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EFFECT OF DIET COMPLEXITY AND PHASE FEEDING ON
GROWTH PERFORMANCE, DIARRHEA INCIDENCE
AND DIET ECONOMICS IN NURSERY PIGS

Lenitta A. Lopez' and Rommel C. Sulabo'

ABSTRACT

Thirty-two newly-weaned pigs (8.89 £+ 0.73 kg; PIC L337xC24) were used to de-
termine the interactive effects of diet complexity and phase feeding on growth
performance, diarrhea incidence, and economic return in nursery pigs. Pigs
were randomly allotted to 1 of 4 treatments in a 2 x 2 factorial arrangement
using a randomized complete block design. Treatment factors were nursery
diet complexity (Complex vs. Semi-complex) and nursery phase feeding pro-
gram (2- vs. 3-phase). Each treatment had 8 replications. Results showed no
significant interaction for all growth and diarrhea parameters measured. Over-
all (d 0 to 42), pigs fed the complex diets had greater (P=0.04) ADFI compared
with those fed semi-complex diets; however, no significant differences were ob-
served for ADG, G:F, final BW and diarrhea incidence. Increasing the number
of phases in the nursery feeding program did not have any significant effect on
growth performance and diarrhea incidence. Overall, the most cost-effective
feeding program was the 3-phase, semi-complex treatment, which had the least
feed cost per kg gain and greatest margin over feed cost among all the treat-
ments. In conclusion, reducing the complexity of the nursery diets and employ-
ing a 3-phase nursery feeding program may be the most cost-effective strategy
in maximizing economic return.
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INTRODUCTION

Developing a cost-effective nursery feeding program that will maximize growth
and reduce the incidence of post-weaning diarrhea is an important aspect of commercial
pig production. Complexity pertains to designing the diet with an effort of increasing diet
digestibility and palatability either by increasing the concentration of digestible nutrients or
using specialty feed ingredients (Menegat ef al., 2019). Increasing the complexity of nursery
diets has a positive effect on piglets early post-weaning (Whang et al., 2000; Sulabo ef al.,
2010); however, growth and efficiency improvements from greater diet complexity decrease
as piglets increase in age (Dritz et al., 1996; Wolter et al., 2003). These suggest that diet
complexity may only be important in the earlier phases after weaning, and it can be reduced
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in later phases to take advantage of the greater ability of pigs to digest nutrients. Therefore,
the economics of feeding complex diets to nursery pigs should be evaluated.

In the nursery, a phase feeding strategy is the use of multiple diets, each diet fed
for a relatively short period of time, to match the changing nutrient requirements and di-
gestive capabilities of pigs (Menegat et al., 2019). It also allows adjustment of the diet
for economic reasons without affecting growth performance. In a phase feeding program,
feeding complex diets for a longer period may be an unnecessary expense whereas feeding
for a shorter period may negatively affect post-weaning feed intake and growth. However,
there is no information available on the interaction of diet complexity and phase feeding in
nursery pigs. Therefore, the objective of the study was to determine the interactive effects
of diet complexity and phase feeding on growth performance, diarrhea incidence, and eco-
nomic return in nursery pigs.

MATERIALS AND METHODS

Actotal of 32 newly-weaned pigs (initial BW=8.89 £ 0.73 kg; PIC L337 x C24) were
used in a 42-d growth assay. Pigs were blocked by initial weight and sex and were randomly
allotted to 1 of 4 treatments in a 2 X 2 factorial arrangement using a randomized complete
block design. Treatment factors were nursery diet complexity (Complex vs. Semi-com-
plex) and nursery phase feeding program (2- vs. 3-phases). Treatments were: 1) Complex,
2-phase, 2) Complex, 3-phase, 3) Semi-complex, 2-phase, and 4) Semi-complex, 3-phase
(Table 1). Each treatment had 8 replications (pens) with 1 pig per pen. Each individual pig
in each pen was provided ad libitum access to feed and water.

Diets were formulated (Table 2 and 3) with varying levels of lactose, specialty
protein ingredients and soybean meal during each of the nursery phases to create the levels
of diet complexity. The specialty feed ingredients used in the diets were chosen for their
higher concentration of digestible nutrients or the lower concentration of anti-nutritional
factors compared with soybean meal. For the complex Phase 1 diet (C1), it was formulated
to contain 12% lactose from whey permeate, 10% enzyme-treated soybean meal, 3% soy
protein concentrate, 5% spray-dried animal plasma and 1.25% spray-dried blood cells. A
maximum restriction was set for soybean meal at 10% of the diet. For the semi-complex
Phase 1 diet (SC1), it was formulated to contain less lactose (8% from whey permeate) and
a lower concentration of specialty protein sources (5% enzyme-treated soybean meal, 3%
soy protein concentrate, 2.5% spray-dried animal plasma, and no spray-dried blood cells).

Table 1. Experimental treatments'.

Phase 1 2 3
Pig age (d) 28 to 34 35t0 49 50to 70
Study period (d) 0to6 7to21 22to 42
Treatment 1 Cl C2
Treatment 2 Cl C2 S3
Treatment 3 SC1 SC2
Treatment 4 SC1 SC2 S3

IC1: Complex 1 diet, SC1: Semi-complex 1 diet, C2: Complex 2 diet, SC2: Semi-complex 1 diet
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Table 2. Ingredient composition (as-fed basis) of phase 1, 2, and 3 diets.
Phase 1 Phase 2
Item Semi- Complex Semi- Complex Phase 3
complex (1) complex (€2) (S3)
(SC1) (SC2)
Ingredient, %
Corn, yellow 47.44 48.20 49.38 48.95 62.07
Blood cells, spray-dried -- 1.25 -- -- --
Hydrolyzed peptone -- -- 3.00 5.00 --
Plasma, spray-dried 2.50 5.00 -- -- --
Soybean meal 24.48 10.00 34.00 20.00 32.56
Soybean meal, 5.00 10.00 -- 5.00 --
enzyme-treated
Soy protein concentrate 3.00 3.00 -- 3.00 --
Whey permeate 9.41 14.12 4.71 9.41 --
Coconut oil 3.65 3.54 4.13 4.12 1.06
L-Lysine 0.31 0.23 0.30 0.29 0.22
DL-methionine 0.19 0.19 0.18 0.19 0.08
L-threonine 0.09 0.06 0.12 0.10 0.05
L-tryptophan 0.01 -- 0.01 0.02 --
Monocalcium phosphate 1.17 0.83 1.44 1.16 1.17
Limestone 1.11 1.94 1.09 1.12 1.35
Vitamin premix' 0.03 0.03 0.03 0.03 0.03
Mineral premix' 0.10 0.10 0.10 0.10 0.10
Choline chloride, 60% 0.35 0.35 0.35 0.35 0.35
Salt 0.30 0.30 0.30 0.30 0.30
Zinc oxide, 72% Zn 0.30 0.30 0.30 0.30 0.30
CTC 20% premix 0.20 0.20 0.20 0.20 0.20
Tiamulin 10% premix 0.04 0.04 0.04 0.04 0.04
Acidifier 0.20 0.20 0.20 0.20 --
Antimold 0.05 0.05 0.05 0.05 0.05
Mycotoxin binder 0.05 0.05 0.05 0.05 0.05
Antioxidant 0.01 0.01 0.01 0.01 0.01
Phytase 0.01 0.01 0.01 0.01 0.01
TOTAL 100.00 100.00 100.00 100.00 100.00

"Provided the following quantities of vitamins and micro minerals per kgof complete diet: Vitamin A, 11,128
1U; vitamin D3, 2,204 IU; vitamin E, 66 IU; vitamin K, 1.42 mg; thiamin, 0.24 mg; riboflavin, 6.58 mg; pyri-
doxine, 0.24 mg; vitamin B12, 0.03 mg; D-pantothenic acid, 23.5 mg; niacin, 44 mg; folic acid, 1.58 mg; biotin,
0.44 mg; Cu, 10 mg as copper sulfate; Fe, 125 mg as iron sulfate; I, 1.26 mg as potassium iodate; Mn, 60 mg as

manganese sulfate; Se, 0.3 mg as sodium selenite; and Zn, 100 mg as zinc oxide.
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Table 3. Calculated and analyzed composition (as-fed basis) of phase 1, 2, and 3 diets.

Phase 1 Phase 2
Item Semi- Complex Semi- Complex Phase 3
complex 1) complex (€2) (S3)
(SC1) (SC2)

Calculated, %
DM 87.10 87.66 86.73 87.30 86.22
ME, kcal/kg 3,400.00 3,400.00 3,400.00 3,400.00 3,300.00
SID Lys, %! 1.48 1.48 1.37 1.37 1.15
Lactose 8.00 12.00 4.00 8.00 -
NDF 7.78 6.86 8.29 7.60 9.28
Ca 0.93 0.93 0.93 0.93 0.93
Available P 0.44 0.44 0.44 0.44 0.42
Analyzed, %
DM 90.98 90.03 90.64 90.75 90.30
CP (N x 6.25) 23.19 23.29 22.37 22.37 20.19
Crude fat 4.61 6.26 5.74 6.89 3.24
Crude fiber 2.09 2.94 2.03 2.35 2.83
Ash 6.47 6.24 5.59 6.02 5.70
Ca 1.02 0.87 1.03 0.94 0.91
Total P 0.89 0.82 0.88 0.84 0.75

ISID: Standardized ileal digestible.

There was no maximum restriction set for soybean meal, which resulted in greater inclusion
(24.5%) compared with the C1 diet. Both Phase 1 diets were formulated to contain 3,400
kcal ME/kg and 1.48% standardized ileal digestible (SID) Lys. All other nutrients were for-
mulated to meet or exceed (NRC, 2012) requirements for 8 to 10 kg pigs.

For the complex Phase 2 diet (C2), it was formulated to contain 8% lactose from
whey permeate, 5% enzyme-treated soybean meal, 3% soy protein concentrate and 5% hy-
drolyzed peptone. A maximum restriction was set for soybean meal at 20% of the diet. The
semi-complex Phase 2 diet (SC2) was formulated to contain less lactose (4% from whey
permeate) and contained less specialty protein ingredients (only 3% hydrolyzed peptone).
There was no maximum restriction set for soybean meal, which resulted in greater inclusion
(34%) compared with the C2 diet. Both Phase 2 diets were formulated to contain 3,400 kcal
ME/kg and 1.37% SID Lys. All other nutrients were formulated to meet or exceed (NRC,
2012) requirements for 10 to 20 kg pigs. The Phase 3 diet (S3) was a corn-soybean meal diet
formulated to contain 3,300 kcal ME/kg and 1.15% SID Lys. It contained no lactose and
specialty protein ingredients. All other nutrients were formulated to meet or exceed (NRC,
2012) requirements for 20 to 40 kg pigs.

For the 2-phase feeding program, Phase 1 was from d 0 to 6 and Phase 2 was from d
7 to 42. For the 3-phase feeding program, Phase 1, 2 and 3 were from d 0 to 6, d 7 to 21 and
d 22 to 42, respectively. All vaccination schedules and other management practices, such as
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bathing, cleaning of pens and other sanitary procedures were applied similarly in all groups
throughout the whole duration of the study.

Pigs and feeders were weighed at d 0, 6, 21, and 42 post-weaning. At the conclusion
of the experiment, data were summarized and ADG, ADFI, and G:F were calculated for
each treatment and the overall period. The diarrhea score of each pen was assessed visually
twice a day (0800 and 1600 h) by at least 2 independent evaluators, with the score ranging
from 1 to 5 (1 = normal feces, 2 = moist feces, 3 = mild diarrhea, 4 = severe diarrhea, and
5 = watery diarrhea). Diarrhea days were calculated for each treatment by counting pig
days with a diarrhea score of 3 or greater. The frequency of diarrhea was also obtained by
dividing the pig days with diarrhea score of > 3 by the entire period multiplied by 100.

Total live weight gain and feed intake data for each treatment were used to compute
for economic analysis. Feed cost was based on the prevailing prices of individual ingredients
at the start of the trial. Feed cost per pig, value of gain per pig, feed cost per kg gain, and
margin over feed cost were calculated for each treatment. Feed cost per pig was calculated
by multiplying diet cost with total feed consumed for the period. The value of gain per pig
was calculated by multiplying total weight gain in the period with the prevailing live weight
price. Feed cost per kg gain was calculated by dividing feed cost per pig by total weight gain
per pig. And finally, the margin over feed cost was calculated by subtracting feed cost per
pig from the value of gain per pig.

Samples of all experimental diets were collected and properly labeled for subse-
quent analyses. At the end of the experiment, all diet samples were analyzed in triplicates for
DM (method 930.15; AOAC, 2007), CP (method 990.03; AOAC, 2007), crude fat (method
920.39; AOAC, 2007), crude fiber (method 978.10; AOAC, 2007), and ash (method 942.05;
AOAC, 2007). Diet samples were analyzed for Ca and P using an atomic absorption spec-
trophotometer (methods 4.8.03 and 3.4.11, respectively; AOAC, 2007).

Data were analyzed using the MIXED procedure (SAS Institute Inc., Cary, NC)
of SAS with replicate as the experimental unit. The model included the main effect of diet
complexity and phase feeding and their interaction as fixed effects and block as the ran-
dom effect. Least squares means were calculated for each independent variable. When the
interaction was a significant source of variation, differences between treatments were deter-
mined using the PDIFF option of SAS and adjusted using the Tukey-Kramer test. Statistical
significance was set at P<0.05.

RESULTS AND DISCUSSION

There was no significant interaction for all growth response parameters measured
(Table 4). From d 0 to 6, pigs fed the C1 diet had improved (P<0.02) ADG, ADFI, G:F and
d 6 BW compared with those fed the SC1 diet. However, diet complexity had no significant
effect on growth performance in later phases (d 7 to 21, d 0 to 21 and d 22 to 42). Overall
(d 0 to 42), pigs fed the complex diets had greater (P<0.04) ADFI compared with those fed
semi-complex diets; however, no significant differences were observed for ADG, G:F, and
BW at d 21 and 42. Likewise, increasing the number of diet phases in the nursery feeding
program had no significant effect on overall growth performance.

The results of the present experiment agree with previous studies that evaluated the
effects of diet complexity on weanling pigs (Whang et al., 2000; Wolter et al., 2003; Collins
et al., 2017). Those studies reported marked improvements in early post-weaning ADG,
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ADFI, and G:F when pigs were fed diets with greater complexity. These can be attributed
to the greater digestibility and palatability of specialty protein sources, such as spray-dried
animal plasma and blood cells, used in the complex diets (Dritz et al., 1996; Sulabo et al.,
2010). Studies have also shown that the level of lactose in the diet, particularly in earlier
nursery phases, plays an important role in increasing post-weaning feed intake and weight
gain (Tokach et al., 1989; Mahan et al., 2004; Cromwell ef al., 2008). However, the effect of
diet complexity on pig growth and efficiency decreases with increasing time post-weaning
(Sulabo et al., 2010; Collins et al., 2017; Koo et al., 2017). In addition, Mahan et al. (2004)
observed positive responses to increasing dietary lactose levels immediately post-weaning,
but responses to lactose declined as pigs grew older. These may help explain the lack of sig-
nificant effects in feeding complex diets in later phases of the nursery period.

The objective of phase feeding is to closely match the nutrient requirements and
digestive capabilities of nursery pigs by increasing the number of phases using the most
economical diets to achieve optimal performance (Menegat et al., 2019). To the best of
our knowledge, there has been no published research evaluating the performance effects of
nursery feeding programs with either 2- or 3-phases. Most commercial nursery feeding pro-
grams in the Philippines have 2-phases: a complex phase 1 diet (usually the creep feed) for
7 to 14 d after weaning, and a less complex phase 2 diet (prestarter feed) ranging from 14 to
35 d. The results of the present experiment suggest that increasing the number of diet phases
to more closely match the nutrient requirements of piglets do not significantly affect growth
performance. However, with the shorter duration of feeding the more expensive diets, the
benefit of the 3-phase feeding program may be more economic in nature.

There was no significant interaction for diarrhea incidence in all phases and the
overall period (Table 5). From d 0 to 6, diarrhea incidence was unaffected by diet com-
plexity. However, pigs fed the C2 diet had greater (P=0.05) diarrhea days and frequency
of diarrhea at d 7 to 21 compared with pigs fed the SC2 diet. These results were similar to
Koo et al. (2017) where higher diarrhea scores were observed in pigs fed complex diets
compared with those fed less complex diets in later phases in the nursery. A possible reason
may be the consumption of a diet high in lactose for an extended period of time, which has
been shown to cause osmotic diarrhea due to limited intestinal lactase activity when pigs age
(Ekstrom et al., 1976). Overall (d 0 to 42), reducing the complexity of the diet did not af-
fect the incidence of post-weaning diarrhea. Likewise, increasing the number of diet phases
in the nursery did not significantly affect diarrhea score, diarrhea days and frequency of
diarrhea for all feeding phases and the overall period. These suggest that the reduction in the
complexity of the semi-complex diet, which included greater inclusion of soybean meal in
both SC1 and SC2 diets, and the earlier introduction of simpler diets in the 3-phase feeding
program was tolerable to the piglets and did not result in greater diarrhea occurrence in the
nursery period. Therefore, this may be an effective strategy in reducing feed costs with the
use of less expensive diets fed in longer duration without compromising the growth and
health of the piglets.

There was a significant interaction (P<0.01) for feed cost per pig and feed cost per
kg gain (Table 6). When fed using the 2-phase feeding program, using the semi-complex
diets resulted in a decrease (P<0.01) in feed cost (-P628/pig) and feed cost per kg gain
(-P25.35) compared with those fed the complex diets. However, reducing diet complexity
did not result in a significant decrease in feed cost (-P170/pig) and feed cost per kg gain
(-P6.01) when using the 3-phase feeding program. Phase feeding or diet complexity did not



111

Effect of diet and phase feeding in swine

(S0°0>d) WRI_PIP a1k 101391 1d119s19dNS UOWOd © SUINOR] MOI B UIYIIM SON[BA g,

00T x (sAep Jo oquunu [e303/SABp BOYLIRIP) = (pouad [ejudwiIodxd amuo ay pue dseyd yoed 103 BayLRIp Jo Aouonbaiy) Aouonbar g,

‘€< sAep 3id Jo 1oquunu = sAep voyLIRI(],

"BOULIRIP AIOJBM ‘G ‘BIULIBIP QIOAJS ‘Y SBOULIBIP PIIWI ‘¢ {8909 ISTOW ‘7 {§939J [BULIOU ‘] = 9I0JS BIYLILI(],

Arx9dwod Ja1p = ( ‘Surpady aseyd = J "7 03 77 P 18 PaJ 1P ¢ ddwuig pue {1z 01 £ P 18 paj 191p 7 Xo[dwoo-1wag <9 03 () p 38 paJ 191p | Xo[dwod-1wog :9seyd-¢
“xo[dwoo-1wag (f pue gf 01 £ p 18 191p g Xo[dwoo-1wag <9 03 () p 3 paj 301p | xo[dwod-1wag :oseyd-g xojdwoo-1wag (¢ <z 01 7 p ¥e pay 101p ¢ ojdwuig pue ‘1z 03 £ p 18 paj
191p 7 x91dwo)) <9 01 ¢ p 38 pag 101p [ xo1dwo)) :aseyd-¢ xapdwo)) (g <z 01 £ p 18 pag 121p ¢ Xo[dwo)) ‘9 01 ) p 38 paj 191p [ xo[dwio)) :aseyd-z xopdwo)) (T :910Mm S)UOUBII]

uounear) 1od sojeordar g Jo sueow arenbs Jsed| IR BIR(,

€9°0 LT°0 L80 9¢°C 96l 0Sl 9'L1 0°LI worop

7€0 ¢so L0O0 €Ll 6'¢ I's L't €9 worep

650 S0°0 7€0 06’y 01y eSLT SLE I'1e [TO1LP

50 L0 86°0 ILY 0'1¢C 881 861 661 9010pP
9% ‘Aouanbaig

€9°0 LT°0 L80 801 T8 €9 8¢'L 91'L worop

€0 Gso L00 9¢°0 80 90°1 9¢°0 el woreep

650 S00 €0 L0 aL1°9 eE1'Y €9°¢ L9V [CO1LP

750 L0 86°0 8C0 9Tl el'l 611 0Tl 9010p
,SABp BOYLIRI(

L0 S0 L80 S0°0 91'C e€r'e v1'C SI'e worop

Se0 91°0 90°0 700 861 ¥0'C L6'] 90°C worgep

ce0 90°0 8¢0 80°0 ev'e [4axé LET 8CC [TOILP

01°0 S6°0 €50 ero 1494 9¢'C 6CC [4 ¢ 9010pP
(9109S BAYLIBI(]

axd a d xadwo) xordwoo aseyd-¢ aseyd-g
INAES -luRS way
anjea-g Arxopdwo)) 301 guipasy-aseyd

" (s1000 urewn) sS1d A1osInu UT 9OUIPIOUT BIYLIBIP UO FuIpad) aseyd pue A3 1xa[dwod 121p JO 19974 °S J[qeL



Lopez and Sulabo

112

((S0°0>d) ua1dyIp are 10139] 1d1ros1odns uowod & U] MOI B UIYIIM SON[BA,.,
‘[ern SuLmp 1S09 Pady — UreS JO NJBA = JS0O PIJJ JOAO UISIRIN

"8/07 14 Jo 9o11d Jy3rom 9A1] Sursn pauTuLINOp Sem Ured Jo anjep,

B/L9'TTd €

ordumrs 8Y/€8 14 17 xopdwo)) 3y/¢8 7¢d 7 xodwoo-muag *8y/z. 054 :1 Xo[dwo)) ‘8y/6¢ 6€d 1 xo[dwos-1uag :s0911d pody SUIMOo[[oF Y1 YHIM PAJRINI[BD SBM JS0D P,

“Krx91dwoo 191p = (q ‘Surpady aseyd = J ‘7 03 ZZ P 18 PaJ 191p ¢ drdwuig pue {1z 03 £ P 38 PaJ 19Ip 7 Xo[dwoo-1was €9 03 () p 3e paj 191p | xo[dwood-1wog :oseyd-¢ ‘xord
-WOD-TWAS ({ PUB (7§ 03 £ P ¥ PaJ 191p 7 Xo[dwoo-1wag 9 03 () p 38 pay 321p [ x9[dwoo-1weg :aseyd-g “xo[dwod-1wos (¢ zf 01 7Z p 36 paj 191p ¢ ojdwig pue ‘[z 03 £ p 1e poj
191p 7 xa1dwo)) {9 03 ( p 18 pay 191p | x9[dwo)) :aseyd-¢ “xordwo)) (7 iz 01 L p 18 pag 191p g xo1dwio)) ‘9 03 0 p 18 pay 121p | x9[dwo)) :aseyd-g “xordwo)) (T :010m sjudunear],

uounear) 1od sajeordar g Jo sueow arenbs Jsed| IR BIR(,

LO0 LO0 10°0> v6 9LY 1 L9E'T YLV LOOT d 1509 Pady JOAO UISIEI
10°0> 10°0> 100> €Ll :81°CY 0€YS 611§ 2SS9L M 3 /d ‘ures 33/1500 paog
SLO 91°0 €C0 il 69€C S0S°T 8€ST TLLT d ‘yures jo onjep
10°0> 10°0> 10°0> L =£68 8EI°1 €90°1 99L°1 d ‘1500 pady
xo[dwod-tdg  xo[dwod-turg  xodwo)y  x9pdwo)
axd a d
WAS aseyd-¢ aseyd-7 aseyd-¢ aseyd-7 w
anfeA-g4 Auduneduay,

*1($109J9 9ANIORIAUL) SOTWOU0II 1AI(] "9 J[qRL



Effect of diet and phase feeding in swine 113

significantly affect the value of gain per pig. For margin over feed cost, the 3-phase feeding
program resulted in greater (P<0.01) margin over feed cost (+P288/pig) compared with those
fed the 2-phase feeding program. On the other hand, pigs fed the semi-complex diets tended
(P=0.07) to have a greater margin over feed cost (+P181/pig) compared with those fed the
complex diets, which was due to the lower cost of the diets. Overall, the most cost-effective
feeding program was the 3-phase, semi-complex treatment, which had the least feed cost per
kg gain (P45.18) and greatest margin over feed cost (P1,476/pig) among all the treatments.

In conclusion, reducing complexity of the nursery diets and employing a 3-phase
nursery feeding program may be the most cost-effective strategy in maximizing economic
return. Future research may focus on determining the optimal level of reduction in nursery
diet complexity that will not compromise growth performance and increase diarrhea occur-
rence.
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