanen goats (body
68  weight= 43+1.29 Kg) were as rumen inoculum donors. All goats were obtained the TMR feedstuff
69  (hay: concentrate, 50:50), based on pangola hay (particle size > 4 cm) and concentrate, TMR was
70 offered in two portions (60% at 9:00h and 40% at 17:00 h) and this feed was dedicated as substrate on
71 in vitro incubation. Randomly mineral block and freely clean drinking water were applied to face
72 abundant of nutrient requirement [8]. Formulation and proximate analysis of diet is presented in
73 Table1.

74 Piper betle L. leaves were purchased from local market, Prachinburi area, east Thailand. Fresh
75  biomass of leafy material plant was pooled, rinsed and kept overnight at 4°C. The leaves were
76 air-dried using oven set 40 °C for 2 d, made a powder, loaded in sealed plastic until, and kept in
77  desiccator until usage time. Quercetin and eugenol content were extracted, fragmented, and
78  detected following earlier method by Purba and Paengkoum [6] using water, methanol, and hexane
79  under HPLC-DAD wavelength. All content of these organic compounds is presented in Table 1.

80  2.2. Treatments

81 The treatments of this study were run as a 2X5 factorial arrangement in a completely
82  randomised design: (1) control (S1) without supplementation of PP; (2) 15 mg PP (S2); (3) 30 mg PP
83 (53); (4) 45 mg PP (S4); and (5) 60 mg PP (S5), while sunflower oil was supplemented in all
84  treatments: low 15 mg/incubation and high 30 mg/incubation, containing (g/Kg FA): 16:0 (57.67), 18:0
85 (30.89), cis-9 18:1 (401.38) and 18:2n-6 (476.83). Sunflower oil and PP were emulsified in 1:99 v/v
86  ethanol 96% and aqueous solution, respectively, then added into glass syringe.

87 2.3. In vitro experiment

88 After 15 d adaptation period, 1000 ml rumen fluids were compulsory suctioned from
89  three-based rumen position through oral lavage by suction pump (Hitachi CV-SF18, Japan) before
90  morning feeding time. Rumen fluids were strictly pH checking, 6.6-6.8. Rumen fluids were taken in a
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91  pre-warmed thermal flask moved to laboratory, then strained using a nylon membrane (400um;
92  Fisher Scientific S.L., Madrid, Spain) while bubbled with CO.. The artificial solution was prepared
93  following to Menke and Steingass [7] and mixed with strained rumen fluids (2:1, ml/ml) under
94 continuously CO: at 39 °C. Feed (500 mg) was filled into each a hundred scale of glass syringe and
95  combined with early sunflower oil and Piper betle L. powder. Thirty-milliliters of rumen mixture was
96  added for last preparation of incubation way. Once the glass syringes were locked by 3-way stop
97  cocks and capped by glass plungers, the glass syringes were abruptly shaken and placed in water
98 bath set 39 °C. The incubation was been running initially recorded at 0, 2, 4, 6, 8, 10, 12, 24, 36, 48, and
99 72 hincluding shaken per hour. In this study provided a separated group of parameter syringes: gas
100  production, methane accumulation, and degradability. The glass syringes incubated only rumen
101  fluid and feed mixing artificial solution were dedicated as blank 1 and blank 2 (data not shown in
102  Table) for considering pre-judgement significantly error and significantly different, respectively.
103 Each parameter was run at triplicate.

104 2.4. Sample analysis

105 Feed and Piper betle L. leaves were prepared (#950.02) and analysed for DM (#925.04), ash and
106  organic matter (#942.05), crude protein (#984.13), and crude fat/ether extract (#920.39). Neutral
107  detergent fibre (#2002.04) without amylase (sodium sulphite instead) and acid detergent fibres
108  (#973.18) were determined using an Fibertec8000 fibre analyser (Auto fibre analysis system tecator
109  line). All parameters followed in [9]. Metabolize energy was measured using Parr6200 calorimeter.
110 On 12 and 24 h, 20 ml of gas was transferred into a disposal syringe for injecting directly in gas
111 chromatography machine (Agilent 7890A, USA) to measure methane level. Other groups of glass
112 syringes were directly strained with a frilled flask and filtrates were divided into two portions of 15
113 ml falcon tubes. Each falcon tube was filled with 5 ml strained rumen fluid added 1 ml
114 metaphosphoric acid (25%) for volatile fatty acid (VFA) detection by gas chromatography (Hewlet
115 Packard hp 6890, USA) and 4 ml strained rumen fluid added 1 ml metaphosphoric acid (25%) for
116  NHs-N measurement using Kjeldahl method (Foss Kjeltech8100, USA). All remaining supernatant
117 could be stored in -20 °C for further study.

118 After 72 h, the glass plungers were released and the contents were filtered under vacuum
119  through glass crucibles with a sintered filter. The residue was then dried under 50 °C for 2 d. The
120 consecutive steps in degradability parameters namely in vitro dry matter degradability (IVDMD), in
121 wvitro organic matter degradability (IVOMD), in vitro crude protein degradability (IVCPD), and in
122 wvitro neutral detergent fibre (IVNDD) followed the aforementioned method [9].Once the glass
123 syringes unplugging, pH was immediately measured using pH meter (Oakton 700, USA) in all
124 observations above.

125 2.4. Calculation and statistical analysis

126 Feed and Recording gas production at 0, 2, 4, 6, 8, 10, 12, 24, 36, 48, and 72 h was read and
127  measured adapting from gas pressure technique following to Theodorou et al. [10]. To calculate a
128  cumulative volume of gas production, the number measurement was fitted to the model of [11] as:
129 y=a+b (1<), (1)

130  where a (ml/g DM) is the gas production from the soluble fraction, b is the gas production from the
131 insoluble fraction (ml/g DM), c (/h) is the gas production rate constant for the insoluble fraction (b), t
132 (h) is the incubation time, (a + b) (ml/g DM) the potential extent of gas production and y the gas
133 produced at time ‘t’ (ml/g DM).

134 Regarding statistical analysis, data were subjected to analysis as a 2X5 factorial arrangement in
135  a completely randomised design using the PROC GLM procedure of SAS 9.4 [12]. Multiple
136  comparisons among sunflower oil supplementations, Piper betle L. powder treatments, and
137  interactions were performed using the Tukey HSD [13]. Orthogonal polynomial contrasts were used
138  to test for linear, quadratic, and cubic trends in all parameters. Differences among means with p <
139 0.05 were accepted as representing statistically significant differences.

140
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141 3. Results

142 3.1. Effect of sunflower oil and Piper betle L. powder on gas kinetic, gas accumulation and degradability

143 As shown in Table 1, the soluble fraction on gas kinetic increased by adjusting sunflower oil
144 (SO) level, yet, Piper betle L. powder (PP) decreased a level of soluble fraction (p < 0.001). Similarly,
145  insoluble fraction was affected to climb gas kinetic by altogether of presenting SO and PP (p < 0.001).
146  Asaresult, the potential gas kinetic rose a gradually volume following to the supplementing level of
147 SO and PP (p < 0.001). However, fermentation rate preferred an opposition of potential gas kinetic (p
148  <0.001).

149 There was quadratic trend on IVDMD degradability due to a shift of fermentation rate result (p
150 < 0.001) and cubic trend on IVOMD, IVCPD, and IVNDD (p<0.001). Overall, the gas kinetic
151  accumulation for 72 hours was change as supplementing SO and PP. Although, the presenting PP
152 escalated slightly on gas kinetic accumulation with cubic trend (p<0.001). Unfortunately, a high level
153 of PP supplementation, particularly at 30, 45, and 60 mg/60 mg sunflower oil plunged insoluble
154 fraction, potential gas kinetic, gas kinetic accumulation, IVOMD, and IVCPD irregularly (p < 0.001).

155 3.1. Effect of sunflower oil and Piper betle L. powder on rumen fermentation and methane production, pH and
156  NHs-N

157 Rumen fermentation and methane production including pH and NHs-N level were presented
158  in Table 2. Interaction of SO and PP altered a volatile fatty acid (VFA). There was similarly trend
159  both of supplementing SO level (low and high) enhancing higher VFA at 30-45 mg PP addition,
160  however, slightly over 45-60 mg PP diminished the VFA (p < 0.001). Basically, supplementing 30 mg
161 SO at 0 mg of PP increased the VFA (p < 0.001). For VFA partition, supplementing more PP level
162 declined a number of acetates leading to more propionates (p<0.001). Indeed, these results promoted
163 lesser fermentation of acetate to propionate. Other fractions of VFA were shown in Table 2.

164 Moreover, methane production whether in DM and OM were affected by supplementing PP.
165  Clearly, quercetin and eugenol deriving from PP decreased methane production (p < 0.001). Even
166  tough, more supplementing PP, especially 30 mg PP onwards in low or high SO addition tended to
167  greater methane accumulation (p < 0.001). Here, 15 mg PP was abundant of quercetin and eugenol to
168  provoke lesser methane production. Furthermore, adjusting level of PP decreased NHs-N, except
169  infusing 30-60 mg PP/60 SO producing more NHs-N. In order to alteration of VFA and methane
170 production, pH was not change in all studies (p > 0.05).

171 4. Discussion

172 4.1. Gas accumulation and degradability

173 As shown in It had been known in advance that gas production is a result of fermentation
174 activity in the rumen [14]. Gas kinetic, gas accumulation, and degradability are presented in Table 2.
175  In this study, dietary quercetin and eugenol deriving from PP increased the potential gas kinetic (p <
176  0.001). This result was similar with earlier report by Oskoueian et al. [15]. Value of potential gas
177  kinetic interpreted abundant of energy from soluble-insoluble fraction and was dominated by
178  increase of insoluble fraction (p < 0.001). According to Table 1, sum of SO and eugenol (PP) were
179  tantamount at 20% of mixture incubation. These compounds might prefer being active to possess
180  interaction with hydrophobic base while quercetin (PP) was at hydrophilic base. As a result,
181  fermentation rate was affected favouring an opposition of potential gas kinetic (p < 0.001) in this
182  study. Oskoueian et al. [15] and Sinz et al. [16] reported incubating feed with flavonoid on in vitro
183  fermentation preferring a number of similar fermentation rate and no affection in dry matter
184  degradability (IVDMD).

185 More previously, Castillejos et al. [17] eugenol had no effect on degradability of dry matter,
186  organic matter, crude protein, and neutral detergent fibre, even eugenol eminent as antimicrobial
187  rumen. When fermentation rate is greater enhancement, thereby promoting slighter growth of
188  bacterial rumen to degrade and metabolize feed. In this study, supplementing single sunflower oil
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189  decrease IVDMD, yet, combining with PP resulted a negligible effort to rise in IVDMD, IVOMD,
190  IVCPD, and IVNDD (p < 0.001). These results were similarly report in previous studies [18,19].
191  Halushka et al. [20] explained metabolised quercetin performed to produce more carbon dioxide.
192 Therefore, quercetin (PP) may enhance less toxicity oxygen form in the rumen, greater anaerobe
193 improving bacterial rumen to degrade fibre’s fraction resulting higher degradability.

194 Furthermore, the gas kinetic accumulation for 72 hours was change as supplementing SO and
195  PP. Gas production addresses a result fermented nutrient in the rumen. In this study, adjusting level
196  of PP showed an impressively accumulating gas production (p < 0.001). Even tough, several studies
197  claimed existing pure flavonoid in diet incubation with sunflower oil no change of gas production
198  [21,22], even Kim et al. [23] suggested a decrease number relating other parameters. As
199  aforementioned, even quercetin is flavonoid member, this compound had independent secondary
200  metabolism that favoured to balance the hydrophobic section of sunflower oil and eugenol.
201  However, adding level of PP on higher SO supplementation demonstrated a remarkably reverse (p <
202 0.001). As shown in table 2, a high level of PP supplementation, particularly at 30, 45, and 60 mg/60
203  mg SO plunged insoluble fraction, potential gas kinetic, gas kinetic accumulation, IVOMD, and
204  IVCPD irregularly (p < 0.001). Berger et al. [21] confirmed quercetin had antimicrobial properties to
205  inhibit microbial rumen. Consequently, overloading PP in diet tended to more antimicrobial
206  behaviour as quercetin and eugenol whereby suggested behaviour suppressing nutrient
207  metabolism.

208  4.2. Rumen fermentation and mitigating methane production

209 As shown in Table 3, rumen fermentation and methane production including pH and NHs-N
210  level were significantly affect by treatment (p < 0.001). Basically, dietary SO and PP enlarged volume
211 of total VFA (p < 0.001) without altering pH in rumen situation. It might elaborate role of bacterial
212 rumen undertakes major nutrient, especially fibre’s group by more possessively attachment and
213 colonization in the diet due to maintenance metabolism. These results were similar with recently
214  studies when diet supplementing with quercetin [21] and incubating single SO [22], tough, unsimilar
215  with dietary eugenol [24]. Lourengo et al. [25] compared quercetin and eugenol on in vitro incubation
216  had a different way to produce total VFA. Quercetin offered more acetate and propionate rather
217  than eugenol performance.

218 In this study, supplementing PP were considered to construct more propionate (p < 0.001)
219  relatively. The PP was enthusiasm to shift lesser acetate to propionate form (p < 0.001). As a result,
220  methane production was lesser about -30% and -25% for DM and OM measurement, respectively.
221  Another, NHs-N was slightly rough when feed incubated with PP (p < 0.001). These results were
222 literally similar with recently study by Oskoueian et al. [15] and Sallam et al. [26]. However, Berger
223 etal. [21] reported quercetin had no affection on mitigating methane production, even Kim et al. [23]
224 suggested a shift of methane accumulation depending on quercetin sources. A lower methane
225  production could be predicted because quercetin and eugenol intruded short chain fatty acid,
226  gathering more propionate leading to hydrogen lower to supply methanogenesis. Clearly, an
227  evidence was shown with lower ammonia properties dedicating a merely information about a shift
228  microbial rumen. Even tough, adding more PP, specifically 30 mg PP onwards per 30 mg or 60 mg of
229 SO incubation caused a bulk of methane accumulation (p < 0.001) and 15 mg PP was abundant of
230  quercetin and eugenol to provoke lesser methane accumulation and ammonia production in the
231  rumen. Mao et al. [27] suggested developing diet strategies could help friendly environment, via
232 methane loss and declined ammonia production might decrease the overall nitrogen excretion by
233 the animal.

234 Overall, in this study suggested that quercetin and eugenol deriving from PP acted three major
235  accelerations. Firstly, quercetin might help to improve anaerobe condition through assembling
236  carbon dioxide on their secondary metabolism. Secondly, quercetin and eugenol were altogether
237  behaved antimicrobial role tending to rumen alteration. Thirdly, PP as big home of these duo
238  forecast, probably performed the balance water molecules in the rumen kinetic. Thus, interaction
239  from several functions above might promise the development on modulating ruminal diet.
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240

241 5. Conclusions

242 This study suggests that quercetin and eugenol deriving from herb plant, Piper betle L. promotes
243 changing in vitro rumen fermentation and diminishing methane production within recommended
244 doses, 0.1-15 mg/incubation in DM.
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328 Table 1. Ingredient and chemical composition of feed and Piper betle L. powder

Item Feed= Piper betle L. powder

Ingredient, % dry matter

Dehydrated Pangola hay 50 -
Cassava chip 3 -
Cassava pulp 19 -
Rice brain 5 -
Molasses 4 -
Palm meal 13 -
Soybean meal 4 -
Urea 0.9 -
Sulphur 0.1 -
Mineralb 0.8 -
Premixc 0.2 -

Chemical composition

Dry matter, % 95.8 92.6
---------------- % of dry matter-----------------
Organic Matter 94.1 85.3
Crude Protein 10.8 2.26
Ether Extract 2.4 -
Acid Detergent Fibre 57.5 61.5
Neutral Detergent Fibre 66.5 73.5
Energy MJ/kg 18.96 21.8
Quercetin - 19.9
Eugenol - 10.8
329 = Contained (g/kg of total fatty acids): 16:0 (66.89), 18:0 (12.44), cis-9 18:1 (62.84), 18:2n-6 (60.96) and 18:3n-3
330  (0.63),

331  ®Contained (g/kg): NaCl (600), P (160), Ca (240),

332 < Vitamin A (4,200.000 TU/Kg), Vitamin A3 (840,000 TU/Kg), Vitamin E (10,000 TU/Kg), Vitamin K3 (2 g/Kg),
333 Vitamin B1 (2.4 g/Kg), Vitamin B2 (3.5 g/Kg), Vitamin B6 (1.8 g/Kg), Vitamin B12 (0.01 g/Kg), Vitamin B5 (4.6
334 g/Kg), Vitamin C (12 g/Kg), Folic acid (0.28 g/Kg), Vitamin 7 (0.4 g/Kg), Coper (12 g/Kg), Manganese (40 g/Kg),
335 Zinc (3.2 g/Kg), Vitamin Bl (2.4 g/Kg), Iron (42 g/Kg), Iodine (0.8 g/Kg), Cobalt (0.8 g/Kg), Selenium (0.35 g/Kg).
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336 Table 2. Effect of Piper betle L. powder on gas kinetic, total gas production and degradability over 72 h!

. Gas kinetic? GP 72 ml/g Degradability’ %
Sunflower oil? Treatment?
a b C a+b DM substrate IVDMD IVOMD IVCPD IVNDD
Low S1 41.0v 115.6f 0.1002 156.68 154.58 64.0d 86.7f 99 .42 51.2¢
S2 38.14 124.24 0.076¢ 162.3¢ 161.8¢ 70.52 92.5¢ 99 .42 55.9d
S3 38.54 130.5¢ 0.069f 169.0d 168.0d 66.9b 94 .54 99 .42 58.9¢
S4 39.4¢ 133.7v 0.068¢ 173.1v 172.0bc 58.0f 96.6¢ 91.7v 56.44
S5 39.0¢ 134.1v 0.0734 173.2b 172.5b 58.0f 99.92 91.3b 54.3¢
High S1 42.0a 118.2¢ 0.093p 160.2h 158.0f 57.1s 81.5¢ 99 .42 53.1f
S2 39.4¢ 137.52 0.063s 176.92 175.42 54 .5h 99 4ab 99 .42 58.7¢
S3 39.1¢ 132.8b 0.071e 171.9v 171.1bc 52.71 94,94 99 .42 66.0p
S4 41.1b 129.7¢ 0.070e 170.8bc 169.8¢d 61.6¢ 98.0bc 89.0¢ 53.2f
S5 37.5¢ 130.7¢ 0.070e 168.24 167.44 65.1¢ 98.1bc 80.14 70.8
SEME® 0.256 0.386 0.002 0.502 0.499 0.184 0.307 0.286 0.180
Comparison Sunflower oil . . ook . . . . . ok
Treatment Ex Ex Ex Ex Ex Ex Ex Ex Ex
InteraCtiOﬂ Ex Ex Ex Ex Ex e Ex Ex -
OrthOgOI’lal polynomial Linear *% Ex Ex Ex Ex ns Ex Ex Ex
COI’ltI'aSt Quadratic Ex Ex Ex Ex Ex e * Ex Ex
Cubic *% Ex Ex Ex Ex ns Ex Ex Ex

337  Notes: means in the same line with different superscripts are significantly different (p <0.05), ns, non-significant (p > 0.05); *: significant different (p < 0.05); **: significant different (p <
338  0.01); **: significant different (p < 0.001).

339 ! Values are averages of three replicates obtained from independent incubation;

340 2 sunflower oil was supplemented in all treatments: low, 15 mg/incubation and high, 30 mg/incubation;

341 3 supplementing Piper betle L. powder: S1, 0 mg; S2, 15 mg; S3, 30 mg; 54, 45 mg; S5, 60 mg;


http://dx.doi.org/10.20944/preprints201904.0156.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 April 2019 d0i:10.20944/preprints201904.0156.v1

342 4 a, the gas production from the soluble fraction (ml/g DM); b, the gas production from the insoluble fraction (ml/g DM); ¢, the gas production rate constant for the insoluble fraction
343 (/h); (a + b), the potential extent of gas production (ml/g DM).;

344 5IVDMD, in vitro dry matter degradability; IVOMD, in vitro organic matter degradability; IVCPD, in vitro crude protein degradability; IVNFED, in vitro neutral detergent fibre;

345 6 SEM, standard error of mean.

346
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347 Table 3. Effect of Piper betle L. powder on rumen fermentation and methane production (CHa)!

In vitro VFA
CHs4 CHs4
Sunflower NH:-N Total C2% C:% Iso-Ci%  Ci% Iso-C:% Cs% C2:Cs
. Treatment? pH ml/ g ml/g
oil? (mg/dl) VFA
DM oM
(mmol/1)
Low S1 6.59 31.10 72.0i 62.2¢ 20.1e 0.9a 11.0e 1.22 4.60 3.1¢c 6.5¢ 4.80
S2 6.63 22.64d 322.2a 60.2de 25.1abc Q.64 12.5¢d 0.8 0.9r 2.4f 4.4h 3.4s
S3 6.62 22.64d 310.0v 56.2f 26.1ab 0.8v 14.5v 1.12 1.2n 2.2h 5.7 4.0d
S4 6.63 17.0f 300.2¢ 61.0cd 23.32 0.7¢ 12.2d 1.00 1.84 2.6¢ 5.8ef 3.5f
S5 6.63 19.8¢ 233.1e 59.2¢ 24 .8bc 0.7¢ 12.7¢ 0.9v 1.7¢ 2.4f 6.1d 3.5¢
High S1 6.61 25.4¢ 90.0n 67.2a 17.6f 0.7¢ 8.6h 0.8 5.0a 3.8 7.52 5.2a
S2 6.65 17.0f 289.3d 57.5f 24 .9bc 0.7¢ 14.5v 1.00 1.58 2.38 6.6bc 3.5f
S3 6.64 19.8¢ 290.84 65.40 21.9de 0.5¢ 10.6f 0.4¢ 1.2n 3.0d 6.7b 3.7¢
S4 6.63 19.8¢ 170.4f 53.08 27.0cd 0.9a 16.02 1.22 2.0< 3.0d 5.9¢ 3.7¢
S5 6.60 50.9a 156.18 66.42b 20.7¢ 0.5¢ 10.1s 0.74d 1.6f 3.2b 5.1s 4.5¢
SEM* 0.009 0.130 4.417 0.819 0.534 0.025 0.402 0.043 0.254 0.091 0.152 0.112
Comp arison Sunflower ns Ex Ex Ex Ex Ex Ex Ex Ex Ex Ex Ex
oil
Treahnent ns Ex Ex Ex Ex Ex Ex Ex Ex Ex Ex Ex
Interaction ns Ex Ex Ex Ex Ex Ex Ex Ex Ex Ex -
Ort]:logonal Linear ns Ex Ex Ex Ex Ex Ex Ex Ex Ex Ex Ex
polynomial Quadratic ns Ex Ex ns Ex Ex Ex Ex Ex Ex Ex Ex

contrast Cubic ns

348 Notes: means in the same line with different superscripts are significantly different (p < 0.05), ns, non-significant (p > 0.05); ***: significant different (p < 0.001).
p P g y 4 g P g P
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349 Values are averages of three replicates obtained from independent incubation;

350 2sunflower oil was supplemented in all treatments: low, 15 mg/incubation and high, 30 mg/incubation;
351 3 supplementing Piper betle L. powder: S1, 0 mg; S2, 15 mg; S3, 30 mg; S4, 45 mg; S5, 60 mg;

352 4 SEM, standard error of mean.

353
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