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ABSTRACT

In order to investigate the effects of supplemental ionic surfactants in in vitro ruminal fermentation,
N-Lauroylsarcosine sodium salt (N-LSS) and sodium dodecyl sulfate (SDS) for negative (—) ionic surfactant,
and hexadecylpyridinium chloride monohydrate (HPCM) and hexadecyltrimethyl ammonium bromide (HTAB)
for positive (+) ionic surfactant were supplemented by 0.05% and 0.1% into the Dehority’s artificial
medium containing rice straw (1 mm) as a substrate. In vitro DM digestibility, the growth of rumen mixed
microbes, pH, cumulative gas production and SEM (Scanning Electron Microscopy) observation of microbial
attachment on rice straw particle were investigated through the experiment composing 9 treatments (two
supplemental levels of two positive ionic (+) surfactant, two supplemental levels of two negative (—) ionic
surfactant) including the control. The sample collection was at 6, 12, 24, 48 and 72 h post fermentation
with 3 replications per treatments. DM digestibility in treatments supplemented (+) or (—) surfactants
almost stopped afterward 12 h fermentation, in vitro DM digestibility at 72 h post fermentation in the
ionic surfactants was at half level of that of the control (P<0.05). Accumulative gas production in in vitro
was less (P<0.05) with addition of ionic surfactants compared to the control. The amount of rumen mixed
microbes recovered from in vitro incubation fluid pleateaued at 12 h post fermentation for the positive (+)
ionic surfactants, but steadily increased as fermentation time elapsed for the control. Rumen microbial
growth rate was significantly (P<0.05) low in the negative (—) ionic surfactant compared to the control. pH
of the incubation fluid was ranged from 6.02 to 7.20, and was the highest in the negative (—) ionic
surfactants, and was the lowest in the control (P<0.05). In SEM observation, rumen microbial population
attached on rice straw particle was less with addition of ionic surfactants than the control. In conclusion
we could not found any positive effects of negative- and positive- charged surfactants on rumunal
fermentation characteristics and rumen microbial growth rates.
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Table 1. The effect of negative-charged surfactant and positive-charged surfactant on in vitro
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DM digestibility(%) by rumen mixed microorganisms

Item
Incubation Negative-charged surfactant
time (h) Control N-LSS” SDS?
0.05 % 0.10 % 0.05 % 0.10 %
6 9.46+3.14° 6.89+1.81% 5.24+0.33" 6.71+0.56™ 7.34+1.73%
12 20.85+1.46™ 18.23+0.81* 18.83+2.65" 21.81+1.22° 18.37+0.80®
24 25.9 +1.05° 21.84+1.59° 19.35+0.56° 22.38+0.40° 21.0242.54°
48 31.59+1.39% 22.02+1.30° 20.69+2.58° 23.93+0.42° 23.11+3.67°
72 44.23+0.10° 25.0241.12" 23.80+0.41" 24.20+1.57° 24.30+0.33"
Item
Incubation Positive-charged  surfactant
time (h) HPCM3) HTAB4)
0.05 % 0.10 % 0.05 % 0.10 %
6 5.13+1.99" 4.74+0.92° 4.50+2.13" 3.29+1.36"
12 18.29+0.94% 17.36+1.89% 16.26+0.82" 15.03+1.89"
24 18.53+2.01° 18.74+0.69* 20.43+1.03° 17.76+0.47°
48 20.42+0.18° 20.01+1.07° 20.91+1.62° 21.42+0.56°
72 22.71+0.46" 20.59+2.99" 21.1242.45" 24.81+1.30"

Y N-LSS : N-Lauroylsarcosine sodium salt.

2 SDS : Sodium dodecyl sul
® HPCM : Hexadecylpyridini

fate.
um chloride monohydrate.

Y HTAB : Hexadecyltrimethyl ammonium bromide.

MeanzSE(Standard error).

Mean with different superscripts in the same incubation time differ significantly (P<0.05).
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Table 2. The effects of negative-charged surfactant and positive-charged surfactant on in

vitro cumulative gas production(ml -

g~") by rumen mixed microorganisms

Item
Incubation Negative-charged surfactant
time (h) Control N-LSS" SDs?
0.05 % 0.10 % 0.05 % 0.10 %
6 5.60+0.25" 3.43+0.27" 4.30+0.35™ 4.33+0.44™ 4,03+0.38™
12 5.67+0.24° 3.73+0.27" 4.77+0.38" 4.40+0.42° 4.47+0.66°
24 8.73+0.03" 5.10+0.15% 6.67+0.64" 5.73+0.23™° 6.37+0.32"
48 14.87+0.15" 6.03+0.09" 7.4740.18° 6.30+0.17°" 6.70+0.15%
72 17.40+0.23" 6.40+0.06° 8.47+0.13" 7.53+0.18" 8.43+0.26
Item
Incubation Positive-charged surfactant
time (h) HPCM® HTARY
0.05 % 0.10 % 0.05 % 0.10 %
6 1.80+0.15" 2.47+0.63" 4.00+0.25" 4.23+0.26"
12 2.70+0.35° 3.77+0.15™ 4.07+0.22° 4.60+0.10®
24 4.53+0.26° 5.43+0.18°® 6.43+0.35" 6.53+0.07°
48 5.37+0.15° 6.00+0.21" 6.87+0.03" 7.20+0.06™
72 7.63+0.03° 6.40+0.23° 7.03+0.17" 7.70+0.15°

Y N-LSS : N-Lauroylsarcosine sodium salt.
2 SDS : Sodium dodecyl sulfate.

® HPCM : Hexadecylpyridinium chloride monohydrate.

Y HTAB : Hexadecyltrimethyl ammonium bromide.
MeanzSE(Standard error).

Mean with different superscripts in the same incubation time differ significantly (P<0.05).
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Table 3. The effects of negative-charged surfactant and positive-charged surfactant on in vitro
microbial growth by rumen mixed microorganisms (O.D. value)

Item
Incubation Negative-charged surfactant
time (h) Control N-LSS" SDS?
0.05 % 0.10 % 0.05 % 0.10 %
6 0.61+0.01™ 0.60+0.00° 0.53+0.00" 0.54+0.01° 0.52+0.00"
12 0.74+0.00° 0.69:+0.00" 0.62+0.00° 0.64+0.00° 0.63+0.01°
24 0.79+0.01° 0.70+0.01° 0.63+0.01° 0.63+0.00° 0.62+0.01°
48 0.84+0.02° 0.64+0.00" 0.63+0.01° 0.65+0.01° 0.63+0.00"
72 0.91+0.01% 0.65+0.0" 0.64+0.00° 0.66:+0.00" 0.64:0.00°
Item
Incubation Positive-charged  surfactant
time (h) HPCM® HTAB?
0.05 % 0.10 % 0.05 % 0.10 %
6 0.66+0.00" 0.94+0.02° 0.64+0.02" 0.91+0.03"
12 0.77+0.00° 1.00+0.03* 0.7520.01° 0.95+0.01°
24 0.76+0.01° 0.86+0.02° 0.71+0.00" 0.91+0.01%
48 0.75+0.02° 0.830.01° 0.70+0.01° 0.82+0.01°
72 0.73+0.01° 0.83+0.01" 0.69+0.01° 0.800.01°

Y N-LSS : N-Lauroylsarcosine sodium salt.
2 SDS : Sodium dodecyl sulfate.

® HPCM : Hexadecylpyridinium chloride monohydrate.

Y HTAB : Hexadecyltrimethyl ammonium bromide.
Mean + SE (Standard error).

Mean with different superscripts in the same incubation time differ significantly (P<0.05).
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720 R 11 Fo] vl Zl=d], S(—)ol
d ARGAAA A TP kAL (EA
7.02), Tho2 FH)olAd ANSAGA "ot
Rom (Hit 6.80), W7ol H 6.447A
7V st (P<0.05).

ARG A 0] =4 wjge] pHell whebA
0] g2 Yep=d, pH 7 ol A4
Oﬂ‘—‘:‘ oo];(_‘.)o]%/d ﬁ]nﬂfﬂ—/ﬂzﬂg] E/& o] 71—3]_1‘
pH 7 olste] Aol S(—)ol=d AL
A7y e 245 dERATE (Lang®t Wagner,
1993)3L s3Itk =, FAol (HH)9 527t =

Table 4. The effects of negative-charged surfactant and positive-charged surfactant on in vitro
pH values by rumen mixed microorganisms

Item
Incubation Negative-charged surfactant
time (h) Control N-LSS? SDS?
0.05 % 0.10 % 0.05 % 0.10 %
6 6.80+0.02° 7.20+0.05° 7.09+0.03° 7.14+0.05° 7.08+0.06°
12 6.71+0.02° 7.01£0.04° 7.03+0.01° 6.94+0.03% 6.87+0.05"
24 6.55+0.02° 7.13+0.02° 7.03+0.08 7.01+0.03° 7.0620.05°
48 6.10+0.01° 7.00+0.03° 6.97+0.04% 6.95+0.03" 7.00+0.02°
72 6.02+0.02° 7.03£0.01° 6.98+0.02% 6.91+0.06" 6.98+0.01%
Item
Incubation Positive-charged  surfactant
time (h) HPCM® HTAB"
0.05 % 0.10 % 0.05 % 0.10%
6 6.87+0.06° 6.79+0.07° 6.77+0.02° 6.84+0.02°
12 6.94+0.05% 6.94+0.01® 6.84+0.01° 6.85+0.01™
24 6.79+0.04° 6.81+0.02° 6.76+0.04° 6.84+0.02°
48 6.74+0.01% 6.59+0.22° 6.75+0.02" 6.80+0.00°
72 6.76+0.02° 6.76+0.05° 6.74+0.02° 6.75+0.01°

Y N-LSS : N-Lauroylsarcosine sodium salt.
2 SDS : Sodium dodecyl sulfate.

® HPCM : Hexadecylpyridinium chloride monohydrate.

Y HTAB : Hexadecyltrimethyl ammonium bromide.
MeanzSE(Standard error).

Mean with different superscripts in the same incubation time differ significantly (P<0.05).
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& A #ele] ol ANSAATE = AoR AlmHrh

H7bE T AEA tek 548 vtk 2 o]/ AAEAA H7trEel whE pHe
S sk, B AlFddA = SH(-)eld Al Rgte gldlon, daARte] Al uE pH
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pH7} 7 o]0 & imolxar, wAlEo] gk &  Hag o tjxFoAlE Alzte] Angt ] ;q
AE Glste vAE ARl AT TodA g AEHoR A dxTelA s 539,
SOk wel o] AMSAAATE F4E W 2R 487l pHYE 6.2= A AS)
Bl 297 87149 wFu ARl golM  d olFE v Afa sl FAo] ¥
O E3g 8478 7gter #gsta 9l oA e ¢l pH 62 oldkR AEH e,

Fig. 1. SEM (Scanning electron microscopy) observation of in vitro microbial attachment on
the surface of internode fraction of rice straw un-treated (@) and treated with
negative-charged surfactant (8 0.05% N-LSS, x5,000; © 0.1% N-LSS, x5,000; ©
0.05% SDS, x5,000; ® 0.1% SDS, x5,000) and treated with positive-charged
surfactant (® 0.05% HPCM, x5000; @ 0.1% HPCM, x5,000; & 0.05% HTAB,
x5,000; (D 0.1% HTAB, x5,000).
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