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ABSTRACT

This study was conducted to evaluate effects of dietary pine cone meal on growth performance, blood
characteristics, carcass quality and fecal noxious gases compounds in finishing pigs. The total of sixty
[(Landrace x Yorkshire) x Duroc] pigs (86.01 £ 0.25 kg in average initial body weight) were used in 35 days
assay. Dietary treatments included 1) T1 (2% cottonwood sawdust), 2) T2 (1% cottonwood sawdust+ 1%
pine cone meal) and 3) T3 (2% pine cone meal). There were three dietary treatments with five replicate
pens per treatment and four pigs per pen. During the overall periods, there were no significant differences
in ADG (Average daily gain), ADFI (Average daily feed intake) and gain/feed ratio among treatments
(P>0.05). Also, Nutrient digestibilities and blood characteristics were not affected by dietary treatments. At
the end of this experiment, a*-value of logissimus dorsi muscle color and sensory evaluation color were
higher in T3 treatment than T1 treatment (P<0.05). In fatty acid contents of lean, C18:1 and total MUFA
were significantly lower in T1 treatment than other treatments (P<0.05). However, total w6 and total PUFA
were higher in Tl treatment than T2 treatment (P<0.05). In fatty acid contents of fats, total SFA was
significantly higher in T2 treatment than T3 treatment (P<0.05). C18:1 was higher in T2 treatment than TI
treatment (P<0.05). There were no significant differences in fecal noxious gas compounds among the
treatments. In conclusion, the results of the experiment was affected by dietary supplementation of pine
cone meal on meat color and fatty acid composition of pork in finishing pigs.
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3¢ 3FE (Landrace x Yorkshire x Duroc) H]
F 60 FE TASAAL AR JiAIA e B
AT 86.01+025kg ol 35U =WE
Al S = sk ARG S AAEESIH

AlFdA4AE= 1) TI (2% cottonwood sawdust),
2) T2 (1% cottonwood sawdust + 1% pine cone
meal) 2 3) T3 (2% pine cone meal)Z 37|
2 g dto] APTT sEETEDY FAE
& 9l WA

2. Al 2g|

AFEAIE S et AlEEAdell A A Alst
Gtk AlFAREE NRC(1998) &7l uwheh
Highel S —diFal 91579 AlREA 3441
kcal ME/kg, 16.30% crude protein, 0.93% lysine,
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Table 1. Formula and chemical composition
of the experiment diets

Ingredient T1” 1" T3V
Corn 4735 4735 4735
Wheat meal 10.00 10.00 10.00
Soybean meal 22.81 2281 2281
Cottonwood sawdust 2.00 1.00 -
Pine cone meal - 1.00  2.00
Rapeseed meal 120 120 1.20
Wheat bran 3.00 3.00 3.00
Rice bran 200 2.00 2.00
Tallow 500 5.00 5.00
Molasses 4.00 4.00 4.00
DCP 1.00  1.00 1.00
Limestone 086 0.86 0.86
L-Lysine - HCI (98%) 0.10 0.10 0.10
Vitamin/ mineral Premix”  0.30  0.30  0.30
Salt 030 030 0.30
Choline-50 (Liq.) 0.03 0.03 0.03
Antioxidant 0.05 0.05 0.05

(Ethoxyquin 25%)

Chemical composition3)

DE, kcal/kg 3,553 3,553 3,553
ME, keal/kg 3441 3441 3441
Crude protein, % 1630 1630 16.30
Crude Fat 795 795 7.95
Lysine, % 093 093 0.93
Calcium, % 072 072 0.72
Phosphorus, % 055 055 055

D Abbreviated TI;, added cottonwood sawdust 2%, T2;

added cottonwood sawdust 1% + pine cone meal
1% and T3; added pine cone meal 2%.

2 Supplied per kg diet: vitamin A, 10,000 IU; vitamin Ds,
2,000 IU; vitamin E, 42 IU; vitamin K, 5 mg; riboflavin,
2,400mg; vitamin B,, 9.6 mg; vitamin Bg, 2.45mg;
vitamin B, 40ug; niacin, 49 mg; pantothenic acid, 27
mg; biotin, 0.05mg; Cu, 140mg; Fe, 145mg; Zn, 179mg;
Mn, 12.5mg; I, 0.5mg; Co; 0.25mg, Se, 0.4mg.

3 Calculated values.
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Table 2. Effects of dietary pine cone meal on growth performance in finishing pigs

Ttems T1" T2" 13" SE”
0~35 days
Initial weight (kg) 86.30 85.81 85.92 0.20
Final weight (kg) 115.00 116.47 116.58 1.07
ADG (kg) 0.840 0.876 0.876 0.025
ADFI (kg) 2.754 2.764 2.718 0.087
Gain/Feed 0.298 0.317 0.322 0.019

" Abbreviated TI; added cottonwood sawdust 2%, T2; added cottonwood sawdust 1% + pine cone meal 1% and T3; added
plne cone meal 2%.
? Pooled standard error.
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Table 3. Effects of dietary pine cone meal on nutrient digestibility in finishing pigs

Items (%) T1" 12" 13" SE”
Dry matter 76.85 77.55 76.78 1.65
Nitrogen 78.04 76.37 76.76 1.79

" Abbreviated TI; added cottonwood sawdust 2%, T2; added cottonwood sawdust 1% + pine cone meal 1% and T3; added
pine cone meal 2%.
? Pooled standard error.

Table 4. Effects of dietary pine cone meal on change of blood biochemical profiles in

finishing pigs

Items T1" 12" 13" SE”
Total cholesterol (mg/dL)

Initial 89.40 87.40 92.60 3.48

Final 87.60 88.60 90.40 3.75

Difference —1.80 1.20 —2.20 5.99
HDL cholesterol (mg/dL)

Initial 32.20 27.00 31.80 2.44

Final 29.40 33.20 27.80 1.68

Difference —2.80 6.20 —4.00 3.04
LDL cholesterol (mg/dL)

Initial 46.60 49.40 48.80 3.57

Final 44.80 41.40 47.40 1.68

Difference —1.80 —8.00 1.40 4.66
Triglyceride (mg/dL)

Initial 39.00 31.40 33.80 2.57

Final 42.00 43.20 45.20 3.82

Difference -3.00 —11.80 —11.40 3.97
RBC, x10°/114

Initial 6.42 6.36 6.60 0.24

Final 6.58 6.74 6.12 0.26

Difference 0.16 0.28 —0.48 0.44
WBC, x10°/u8

Initial 18.05 16.03 18.07 1.42

Final 20.19° 21.22° 26.03" 1.45

Difference 2.14 5.85 6.48 2.54
Lymphocyte (%)

Initial 73.00 76.25 67.80 4.04

Final 65.60° 69.00° 52.33 3.60

Difference —7.40 —3.00 —11.00 5.34

" Abbreviated TI; added cottonwood sawdust 2%, T2; added cottonwood sawdust 1% + pine cone meal 1% and T3; added
pine cone meal 2%.

) Pooled standard error.

*” Means in the same row with different superscripts differ (P<0.05).

2
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Table 5. Effects of dietary pine cone meal on meat quality in finishing pigs

Ttems T1" 12" T3" SE”
Backfat thickness (mm) 17.07 16.90 17.52 1.24
M. longissimus dorsi area (cm) 38.49 39.06 39.16 0.32
Sensory evaluation

Color 1.98° 2.11% 2.36° 0.09

Marbling 1.72 1.63 1.47 0.13

Firmness 1.88 1.87 1.70 0.10
Meat color

Lightness (L*) 55.81 54.83 5421 1.02

Redness (a*) 16.50° 17.51° 18.15" 0.36

Yellowness (b*) 7.31 7.52 7.58 0.25
TBARS (mgMA/kg) 0.032 0.031 0.029 0.004
pH 5.62 5.62 5.64 0.02
Water holding capacity (%) 59.85 61.64 62.65 1.35
Dirip loss (%)

2 days 477 2.76 3.76 0.84

4 days 6.64 4.27 5.34 0.97

6 days 791 5.49 6.77 1.13
Cooking loss (%) 33.05 31.71 32.51 0.85

" Abbreviated TI; added cottonwood sawdust 2%, T2; added cottonwood sawdust 1% + pine cone meal 1% and T3; added

pine cone meal 2%.
Pooled standard error.

Means in the same row with different superscripts differ (P<0.05).
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Table 6. Effects of dietary pine cone meal on fatty acid composition of lean

Fatty acid (%) . B — .
Tl T2 T3 SE

Myristic acid (C14:0) 1.28° 1.50° 1.41° 0.05
Palmitic acid (C16:0) 22.28° 24.07° 23.14% 0.48
Stearic acid (C18:0) 12.06 12.55 12.11 0.33
Arachidic acid (C20:0) 2.53° 135" 1.52° 0.28
Total SFA 38.15 39.48 38.17 0.72
Palmitoleic acid (C16:1) 3.18 3.14 2.93 0.20
Vaccenic acid (C18:1, trans-11) 0.44 0.43 0.51 0.09
Oleic acid (C18:1) 34.70° 38.67" 38.73° 1.05
Total MUFA 38.10° 42.09* 42.07" 1.02
Linoleic acid (C18:2) 15.26° 11.11° 12.53% 0.87
v - Linolenic acid (C18:3) 0.64 0.67 0.67 0.03
Total w6 15.89" 11.78° 13.20® 0.86
a - Linolenic acid (C18:3) 0.42 0.39 0.43 0.05
Total ®3 0.42 0.39 0.43 0.05
Total PUFA 16.31° 12.17° 13.63® 0.90
Total UFA 54.41 54.26 55.70 1.03
Total UFA/SFA 143 1.38 1.46 0.05

" Abbreviated TI; added cottonwood sawdust 2%, T2; added cottonwood sawdust 1% + pine cone meal 1% and T3; added

pine cone meal 2%.
? Pooled standard error.

** Means in the same row with different superscripts differ (P<0.05).
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Table 69} Table 7o YERNSATE 2=7] W] A
WAk SFako A Myristic acid 2 Palmitic acid
T2 A2 F7F T1 A T-9 vaste] {040
2 =4 Yeh e (P<0.05), Arachidic acidi=
T1 Ag77F o2 A9 vlaste] b =
S} (P<0.05). Oleic acid & Total MUFAE TI
A7 v Aot vlaste] 7hg WA
eSS (P<0.05), Linoleic acid, Total w6 2
Total PUFAY T1 A&77F T2 Ag]7-¢} Blu
sle] foH o E9ktH(P<0.05). Total SFA,
Total UFA 2 Total UFA/SFAYE 2|77l

Table 7. Effects of dietary pine cone meal on fatty acid composition of fat

Fatty acid (%) T1" T2" = T3" SE”
Myristic acid (C14:0) 1.62 1.60 1.49 0.05
Palmitic acid (C16:0) 21.96 22.89 21.40 0.53
Stearic acid (C18:0) 11.41 11.48 10.79 0.27
Total SFA 34.99™ 3597 33.68 0.66
Palmitoleic acid (C16:1) 2.09 2.14 1.98 0.10
Elaidic acid (C18:1, trans-9) 0.19 0.17 0.16 0.02
Vaccenic acid (C18:1, trans-11) 0.47" 0.42° 0.54° 0.03
Oleic acid (C18:1) 37.86° 39.21° 38.69" 0.36
Total MUFA 40.61 41.90 4137 0.42
Linoleic acid (C18:2) 15.72 13.89 16.10 0.71
y - Linolenic acid (C18:3) 0.03 0.04 0.03 0.01
Arachidonic acid (C20:4) 0.25 0.24 0.24 0.01
Total w6 15.99 14.15 16.36 0.71
a-Linolenic acid (C18:3) 0.83 0.78 0.86 0.04
Docosahexaenoic acid (C22:6) ND 0.03 0.04 0.01
Total w3 0.83 0.79 0.89 0.04
Total PUFA 16.82 14.94 17.26 0.75
Total UFA 5743 56.85 58.62 0.61
Total UFA/SFA 2.11 243 1.95 0.15

" Abbreviated TI; added cottonwood sawdust 2%, T2; added cottonwood sawdust 1% + pine cone meal 1% and T3; added

pine cone meal 2%.
% Pooled standard error.

** Means in the same row with different superscripts differ (P<0.05).
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Table 8. Effects of dietary pine cone meal on fecal noxious gas compounds in finishing pigs

Items (ppm) T1" 2" 13" SE”
NH;-N 725 7.75 725 3.66
H>S 4.75 11.00 15.25 8.29
Acetic acid 0.25 0.38 1.13 0.47

" Abbreviated TI; added cottonwood sawdust 2%, T2; added cottonwood sawdust 1% + pine cone meal 1% and T3; added

pme cone meal 2%.
? Pooled standard error.

o] A1 ztol7b glAth (P>0.05). AW W] =4t
efol| Al total SFAYE T2 A7} T3 A+
o} Hsle FoHozm =i Yehton
(P<0.05), Palmitic acid 3 Stearic acid®] $FH=
T2 Ael77F T3 A7 vlaste] & 43
S gehglon fe9el Aol HTHP>
0.05). Vaccenic acid= T3 12|77} T2 A&+
o} wasle] foHor E=A Yeltow,
Oleic acid= T2 AE7F T1 A8 +-<F v]us}k
o fFoHor #=A YEbETh(P<0.05). Total
MUFA, total PUFA % total UFA/SFA+ A2+
7l fol &2l Aol 7} gk (P>0.05).

Oleic acide ¢+ B3 balo A tek
AF Al dF A FHsHEY A
£ 7B g sMAs S S A
olgt a7t gkl Barstglom (Grundy, 1986),
Vaccenic acide T2 5 A W 7)El vk
Spgel g Al WAL Aptew
A, A FAEZQ conjugated linoleic acid
(CLAZE dAEE A7Ed= 484 vk
(Griinari 5, 2000).

AR Ay g BAkEe] Fole kA
Q1 #ko] sheFo] wby] el Aol dHrH AW
2 F 7P S5 W4k Linoleic acide] &
= S7PF vEhbA] eRskot, foldk Ak
ol Oleic acid % Vaccenic acid®l+=
FEFE A= o E AEHT

Uit kYol sslga 9 Fak Ak
% Acetic acid gl oAM= ATt
A1 Zpo] 7t 1At (P>0.05).

3 5(2006) AEo] FAHES o] &5t
v)g 74 A FAStE {7 A 24
e 543 Ay, gEo] FAlES o]
HPHLOM g3l s 2 Ry olo] uhay

FHURES ARESE AETrR Yodthar
16}915}.

==
&
=

(<)

Pﬂikﬂrﬂﬁﬂ

H x| = Gl thal %‘O}Eﬂ Ho}ofl Al
9& AAsGh 39 WA HEE 60T E
omn, AlF ANl AFo] 86.01+0.25

kg ©13L, 35U AFFAIAS AAISATE A
A= 1) TI(FUFESY 2%), 2) T2(WF
J__T'_Htﬂ- 1%+x1— HAE | 1%) % ol 3) T3(2]' B
b= 2%) = 378 AgE ekl Aed 5wk, wk
BHop 45 9bAole] wix sk AFekA]E
7]_ Eo]- oh;]- Xﬂak ohﬂ—/\].g_/\%ﬁa}: =1 /K].E

)

aES Al FoHRl Aelzh gldv
(P>0.05). E,Et‘ﬂ- goka a3lE 2 FAEAMO

Aol FoAQ zel7E glUTh (P>0.05).
S0l o HJAEE Yehle a*-gk 2 &
o] #EH7t Ay S T3 A7 TIHE
T-¢F Hluste] folHom =A UERRTHP<
0.05). A37] W AAE 24 glolA C18:
2 total MUFAE T1 A7} &2 A 8++¢F
Hluste] fojHo=m 7bg WA el ey

=770
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(P<0.05), w6 2 total PUFAY T1 #&77} T2
Agleb nlasle] fojH o we g
ER AT (P<0.05). A Ul 24t 22dol A 9l
o)A total SFA= T2 |77} T3 A%} H]
wate] fFoHoR A YER O (P<0.05),
C18:1% T2 Ag77F T1 Ag R} o ek
S YERHSITE (P<0.05). &1 fraf7hs 2y &
2ol ghefoll lojA= Aol 24l 2k
o|7b fATH(P>0.05). AEBAO=E, = A9
A¥p v)E=] FF FAbEe] g &4 2 A
kAL Z Ao kS m|XE= Aow AlgHTh
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