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ABSTRACT

This study was conducted to investigate effects of the brown seaweed residues supplementation on in vitro
fermentation, and milk yield and milk composition of dairy cows. Therefore, two experiments consisting of an
in vitro and an in vivo growth trial were used.

In in vitro experiment, brown seaweed residues(BSR) was supplemented in basal diet with 0, 1, 2 and 4%
respectively, and incubated for 3, 6, 9, 12, and 24 h. The pH value, ammonia-N and VFA were investigated.
The pH value tended to increase with increasing BSR during the incubation. Particularly, pH was significantly
higher in BSR treatments compared with control at 9 h(p <0.05). While, ammonia-N concentration was not
significantly different across treatments during the whole incubation. BSR supplementation did not affect total
VFA production, but acetate was linearly increased in BSR treatments compared with control at 12 h(p < 0.05),
and its concentration was highest(92.70 mM) in 4% BSR among treatments. The concentration of iso-butyrate
tended to increase in BSR treatments in comparison to control during the incubation. In addition, the
concentration of iso-valerate was higher in BSR treatments compared with control at 12 and 24 h.

In growth trial, BSR was added(800 g/d/animal) to diets of dairy cow. Dry matter intake was not affected
by BSR supplementation, but daily milk yield(kg) significantly increased in BSR treatment compared with
control(p < 0.05). However, milk composition(%) and milk yield(kg) were not significantly different between
treatments. Milk fat(% and kg/d) tended to slightly decrease in BSR treatment compared with control(3.59%
and 1.06 kg/d vs. 3.32% and 1.01 kg/d). The contents of C16:0 and C20:4 in milk significantly increased in
BSR treatment compared with control reflecting from dietary fatty acid composition. The content of C18:0 in
milk which is end product of biohydrogenation of C18 unsaturated fatty acids in the rumen significantly
increased in BSR treatment compared with control(p < 0.05). C18:2 content in milk tended to decrease, but
tended to increase trans-11 C18:1 and CLA contents in milk in BSR treatment compared with control.

In conclusion, it could be summarized that BSR may stabilize rumen pH, and it could improve milk yield
and CLA content in milk with more than 4% of diet. Therefore, BSR could be beneficially used in dairy diets
as a feed additive.

(Key words : Brown seaweed residues, In vitro fermentation, pH, Milk yield, CLA, Dairy cows)
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Table 1. Chemical composition of the brown

seaweed residues(BSR) and basal
diet
Item BSR  Basal diet
Chemical composition”
(%, DM basis)
Dry matter 89.55 76.66
Crude protein 11.66 16.40
Acid detergent fiber 12.50 22.03
Neutral detergent fiber 22.71 34.32
Non-fibrous carbohydrate? 26.38 38.22
Ether extract 1.54 3.65
Crude ash 37.71 7.41
Ca 0.99 0.95
P 0.46 0.54

YAl figures are analysed values; 2 value calculated
as follows: 100 - (crude protein + neutral detergent
fiber + ether extract + crude ash).

2 SA
AFE RS A ABE7] 98] 27 cheeseclothell
o s 202 &FC] PyrexHel 39T .
Aste]  BHysioith ofdE WEYEES
CO,Z bubblingdt rumen buffer €43} 1:1=2
Z3tete] o]Z rumen inoculumOE ARG
t}. Rumen buffer 892 Maeng 5(1976)] W
How Alzxste] ARGSHATE Mg Tilleyo}
Terry(1963)2] WS 73 Maeng ‘5(1976)
o Well wel AAJskion, 128 narrow-
mouth bottle(Nalgen Co. U.S.A)ell 500m¢<] ru-
men inoculum< 3] FYAZIH 39T +£0.5
2 AA9 3L wylk7)(Sangwoo Co.)ollA 100
rpmo 2 WHHEHA wjekElolon, HjkAITE
2 3,6, 9 12, 24X 7t 2 3 aL, 71ALe )
T VZAIEES 60T 4841759 Az
1mm sieveZ} F=E wiley millZ2 233
ruminal fluid volume(300mg)e] 2%E +<3)
N5 ALdS A= vIRAES 7]
AbE FdRke] 1%, 2% 9 4nE F7 F5

Lo R

[¢]
-

— 375 —



Baek et al. ; Effects of Brown Seaweed Residues Supplementation on Fermentative and Dairy Characteristics

rumen parameter<!
e o R L e

A BE AL 2R sEelA
AR v TR e da URE
SABE tixwd Aa(n G FAHE FoT)
o] 24 R o] AdaS wiAElaL, o
HIAIE7|7HS 1497 sk A3Atgol] 4
SAA, B A7 851 A& A
JAlRE AU 23](04:30 am., 15:30 pm.) =
oaiqlal, &2 AHrEe]l &8 & U%F st
Fom, AFRAHATES E Afr|ibset i &
oS

& At ARt AfE AAEE
©}51(05: 30 am), A p.m)°. 12
3] Afrapoiom, dd Ak AHA

>
i)
i
>
—10{1 ﬂllo
N
N
EaN
N
D
N
ha]

7 A B
g Aol o} A

5
)
N
i_:“
Lo

(-20C 1 HE#As3 2
AMAE A9 A= 25 45, 65, 859 2
IEte s ghakste] 7F A ok

= 3
= (e}
&S

o &

N
Ao
1z
(n g
T

5ol JPAELS AOAC(1995)2] Mo wheh
As, zad, JeexsEs, 238, Z4F
9 9l sheke #41351%1al, ADF(acid detergent
fiber)2} NDF(neutral detergent fiber)= Van
Soest 5-(1991)2] el uwE} REA{ESom,
njd BALE o] X Hak %A (Table 2)2 Sukhija
o} Palmquist(1988)<] el wel 2433k
v okt Fof] 7} v FE-S pH meter(WTW Co.,

Table 2. Fatty acid composition in brown sea-
weed residues

Fatty Acids” BSR
------ 0/100 g total fat««:::-
14: 0 myristic 3.69
16: 0 palmitic 22.44
16 : 1(n-7) palmitoleic 2.36
18: 0 stearic 2.27
18: 1(n-9) oleic 11.48
18: 2(n-6) linoleic 9.02
18: 3(n-3) a-linolenic 6.60
20: 0 arachidic 1.00
20: 3(n-6) 0.69
20 : 4(n-6) arachidonic 8.56
SFA? 29.40
MUFA? 13.84
PUFA" 24.87
n-3 6.60
n-6 18.27

Y expressed as number of carbons:number of double
bonds; 2 saturated fatty acid; ® monounsaturated fatty
acid; ¥ polyunsaturated fatty acid.
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Table 3. Effects of dietary BSR supplementation on in vitro pH and ammonia-N concentration

o Treatments” )
Incubation time(h) SEM p value
Control BSR 1% BSR 2% BSR 4%
................................... pH
3 5.63 5.64 5.64 5.63 0.039 0.9878
6 5.49 5.49 5.49 5.47 0.017 0.3708
9 5.39") 5.42° 5.42° 5.41% 0.012 0.0495
12 5.38 5.40 5.40 5.40 0.009 0.0631
24 5.37 5.39 5.39 5.39 0.011 0.2357
.......................... NH3_N(mg/d£)
3 28.12 28.43 30.04 29.52 1.197 0.2429
6 37.74 38.18 37.92 38.32 1.750 0.9760
9 48.14 48.25 49.46 50.65 1.842 0.3622
12 57.63 59.70 56.11 55.49 2.754 0.3632
24 64.02 62.73 63.64 63.27 1.767 0.8311

YAl values represent the mean of triplicates; Y standard error of mean;

different superscripts differ(p < 0.05).

%5 means in the same row with
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Table 4. Effects of dietary BSR supplementation on in vitro VFA production

o Treatments” )
Incubation time(h) SEM p value
Control BSR 1% BSR 2% BSR 4%
............................ ,A(;(:,\ta[el [
3 77.18 78.46 77.06 79.68 1.156 0.0728
6 80.71 78.42 84.30 84.82 3.956 0.2309
9 88.30 88.25 83.16 85.29 3.788 0.3396
12 87.29" 89.31° 90.56™ 92.70° 2537 0.0439
24 97.83 95.96 95.42 97.05 4214 0.6312
........................... Propionate, MM ssrsariiiiiiiniiiiiiiinin,
3 31.23 31.37 30.56 31.50 0.498 0.1775
6 33.97 32.19 32.05 34.90 1.865 0.2890
9 35.40 35.71 33.55 35.17 2.131 0.5857
12 39.49 37.74 39.21 40.35 1.607 0.3204
24 44.46 43.48 43.92 44.01 2.321 0.8347
.............................. Butyrate’ MM serseiiiiiaiiaiiiiiiiiiii
3 20.87 21.03 20.48 21.03 0.561 0.6087
6 23.03 21.73 22.50 23.20 1.433 0.4817
9 23.33 24.05 2351 23.01 1.700 0.7324
12 27.63 26.52 27.44 28.58 1.529 0.4734
24 28.01 28.31 28.47 28.36 1.701 0.8138
.............................. Va|erate’ MM serssranmiiniiiiiii
3 2.82 271 2.68 2.68 0.071 0.1266
6 3.09 2.77 297 2.90 0.182 0.2679
9 3.20 3.24 3.07 3.12 0.256 0.8477
12 4.15 3.88 4.03 4.20 0.256 0.4689
24 478 481 4.89 481 0.286 0.7734
...................... iso_butyratE, MM serriiiiiiniiiiiiiiiiinn
3 1.42 1.44 1.45 1.49 0.040 0.2930
6 1.35 1.43 1.45 1.46 0.090 0.4605
9 1.70 1.76 1.77 1.75 0.125 0.8752
12 2.15 2.23 2.20 2.27 0.147 0.8135
24 2.66 2.70 2.70 2.68 0.140 0.6685
...................... iso-va]erate, MM serrsaiianiiiiiiiiiiiinn
3 341 3.34 3.33 3.33 0.116 0.8037
6 3.50 3.78 3.69 3.64 0.204 0.4470
9 3.92 3.97 3.79 3.87 0.344 0.9281
12 4.98 5.30 5.17 541 0.359 0.5254
24 6.08 6.25 6.24 6.17 0.357 0.6486
................. Total volatile fatty acids, MM «««eevenvenennn.
3 136.94 138.35 135.56 139.71 2.003 0.1444
6 145.65 140.32 146.96 150.91 7.664 0.3143
9 155.85 156.99 148.85 152.21 8.211 0.5214
12 165.69 164.98 168.62 173,51 6.314 0.2846
24 183.82 181.51 181.64 183.08 8.842 0.7593

Y All values represent the mean of triplicates; 2 standard error of mean;
superscripts differ(p < 0.05).
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2. A 2 Table 5. Effects of dietary BSR supplement-
ation on DMI, milk yield and com-
position in dairy cows

A 2= VGRAES 50 AR o
| AR FAE 24l mA= ) Treatments” )
e zALE A0ZA, 7)ZALRG] 19] =) Variables WSEM p value
AEAARE 20kg71F) 71F 4%(FF 8000)  Cows n . - -
of dldetis &S topdressingstel dlETR LTy g 2284 2261 05429 07863
] akolch il o4 22810

MY ol AEAHE W AFSA A M?Ik yield, kg/d  29.27 31.02 0.3710 0.0484
of WA PP Table 5ol vpepct whep g Milk
S fpel MRSl el ARAAIE  Uoiin tos 101 0a0a7 oeood
of fost dFs mAH| ¥k, F AT il prlotein
¥ol 22kg ol HFSe] visabEel iy 314 313 00923 08536
7o ASAATE ARSA SR DEHS vield, kg/d 092 0.96 0.0779 0.5655
2 sz AEHE A aginic acids ik lactose
© A7 A(viscous gel)& FAsH= 54l 9l % 488 472 0.0796 0.0644
o] MEEEAME 7|34 "ojmga Alw Yield, kg/d 143 146 0.1351 0.8255
AF o] A =3 FaskE 4ol YEUE  Total solids
Ao RBuE ul gla(Beresford S, 2000), % 1218 12.05 0.3439 0.6946
Franklin 5(1999) 3t 2§90 2HS Yield, kg/d 3,58 3.71 0.3151 0.6748
A% A3 ABAHD] frolalA Pasrim  Solid-not-fat
nausgoLt, & AgelNel FolrEAr ¥ 864 848 01250 0.1779
AR Aaksha] e Ao Lebd Yield, kg/d 253  2.62 0.2257 0.6963
e Apase] Fol42910g ool s SCC“)éxlooo 184.00 302.43 123.61 0.3087
o] B Aee] Fol42(800g)0] AHow v MUN ) mg/de  15.85 14.23 0.8350 0.0688
gpomm mAdRAEe B3ty A ¢ ZAII figures represent the mean of 7 cows; ? stan-
_ - _ ard error of mean; ~dry matter intake; ™ somatic
& 7187 Araddel e e Al cell counts; ¥ milk urea nitrogen.
2 Apud A WfFe gETel

2ol2 AFHste 8959 A wet o]
o= folstA Z718I otk p <0.05), A% T2 o] Frkgth(Swanson 5, 1990).
z4 219 AR A s Azt 5 ol#Ed B A w2 szR o= v

Jx}7F YEA ekttt dwbr o g abgeke o FEA(RID)0l EAE Ext ol &
o] 7}x] @olo] olsle] oldke wrom Bz AAEO| M|l Q0= E TR Tt
AHE = g 99 A, AEA w74 ASE BHuEI 9ol(Hou 5, 1997), B A3
(GE), vl A5 2 2 giEe] e oM mRAES] FHfol i Folv)
osle] AbfEFo] kS wh=rthKahl 5, 1995, AHTES FTVHAZ AoR AlmErh ol
Quevedo-Corona 5, 2000). 53] W] #ofs} AR Z7kE 9 U EAElE SR

= F2%2 prolactin, insulin, glucocorticoids = diAoR SMA7IE ARE TP
TR Fo] 9lon, o] F AT = AS AL 2 %) txRTol ng}""q
B2 AAAR v Aol Fag 9 g T e HEY 1 AR V1S

CUH(Tucker, 1981). A s = 3T At ke F7hehes AEs L}E‘r

o FxAoR
8OE( T, R TYE AT gle] Aw

1

LM do g O
4
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|
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g, FAE =A%) kgl 9
o] A thxTe] 359%9; 1.06kgell H]Eke] ]
ol A ZH7E 3.32%9F 1.01kge 2 Uhh rolx]
= A%S Yepdoh il slo] fA%
& A (milk fat depression, MFD)&= A= U
Ak syl WS wA7E QLeM(NRC, 2001),
Holle F4E 233 BEH o]
SHE AR E HEEEEo] AFHHEA v
W m g =] o3 187 B spAake] B9t
AdE =4 FArlaateom AAE CLA 2 trans-

C18:1 AWhite] & WrAslE Ao® Bl
H a1 ltH(Perfield %, 2002; Griinari %, 1998).
oldl mE FA|EFE HRFN Fosk=
Franklin 5-(1999)] AF-H oA FAHE 2
A ARl tixrol BlEle] #-2lEkA)
askelaL, o] - Wl CLA % trans-C18:1

n S RAREO] -f-o] AAE 26 mA|
382 Table 6 WteER wpel ) wjof R
S Aal 248 Table 2014 B nbe}
7ol C16:0, C18:1, C18:2 2 20:4 3o
FA9 1009 ZHZF 2244, 1148, 9.02 %
856go® UEltorn, BX At F n6
A WAke] n-3 ApgatEo HlawA e HES
A 5gith dwrd o FFF Ul Cl16:
0, C18:1(n-9), C20:4(n-6) % C20:57} 7%
wo| &5t Aoz delA 9o ™ (Sanchez-
Machado %, 2004), ¥ <7to] o] &% mjoR
AHE el o5 A|wiite]l FRSHA EAIS
A} ol Awtoz FAW wARAES
2ol wolgh A3 9-fr Wleli= C16:0 ¥
C20:4 Aike] djztol Hlste] A z|atel A
el S7Fek3lal(p < 0.05), ©f= 1AL
Eo At 248 adlE wkds FUoh 1
2lal AR T CL87] =Sk W
n A& o8 C187] B-EaA| YAk = A
7}’ (biohydrogenation) . & th-io] C18:0%
W ¥ 31 (Harfoot®} Hazlewood, 1988), C18:2
(n-6) AYARE WA A 1 FIHAMHE

RANYY

Table 6. Effects of dietary BSR supplementation on fatty acid profile in the milk of dairy cows

. Treatments” 3
Fatty acids SEM p value
Control BSR
............ 0/100 g total fat«---eeeeeee

14 : 0 myristic 11.71 11.83 0.2008 0.5548
16 : 0 palmitic 35.66 37.02 0.6205 0.0361
16 : 1(n-7) palmitoleic 1.64 1.75 0.1235 0.3341
18: 0 stearic 11.29 12.73 0.5762 0.0250
18 : 1(n-9) oleic 22.35 21.73 0.4348 0.1467
18:1 trans-11 vaccenic 3.23 3.48 0.3526 0.4416
18:2(n-6) linoleic 2.62 2.55 0.0939 0.4929
18: 2 cis-9, trans-11 CLA 0.43 0.46 0.0328 0.3460
18: 3(n-3) a-linolenic ND? ND - -

20: 0 arachidic 0.45 0.40 0.0557 0.4389
20: 3(n-6) 0.23 0.25 0.0440 0.7095
20 : 4(n-6) arachidonic 0.15 0.18 0.0143 0.0414

b expressed as number of carbons:number of double bonds; 2 all figures represent the mean of 7 cows; 9 standard

error of mean; ¥ not detectable.
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2A] CLA(cis-9, trans-11 C18:2) % trans-11
C18:1 A|"Aike- AAdshch(Kepler2}t Tove, 1967).
AME F C18:3(n-3) W3k C18:29 frALE A
25 AX HFHOE trans-11 C18:1 % C18
(02 ASEE gAY BEAS 7HRIthWildest
Dawson, 1966).

2 AFAAME WAFAES] Foe F
T T4a HrrdAde] HEFAHEQ C18:07F F
AW} 10099 thEw2] 11.29g0l Hl&te] 2|
oA 1273go= frelatAl S7FFATHp < 0.05).
ada $f 5 C18:2 e thxtol Hlst
o] Aol A FFAaskE Uial 187 B A
kel E9HHE A HAUtAd e R A=
trans-11 C18:13 CLA ko] tha ZF7tste
7deS UERNATE Trans-11 C18:1 2 CLA
T A T AW §Fs A= o
o] = AHo® HIEHI ¢JI(Gaynor 5,
1994; Selner®} Schultz, 1980), ©] £ APAS
2 AFe] fAY Aol dASrh 1A A
d2HE(Ip 5, 1994)S e = 715 A
%l CLA 3&Fo] 2 AgddA A4 Folxt
= YehA] &%A9, Franklin 5(1999)2]
Tol = $f Ul CLA 3aFo] & 10099
z=770.37g)oll Hlel Ae]ellA zb 231 %
26295 YERUO] folstAl Frtekelt) o=
= Ao A Fofgk meRAbEe] o] CLA
5 TV AERE FES 4 ol ud A
o= deEal, FAFES 1 odeRE T

AZthd Hoh 2& CLAYE AT Hoe=m 7]

o

=N

e o 7]

brown seaweed residues)= 0, 1, 2, 4% 2
2 A7Vl in vitro ¥l A 3, 6, 9, 12
9 24A17FE <k v kgt & rumen parameter(pH,

drYote] HA H LAY E AN
Atk W AREARES] HIF &9 STk Y
AlZro] Aol whe} pHZEF dizell sk
Tha Folx= S Ueglon, 53] )
& 9AIZtell thET+(5.39)0 HIto] A g ol A]
frolstAl S71ekATHp < 0.05). L@laL, oy
AbEo] HEoiu] tRUote AAEed: A
Al kAT AH frolst gyt vERA] &
Atk m AR b AL
of gt YaFs v A F% L, acetate A
AEe vl 124137 Tl Z&7H(87.29mM)o]l
Hlgko] Aol sl Adxos St
SR (p<0.05), HGHAHE 4% H7Rrol A
92.70mM=EA] 714 A YEFSEE iso-butyrate
v YRR Aol SRSl uwhet
Ak om tixTol HlE] Slele AEdS
YERNRA AL, iso-valerate Al Bl 12417k}
28X HTRrel A Sk A S e
AHp > 0.05).

AE 204 = PGEAHES] Ao
AFEAS A Aow F
800g2] o2 FoIste]
th AlERAEAATES ATl
W] QFokaL, 19 AT Tl Hshe]
At Al frelat Al F7FsIth(p < 0.05). &
A, FAEE Ak At freol e
2ol 7F bR ekgkar, FAE 249 (%) %
ke (kg)ol oA thza2] 3.59%2} 1.06kg
of Hlste] AeltelA ZHz} 3.32%% 1.01kg o
2 O Yol AEdS Yepidnh 9 ol
o= C16:0 2 C20:4 ko] thzxatol H]
sto] Aol A frelstAl SrteklaL, ol
S RAbE o] AWal 2AS TadlE Wk S|
FRom, C18A ExsAAke] 4 Htd
el HEAHE C18:09 W& T f9]3)
A S7FFAtHp < 0.05). - & C18:2 &=
tztoll Hlgte] Aol A sk o
| B3k c1874] B E3pA| ko] S=4 H7}
o2 AT trans-11 C18: 13} CLA &
7k AEgS Yehdch
Fo] mRALE-S W9y pHE oF
Bk opyet A S, 18] AR

off & > rlo
> 9 0 ox
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