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Abstract
This study assessed the effects of a dietary non-genetically modified organism (non-GMO) 
source on growth performance and nutrient digestibility of grower-finisher pigs. The 
dietary treatments were 1) rice-soybean meal-based control diet and 2) rice and non-GMO 
soybean meal-based diet. In the experiment 1, 60 growing pigs (initial body weight [BW] = 
23.76 ± 3.42 kg) were randomly assigned to 1 of 2 dietary treatments with 6 pigs·pen-1 (5 
replications) for 6 weeks. In experiment 2, 48 finishing pigs (initial BW = 64.31 ± 6.17 kg) 
were randomly assigned to 1 of 2 treatment groups with 4 pigs·pen-1 (6 replications) for 6 
weeks. Measurements were the average daily gain (ADG), average daily feed intake (ADFI), 
gain-to-feed ratio (G : F), and nutrient digestibility. The growth performance was measured 
at the beginning and end of each period. The apparent total tract digestibility (ATTD) was 
determined by chromium oxide as an indigestible marker during the last 7 days of each 
experiment. During the grower period, pigs fed the diet containing the non-GMO soybean 
meal had a higher (p < 0.05) ADFI than those fed the control diet; however, there were 
no differences between the dietary treatments in the ADG, G : F, and ATTD. Moreover, the 
dietary treatments did not affect the ATTD and growth performance of the finishing pigs. In 
conclusion, the inclusion of non-GMO soybean meal in the diet had no negative effects on the 
growth rate and nutrient digestibility, indicating that non-GMO soybean meal can be used in 
diet formulations with other feed ingredients and be a substitute for conventional soybean 
meal.
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Introduction
Over the past few decades, numerous studies have been conducted by nutritionists and other professionals 

to identify strategies for feeding or management to increase production efficiency and profitability, which is 

consistent with the ultimate goal of the livestock industry (Hollis and Curtis, 2001; Kil and Stein, 2010; Kil et 

al., 2013). This has facilitated stable performance and efficient pig production (Hollis and Curtis, 2001; Park et 

al., 2016). However, since the prices of conventional feed ingredients are affected by various factors, feed costs, 

which account for a large proportion of pig production, still remain an inevitable problem (Noblet et al., 1994; Suh 

and Moss, 2017; Li et al., 2018). For this reason, many studies have been conducted to reduce feed costs such as 

feed processing or pretreatment, evaluation of alternative feed ingredients, and using feed additives (Adeola and 

Cowieson, 2011; Woyengo et al., 2014; Kim et al., 2015; Stein et al., 2016). Using cost-effective alternative feed, 

without extra cost, is one way to reduce the production costs, depending on the circumstances (Che et al., 2012; 

Woyengo et al., 2014; Stein et al., 2016). Rice, the staple crop in South and Southeast Asia or the Far East, is a 

good substitute for traditional energy sources in swine diets such as corn because it contains more starch and less 

fiber, compared to other grains (Khalique et al., 2005; Kim et al., 2007). Also, rice has been reported to be more 

digestible than corn because of its relatively low resistant starch content compared to other cereal grains (Vicente 

et al., 2008; Cervantes-Pahm et al., 2014).

Soybean meal is a commonly used protein source in swine diets and is a good source of amino acids; therefore, 

it accounts for most of the feed costs along with corn (Friedman and Brandon, 2001; Valencia et al., 2008; Zheng 

et al., 2014). Soybean is used not only for livestock feed but also for human food; therefore, it is one of the 

most common genetically modified crops (He et al., 2016; de Santis et al., 2018; de Vos and Swanenburg, 2018). 

Genetically modified organisms (GMOs) have been used to overcome limits of plants or resources, and maximize 

their strengths to increase profit and efficiency (i.e., productivity) of agriculture (Flachowsky et al., 2005; EFSA, 

2008; Domingo, 2016; Zhang et al., 2016). However, there are ongoing debates about the potential risks of GMOs 

for humans, animals, and the environment (Domingo, 2016; Zhang et al., 2016; Tsatsakis et al., 2017; de Santis et 

al., 2018).

The objectives of this study were to evaluate the effects of a non-GMO source on the growth performance and 

nutrient digestibility of grower and finisher pigs and to compare the performance and digestibility between pigs 

fed a control diet based on rice and soybean meal and pigs fed a rice and non-GMO soybean meal-based diet.

Materials and Methods
The Institutional Animal Care and Use Committee of Chungnam National University approved all experimental 

protocols used in this study. Two experiments were conducted at the Animal Research Center of Chungnam 

National University.
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Experimental animals, diets, and design
Two experiments were conducted to evaluate the effects of non-GMO source on growth performance and 

nutrient digestibility of grower-finisher pigs. In experiment 1, 60 growing pigs (Duroc × [Landrace × Yorkshire]) 

with average initial body weight (BW) of 23.76 ± 3.42 kg were used for 6 weeks. Pigs were randomly assigned to 

1 of 2 treatment groups with 6 pigs per pen (5 replicated pens·treatment-1) in a completely randomized design. The 

dietary treatments were 1) control diet based on rice and soybean meal (GMO) and 2) experimental diet based on 

rice and non-genetically modified soybean meal (NGMO). In experiment 2, 48 finishing pigs (Duroc × [Landrace 

× Yorkshire]; 64.31 ± 6.17 kg of average BW) were used in this experiment. Pigs were randomly assigned to 

1 of 2 treatment groups (4 pigs·pen-1; 6 replication) in a completely randomized design. The dietary treatments 

were the same as those described in experiment 1: 1) control diet based on rice and soybean meal (GMO) and 2) 

experimental diet based on rice and non-genetically modified soybean meal (NGMO). The experiment lasted for 6 

weeks.

In the present study, diets for grower and finisher pigs were formulated to meet or exceed the NRC (2012) 

estimates of nutrient requirements, and the diets were formulated to have the same nutritional value for each 

experimental period (Table 1); all diets were provided in a meal form. Pigs were housed in an environmentally 

controlled room and each pen was equipped with a feeder and waterer, respectively.

Measurements, sample collection, and analysis
The growing and finishing pigs were weighed at the start and end of each experimental stage, and their weights 

were recorded at each time. Provided feed amount was weighed and recorded throughout the growing and 

finishing period and those remains were weighed at the end of each study. At the conclusion of each trial, average 

daily gain (ADG), average daily feed intake (ADFI), and the ratio between ADG and ADFI (gain-to-feed ratio; G 

: F) for each pen were summarized and calculated within treatment. The apparent total tract digestibility (ATTD) 

of nutrient was determined by chromium oxide (Cr2O3) as an index compound; all pigs were fed respective dietary 

treatments containing 0.25% Cr2O3 for last week of each experimental period. After the adjustment period for 4 

days, one pig from each pen was selected at random to collect the fecal sample, and the fecal sample was collected 

by rectal palpation for the last 3 days of each period. Diet and fecal samples from each experiment were pooled 

and stored at - 20℃ for later analysis of ATTD.

All of the samples were dried in a forced-air drying oven at 60℃ and ground through a cyclone mill (Foss 

Tecator Sycltec 1093, HillerØd, Denmark) before analysis. All samples were analyzed for dry matter and crude 

protein according to the procedures described by the Association of Official Analytical Chemists (AOAC, 2007), 

and for gross energy using a bomb calorimeter (Parr 1281 Bomb Calorimeter, Parr Instrument Co., Moline, 

USA), using benzoic acid as a calibration standard. The chromium content in the samples was measured using an 

absorption spectrophotometer (Hitachi Z-5000 Absorption Spectrophotometer, Hitachi High-Technologies Co., 

Tokyo, Japan) based on the report by Williams et al. (1962) and ATTD was determined based on the index method 

(Adeola, 2001).
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Statistical analysis
In this study, data were analyzed using the General Linear Models procedure of SAS (SAS Institute Inc., 

Cary, USA) in a completely randomized design. Pig was the experimental unit. The statistical model for growth 

performance and nutrient digestibility included effects of dietary treatments as the fixed effect. Results are given 

as mean values ± standard error of the mean. Statistical significance and tendency were considered at p < 0.05 

and 0.05 ≤ p < 0.10, respectively.

Table 1. Ingredient and calculated compositions of diets for growing and finishing pigs (as-fed basis).

Items
Treatments

Growing pigs Finishing pigs
GMO NGMO GMO NGMO

Ingredient (%)
Rice 53.93 53.93 59.24 59.24
Soybean meal (44% CP) 28.60 - 19.75 -
Non-GMO soybean meal - 28.60 - 19.75
Wheat 4.75 4.75 4.75 4.75
Wheat bran 0.37 0.37 3.00 3.00
Rice bran 3.00 3.00 4.00 4.00
Choice white grease 3.76 3.76 3.98 3.98
Molasses 3.50 3.50 3.50 3.50
Limestone - - 0.27 0.27
Dicalcium phosphate 1.07 1.07 0.59 0.59
Salt 0.30 0.30 0.30 0.30
Vitamin-mineral premixz 0.50 0.50 0.50 0.50
L-Lysine-HCl 0.17 0.17 0.12 0.12
DL-Methionine 0.05 0.05 - -

Calculated composition
DE (kcal·kg-1) 3,660 3,660 3,680 3,680
Crude protein (%) 18.70 18.70 15.50 15.50
Crude fat (%) 6.35 6.35 6.93 6.93
Crude fiber (%) 3.30 3.30 3.20 3.20
Ash (%) 5.66 5.66 4.61 4.61
SID lysine (%) 1.00 1.00 0.76 0.76
SID Met + Cys (%) 0.58 0.58 0.46 0.46
Calcium (%) 0.76 0.76 0.54 0.54
Bioavailable P (%) 0.58 0.58 0.49 0.49

GMO, control diet based on rice and soybean meal; NGMO, rice and non-genetically modified soybean meal-based diet; 
DE, digestible energy; SID, standardized ileal digestibility; Met + Cys, methionine + cysteine; Bioavailable P, Bioavailable 
phosphorus.
z The vitamin-mineral premix provided the following quantities of vitamins and minerals per kilogram of diets: vitamin A, 
10,000 IU; thiamin, 0.49 mg as thiamin mononitrate; riboflavin, 1.50 mg; niacin, 10 mg as nicotinic acid; pantothenic acid, 5 
mg as calcium pantothenate; pyridoxine, 1 mg as pyridoxine hydrochloride; vitamin B12, 0.01 mg; folic acid, 1 mg; biotin as 
d-biotin, 0.1 mg; choline, 125 mg as choline-chloride; vitamin D3, 2,000 IU; vitamin E, 250 IU; vitamin K3, 0.5 mg; Co, 0.5 
mg as cobaltous carbonate; Cu, 3 mg as cupric sulfate; Fe, 20 mg as ferrous sulfate; I, 1.25 mg as calcium iodate; Mg, 10 mg as 
magnesium oxide; Mn, 60 mg as manganese sulfate; and Zn, 75 mg as zinc sulfate.
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Results and Discussion
The differences in BW and growth performance (ADG, ADFI, and G : F) between pigs fed a control diet based 

on rice-soybean meal and pigs fed a rice- and non-GMO soybean meal-based diet are shown in Table 2 (growing 

pigs). In experiment 1, pigs fed diet containing non-GMO soybean meal had similar initial and final BW compared 

with those fed the control diet. Inclusion of non-GMO soybean in the diet did not affect (p > 0.10) ADG and G : F 

for growing period, but increased (p < 0.05) the ADFI. There were no differences (p > 0.10) in dry matter, energy, 

and crude protein digestibility in growing pigs between the control diet and the other diet containing non-GMO 

soybean meal (Table 3).

The effects of the inclusion of non-GMO soybean meal in the diet on BW, ADG, ADFI, and G : F in finishing 

pigs (experiment 2) are shown in Table 4. In experiment 2, pigs fed a diet containing non-GMO soybean meal had 

similar initial and final BW, compared with those fed a GMO diet. There were no differences (p > 0.10) in ADG, 

ADFI, and G : F in finishing pigs between the two dietary treatment groups. Also, the NGMO diet did not affect (p 

> 0.10) the ATTD of dry matter, crude protein, and energy of finishing pigs (Table 5).

Table 2. Effects of experimental diets on growth performance of growing pigs.

Items
Treatments

SEM p-value
GMO NGMO

Initial BW (0 week; kg) 23.45 24.08 1.62 0.792
Final BW (6 week; kg) 63.15 64.20 2.11 0.734
ADG (g·d-1) 945 955 20.46 0.739
ADFI (g·d-1) 2,154b 2,384a 55.72 0.019
G : F ratio (g·g-1) 0.44 0.40 0.02 0.114
GMO, control diet based on rice and soybean meal; NGMO, rice and non-genetically modified soybean meal-based diet; BW, 
body weight; ADG, average daily gain; ADFI, average daily feed intake; G : F ratio, ratio between average daily gain and 
average daily feed intake.
a, b: Means in a row with different letters are significantly different (p < 0.05).

Table 3. Effects of experimental diets on apparent total tract digestibility of growing pigs.

Items (%)
Treatments

SEM p-value
GMO NGMO

Dry matter 88.02 82.18 2.62 0.154
Crude protein 86.31 79.11 2.97 0.124
Energy 86.09 79.41 2.60 0.107
GMO, control diet based on rice and soybean meal; NGMO, rice and non-genetically modified soybean meal-based 
diet.
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Feed intake, which is correlated with nutrient intake, is closely linked to the growth rate of pigs and pork 

production, and voluntary feed intake of pigs is increased until their energy requirements are met (Li and Patience, 

2017). In other words, digestibility is also related to changes in the amount of feed intake and to growth rates 

(Nyachoti et al., 2004; Kil et al., 2013). In the current study, feeding a diet containing non-GMO soybean meal 

increased feed intake compared with the GMO treatment group, however, this difference did not affect growth 

even if the digestibility was similar between the dietary treatments. Animal tissue (protein) growth requires dietary 

energy, excluding the amount of energy needed for maintenance, and increases linearly with feed intake up to the 

point where the rate of protein deposition is maximal (Close, 1996; Van Lunen and Cole, 2001; Velayudhan et 

al., 2015). Beyond this point, energy is used for lipid deposition, and there is no difference in growth. Moreover, 

previous studies have reported that a variety of factors influence voluntary feed intake of pigs, and further research 

is needed in this regard (Nyachoti et al., 2004).

Conclusion
In conclusion, the experimental diet based on rice and non-genetically modified soybean meal increased ADFI 

in growing pigs, but not in finishing pigs; and diets containing non-GMO soybean meal had no negative effects on 

ADG, G : F, and nutrient digestibility in grower and finisher pigs. Therefore, non-GMO soybean meal can be used 

in diet formulations with other feed ingredients and may be substituted for conventional soybean meal.

Table 5. Effects of experimental diets on apparent total tract digestibility of finishing pigs.

Items (%)
Treatments

SEM p-value
GMO NGMO

Dry matter 79.57 80.73 2.88 0.782
Crude protein 73.27 77.78 3.48 0.380
Energy 77.65 78.32 3.12 0.882
GMO, control diet based on rice and soybean meal; NGMO, rice and non-genetically modified soybean meal-based diet.

Table 4. Effects of experimental diets on growth performance of finishing pigs.

Items
Treatments

SEM p-value
GMO NGMO

Initial BW (0 week; kg) 64.44 64.19 2.64 0.948
Final BW (6 week; kg) 104.57 102.73 2.90 0.664
ADG (g·d-1) 956 918 22.72 0.264
ADFI (g·d-1) 3,349 3,062 114.17 0.106
G : F ratio (g·g-1) 0.29 0.30 0.01 0.323
GMO, control diet based on rice and soybean meal; NGMO, rice and non-genetically modified soybean meal-based diet; BW, 
body weight; ADG, average daily gain; ADFI, average daily feed intake; G : F ratio, ratio between average daily gain and 
average daily feed intake.
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