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Production and Blood Metabolites in Lactating Dairy Cows

This experiment was conducted to determine the effect of nattokinase (NK) addi-
tives on milk production and composition, and blood metabolites in dairy cows.
The two kinds of nattokinase with high fibrinolytic activity were produced by two
strains of bacteria, Bacillus amyloliquefacines (NK1) and Bacillus subtilis (NK2).
Total fifteen Holstein cows (average 1.83+0.37 parity; average milk yield 23.2+3.2
kg/d) were randomly assigned to three treatments (5 animals per treatment). Cows
were fed TMR supplemented with Og, 100g and 100g for control, NK1 and NK2
treatment, respectively for 4 weeks. Milk yield was significantly higher (p<0.05)
for NK1 (22.89 kg/d) than for control (21.07 kg/d) and NK2 (21.36 kg/d). Somatic
cell counts in NK treatments were significantly lower than that in control group
(58,000 vs. 21,000 and 35,000 cells/ml, control vs. NK1 and NK2). Serum ALT
levels in all treatment were similar to the range of 32.00~35.83 IU/L, but AST
levels in NK1 (85.67 IU/L) was significantly decreased compared with those in
control and NK2 (121.67 and 117.67 IU/L respectively). Serum T-CHO levels in
NK1 (145.33 mg/dl) was significantly decreased (p<0.05) compared with that in
control (179.00 mg/dl) and NK2 (176.17 mg/dl). This finding showed that NK1
additives could possibly have a positive effect in lactation performance of
mid-lactation dairy cows by increasing milk yield, reducing somatic cell count,
improving liver function and decreasing cholesterol in blood.

Key words : Dairy cows, Nattokinase (NK), Milk production, Blood metabolites,
Bacillus amyloliquefacines
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7153 =o galel S7kstaL 3l FAlolth
fr715 el = ﬁ&%% xﬂ & A 7HS ARSAl FAEAS ARSEA 1 A o
kil as S o8 HE FEE, ATA, EaA

ol wel ARoA AYdd =
, 1991; Bernard 5, 2004), 2§33
A A&, ks, 3

F7keh ebdst 2 a5 4% AggAdo] BiEal thAhn 5, 2006;

Oh 3, 2009).

53] 1987 LB AF FLaAFY ARG Bacillus natto®l] &3l A8l
o] nattokinase®] AAFE I(Sumi 5, 1987), Ar-Folo s = AA W A L3 =
A7l &37F Qo™ (Sumi, 1987; Sumi 5, 1987; ZARIELT, 1991), EZ9 FH 52 5EA
S 53 AY=Xe & (Low Density Lipoprotein, LDL) 2F3}9} A 0F thAlol] F3kS
A triglyceride 3| & AsIA| 7= £V} Qb= AFZE A7} I tH(Yokota 5, 1996; Iwai 5,
2002). <+ 2 wl7] Aol FobAodl 8t Bacillus subtilis natto®] [ S5 A7 <
A= AEEEAS s O]TI‘/‘]7 15 24371, @3 Wl 1gGe} IFN-y FF°] S7}
3= 5 fYsltdy RaE A ckSun 5, 0) WE3F Bacillus subtilis natto TS H7HAE
Ak vl 7] ZHAoA WF] BEAGGC FHHoRE A8t Aol St
aH7F AL & A TH(Peng 5, 2011).

L(2003)= HAAERF=E Y E50] 71E9] OL%%“ AR RS dRbH o
od & Jou f7IFAH 2 TEAA d5d AMSE SHdAE 1 E50EE A
7} 7hsstthal Bgtom, {7154k BA Y-S A aLs)7] -‘Hsﬂ kst dAEE2ZRY 29
A9 A A RS Aol Bastth St

w2hA] nattokinase®] TS AE]BAY ol Ui A7ARE EUE AAANEHMARZ
Aol 875 S FlstuA B A3S FIdstoH, oE ] B AFdA
s o] 43 Bacillus%: 1F 25 ZH-E 23 nattokinase AFE

of godgte] wet 2t 758 nattokinaseol] &gt i, KR, AMNEFT T AFEL L &

o ) FPEe WalE AWn A At
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2 A7 A dFe EYOZREH FEty 84284 E0 22 755 Al &
16S tDNA 4714 B2 A3} Bacillus amyloliquefacines(Accession No. FI436406)<} 99.8%
(1429bp/1432bp) 2] FAF=E 7}2 NKI1(1464 bp)3}, Bacillus subtilis(Accession No. FJ237281)
9} 99.8%(1440bp/1443bp) 2] FAIEZE 712 NK2E AM&-313

100ml/500m! baffled culture flask®l LB(Luria-Bertani) broth(Tryptone 10g/{, Yeast extract 5g/
¢, NaCl 5g/0)Z o]-&3lo] 7S HE3tar 37C, 120rpmoll A 154 7F vjekale] F7 o2 ALE-
stk dFul ke HAEE 98] v RS Table 19 wel Al Zsle] ALEslG o, 2
Ao wrg AL 37CoA 150pm o2 wHketal, 57]%-S 0.75vwmo] ™, pHE A 85}

ol\—;]_.

&2

Table 1. Composition of culture medium for mass production of nattokinase

Ttem Dextrin | S0¥Ybean | Yeast | biooy | MeSOy - 7H,0 | NasHPO: | CaCla | MnCl,
meal extract
Contents(g/?) | 20 20 5 2 0.2 002 | 002 0.2

=

2. Nattokinase &4 4 2 A%

A

Japan Food Research Laboratories Assay$ (JEFRA, 1999)2 2 NK 9] fibrinolytic activityS ¥
235} 0.05M boric buffer solution(pH 8.5) 1.4mlol] 0.72% fibrinogen solution 0.4ml-2- test
tubedl] ¥l 37Co A 583t WH3-A]Z1 & thrombin solution(20 U/ml) 0.1ml-S 3 7}8}e] 37C
ol A 10837t ¥H&-3t oS E3ts] FAh T3 sample solution 0.1ml-& & 7}ske] 37°C oA
604 WHSAIZTE BFS-S AR A7) 7] 38t blankES A €] 3 sample solutionS 2ml ©] 0.2M
trichloroacetic acidS 3 7}8tar 37Coll A 2083F vFSA]Z 2™, 10,770gol A 1087 A&

=
2 F 275nmel A AF e FREE SR
T

A& &9 AFE ALl 547 5,000 FUR 2Hdstqich £ A3l AR NK J4
Te Fd AxE T 10g7 FIAE AHER S0 990g7 E5kete] 20kg AhE
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Table 2. Chemical composition of DDGS and TMR used during experiment(%)

Chemical composition])
Item

Moisture Ash EE CP CF ADF NDF

NK carfier | e— 0y DM
DDGS” 10.00 5.51 8.07 29.89 7.66 15.88 34.75

TMR ingredients | eee— 0y DM
Concentrate” 11.04 6.38 3.68 24.11 7.03 9.25 22.68
Corn silage 8.19 3.86 2.43 7.52 20.67 24.09 52.31
Hay mixtures, 9.44 7.34 1.42 9.14 28.57 35.62 61.32

D EE: ether extract, CP: crude protein, CF: crude fiber, ADF: acid detergent fiber, NDF: neutral detergent
fiber.

? Distillers dried grains with solubles.

% Contained corn flake 26.2%; DDGS 15.0%; corn gluten feed 15.0%; copra meal 11.5%; wheat bran
8.9%; rapeseed meal 5.0%; molasses 7%; sugar beet pulp 6.0%; limestone 3%; vitamin mixture 1.4%;
mineral 1.0%.

* Contained tall fescue hay and ochardgrass hay.

3. AlgE

)

Aoyt

m{n

T2 FEoA el NKITH NK2 o] 9§ 2454 2 agad vxe 93
ZAH] Y8l ISt dol A Ak (H T 1.83+0.374H) 9} R (HE T 23.243.2 kg/d)©]
H|S28 H|G-F7)9] HAa 1555 FAEAL
AYFE 273 NK E4FE TS F993F X2 F(NK1Z NK2)Z2 F73}e] vjx]s)az, A
b

]

2= 7} NK 84 F 5,000 FU/ge 2 ZAstd 1 24 7 Ao 79 100g 4 1Y
13](10:00) w8t on, A7 AZ7I3t 259 & ARVIZ 4572 T 677 A&H
ATk

B Ao AFRE FAIALREE Table 2014 BE ule} o] L54 Aldg A, F3A g 2
TFARE ol &dtd FATEY AFTH FF R S 1l T ASAHATF 22kg,
NEL 32 Mcal/d, CP 17%, NDF % ADFE 7}7} 34, 19%% vigH|E ZHAgstgth &2 A
2o] AH £ A= 2 Fgon, i MAEE 1Y 23(06:00, 17:00)8-3 T

Ir
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4. NE8AH
B AP 25779 A48T AT F Fe A AALRE d wEe SA¢
3, SFe) AuAE BA L AAZEE AF AN 19, 149 L 28] FHsAT
oo APAN AL FEUe) = 299 AW ZRE FAL AAFAL, AL
218t plasmas 27 § U 24 fl 20CH Hasiiitt

71 ZAE 9] YA E-& AOACH(1995) 0.2 H-2493}9] 21, NDF(Neutral Detergent Fiber)<}
ADF(Acid Detergent Fiber)= Van Soest(1982)2] Wi o g EA3}Ht}.

Ao dubdE E2L2 LactoScope(MK2, Delta Instruments, Netherlands)E ©]-83}le] =

Aot om, A HAEE Y OHJ’]' 5 AFEFs et 7SSt
AHE & ‘?l.‘ AEe @3S 293 & €3 W 992 Blood Autoanalyzer(Hitachi,
7180, JP)=

H
I

183t AleFHhS & 340~800nmoll 4] glucose, asparatate transminase(AST),

alanime transminase(ALT), =d&H E(T-CHO), FTZ(T-PRO) % blood urea nitrogen
(BUN)S ZA &ttt

6. SAEH

2 AFA Aol A& AE, AR 2 Y JEEEY A} dET, NKI
2 NK2&Z 83} SAS package program(2000, release. 8.1 version)2] GLM(General Linear

Model)% 0] 83} -‘?4*”"%”% A A1 8}91 2 ™, Duncan's Multiple range testol] 23] *2] H
oA (p<0.05)= 53k

M2 g8 FFolA Fa3E NKIF NK2 &hol 93 AHEA vXe 93-S
7] 98 2 NK 2825 AESol FosiA 73, AL R AAEFe] Ws)
3k @-\4-1_ Table 33 Zth

ol AAA tlZT 21.07 kg/doll BBt NK EARTS FoId Aol tha
F7bstdem, NKI A8 T9] f3o] 22.89 kg/do.2 NK2 A& T9] 21.36 kg/dEE‘r ]
© 2 E=JTHp<0.05). Peng 5(2011)9 &3} Bacillus subtilis natto ¥ &3 71 A1 & Sk H]
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F27] Aol FARY Hrbgel wal Aol 3.2 kg/d7HA F7H T B sk
o] HA7IAQ] FA7t AR H ol PGS v X A= LAY 9F71e] AH |7 F 595
A AREEAS AT SIS 2AE YERG

Table 3. Effects of feeding nattokinase additives on milk production in dairy cows

Items Control NK1Y NK2? SEM?

Milk yield, kg/d 21.07+0.55° 22.89+0.34° 21.36+0.49° 0.195

Milk composition

Fat, % 4.11+0.09 4.02+0.15 4.14+0.13 0.096
Protein, % 3.15+0.08 3.13+0.07 3.16+0.06 0.047
Lactose, % 4.72+0.05 4.76x0.11 4.79+0.15 0.053
Total solids, % 12.49+1.01 11.55+0.84 11.69+0.76 0.086
Somatic cell count(x10%/ml) 58+12° 21+11° 35+15° 8.634

= Means in the same row with different superscripts differ significantly(p<0.05).
" Nattokinase produced by the strain with similarity to the Bacillus amyloliquefacines.
? Nattokinase produced by the strain with similarity to the Bacillus subtilis.

3 SEM, standard error of means.

A, e d 2D 55 RS 2ol 24 4.11%, 3.15% B 4.72%0°] 31, NK1 3]
7o A5 A2 4.02 %, 3.13% 2 4.76%°10 0™, NK2 #2792 -5 27+ 4.14%, 3.16%
2 479%°| A ES 7 W FAFEE FHE dixT, NKlTJr NK2 AHz]grollA zz}
12.49%, 11.55% 2 11.69%0191E}. ol AFE & NK E4EZ Fo7t fFARdE o
S XA e Ao g Kl o]o thall Peng S(2011)2 B. subtilis natto LEA] F7}A]
FAY vEH did heFole JaFo] AJAR, AW FEFH 1T &L Sk
(p<0.05) FroHd H]&& FhAdte Aao] UThHp=0.06)1L 3FATE EZE 79 AMESF
(SCO)E =43 A7} 279 58,000 cells/ml BTF NK E42 Fo8 g FolA §97

23R =, NK19] 729 21,000 cells/ml®] i, NK22] 73-% 35,000 cells/ml] $1Th.
Aol A tzToll HIgte] NK A2 Foll A AMEZF7E 7HAE
o), o] 272 B NK 842 FTozAN A5 2L 79 20 FHFA 9
1

=2

H, 3] NK2 84 HTE= NKI 849 F971 ¢ a8 =
E oA sk NKI13 NK2 &45 242 B 3935t 2ae] g o dgA
=43 A= Table 49F 2o} 71EoA JUYE HFH 2 giaje=
=1 A Ha dd ) o] AR Y] FEE M AoE #Ey
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(Carroll 5, 1988; Lammoglia 5, 1996; B} &, 1997), @F A& WslE T3 39
FELH 2 A E FRlsted LY AFE o]&= o] $itkKappel 5, 1984; Ferguson
5, 1993; Hawkins &, 1995).

Table 4. Effects of feeding nattokinase additives on blood metabolites in dairy cows

Items Control NK1Y NK2? SEM?
Glucose, mg/dl 72.33+8.39 67.00+11.67 70.67+7.19 0.485
AST, TU/L 121.67+29.60° 85.67+6.54" 117.67+8.02° 7.592
ALT, TU/L 35.33+3.02 35.83+3.80 32.00+2.37 1.057
T-CHO, mg/dl 179.00+22.73" 145.33+20.51° 176.17+19.14® 3.241
T-PRO, g/dl 10.35+0.79 8.95+0.41 9.68+0.46 0.583
BUN, mg/dl 19.23+4.14 15.40+4.71 15.37+2.93 1.097

“®Means in the same row with different superscripts differ significantly(p<0.05).
! Nattokinase produced by the strain with similarity to the Bacillus amyloliquefacines.
? Nattokinase produced by the strain with similarity to the Bacillus subtilis.

? SEM, standard error of means.

ol U glucosed] 4S5 MA] FUFHES A= 23 ARZ &85 =0l (Blowey
5, 1973), tiZ=7, NK1 % NK2 Ag+7F Zh7F 7233, 67.00 B 70.67 mg/dl o2 A A f
o)de YEhA] FRAARE FXFH o E st 7
d% W asparatate transminase(AST)= <53} ZHo] =2 E‘E ]—1, alanime transminase
(ALT)E o5 2 B¥xste 342 A Atk mebA ASTFAI7F =olA 2 ALTFH]
7} W3alslx] F=thi 7ho] &4 " Ao g o2& 4 tH(Lumeij, 1997; Diaz 5, 1999). £
A Ayt A AST 5L 279 121.67 IU/LLSF NK2 A 7+9] 117.67 IU/LE T NK1
2Tl A 85.67 IULLZ o1& £Fo|A A3tE 93, ALT+= thEZF9 NK A& To
] 32.00~35.83 TU/LS] W& RIS 38 FAAH o213 A5 T NKI &2e 3F
5ol oS & T 9)\—1— o] A&
&S N ERol 2 F
gZ Z#|2H = (Total cholesterol, T-CHO) FX|&= &% & AudkA 2 W2y}
o] E& AEo|H(Kweon 5, 1986), 53] ZAoA A U cholesterol®] +F& A&
o] ARZA o] &FH 1 JtHGrummere} Carroll, 1991). T3+ Harms®} Simpson(1979)°l] 23}
H T-CHO= &2 9 A 1hds A A Asste dH&olgtal gttt & A3
A T-CHO: thZ79] 179.00 mg/dl BT} NK1 A2 Fol A 14533 mg/dlo.2 fo&oz A
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o9} 73} cholesterol S F93 7|9} F A Fo| A nattokinase’} LDL 2+3}5
7}, AWHAL 84 7}, 18] 3 triglyceride 5% A3hel ol &} x| wk, HDL-CO] F3ol&
o] glolthe A7 AT B1E 1l Yk Yokota 5, 1996; Twai 5, 2002). o] A= u}
o7, 2 A3 4 A} vluste] ZAoNE NKI &40 595 F3f AW Al
sAA TS vE F UASs AR FdHETh

a8 g3 W ‘ﬂ"iﬂ"](Total Protein, T-Pro)> S22 AT 1to] BAZ o4 B
2 A Fadtes AEFS Bt

A7y EE AFRE g9 HE Al gEUYole] FEE Eolil(Jordan T,
1983), @7 W progesterone?] FEE #3}A] 7] 3 (Sonderman®} Larson, 1989), &7z} M2 7]
B Yol 84 B2 F=X2 AsAZItk(Carroll 5, 1988). =3 3 Q48] Z 2 (Blood
Urea Nitrogen, BUN)7} 20 mg/dl & %33}l Fe&o] Asldtt= R17l 3l thiFerguson
5, 1993). ©]9} Zo] BUNS ©d thale} 4o WM A E votdd 4= e 783 A%
24 o]-&5 1 dth(Roseler 5, 1993). & Ao EAH FolidL ¢l
2] 1923 mg/dlol] B8k NKI1TF NK2 H2TolA 22} 15.40 me/dl S} 1537 me/dl o2
wolAe S Bilet, ol A= NK 849 g5 & @A tixre} M

= T Ae 7S AASL Ak & Aol W A4F A%
&

o A=l At oz F44Q daE Hio

thoksl YA §F0] 48R nattokinase’} JAALEH7IAEA S SE71FAS 3l
5l7] A3l aaAd5 0] 43 Bacillusy T 25225 H F3 NKI1Z NK2E 249
AR HANMAE 242 Fstath 1 AT 2T E O} nattokinaseS 7o) 3F ] Foll A F

= &
g AAEF7E RAHRH, 3] B. amyloliquefacines$t A b oA fref gk NKI1S
AANEANMAE FHT AL 25587 717159 /A D cholestrol A3} 59 7H5AS
A A EERA T o] F Aol A= nattokinase®] B thEF EAYETAQ £4E 3 A
UEell tigk A7t e s ojof & Zlojt)

> -'lm

V. A 2

2 AF R3] Zil dA AARHZAZA Ed-88] A4 nattokinase(NK) S +
Gl e} A5 2 A vXE FF] disteo 01%10}374 A AT Ht A
2H(1.83)¢F f3(23.2 kg)©] Mg FAIS 15FE AAst] Z2F A2 574 T2 wjA
SFATE 457 "2, NK1 2 NK2 A2 7ol TMR AL S F93FH A 712} 0g, 100g NK1
g2 100g NK2-& H7Fstth frde] 49 =79 21.07 kg/deF NK29] 21.36 kg/doll ®]3}
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o] NK19] o] 22.89 kg/do 2 fFoF o2 Egkar, A A ESSCO)o| AAXE thET9
58,000cells/ml X.TF NK12] 21,000 cells/ml®} NK22] 35,000 cellsmloll A fF-o& oz 743}
Ak T3 @ W ALT= 279 A7} v FF0l0 oY, AST 52 279
121.67 TU/LS} NK29] 117.67 IU/LE.TF NK1°| A 85.67 IULSE F2]ZQl S50l A3ty
A, °lF F8 NKIoA tRZF0] IS & 5 Ao, T-CHOE HZ79] 179.00
mg/dlE T NK1 #2704 14533 mg/dl 02 o202 A= et & AddAHRZHE
) 20) Fod3} nattokinase H7}E0] AFEA. 71715 7|4 D cholesterol A3 S A MIThA}

o 544 &3E vd Aeg 7|t

[E=244Y : 2011. 10. 18 =25A : 2011, 10. 26. AZF=FHFY : 2011, 12. 21.]

ol

ol &

0t
10

Lo Add - A3 - AGA - ole - AHE. 1997, 2o FHE 2 a4HA
28] Al =TSN A TS A] 21: 185-189.
2. QFES - &8k o] F4k 2003, O fF71FAF AH B S-Euet f715ARe b
k. FEF71EHEI A 11 75-92
3. 274K 2003. 318 FAHE AL A% AFR Y o] & a3 A43] AN EAYA, 1%
BAEAE ALHE S ALR Y o] &, T ARSI 3 %ﬂuv}iﬁﬁ
=

4. o|F - AIA - AT - AW - HHAE. 2007. Baol glojA B T A I {o

kel A te] FHdAl. dxF el eh 3] 22: 127-135.

5. ANIEIT. 1991, F v b 7 X — 2 L ARER AL LAY 290 119-123.

6. Ahn, Y. S., Y. S. Kim, and D. H. Shin. 2006. Isolation, identification and fermentation
characteristics os Bacillus sp. with high protease activity from traditional cheonggukjang.
Kor. J. Food Sci. Technol. 38: 82-87.
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International 37: 123-131.

9. Blowey, R. W., D. W. Wood, and Davis, Jr. 1973. A nutritional monitoring system for dairy
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