Journal of Life Science 2008 Vol. 18. No. 4. 515~521

H|o|l=d 3 2% 0

=d AHEEH oPt el 28 0jd=e 43

2210 0|X|= HEk

OlAIR} - 2giey’ - 20far - 2N’ - ZFB -
Adsn 844 e

ERELD

5tE” - oldal”

Sk, PAFAQI e §E A Y,
qeietn S F

7, @35 Y

FaA e, e 208,

Received February 28, 2008 /Accepted April 20, 2008

Effects of Non-ionic or Zwitterionic Surfactant on in vitro Dlgeshblllty of Rice Straw and Growth
of Rumen Mixed Mlcroorgamsms Shin Ja Lee, Wan Young Kim', Yea Hwang Moon’, Hyeon Shup
Kim®’, Kyoung Hoon Kim', Jong Kyu Ha’ and Sung Sill Lee*. Division of Applied Life Science,
Gyeongsang National University, Department of Animal Science, Korea National Agricultural College
*Department of Amimal Science & Biotechnology, ]m]u National University, *National Livestock Research
Institute, R.D.A, *Rural Development Administration, *School of Agricultural Biotechnology, Seoul National
University - This experiment was conducted to investigate effects of non-ionic or zwitterionic (+/-) sur-
factants on digestibility of rice straw, and changes of growth of rumen mixed microbes, pH, and gas
production during in vitro fermentation. Also, during in vitro ruminal fermentation, microbial attach-
ment on rice straw was investigated using scanning electron microscopy (SEM). Tween 80 or
SOLFA-850 for non-ionic surfactant (NIS), and 3-(Dodecyldimethylammonio) propanesulfanate
(DDAP) for zwitterionic surfactant (ZIS) was supplemented by 0.05% and 0.1% in Dehority’s artificial
medium containing Holtein rumen fluid, respectively, and the substrate for fermentation was rice
straw passed through 1 mm screen. The experiment was composed of 7 treatments (two levels of two
NISs, two levels of a ZIS) including the control, and 6, 12, 24, 48 and 72 hr of fermentation time with
3 replications per treatment. Treatment of Tween 80 increased in vitro DM digestibilities during 48 hr
and 72 h post fermentations compared to the other treatments, whereas treatment of DDAP as a ZIS
resulted in decreased DM digestibility than that of the control from 24 hr post fermentation (P<0.05).
Gas production in vitro was greater (P<0.05) with addition of NIS than the control or ZIS, and in-
creased as fermentation time elapsed. Rumen mixed microbial growth was greatest with addition of
Tween 80 as NIS, and lowest when DDAP as ZIS was supplemented to the fermentation tube
(P<0.05). In SEM observation, rumen microbial population attached on rice straw particle was greater
with addition of NIS, but was less with addition ZIS compared with the control. In conclusion we
could not found any positive effects of ZIS surfactants on rumunal fermentation characteristics and
rumen microbial growth rates.
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Table 1. Chemical composition of experimental rice straw

Chemical composition Rice straw
Moisture (%) '+ 831
Crude protein (% DM) 5.07
Crude fat (% DM) 1.35
Crude fiber (% DM) 32.04
Crude ash (% DM) 13.42
NDF" (% DM) 75.41
ADF? (% DM) 51.01

UNDF: Neutral detergent fiber
JADF: Acid detergent fiber
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Table 2. Effect of surfactants on DM digestibility(%) of rice straw during in vitro fermentation by rumen mixed microorganisms

Fermentation time (hr)

Item
6 12 24 48 72
Control 9.46+3.14 20.85+1.46" 25.94+1.05™ 31.59+1.39° 44.23+0.10°
Non-ionic surfactant
Tween 80  (0.05%) 6.44+1.58 24.74+1.33° 31.54+0.99° 36.20+2.48° 61.01+3.96"
(0.10%) 5.06+1.36 22.12+1.30° 27.09+1.01° 35.72+0.11° 58.09+3.75°
SOLFA-850  (0.05%) 5.20+1.85 16.50+1.22 23.63+1.53™ 31.17+1.15° 45.74+1.13°
(0.10%) 5.33:0.13 21.13+1.04° 23.18+0.61% 31.84:0.82° 45.46+2.79"
Zwitterionic surfactant
DDAP" (0.05%) 6.95+3.23 18.91+0.84°" 22.61+1.54 25.58+0.76° 27.04+0.30°
(0.10%) 4.35+0.78 12.17+3.70° 21.37+0.73° 23.56+0.92° 24.560.34°

"DDAP: 3-(Dodecyldimethylammonio) propanesulfanate
Mean+SE

Means with different superscripts in the same column differ significantly (P<0.05)
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3, FE(t/) ol2/9% DDAPTelX < TaAZLY 7ol
mE 7hE A FO] it H L Ao YEY, FAEE A
ARZYA7E @404 E0 e 4& Yehdtal #, De
Oude [3]¢] H 19} 2o} & A|go|M AL-g-€ DDAP7} 4]
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oA 7H8 3ot ol F 2AItd e A4S HA
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I HAS B3 vAEE EREE VIAE 4F(R. amylophi-
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Table 3. Effect of surfactants on cumulative gas production (ml - g") during in vitro fermentation by rumen mixed microorganisms

Fermentation time (hr)

[tem
6 12 24 48 72
Control 5.60+0.25° 5.67+0.244 8.73+0.03° 14.87+0.15° 17.40+0.23°
Non-ionic surfactant
Tween 80  (0.05%) 3.53+0.26° 16.47+0.43° 29.13+0.17° 41.60+0.12° 44.30+0.50°
(0.10%) 6.07+0.37° 18.47+1.38° 25.27+1.78° 42.67+1.23° 46.13+0.32°
SOLFA-850  (0.05%) 7.33£0.12° 12.53+2.97™ 18.83+0.12° 32.60+0.51° 37.57+0.32
(0.10%) 7.23+0.67° 10.4041.12° 15.73+2.91° 35.03+1.01" 39.37+1.04°
Zwitterionic Surfactant
DDAP (0.05%) 3.30+0.36° 3.830.09 4.23+0.17° 4.87+0.23° 6.33+0.42'
(0.10%) 3.97+0.12° 4.20+0.32° 4,90+0.44" 5.97+0.38° 6.830.09'

"DDAP: 3-(Dodecyldimethylammonio) propanesulfanate

Mean+SE

Means with different superscripts in the same column differ significantly (P<0.05)

Table 4. Effect of surfactants on microbial growth rate (O.D. value) during in vitro fermentation by rumen mixed microorganisms

Fermentation time (hr)

Item
6 12 24 48 72
Control 0.61+0.01° 0.74+0.00¢ 0.79+0.01° 0.84+0.02¢ 0.91+0.01°
Non-ionic surfactant
Tween 80  (0.05%) 0.6620.04° 0.86+0.01° 1.050.02° 1.32+0.01° 1.16+0.03°
(0.10%) 0.67+0.03™ 0.94+0.01° 1.12+0.01° 1.27+0.01° 1.06+0.01°
SOLFA-850  (0.05%) 0.72:+0.02*° 0.80+0.00° 1.0420.01° 1.26+0.02° 0.91+0.02°
(0.10%) 0.74+0.01° 0.81+0.01° 1.05+0.01° 1.1120.02° 0.94+0.02°
Zwitterionic Surfactant
DDAP" (0.05%) 0.59+0.01° 0.66:+0.00° 0.70+0.00° 0.66:+0.00° 0.65+0.00°
(0.10%) 0.52+0.01° 0.62+0.00" 0.62+0.00° 0.61+0.00" 0.62+0.00°

"DDAP: 3-(Dodecyldimethylammonio) propanesulfanate

Mean+SE

Means with different superscripts in the same column differ significantly (P<0.05)
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Table 5. Effect of surfactants on the change of pH during in vitro fermentation by rumen mixed microorganisms

Fermentation time (hr)

[tem
6 12 24 48 72
Control 6.80+0.02° 6.71+0.02° 6.55+0.02 6.100.01° 6.02+0.02°
Non-ionic surfactant
Tween 80  (0.05%) 6.62+0.11 6.60+0.09 6.40+0.10° 6.36:0.22° 5.900.04°
(0.10%) 6.78+0.05 6.68+0.03 6.56+0.04° 6.56+0.03"> 6.34+0.04°
SOLFA-850  (0.05%) 6.76+0.00 6.70+0.03 6.77+0.04° 6.55+0.05" 6.29+0.04°
(0.10%) 6.71+0.04 6.65:0.04 6.64+0.01% 6.43+0.07™ 6.26+0.06°
Zwitterionic Surfactant
DDAP" (0.05%) 6.72+0.04 6.74:0.02 6.78+0.01° 6.72+0.01% 6.72+0.05°
(0.10%) 6.75+0.04 6.72+0.03 6.77+0.03° 6.80+0.02° 6.81+0.02°

YDDAP: 3-(Dodecyldimethylammonio) propanesulfanate
Mean+5SE

Means with different superscripts in the same column differ significantly (P<0.05)
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Fig. 1. Scanning Electron Microscopy (SEM) observation of in
vitro microbial attachment on the surface of internode
fraction of rice straw untreated (@), ®), supplemented
with zwitterionic surfactants(© 0.05% DDAP, x5,000;
©® 0.1% DDAP, x5000) and supplemented with
non-ionic surfactants (® 0.05% Tween 80, x5,000; ®
0.1% Tween 80, x5,000; © 0.056% SOLFA-850, x5,000;
® 0.1% SOLFA-850, x5,000).

2 ¢
B Apes utdg nAdE B glojr AHEAA 9 o
A g7} MFAIZME  in viro AEASHE, UAE AR
% pH s}, Gas 4% 2 SEMo] 99 v4E 37 34
S ZANEH] 93 R EHA.

1 mm YA=2] ¥R 71FZ 519 Holstein 4 ¥4 &
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o] &4 AHIAANIS)ZEA Al#EHI Q= Tween 803}
SOLFA-850 2%, 12|31l ¥Z(+/-) o] 24 AHB A A\ (ZIS)
2 4] 3-(Dodecyldimethylammonio) propanesulfanate (DDAP)

1 FF/E ol &3t zt7 0.05% 2 01% 522 FUIgte s
A F 7488 FAY TEA2 6,12, 24, 8 L Ao E
AAste 2+ A2 & 39082 Ade 3355t

In vitro A% A8 82 NISQ Tween 80 & 7Fol| A 484
2 2 R AL B AP BlE) 79 F(P<O.05) e '

Egou, ZISQl DDAP #H7b4e 2 24 3tels FE o
ZTROE AE43E0] @A Uekth(P< 0.05).

7b2 @A FE NIS F A+ ZF, t&2+u ZIS A+
Hoh §o 3 (P<0.05)0.2 Bgton, Azt g u
gt F7hsk o

MAE A4S NISQ Tween 80 17kl A 718 B3k
1, TH&- 0.2 SOLFA 850 7} £olQlen, ZISql DDAP
A7t e 2TROE F 9 oHP<0.05).

ARG oz A3 vAE 72 FdelA NIS H7}
T TR v vBE o] A8 B ZIS
A7ME 2358 A AoE Jehyth

wrEtA] YE(+/-) o] &3 AREYA < w59 da 2R
I vAE AR FAAA 237t e Aoz AEdd.
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