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Direct-fed Enterococcus faecium plus bacteriophages as 
substitutes for pharmacological zinc oxide in weanling pigs: 
effects on diarrheal score and growth

Sang-Hyon Oh1, Jae-Cheol Jang1, Chul Young Lee1, Jeong Hee Han2, and Byung-Chul Park3,*

Objective: Effects of direct-fed Enterococcus faecium plus bacteriophages (EF-BP) were 
investigated as potential substitutes for pharmacological ZnO for weanling pigs.
Methods: Dietary treatments were supplementations to a basal diet with none (NC), 3,000-
ppm ZnO (PC), 1×1010 colony-forming units of E. faecium plus 1×108 plaque-forming 
units (PFU) of anti-Salmonella typhimurium bacteriophages (ST) or 1×106 PFU of each of 
anti-enterotoxigenic Escherichia coli K88 (F4)-, K99 (F5)-, and F18-type bacteriophages 
(EC) per kg diet. In Exp 1, twenty-eight 21-day-old crossbred weanling pigs were individually 
fed one of the experimental diets for 14 days and euthanized for histological examination 
on intestinal mucosal morphology. In Exp 2, 128 crossbred weanling pigs aged 24 days 
were group-fed the same experimental diets in 16 pens of 8 piglets on a farm with a high 
incidence of post-weaning diarrhea.
Results: None of the diarrheal score or fecal consistency score (FCS), average daily gain 
(ADG), gain: feed ratio, structural variables of the intestinal villus, and goblet cell density, 
differed between the EF-BP (ST+EC) and NC groups, between EF-BP and PC, or between 
ST and EC, with the exception of greater gain: feed for EF-BP than for PC (p<0.05) during 
days 7 to 14 (Exp 1). In Exp 2, ADG was less for EF-BP vs PC during days 0 to 7 and greater 
for EF-BP vs NC during days 7 to 14. FCS peaked on day 7 and declined by day 14. Moreover, 
FCS was less for EF-BP vs NC, did not differ between EF-BP and PC, and tended to be 
greater for ST vs EC (p = 0.099). Collectively, EF-BP was comparable to or slightly less 
effective than PC in alleviating diarrhea and growth check of the weanling pigs, with ST 
almost as effective as PC, when they were group-fed.
Conclusion: The E. faecium-bacteriophage recipe, especially E. faecium-anti-S. typhimurium, 
is promising as a potential substitute for pharmacological ZnO.

Keywords: Bacteriophage; Diarrhea; Enterococcus; Growth Performance; Weanling Pig; 
Zinc Oxide

INTRODUCTION

Weaning of the piglets brings about enormous disturbances in their digestive function and 
health resulting in a transient growth check [1-3]. The digestive enzyme activity is reduced 
after weaning concordant with a damage of the intestinal villus structure resulting from 
the sudden change of the diet from mother’s milk to a solid feed. Furthermore, postwean-
ing piglets frequently suffer from diarrhea caused mostly by Salmonella typhimurium or 
enterotoxigenic Escherichia coli (ETEC) K88 (F4) or F18 and less frequently by K99 (F5) 
or F41 [4-6]. The post-weaning diarrhea (PWD) was commonly prevented or alleviated 
by supplementing the commercial nursery diet with antibiotics, but such practice has 
been banned in the EU since 2006 [Regulation (EC) No 1831/2003] followed by Korea, 
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USA and many other countries [7,8].
 Zinc oxide (ZnO) was or is currently added to the weaner 
diet in many countries to a 2,000- to 4,000-ppm ‘pharma-
cological’ concentration, at which it has bactericidal, 
immunomodulatory, and other actions, including enhance-
ment of digestive function, resulting in improvement of 
growth performance of the piglets [9,10]. However, dietary 
supplementation of ZnO has been limited to 150 ppm due to 
concerns about environmental pollution in the EU (Regu-
lation [EC] No 1334/2003), which led to adoption or 
consideration of a similar regulation by a number of non-
European countries [9,10], because dietary ZnO, like many 
other mineral supplements, is mostly excreted unabsorbed 
in feces [11,12]. Many mineral workers have hence studied 
the feasibility of replacing pharmacological ZnO with a 
low supplemental level of nano ZnO or a porous or coated 
form of ZnO which was designed to increase the bioavail-
ability of the mineral particle [10]. Such efforts, however, 
were only partially successful, in that the nano or processed 
form of ZnO exhibited greater effects on alleviation of the 
porcine PWD and/or growth check than native ZnO as ex-
pected, but in no case was any of the former supplemented 
at 100 to 200 ppm unequivocally as effective as pharmaco-
logical ZnO. It is, therefore, necessary to search for alternative 
supplements substitutable for pharmacological ZnO.
 Lactic acid bacteria, including the genera Lactobacillus, 
Bifidobacterium, and Enterococcus, have been used as direct-
fed microbials for growing pigs for the past few decades 
[6,8,13]. Direct-fed E. faecium, which was used as a probiotic 
agent in the present study, has been shown to have beneficial 
effects on digestive function of growing pigs including the 
weaner [7,14,15]. However, the effects of direct-fed E. faecium 
on diarrheal score and growth performance, which, like those 
of many other probiotics, are often marginal or inconsistent 
depending on the supplementary concentration and dura-
tion of the probiotic, developmental or physiological stage of 
the subject, experimental conditions, and others. Moreover, 
effects of direct-fed E. faecium are increased ordinarily when 
E. faecium is provided with other microbes [6,8,13,15-19]. 
To our knowledge, however, no result has been reported so 
far regarding the effectiveness of the microbial recipe of E. 
faecium plus anti-Salmonella or anti-ETEC bacteriophages, 
which was used as the dietary treatment for the control of 
porcine PWD in the present study.
 Bacteriophages have lately received renewed interests as 
direct-fed microbials for weaner pigs [20]. Gebru et al [21] 
and the present group [22,23] have reported that direct-fed 
bacteriophages lytic to Salmonella enterica and ETEC K99 
and/or K88, respectively, alleviated the clinical symptoms 
including the decreased growth performance of the wean-
ling pigs challenged with the pathogen(s) targeted by the 
direct-fed microphage(s) in the respective studies. Further-

more, Lee et al [24] and Hosseindoust et al [25] have reported 
that a cocktail of direct-fed bacteriophages targeted to several 
bacterial types, including Salmonella, ETEC, Staphylococcus 
aureus, and Clostridium, was as effective as pharmacological 
ZnO in reducing the diarrheal score and enhancing growth 
performance of intact weaner pigs. It is not known, however, 
how much of the observed effects were attributable to each 
bacteriophagic agent.
 The present study was initiated to investigate the effects of 
direct-fed E. faecium plus anti-S. typhimurium bacteriophages 
or a mixture of anti-ETEC F4-, F5-, and F18-type bacterio-
phages on growth performance, diarrheal score, and intestinal 
mucosal morphology of weanling pigs, with an aim to find a 
feasibility of replacing pharmacological ZnO with the E. fae-
cium-bacteriophage recipe. Additionally examined in the 
present study was how the piglets would respond to the di-
etary recipe when they are group-fed like the commercial 
pigs compared to when individually fed as under experi-
mental settings.

MATERIALS AND METHODS

All experimental protocols involving animals of the present 
study were approved by the Institutional Animal Care and 
Use Committee (IACUC) of Gyeongsang National University 
(GNU-220519-P0046). 

Experiment 1
Twenty-eight castrated piglets born to Duroc-sired (Landrace 
×Yorkshire) dams were housed in as many pens with a 0.45-m2 
floor space each installed with a feeder and a nipple waterer 
and randomly allotted to four dietary treatments, with seven 
animals (pens) per treatment, upon weaning at 21 days of 
age on an ordinary commercial farm with regard to the inci-
dence of PWD [26,27]. The animals were fed ad libitum a 
typical nursery diet (Table 1) supplemented with (Table 2) 
none (negative control; NC), 3,000-ppm ZnO (positive con-
trol; PC), or 1×1010 colony-forming units of Enterococcus 
faecium plus bacteriophages (EF-BP) lytic to S. typhimurium 
[ST; 1×108 plaque-forming units (PFU)/kg diet] or lytic to 
each of ETEC F4, F5, and F18 types (EC; 1×106 PFU each/kg). 
The basal diet was formulated to meet the nutrient composi-
tion for the early nursery pig recommended by NIAS [28]. 
The direct-fed E. faecium and bacteriophages (CTCBIO, Inc., 
Seoul, Korea) used in the present study were isolated from 
infant feces and porcine feces collected at several commer-
cial farms [23-25], respectively.
 Body weight was measured on days 0, 7, and 14 of the ex-
periment, when the fecal consistency was scored simultaneously 
as previously described [26,27]: 1, normal firm feces; 2, soft 
feces; 3, diarrhea. Feed intake was measured on days 7 and 
14. All animals were euthanized by electric stunning upon 
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termination of the 14-day feeding trial, after which intestinal 
tissue samples were excised, fixed in a 10% neutral formal-

dehyde buffer, embedded in paraffin, mounted on the glass 
slide, and stained with hematoxylin and eosin, followed by 
microscopic examination, including determination of the 
villus height (VH), crypt depth (CD), and goblet cell density, 
also as described [22,26,27].

Experiment 2
A total of 128 (Landrace×Yorkshire)×Duroc piglets were 
randomly allotted to sixteen 1.4 m×1.5 m pens, with four 
pens per dietary treatment and four female and four castrat-
ed piglets per pen, at weaning at 24 days of age on a second 
commercial farm where the incidence of PWD was high 
based on the farm record and visual inspection on the diar-
rheal status of the weanling pigs prior to the feeding trial. 
The animals received the 14-day feeding trial as in Exp 1, in-
cluding the scoring/measurement of fecal consistency and 
growth performance, but the histological examination was 
not performed in Exp 2.

Statistical analysis
All data were analyzed using the MIXED procedure of SAS 
(SAS/STAT Software for PC, Release 9.2; SAS Institute, Cary, 
NC, USA). The pen was the experimental unit in both Exp. 
The model included the dietary treatment or simply treatment 
as the main effect in all variables other than fecal consistency 
score (FCS). As for the analysis of overall effects of treatment, 
day, and treatment × day interaction of FCS, the model in-
cluded the pen nested within treatment, day, treatment × 
day, day × pen in addition to treatment and the effects of the 
day and the day × treatment interaction were tested using 
the day × pen as the error term. The sex was included in the 
model as a random effect in Exp 2. Differences between EF-
BP (ST+EC) and NC, between EF-BT and PC, and between 
ST and EC, which were tested by the pre-planned contrast, 
were judged significant when the corresponding p-value was 
0.05 or less.

RESULTS

Experiment 1
Average daily gain (ADG) did not differ between the EF-BP 
and NC groups, between EF-BP and PC, or between ST and 
EC (Table 3) during any period of days 0 to 7, 7 to 14, and 0 
to 14 of the feeding trial in Exp 1 in which the piglets were 
individually fed. Average daily feed intake (ADFI) was greater 
for PC than for EF-BP during days 0 to 7, 7 to 14, and 0 to 
14, with no difference between EF-BP and NC or between 
ST and EC during any period. In contrast, the gain:feed ratio 
was greater for EF-BT vs PC during days 7 to 14. 
 The diarrheal score or FCS did not differ between EF-BP 
and NC or PC or between ST and EC on any of days 0, 7, and 
14. However, FCS tended to increase transiently between 

Table 1. Composition of the basal diet (as-fed basis)

Item Content

Ingredient (%)
Corn 33.17
Barley 8.00
Soybean meal 10.00
Dehulled soybean meal 10.00
Wheat bran 3.00
Limestone 0.30
Sweet whey 12.56
Lactose 4.20
Fish meal 5.00
Fermented soybean 4.15
Sucrose 3.00
Soy oil 3.00
Organic acids 0.70
Monocalcium phosphate 1.20
Salt 0.30
Vitamin premix1) 0.15
Mineral premix2) 0.20
Others3) 0.77
Total4) 99.70

Nutritional composition
Digestible energy (Mcal/kg) 3.50
Crude protein (%) 18.50
Ether extract (%) 4.50
Lysine (%) 1.52

1) Provided per kg: 1,500 IU vitamin A, 2,000 IU vitamin D3, 65 IU vitamin 
E, 1.5 mg vitamin K, 1.0 mg thiamin, 6 mg riboflavin, 20 mg pantothenic 
acid, 25 mg niacin, 1.5 mg vitamin B6, 1 mg folic acid, 25 μg vitamin B12, 
25 μg biotin, and 150 mg choline. 
2) Provided per kg: 100 mg Zn (125-ppm ZnO), 160 mg Cu, 200 mg Fe, 40 
mg Mn, 1 mg I, 0.15 mg Co, and 0.4 mg Se. 
3) Provided per total weight: 0.1% choline-HCl, 0.347% L-lysine-HCl (78%), 
0.150% DL-methionine (99%), 0.114% L-threonine (99%), 0.009% L-trypto-
phan, and 0.05% ethoxyquin. 
4) Four experimental diets were supplemented with 3,000 mg ZnO, a 
combination of microbial agents, and 0 to 0.30% corn to make 100.00 for 
the sum of percentages. See Table 2 for details of supplementation of 
the dietary treatments.

Table 2. Supplementation of the experimental diets

Item NC (Basal) PC (ZnO)
EF-BP

ST EC

Zinc oxide (%) 0.30
EF1) (%) 0.10 0.10
BP lytic to ST2) (%) 0.10
BP lytic to EC3) (%) 0.10
Corn 0.30 0.10 0.10

NC, negative control; PC, positive control; EF, Enterococcus faecium; BP, 
bacteriophage; ST, Salmonella typhimurium; EC, Escherichia coli.
1) Contained 1 × 1013 colony-forming units (CFU)/kg (1 × 1010 CFU/kg diet).
2) Contained 1 × 1011 plaque-forming units (PFU)/kg (1 × 108 PFU/kg diet).
3) A mixture of BP lytic to each of enterotoxigenic EC F4, F5, and F18 
types (1 × 109 PFU each; 1 × 106 PFU each/kg diet). 
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days 0 and 7 (1.14 and 1.43 for days 0 and 7, respectively; 
standard error of the mean [SEM] = 0.11), but neither the 
difference between the two days (p = 0.06) nor the day effect 
(p = 0.15) was significant. Overall, FCS did not differ be-
tween EF-BP and NC, between EF-BP and PC, or between 
ST and EC. 
 The VH, CD, and VH:CD ratio did not differ between 
EF-BP and NC or PC or between ST and EC in the duode-
num, jejunum, or ileum (Table 4). The goblet cell density in 
the colon also did not differ between EF-BP and NC or PC 
or between ST and EC.

Experiment 2
The rate of weight gain of the piglets for Exp 2, as a whole, 
was much less compared to that for Exp 1 during the feeding 
trial for the former in which the experimental animals were 
group-fed on a farm with a high incidence of PWD (Table 
5). The ADG was less for EF-BP vs PC during days 0 to 7 
and was greater for EF-BP vs NC during days 7 to 14, with 
no difference between ST and EC during any period. The 
ADFI was greater for EF-BP vs NC during days 7 to 14, other-
wise no difference was detected between EF-BP vs NC or PC 

or between ST and EC during any other period. The gain:feed 
ratio did not differ between any two groups compared by 
the pre-planned contrast during any period.
 FCS did not differ between EF-BP and NC or PC or be-
tween ST and EC on either day 0 or 7. On day 14, however, 
FCS was less for EF-BP than for NC, not being different be-
tween EF-BP and PC or between ST and EC. Overall, FCS 
was less for EF-BP vs NC and was not different between EF-
BP and PC. Moreover, FCS peaked on day 7 and declined by 
day 14 to an intermediate level between those for days 0 and 
7 (1.07, 1.70, and 1.32 for days 0, 7, and 14, respectively; SEM 
= 0.05; p<0.01). The temporal pattern in FCS was somewhat 
inconsistent among NC, PC, and EF-BP, but the treatment × 
day interaction was not significant (p = 0.36). 

DISCUSSION

Results of Exp 1 indicated that the EF-BP treatment is no 
different from NC or PC in its effects on the diarrheal score 
or weight gain of post-weaning piglets when they are indi-
vidually penned. The greater gain:feed ratio for EF-BP vs PC 
during days 7 to 14 was noteworthy; however, this was more 

Table 3. Effects of direct-fed probiotic Enterococcus faecium plus bacteriophages on growth performance and fecal consistency score of individ-
ually-fed weanling pigs (Experiment 1)1)

Item NC (Basal) PC (ZnO)
EF-BP

SEM
Contrast: p-value

ST EC EF-BP vs NC EF-BP vs PC ST vs EC

Body weight (kg)
Day 0 5.23 5.78 5.54 5.52 0.27 0.38 0.47 0.96
Day 7 6.41 7.33 6.69 6.73 0.36 0.52 0.18 0.94
Day 14 8.83 9.60 8.93 9.12 0.42 0.69 0.28 0.75

ADG (g)
Days 0-7 169 221 164 172 27 0.97 0.12 0.84
Days 7-14 345 325 321 343 23 0.64 0.80 0.47
Days 0-14 257 273 242 258 20 0.78 0.34 0.59

ADFI (g)
Days 0-7 252 295 219 244 23 0.48 0.03 0.45
Days 7-14 606 685 573 575 37 0.49 0.02 0.98
Days 0-14 429 490 396 409 28 0.44 0.02 0.74

Gain:feed
Days 0-7 0.664 0.750 0.730 0.702 0.070 0.55 0.70 0.78
Days 7-14 0.573 0.484 0.562 0.605 0.036 0.82 0.04 0.41
Days 0-14 0.602 0.566 0.611 0.633 0.037 0.66 0.23 0.67

Fecal consistency score2)

Day 0 1.14 1.14 1.00 1.29 0.11 1.00 1.00 0.15
Day 7 1.29 1.43 1.43 1.57 0.11 0.49 0.82 0.69
Day 14 1.29 1.14 1.14 1.29 0.11 0.77 0.77 0.61
Overall3) 1.24 1.24 1.19 1.38 0.12 0.75 0.75 0.28

NC, negative control; PC, positive control; EF, Enterococcus faecium; BP, bacteriophage; ST, Salmonella typhimurium; EC, Escherichia coli; SEM, standard 
error of the mean; ADG, average daily gain; ADFI, average daily feed intake.
1) Weanling pigs were fed the basal diet supplemented with none (NC), 3,000 mg ZnO/kg (PC), or 1 × 1010 colony-forming units of EF plus BP (EF-BP) lytic 
to ST [1 × 108 plaque-forming units (PFU)/kg] or lytic to each of enterotoxigenic EC F4, F5, and F18 types (EC; 1 × 106 PFU each/kg) for 14 days. Data are 
means of seven piglets.
2) Fecal consistency was scored subjectively: 1, normal firm feces; 2, soft feces; 3, diarrhea. 
3) The p-values for the day and day ×  treatment interaction were 0.15 and 0.99, respectively, with SEM =  0.11 and 0.21, respectively.
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Table 4. Effects of direct-fed probiotic Enterococcus faecium plus bacteriophages on morphology of the intestine of individually-fed weanling pigs 
(Experiment 1)1)

Item NC (Basal) PC (ZnO)
EF-BP

SEM
Contrast: p-value

ST EC EF-BP vs NC EF-BP vs PC ST vs EC

Duodenum
VH (μm) 293 284 263 268 14 0.12 0.27 0.80
CD (μm) 242 263 264 225 14 0.87 0.29 0.06
VH:CD 1.21 1.12 1.01 1.19 0.06 0.19 0.80 0.05

Jejunum
VH 253 241 279 252 12 0.41 0.11 0.13
CD 201 184 211 201 9 0.64 0.07 0.46
VH:CD 1.27 1.33 1.33 1.26 0.08 0.80 0.68 0.56

Ileum
VH 215 209 251 214 14 0.32 0.18 0.08
CD 161 165 177 167 12 0.47 0.67 0.56
VH:CD 1.42 1.23 1.41 1.31 0.07 0.50 0.15 0.32

Colon (cell density, cells/mm2)
Goblet cell 955 1,012 928 915 51 0.58 0.16 0.86

NC, negative control; PC, positive control; EF, Enterococcus faecium; BP, bacteriophage; ST, Salmonella typhimurium; EC, Escherichia coli; SEM, standard 
error of the mean; VH, villus height; CD, crypt depth.
1) Weanling pigs were fed the basal diet supplemented with none (NC), 3,000 mg ZnO/kg (PC), or 1 × 1010 colony-forming units of EF plus BP (EF-BP) lytic 
to ST [1 × 108 plaque-forming units (PFU)/kg] or lytic to each of enterotoxigenic EC F4, F5, and F18 types (EC; 1 × 106 PFU each/kg) for 14 days. Data are 
means of seven piglets.

Table 5. Effects of probiotic Enterococcus faecium plus bacteriophages on growth performance and fecal consistency of group-fed weanling pigs 
(Experiment 2)1)

Item NC(Basal) PC (ZnO)
EF-BP

SEM
Contrast: p-value

ST EC EF-BP vs NC EF-BP vs PC ST vs EC

Body weight (kg)
Day 0 7.02 6.69 7.04 6.73 0.23 0.23 0.62 0.36
Day 7 7.56 7.59 7.78 7.23 0.29 0.89 0.81 0.18
Day 14 9.40 9.81 9.90 9.48 0.36 0.53 0.78 0.43

ADG (g)
Days 0-7 81 141 101 75 20 0.77 0.03 0.36
Days 7-14 252 317 303 321 21 0.02 0.83 0.55
Days 0-14 166 223 202 198 17 0.12 0.28 0.88

ADFI (g)
Days 0-7 168 166 168 161 16 0.89 0.97 0.76
Days 7-14 302 335 374 370 24 0.04 0.23 0.90
Days 0-14 234 250 269 260 13 0.08 0.39 0.64

Gain:feed
Days 0-7 0.464 0.729 0.498 0.437 0.105 0.98 0.07 0.69
Days 7-14 0.933 0.980 0.820 0.865 0.094 0.45 0.26 0.74
Days 0-14 0.753 0.891 0.747 0.764 0.057 0.98 0.08 0.84

Fecal consistency score2)

Day 0 1.06z 1.00y 1.06y 1.15y 0.03 0.46 0.08 0.22
Day 7 1.94x 1.53x 1.53x 1.81x 0.07 0.14 0.42 0.17
Day 14 1.52y 1.31x 1.19y 1.26y 0.06 0.03 0.54 0.65
Overall3) 1.51 1.28 1.26 1.41 0.06 0.03 0.45 0.10

NC, negative control; PC, positive control; EF, Enterococcus faecium; BP, bacteriophage; ST, Salmonella typhimurium; EC, Escherichia coli; SEM, standard 
error of the mean; ADG, average daily gain; ADFI, average daily feed intake.
1) Weanling pigs were fed the basal diet supplemented with none (NC), 3,000 mg ZnO/kg (PC), or 1 × 1010 colony-forming units of EF plus BP (EF-BP) lytic 
to ST [1 × 108 plaque-forming units (PFU)/kg] or lytic to each of enterotoxigenic EC F4, F5, and F18 types (EC; 1 × 106 PFU each/kg) for 14 days. Data are 
means of four replicates of eight piglets.
2) Fecal consistency was scored subjectively: 1, normal firm feces; 2, soft feces; 3, diarrhea. 
3) The p-values for the day and day ×  treatment interaction were less than 0.01 and 0.36, respectively, with SEM =  0.05 and 0.11, respectively).
x-z Means with no common superscript within a column differ (SEM =  0.11; p < 0.05).
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attributable to the increased ADFI by pharmacological ZnO 
as often observed in other studies [27,29] than to the effects 
EF-BP, because the ADG or gain:feed ratio was not different 
between EF-BP and NC. These results were similar to those 
of our previous studies [26,30] in which none of the growth 
enhancers examined, including antibiotics, direct-fed micro-
bials, phytochemicals, and pharmacological ZnO exhibited 
any significant effect on growth performance or FCS when 
the weanling pigs were penned individually or in small groups. 
As such, these results are thus consistent with the notion 
that effects of the growth enhancers diminish under good 
environmental conditions like those of the experimental 
housing where the animals are less exposed to the pathogens 
and hence can maintain a better health status than under 
farm production conditions [2,3].
 The lack of effects on the intestinal villus variables and the 
goblet cell density in Exp 1 was similar to the results of our 
previous studies [26,27] where even pharmacological ZnO 
exerted no effect on the villus morphology of weanling pigs. 
These results, however, are somewhat different from those of 
Lee et al [24] and Hosseindoust et al [25] where VH increased 
substantially in the jejunum and/or duodenum of weanling 
pigs in response to a 5-week dietary treatment with either 
pharmacological ZnO or a mixture of bacteriophages lytic 
to several bacterial types in post-weaning piglets. In our study, 
the structural variables of the villus did not change in re-
sponse to a 2-week dietary treatment with pharmacological 
ZnO under either experimental [26] or on-farm [27] con-
ditions, unless the piglets were challenged with an ETEC 
pathogen infecting the intestine [29]. It thus remains to be 
known if these different results had any relation to the dif-
ferences in the microbial formula or the duration of the dietary 
treatment between the present and aforementioned [24,25] 
studies.
 Exp 2 was performed on a farm where the incidence of 
PWD was high, on account of the fact that effects of a probiotic 
or antimicrobial agent are more pronounced on such a farm 
than on a cleaner farm or under experimental settings [2,3]. 
All four dietary groups of the present study, as expected, ex-
hibited a greater increase in FCS (0.88) and depressed weight 
gains during days 0 to 7 compared to those of Exp 1 performed 
on a farm with a lower incidence of PWD which had exhib-
ited FCS increases of 0.04 and 0.41 with 4- [26] and 34-piglet 
[27] pen sizes, respectively, for the NC group by the present 
scoring standard during the first seven days postweaning 
(0.15 increase in the present study). Furthermore, it was also 
evident that the piglets were recovering from the diarrheal 
stressor in all groups during days 7 to 14, which was indicat-
ed by the increases in ADG and gain: feed ratio as well as a 
decrease of FCS during this period in all treatments but PC. 
Regarding the effects of the treatments during this time-course 
of PWD, EF-BP was comparable to PC in reducing FCS and 

enhancing growth, but only PC was effective for alleviating 
the post-weaning growth check during the early acute phase 
(days 0 to 7) of PWD.
 The ST tended to be more effective than EC in decreasing 
FCS in Exp 2, although the difference in FCS between the 
two treatments did not reach the 5% significance level (p = 
0.099). Inasmuch as ST contained a 100-fold greater bacte-
riophage concentration than EC (1×108 PFU vs 1×106 PFU 
per ETEC type/kg diet), more studies are needed to figure 
out if the tendency had any relation to the microbial dose 
and, if so, to determine the optimum bacteriophage doses 
for both ST and EC. In this connection, Lee et al [24] and 
Hosseindoust et al [25] have reported that dietary supplemen-
tation of a cocktail of bacteriophages lytic to ETEC F4, F5, 
and F41 types, three Salmonella types including typhimurium, 
two Clostridium perfringens types, and Staphylococcus aureus, 
with a dose of 1×106 PFU each/kg, were as effective as phar-
macological ZnO in reducing the diarrheal score and/or 
enhancing growth performance of post-weaning piglets. It 
is hard to compare the effects of the microbial treatments 
in the present vs these studies because of the wide differ-
ence in the microbial formulas between the studies, yet the 
greater effects of the bacteriophage cocktail vs present EC 
relative to those of pharmacological ZnO are attributable 
to the bacteriophages included in the cocktail targeted to 
those bacterial types other than the ETEC.
 Collectively, EF-BP was comparable to or slightly less effec-
tive than PC in alleviating PWD and growth check, with ST 
almost as effective as the latter, only in group-fed weanling 
pigs. In the individually-fed piglets, however, none of the 
treatments was effective for enhancing the performance or the 
integrity of the intestinal mucosal morphology. It is therefore 
concluded that the E. faecium-bacteriophage recipe, especially 
E. faecium-anti-S. typhimurium, is promising as a potential 
substitute for pharmacological ZnO.

CONFLICT OF INTEREST

We certify that there is no conflict of interest with any financial 
organization regarding the material discussed in the manu-
script.

FUNDING

This work was supported by Korea Institute of Planning and 
Evaluation for Technology in Food, Agriculture, Forestry 
and Fisheries (IPET) through Agricultural Microbiome R&D 
Program (916004-2), funded by Ministry of Agriculture, 
Food and Rural Affairs, Republic of Korea. This work was 
also supported by Gyeongsang National University Grant in 
2021. 



1758  www.animbiosci.org

Oh et al (2022) Anim Biosci 35:1752-1759

ACKNOWLEDGMENTS

The authors express their appreciation to Dr. Man Jong Park 
and Mr. Young-Jin Byun for their assistance with the feeding 
trial.

REFERENCES

1. Weary DM, Jasper JJ, Hötzel MJ. Understanding weaning 
distress. Appl Anim Behav Sci 2008;110:24-41. https://doi. 
org/10.1016/j.applanim.2007.03.025

2. Heo JM, Opapeju FO, Pluske JR, Kim JC, Hampson DJ, 
Nyachoti CM. Gastrointestinal health and function in weaned 
pigs: a review of feeding strategies to control post-weaning 
diarrhoea without using in-feed antimicrobial compounds. 
J Anim Physiol Anim Nutr 2013;97:207-37. https://doi.org/ 
10.1111/j.1439-0396.2012.01284.x

3. Adewole DI, Kim IH, Nyachoti CM. Gut health of pigs: 
challenge models and response criteria with a critical analysis 
of the effectiveness of selected feed additives – a review. Asian-
Australas J Anim Sci 2016;29:909-24. https://doi.org/10. 
5713/ajas.15.0795

4. Edfors-Lilja, Wallgren P. Escherichia coli and Salmonella 
diarrhoea in pigs. In: Axford RFE, Bishop SC, Nicholas FW, 
Owen JB, editors. Breeding for disease resistance in farm 
animals. CAB International; 2000. pp. 243-67.

5. Rhouma M, Fairbrother JM, Beaudry F, Letellier A. Post 
weaning diarrhea in pigs: risk factors and non-colistin-based 
control strategies. Acta Vet Scand 2017;59:31. https://doi.org/ 
10.1186/s13028-17-0299-7

6. Bogere P, Choi YJ, Heo J. Probiotics as alternatives to anti-
biotics in treating post-weaning diarrhoea in pigs: review 
paper. S Afr J Anim Sci 2019;49:403-16. https://doi.org/10. 
4314/sajas.v49i3.1

7. Vondruskova H, Slamova R, Trckova M, Pavlik ZI. Alter-
natives to antibiotic growth promoters in prevention of 
diarrhoea in weaned piglets: a review. Vet Med 2010;55: 
199-224. 

8. Liu WC, Ye M, Liao JH, Zhao ZH, Kim IH, An LL. Appli-
cation of complex probiotics in swine nutrition – a review. 
Ann Anim Sci 2018;18:335-50. https://doi.org/20.2478/ 
aoas-2018-0005

9. Bonetti A, Tugnoli B, Piva A, Grilli E. Towards zero zinc 
oxide: feeding strategies to manage post-weaning diarrhea 
in piglets. Animals 2021;11:642. https://doi.org/10.3390/ 
ani11030642

10. Lei XJ, Liu ZZ, Park JH, Kim IH. Novel zinc sources as anti-
microbial growth promoters for monogastric animals: a 
review. J Anim Sci Technol 2022;64:187-96. https://doi.org/ 
10.5187/jast.2022.e1

11. Pekas JC. Zinc 65 metabolism: gastrointestinal secretion by 
the pig. Am J Physiol 1966;211:407-13. https://doi.org/10. 

1152/ajplegacy.1966.211.2.407
12. Patterson JK, Lei XG, Miller DD. The pig as an experimental 

model for elucidating the mechanisms governing dietary 
influence on mineral absorption. Exp Biol Med 2008;233: 
651-64. https://doi.org/10.3181/0709-MR-262 

13. Buntyn JO, Schmidt T, Nisbet DJ, Callaway TR. The role of 
direct-fed microbials in conventional livestock production. 
Annu Rev Anim Biosci 2016;4:335-55. https://doi.org/10. 
1146/annurev-animal-022114-111123

14. Chen YJ, Min BJ, Cho JH, et al. Effects of dietary Enterococcus 
faecium SF68 on growth performance, nutrient digestibility, 
blood characteristics and faecal noxious gas content in finishing 
pigs. Asian-Australas J Anim Sci 2006;19;406-11. https://doi. 
org/10.5713/ajas.2006.406

15. Devi SM, Kim IH. Effect of medium chain fatty acid (MCFA) 
and probiotic (Enterococcus faecium) supplementation on 
the growth performance, digestibility and blood profiles in 
weanling pigs. Vet Med 2014;59:527-35. 

16. Marcin A, Lauková A, Mati R. Comparison of the effects of 
Enterococcus faecium and aromatic oils from sage and oregano 
on growth performance and diarrhoeal diseases of weaned 
pigs. Biologia, Bratislava 2006;61:789-95. https://doi.org/10. 
2478/s11756-006-0159-9

17. Mair C, Plitzner C, Domig KJ, Schedle K, Windisch W. Impact 
of inulin and a multispecies probiotic formulation on per-
formance, microbial ecology and concomitant fermentation 
patterns in newly weaned piglets. Anim Physiol Anim Nutr 
2010;94:e164-77. https://doi.org/10.1111/j.1439-0396.2010. 
01000.x

18. Zhang ZF, Rolando AV, Kim IH. Effects of benzoic acid, 
essential oils and Enterococcus faecium SF68 on growth 
performance, nutrient digestibility, blood profiles, faecal 
microbiota and faecal noxious gas emission in weanling pigs. 
J Appl Anim Res 2016;44:173-9. https://doi.org/10.1080/09 
712119.2015.1031765

19. Sun Y, Duarte ME, Kim SW. Dietary inclusion of multispecies 
probiotics to reduce the severity of post-weaning diarrhea 
caused by Escherichia coli F18+ in pigs. Anim Nutr 2021;7: 
326-33. https://doi.org/10.1016/j.aninu.2020.08.012

20. Zhang J, Li Z, Cao Z, et al. Bacteriophages as antimicrobial 
agents against major pathogens in swine: a review. J Anim 
Sci Biotechnol 2015;6:39. https://doi.org/10.1186/s40104- 
015-0039-7

21. Gebru E, Lee JS, Son JC, et al. Effect of probiotic-, bacterio-
phage-, or organic acid-supplemented feeds or fermented 
soybean meal on the growth performance, acute-phase 
response, and bacterial shedding of grower pigs challenged 
with Salmonella enterica serotype Typhimurium. J Anim 
Sci 2010;88:3380-6. https://doi.org/10.2527/jas.2010-2939

22. Lee CY, Kim SJ, Park BC, Han JH. Effects of dietary supple-
mentation of bacteriophages against enterotoxigenic Escherichia 
coli (ETEC) K88 on clinical symptoms of post-weaning pigs 

https://doi.org/10.1016/j.applanim.2007.03.025
https://doi.org/10.1016/j.applanim.2007.03.025
https://doi.org/10.1111/j.1439-0396.2012.01284.x
https://doi.org/10.1111/j.1439-0396.2012.01284.x
https://doi.org/10.5713/ajas.15.0795
https://doi.org/10.5713/ajas.15.0795
https://doi.org/10.1186/s13028-17-0299-7
https://doi.org/10.1186/s13028-17-0299-7
https://doi.org/10.4314/sajas.v49i3.1
https://doi.org/10.4314/sajas.v49i3.1
https://doi.org/20.2478/aoas-2018-0005
https://doi.org/20.2478/aoas-2018-0005
https://doi.org/10.3390/ani11030642
https://doi.org/10.3390/ani11030642
https://doi.org/10.5187/jast.2022.e1
https://doi.org/10.5187/jast.2022.e1
https://doi.org/10.1152/ajplegacy.1966.211.2.407
https://doi.org/10.1152/ajplegacy.1966.211.2.407
https://doi.org/10.3181/0709-MR-262
https://doi.org/10.1146/annurev-animal-022114-111123
https://doi.org/10.1146/annurev-animal-022114-111123
https://doi.org/10.5713/ajas.2006.406
https://doi.org/10.5713/ajas.2006.406
https://doi.org/10.2478/s11756-006-0159-9
https://doi.org/10.2478/s11756-006-0159-9
https://doi.org/10.1111/j.1439-0396.2010.01000.x
https://doi.org/10.1111/j.1439-0396.2010.01000.x
https://doi.org/10.1080/09712119.2015.1031765
https://doi.org/10.1080/09712119.2015.1031765
https://doi.org/10.1016/j.aninu.2020.08.012
https://doi.org/10.1186/s40104-015-0039-7
https://doi.org/10.1186/s40104-015-0039-7
https://doi.org/10.2527/jas.2010-2939


www.animbiosci.org  1759

Oh et al (2022) Anim Biosci 35:1752-1759

challenged with the ETEC pathogen. J Anim Physiol Anim 
Nutr 2017;101:88-95. https://doi.org/10.1111/jpn.12513

23. Han SJ, Oh Y, Lee CY, Han JH. Efficacy of dietary supple-
mentation of bacteriophages in treatment of concurrent 
infections with enterotoxigenic Escherichia coli K88 and 
K99 in postweaning pigs. J Swine Health Prod 2016;24:259-
63.

24. Lee S, Hosseindoust A, Goel A, Choi Y, Kwon IK, Chae B. 
Effects of dietary supplementation of bacteriophage with or 
without zinc oxide on the performance and gut development 
of weanling pigs. Ital J Anim Sci 2016;15:412-8. https://doi. 
org/10.1080/1828051X.2016.1188676

25. Hosseindoust AR, Lee SH, Kim JS, et al. Dietary bacterio-
phages as an alternative for zinc oxide or organic acids to 
control diarrhoea and improve the performance of weanling 
piglets. Vet Med 2017;62:53-61. https://doi.org/10.17221/7/ 
2016-VETMED

26. Jang I, Kwon CH, Ha DM, et al. Effects of a lipid-encapsulated 
zinc oxide supplement on growth performance and intestinal 
morphology and digestive enzyme activities in weanling 
pigs. J Anim Sci Technol 2014;56:29. https://doi.org/10.1186/ 

2055-0391-56-29
27. Park BC, Jung DY, Kang SY, et al. Effects of dietary supple-

mentation of a zinc oxide product encapsulated with lipid 
on growth performance, intestinal morphology, and digestive 
enzyme activities in weanling pigs. Anim Feed Sci Technol 
2015;200:112-7. https://doi.org/10.1016/j.anifeedsci.2014. 
11.016

28. NIAS. National Institute of Animal Science. Korean feeding 
standard for swine. 3rd edn. Wanju, Korea: NIAS, Rural 
Development Administration; 2017.

29. Han JH, Song MH, Kim HN, Jang I, Lee CY, Park BC. Effects 
of the lipid-coated zinc oxide dietary supplement on intestinal 
mucosal morphology and gene expression associated with 
the gut health in weanling pigs challenged with enterotoxi-
genic Escherichia coli K88. Can J Anim Sci 2018;98:538-47. 
https://doi.org/10.1139/cjas-2017-0127

30. Lee CY, Lim JW, Ko YH, et al. Intestinal growth and develop-
ment of weanling pigs in response to dietary supplemen-
tation of antibiotics, phytogenic products and brewer’s yeast 
plus Bacillus spores. J Anim Sci Technol 2011;53:227-35. 
https://doi.org/10.5187/JAST.2011.53.3.227

https://doi.org/10.1111/jpn.12513
https://doi.org/10.1080/1828051X.2016.1188676
https://doi.org/10.1080/1828051X.2016.1188676
https://doi.org/10.17221/7/2016-VETMED
https://doi.org/10.17221/7/2016-VETMED
https://doi.org/10.1186/2055-0391-56-29
https://doi.org/10.1186/2055-0391-56-29
https://doi.org/10.1016/j.anifeedsci.2014.11.016
https://doi.org/10.1016/j.anifeedsci.2014.11.016
https://doi.org/10.1139/cjas-2017-0127
https://doi.org/10.5187/JAST.2011.53.3.227

