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Effects of Asperqgillus niger-Derived Multi-Enzyme Complex on Performance,
Milk Yield, Blood Metabolites, and Manure Output in Multiparous Lactating Sows

Sung Hoon Lee*, Young Joo Ha and Suk Chun Kwack

Livestock Experiment Station, Gyeongsangnamdo Livestock Promotion Research Institute

ABSTRACT

This study was conducted to investigate the effects of Aspergillus niger-derived multi-enzyme complex supplementation to feed-
restricted lactating sows on performances, milk yield, blood profiles, and manure excretion as compared with ad libitum-fed sows
without supplementation of enzyme. Fifty multiparous lactating Berkshire sows were allotted to 5 treatments of 10 sows per
treatment during a 28-d lactation period and litter per sow was standardized to 9 suckling piglets. Treatments were ad libitum-fed
sows without enzyme and feed-restricted sows supplemented with four increasing levels (0, 0.02, 0.04 and 0.08%) of multi-enzyme
complex derived from Aspergillus niger. Blood samples from all sows were collected to determine serum metabolite concentrations
before the morning feeding on d 27 of lactation. Litter body weight and a piglet weight at weaning, and litter weight gain
significantly (P<0.05) increased with increasing levels of multi-enzyme complex, but there was no significant difference between ad
libitum-fed sows without enzyme and feed-restricted sows supplemented with multi-enzyme complex. Body condition score and
backfat depth at weaning significantly (P<0.05) increased as multi-enzyme complex level increased. Lactational backfat depth
tended (P>0.05) to less decrease with increasing levels of enzyme complex. Serum inorganic phosphorus and non-esterified fatty
acid concentrations significantly (P<0.05) increased with increasing levels of enzyme complex. Daily milk yield was not
significantly different across treatments, but milk fat yield significantly (P<0.05) increased as multi-enzyme complex level increased.
Manure output was significantly (P<0.01) higher for ad libitum-fed sows than for feed-restricted sows, but there was no significant
difference among feed-restricted sows supplemented with increasing levels of multi-enzyme complex. Fecal phosphorus amount
significantly (P<0.05) decreased with increasing levels of multi-enzyme complex. Feed costs of sows per litter weight gain were
reduced by 1.25% to 9.67% with increasing levels of multi-enzyme complex as compared with ad [libitum-fed sows without
enzyme. The results indicated that multi-enzyme supplementation to feed-restricted lactating sows not only increased litter
performances, but also was comparable to ad [libitum-fed sows, resulting in reduced feed costs. Moreover, the reduction of fecal
phosphorus amount with increasing levels of enzyme complex would contribute to the reduction of environmental pollution.
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M =2 T 9FE AFeRE T dEETE gS oeeS A ok
2009 S-2luEke] 100kg WSEAMH] F ALSHHE oF

A2 d oo AgE AFoz 7 Fe] AAQ AFE 55%F AAst EE (SAF, 2010), AN e AAH)
APAA A wE AT Fae] wal L ulol oA ge] o TTIeE AAEC] wHY] Aaso] "ol girk EF 85
mE g AuEY Wst ae)n 2AgeME e sdwst el AlAsHAl diFEal e 4P (PED, PMWS, PRDC,
of W2 I 7}EARselzio] detajdy, 58 Tl FEQS = PRRS)SH £ AWwAe 7R S oS odsiA S
Eo A AsE20099 MSY=15.01F FEFF5rE9E  ed9e U AEHEA

g, 2010) 59| olf 2 wA AAHe] ofste AAelk. wk A olel whet AlRHHge] tigh sjAd ) wAE =g dA
Al HE7h EFoR ARHF A& o godla Y FAR, T AR RSN, E dTelN e el Asded A

* Corresponding author : Sung Hoon Lee, Livestock Experiment Station, Gyeongsangnamdo Livestock Promotion Research Institute,
Sancheong 666-962, Korea. Tel: +82-55-211-6543, Fax: +82-55-211-6511, E-mail: sunghlee@feelgn.net

~271-



Lee et al.; Use of Aspergillus niger-Derived Multi-Enzyme Complex in Lactating Sows

2 AbRolEEE HUskE AT AES Hsidlth dube
F717F FSF A= Qe B AL Be B
| 0ol (Boyd®} Kensinger, 1998), s7ll s RE2 AL

H:l oy

o

Adss 3 A= s ST HelM Bl Ab
55 AHraolehs FAREEAeR ARFslaL gtk s &

frEEs] Al Y AR SR o R
Ulo]. AAEES L/\]y] ] 93t Eﬂr iﬂ;q]x%o ;Ho].u/\no] A
sl APECQ%@Z* THR EE A A glo] EREES
AlREoleEs WE o v AbRn] Adase 71 A
o BB} 1 Fat 2 Aow Aag,

Z Lewis 5 (1995)¥ Yang 5 (1999)2

ZAALR BHEEE

AL FH0R grelde A A R F3S A
Ada wnagnh Aed dd GAANYe EAREd 48
; FEAT W,

A, EfEEAR 4% Astadvt dE E

AFAAE gk ddn T

T REe] AR A A& Aoz AZH A9, 7

&9 Hitado] digt AAAT= SAHSE SHEAE At

sto] Hx]9] FAY 2 AP E T} (Nyachoti 5, 2006; Veum

7} Ellersieck, 2008)¢} A 9 ] dAob Qlujdgs ha

1?4 409 Hargdel F2 WS FH(O’Connell -5, 2006),
EFEEARC BEAY] Wb e AM(EGAEAA 3 A

*M)Oﬂ m2] = éffbﬂ et ATe A XJ“%P *‘24013}

wHEbA], =

&= =oldet

r& i)
¥
¥

O 1= Oy =
0ol vhshs Aol 9% ol8a8 wa— %ﬁ& BE w
g ANAFE 2 AEw A9 & RS A Skt

2
£l
=
)
oy
=
=
g 2

At A48k glE =M (Berkshire) &

R AREE aEstel sAHET, Awd 1074‘4
T FEARGI AW #EE
5lo] Q1S wol o]F
]_

o

AEAAE Table 19] UERG vle} 7o), Fouul e dajsls
FAIZE o (142 “M%)S’Jr Aol (4A 8= L}%
AL, ALALEAA Y] 85%E Hoshs AldtFel e B¥a
F=Z 740, 0.02, 0.04, oos%w 7} loqo}oﬂq_ »g}\]_?_%,]
2240 5ako R e 35340191, AE, AWY 2
WEAE 236.14kg, 2.26 2 14.83 mmZE L}E}L} A2 7
350 Fele AR

A& A

Xl

AR RS AR IREEAR (FEdERexd e Al
MH)Oﬂ —"';—%Ei% Wb Arkete] W= (Table 2),
Yok AT (0, 0.02, 0.04 2 0.08%)

Uioﬂ 7zt A3 LEL opFF} AYo R o] F W HFolaaltt.
Aol AradA7]a, Adhrel e AR R T
85%% *}E%LO%* Agratct. FAlgHEATE AHAEE &
st 2f7] BES Ao AdAwe] ARdETIEeE UE 6kg
AE AFste 2oz veht A7) B9 6kgl® HoHE Al
sl Aldgol e o Skg(-‘?xﬂfﬂjoi——r%] 85% FF) o7

Z9O 7
T=

179 olpl el FE 4 AR w S
o ARE Felshd gk, i

25~3kgs wolate] A ow A

Table 1. Experimental design and body description of sows subjected to this trial

Feeding method ad libitum

Feed restriction”

Item SEM? p<
Enzyme level 0% 0% 0.02 % 0.04 % 0.08 %

No. of sows 10 10 10 10 10 — —

Parity 3.50 3.40 3.50 3.83 3.43 1.24 0.9756

Body weight, kg 235.83 235.00 236.67 237.50 235.71 15.89 0.9991

Body condition score” 2.25 2.20 2.17 225 2.43 0.49 0.8908

Backfat depth, mm 14.67 14.87 14.39 14.61 15.62 2.30 0.8857

" Diets were offered to 85% level of voluntary feed intake.
? Standard error of the mean.

? Significant if P<0.05.

Y= overly thin and 5 = overly fat.
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Table 2. Chemical composition (%) of experimental diets
on the dry matter basis

Supplemental levels of

Chemical composition" multi-enzyme complex

0% 0.02% 0.04% 0.08%
Moisture, % 1143 1139 1127 1147
Crude Protein, % 18.32 1831 1835 18.39
Crude fat, % 943 897 937 9.73
Crude ash, % 6.19 548 571 5.60
Crude fiber, % 6.14 7.18 596 6.37
Nitrogen free extracts, % 59.92 60.06 60.61 59.91
Calcium, % 084 072 073 0.70
Phosphorus, % 0.58 055 054 0353
Lysine, % 0.86 082 0.86 0.81
Digestible energy”, Mcal’kg ~ 3.64 3.64 3.64 3.64

" Analyzed values.
? Value was obtained from feed mill.
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Table 3. Litter performances of feed-restricted sows supplemented with multi-enzyme complex

Item Feeding method ad libitum Feed restriction” 2) )
Enzyme level 0% 0% 0.02 % 0.04 % 0.08 % SEM P

Duration of lactation, d 26.50 27.40 26.83 27.67 26.43 1.56 0.5663
Feed intake, kg/d

as-fed 5.78" 4.98° 4.97° 4.97° 4.96 0.14  <0.0001

dry matter 5.08 438 4.44° 4.41° 4.39° 0.12  <0.0001
Litter size

at initiation 9 9 9 9 9 — —

at weaning 8.67 8.92 8.84 8.76 8.86 0.30 0.2460
Litter body weight, kg

at birth 13.54 12.47 12.59 13.08 13.88 1.81 0.6196

at weaning 69.08" 5759 62.63" 66.31° 66.36" 4.78 0.0412
Piglet body weight, kg

at birth 1.50 1.39 1.40 1.45 1.54 0.20 0.6093

at weaning 7.97° 6.46° 7.08% 7.57° 7.49° 0.50 0.0255
Litter weight gain, kg/d 2.09° 1.72° 1.83% 1.92% 2.03% 0.19 0.0461
Average daily gain, g/piglet 238.73° 191.53°  203.39™  213.60™  230.12% 18.71 0.0351

ab.c

" Diets were offered to 85% level of voluntary feed intake.
? Standard error of the mean.
¥ Significant if P<0.05.
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Table 4. Changes in body condition score and backfat depth of sows at weaning

Feeding method ad libitum Feed restriction" 2 3)
Item SEM P<
Enzyme level 0% 0.02 % 0.04 % 0.08 %
At weaning
Body condition score” 2.00° 1.42° 1.80" 1.92* 2.00" 0.30 0.0110
Backfat depth, mm 14.11° 11.00°  1233°  13.08"  13.80° 1.72 0.0454
A Daily backfat depth, mm —0.08 —0.13 —0.12 —0.10 —0.08 0.06 0.4965
A Lactational backfat depth, mm —2.13 —3.75 —3.48 —2.68 —2.25 1.60 0.4977

** Means with different superscripts within the same row significantly differ.

! Diets were offered to 85% level of voluntary feed intake.
? Standard error of the mean.

? Significant if P<0.05.

1= overly thin and 5 = overly fat.
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Table 5. Blood metabolite concentrations of feed-restricted sows supplemented with multi-enzyme complex

Feeding method ad libitum

Feed restriction”

ftem Enzyme level 0% 0% 0.02 % 0.04 % 0.08 % SEM p<’

Albumin, g/dL 4.10 4.14 4.17 4.15 4.28 0.20 0.5885
Blood urea nitrogen, mg/dL 10.40 12.03 12.17 12.36 11.40 1.32 0.1962
Total cholesterol, mg/dL 77.50 71.40 71.33 74.17 76.17 11.44 0.8494
Triglyceride, mg/dL 33.50 34.00 33.83 35.00 33.83 8.10 0.9986
Glucose, mg/dL 84.50 98.40 92.83 84.17 88.67 15.82 0.5453
Inorganic phosphorus, mg/dL 5.32° 5.16° 5.48" 5.60™ 5.78" 0.15 0.0311
NEFAY, uEq/L 119.00° 8733  92.50°  99.00°  112.00°  10.01 0.0432

** Means with different superscripts within the same row significantly differ.

" Diets were offered to 85% level of voluntary feed intake.
? Standard error of the mean.

) Significant if P<0.05.
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Table 6. Milk yield and composition of feed-restricted sows supplemented with multi-enzyme complex

Feeding method ad libitum Feed restriction”

Item SEM? p<
Enzyme level 0% 0% 0.02 % 0.04 % 0.08 %
Milk yield, kg/d 8.64 8.29 8.33 8.34 8.48 0.83 0.9807
Milk fat
% 9.31 7.71 7.78 8.08 8.79 1.36 0.4933
Yield, kg/d 0.80" 0.64° 0.64° 0.67° 0.75" 0.05 0.0334
Milk protein
% 4.89 4.73 4.92 4.76 4.72 0.38 0.8932
Yield, kg/d 0.42 0.39 0.41 0.40 0.40 0.04 0.8857
Lactose
% 5.30 543 5.34 5.40 5.40 0.21 0.9329
Yield, kg/d 0.46 0.45 0.45 0.45 0.46 0.05 0.9971
Solid-not fat
% 10.50 10.55 10.64 10.57 10.47 0.36 0.9536
Yield, kg/d 0.91 0.87 0.89 0.88 0.91 0.09 0.9641

** Means with different superscripts within the same row significantly differ.
" Diets were offered to 85% level of voluntary feed intake.

%) Standard error of the mean.

¥ Significant if P<0.05.

Table 7. Fecal nitrogen and phosphorus amount in feed-restricted sows

supplemented with multi-enzyme

complex
Feeding method ad libitum Feed restriction” ) )
Item SEM p<
Enzyme level 0% 0% 0.02 % 0.04 % 0.08 %
Dried fecal amount, g/d 479.48" 389.00 409.66° 386.09 387.32° 15.37 0.0017
Fecal nitrogen, g/d 16.27 12.43 14.47 12.95 13.60 1.68 0.2083
Fecal phosphorus, g/d 8.73" 8.17" 7.85% 7.58" 7.10° 0.48 0.0401

** Means with different superscripts within the same row significantly differ.
" Diets were offered to 85% level of voluntary feed intake.

?) Standard error of the mean.

*) Significant if P<0.05.
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Table 8. Comparison of feed costs between sows supplemented with and without multi-enzyme complex per litter

weight gain
Tt Feeding method ad libitum Feed restriction”
em
Enzyme level 0% 0% 0.02% 0.04 % 0.08 %

Cost, won/sow/d

Feed (A)” 3,398.64 292824 2,922.36 2,922.36 2,916.48

Enzyme additives (B)” none none 16.40 32.80 65.47

(A)+(B) 3,398.64 2,928.24 2,938.76 2,955.16 2,981.95
Feed cost, won/sow/d

per kg of daily litter weight gain 1,626.14 1,702.47 1,605.88 1,539.15 1,468.94
Relative index, % 100.00 104.69 98.75 94.65 90.33
Cost-reduction, % 0.00 —4.69 1.25 5.35 9.67

" Diets were offered to 85% level of voluntary feed intake.
2 Applied 588 won/kg of commercial lactating sow diet.
3 Applied 16,500 won/kg of commercial multi-enzyme complex.
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