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Original Article

The levels of aflatoxin (AFT) and ochratoxin (OCT) were assessed at different seasons in 
raw materials, different feed manufacture processing stages, and animal feeds in feed 
mills in Korea implementing the hazard analysis and critical control point (HACCP) 
system. Two hundred samples were collected in all four seasons from five feed mills 
implementing the HACCP system and examined for AFT and OCT contents. The AFT 
and OCT levels were analysed by using HPLC method to provide information on raw 
material and product stage. The AFT content of raw ingredients in the spring season 
was highest in corn gluten (3.84 ppb) and lowest in corn (1.82 ppb) The AFT content of 
corn was highest in the winter season (2.17 ppb). The content of OCT in wheat was 
highest in the winter season. The amounts of AFT and OCT at processing stages were 
higher than in the raw materials or feed. In particular, AFT content was higher in the 
transfer stage (3.88 ppb) than in the mixing (2.86 ppb) or filling stages (3.45 ppb) in 
the summer season. The means of AFT and OCT level in laying hen feed was 3.41 ppb 
and 1.14 ppb for broiler feed, respectively. The means of AFT and OCT level in and 
broiler feeds was 3.44 ppb and 1.17 ppb for broiler feed, respectively.
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Introduction

The provision of safe and high quality feeds to domesticated animals is neces-
sary for the health of the animals and for production of safe livestock products for 
consumers. Feed safety depends on a succession of factors: cultivation practices 
in countries producing raw materials, storage conditions for materials after pro-
duction, marine transportation, harbor storage, storage at the feed mill, cleanli-
ness of the manufacturing equipment, and storage conditions of the finished 
products [1]. In particular, raw materials are easily contaminated with fungi that 
can produce mycotoxins when stored at high moisture levels [2,3]. In a feed mill, 
if the raw materials have high moisture contents, they are highly likely to be con-
taminated with zearalenone; a low moisture content is associated with an in-
creased likelihood of aflatoxin (AFT) contamination [4,5]. Mycotoxin greatly af-
fects livestock productivity. Feeding animals a diet heavily contaminated with 
AFT can damage their livers, decrease productivity, affect the quality of eggshells 
in chickens, and reduce carcass quality [6]. AFT also increases the incidence of 
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animal disease [7]. Ochratoxin (OCT) in feed is released be-
cause of contamination by Aspergillus or Penicillium and has 
been reported to cause a negative effect on productivity mainly 
by inducing tumors in the kidneys of pigs and chickens [8]. 
Mycotoxin has an enormous impact on human health as well 
as on livestock. In 1993, AFT was designated as a first-level car-
cinogen and OCT was designated as a second-level carcinogen 
by the International Agency for Research on Cancer [9]. 

The deleterious effects of mycotoxin on animal and human 
health have increased the need for monitoring and manage-
ment of feed production. In Korea, the safety of feed is con-
trolled on the basis of the Feed Control Act. However, in order 
to secure the safety of the feed, it was necessary to implement a 
system that systematically manages all processes in the feed 
mill. In most countries, good manufacturing practice (GMP) 
systems have been implemented and are operated in feed mills 
to ensure production of safe feed. However, feed mills in Korea 
are implementing a more stringent hazard analysis and critical 
control point (HACCP) system than the GMP system [10,11]. 
The HACCP system seeks to control biological, chemical, and 
physical hazards that may result from processes in the feed 
mill, animal farm, slaughterhouse, meat processing center, and 
meat market [12,13]. The goal of implementing the HACCP 
system is to manage potential hazards through prerequisite 
management program and risk analysis program during food 
or feed production with a focus on prevention rather than 
end-product testing [14]. Evaluations in the feed mill under the 
HACCP system are systematically managed to include all pro-
cessing stages from storage of raw materials to delivery of prod-
ucts. In particular, the system focuses on the management of 
mycotoxin contamination, such as AFT, which can occur in the 
feed mill [10,11]. The HACCP system has the potential to have 
a large effect on the safety of feed produced in Korea. However, 
little study has been made of mycotoxin levels of raw materials, 
production stages, and finished products under the HACCP 
system. Therefore, this study was conducted to evaluate the ef-
fectiveness of the HACCP system on controlling mycotoxin 
levels and seasonal variations in mycotoxin contents of raw 
materials, during the production stages, and in the finished 
products.

Materials and Methods

Sampling
Eighty raw material samples (5 samples in each season for 

corn, soybean meal, wheat, and corn gluten) were collected 
from feed mills for analysis of AFT and OCT content. Sixty as-

sociated samples (5 attached samples in each season at the mix-
ing, transfer and filling stages) were collected from the process-
ing stages to analyze mycotoxin. AFT and OCT levels in broiler 
and laying hen feeds were assessed in all four seasons using 60 
samples. All samples were ground with a grinding mill to pro-
duce a homogeneous particle size and stored in a plastic bag in 
a freezer at -20°C until analysis. Samples were collected at five 
different feed mills from January to December 2019.

AFT extraction
Twenty-five grams of the sample was added to 2.5 g of sodi-

um chloride (Duksan Pure Chemicals Co. Ltd., Korea) and ex-
tracted with 100 mL of acetonitrile:water (86:14, v/v) (J.T. Bak-
er., USA) by blending at high speed for 5 minutes and then fil-
tered through Advantec No. 1 filter paper (WhatmanTM Maid-
tone, UK). Five ml of the filtrate sample was diluted with 20 mL 
of distilled water and passed through an immunoaffinity col-
umn (IAC) (Vicam Nixa, USA). AFT was eluted from the col-
umn by applying 1.5 mL of methanol and the extract was con-
centrated under nitrogen in a water bath at 50°C. Then, 200 μL 
of trifluiacetic acid (Sigma-Aldrich, USA) and 800 μL of mobile 
phase (20% acetonitrile) were added and then derivatized for 
20 minutes. The derivatized solution was filtered through a 0.45 
μm filter (Milipore, USA) and the filtrate was analyzed.

OCT extraction
After extraction and filtration as described for AFT, 5 mL of 

the filtrate was mixed with 50 mL of phosphate buffered saline 
and filtered through a glass microfiber. Ten milliliters of the fil-
trate was added to 70 mL acetic acid and passed through an 
IAC. The sample was eluted from the column by passing 
through 1.5 mL methanol. The eluted sample was concentrated 
under nitrogen in a water bath at 50°C. The residues were 
re-dissolved in 1 mL of the mobile phase, i.e., acetonitrile:wa-
ter:acetic acid (47:51:2, v/v/v).

Quantitative analysis of mycotoxin by HPLC
The AFT and OCT standards were obtained from Sigma-Al-

drich. Mycotoxin levels of samples were analyzed using an 
HPLC (Agilent 1200 series; Agilent, USA) with a μ-Bondapak 
C18 column (Waters Co. Ltd., USA) equipped with a fluores-
cence detector. The flow rate of the mobile phases for AFT were 
H2O:methanol:acetonitrile (66:19:25, v/v/v), and for OCT were 
acetonitrile:phosphoric acid (1:1, v/v), and then 0.96 mL/min 
(AFT) and 0.70 mL/min (OCT). All solvents used for the 
preparation of the mobile phase were of HPLC grade and ob-
tained from J.T. Baker. Excitation and emission wavelengths of 
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338 and 425 nm, respectively, were used to detect AFT, and 327 
and 462 nm, respectively, for OCT. The quantification and de-
tection limits of ATF in the 5 raw material and 2 feed samples 
were 0.5 to 1.4 μg/kg and 1.8 to 5.5 μg/kg, respectively. In addi-
tion, OCT were 0.3 to 1.3 μg/kg and 1.7 to 4.5 μg/kg, respec-
tively.

Statistical analysis
Statistical analysis was carried out using the Statistical Analy-

sis System [15]. The effects of seasons and sample origin and 
timing (raw materials, samples from processing stages and feed 
samples for broiler and laying hens) on AFT and OCT contents 
were tested by ANOVA. Duncan's multiple range test was used 
to confirm significant differences among the mean values of 
the treatment. Statistical significance was set at p <  0.05.

Results

Seasonal AFT and OCT levels of feed ingredients
Table 1 shows the results of monitoring AFT levels of corn, 

soybean meal, wheat, and corn gluten, which are commonly 
used as ingredients for producing animal diets. Most of these 
were imported from various countries and supplied to animal 

farms after processing in Korea. AFT content in the dietary in-
gredients was highest for corn gluten. In particular, mean AFT 
content of corn gluten imported in spring was 3.84 ppb, which 
was significantly higher than that of corn, soybean meal, and 
wheat (p <  0.05). The AFT content of corn was low in summer 
and significantly higher in winter (p <  0.05). The lowest AFT 
level for soybean meal was 2.09 ppb and the highest was 3.35 
ppb. The AFT content of wheat ranged from a minimum of 
1.44 ppb to a maximum of 2.54 ppb. Corn gluten had the high-
est AFT levels among feed ingredients with a minimum of 3.05 
ppb and a maximum of 4.65 ppb during the year (Table 1). 

The variations in OCT levels among different dietary ingre-
dients (corn, soybean meal, wheat, corn gluten) at different 
seasons are shown in Table 2. Overall, OCT levels were highest 
in spring and lowest in summer. OCT levels varied seasonally 
in the order spring >  winter >  autumn >  summer. The level 
of OCT in wheat imported in the spring season (2.79 ppb) was 
significantly higher than at other seasons (p <  0.05).

Seasonal AFT and OCT levels of processing stages
AFT levels at different stages of feed production are present-

ed in Table 3. In general, AFT levels were higher during the 
processing stages than in the dietary ingredients or finished 

Table 1. AFT level of raw materials and seasonal variations in feed mill implementing the HACCP system

Season
AFT level (ppb)

SEM p-value
Corn Soybean meal Wheat Corn gluten

Spring 1.82**,†† 2.09** 2.54*,** 3.84* 0.29 0.038
Summer 1.47††† 2.37 1.44 3.30 0.30 0.066
Autumn 1.70††† 3.28 2.48 4.65 0.69 0.538
Winter 2.17† 3.35 2.36 3.05 0.23 0.217
SEM 0.09 0.26 0.31 0.62
p-value 0.006 0.215 0.632 0.853

AFT, aflatoxin; HACCP, hazard analysis and critical control point; SEM, standard error of the mean.
*,**Significant difference in same row.
†,††,†††Significant difference in same column. 

Table 2. OCT level of raw materials and seasonal variations in feed mill implementing the HACCP system

Season
OCT level (ppb)

SEM p-value
Corn Soybean meal Wheat Corn gluten

Spring 1.45 1.82 2.79† 1.89 0.26 0.358
Summer 0.96 1.05 1.08†† 0.93 0.07 0.906
Autumn 1.01 1.08 1.28†† 1.19 0.08 0.658
Winter 1.08 1.39 1.54†† 1.30 0.12 0.667
SEM 0.09 0.18 0.24 0.23
p-value 0.182 0.088 0.020 0.556

OCT, ochratoxin; HACCP, hazard analysis and critical control point; SEM, standard error of the mean.
†,††Significant difference in same column.
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products. The highest levels were found at the transfer stage 
(Table 3). AFT levels were significantly higher in the transfer 
stage compared to other processes in the summer (p <  0.05). 
For the mixing and filling stages, the level of AFT increased in 
the order spring >  winter >  autumn >  summer, although 
these differences were not significant. For the transfer stage, 
AFT levels increased in the order spring >  winter >  summer 
>  autumn. Overall, AFT levels among the processing stages 
were highest in spring for transfer process (4.22 ppb).

Changes in OCT levels among processing stages and seasons 
are shown in Table 4. Average OCT level was lower than AFT 
level at all stages and seasons. Changes in OCT content among 
stages and seasons were not significant. However, the process-
ing stage with the highest level of OCT was the transfer stage, 
as was also the case for AFT. The highest OCT level was found 
in spring and the lowest in summer, although the differences 
were not significant. OCT levels in the transfer stage were 2.30 
ppb in spring, 2.22 ppb in summer, and 1.80 ppb in autumn 
and winter.

Seasonal AFT and OCT levels of poultry feed
Seasonal changes in AFT and OCT levels in feeds for laying 

hens and broilers are shown in Table 5. The mean AFT level in 
laying hen feed was 3.41 ppb and for broiler feed was 3.44 ppb. 
Seasonal variations in AFT contents in the two feeds were simi-

lar. The highest levels of AFT were found in spring in both 
feeds, but there was no statistically significant difference. The 
lowest levels of AFT were found in summer. Mean OCT con-
tent of laying hens and broiler feeds were 1.14 ppb and 1.17 
ppb, respectively. The highest OCT levels in laying hen and 
broiler feeds were found in the spring and the lowest in au-
tumn, but the differences were not significant.

Discussion 

AFT and OCT tolerance levels and statute
The Feed Control Law of Korea sets the allowable level of 

AFT in feed at 10 ppb for lactating cows, calf, piglet, and chick, 
20 ppb for adult animals, and 50 ppb for raw materials. For 
OCT, the legal limits are 200 ppb for feed and 250 ppb for raw 
materials [10,11]. The FDA recommends a maximum level of 
AFT in raw materials of 300 μg/kg in cotton, 300 μg/kg in corn 
used for beef cattle, 200 μg/kg in corn used for fattening pigs, 
20 μg/kg in corn used for lactating cows, and 20 μg/kg for other 
raw materials [16]. According to the results of our study, the 
levels of AFT and OCT in the raw ingredients of the feeds were 
1.82 and 1.45 ppb for corn, 2.77 and 1.34 ppb for soybean meal, 
2.20 and 1.67 ppb for wheat, and 3.71 and 1.33 ppb for corn 
gluten, respectively. In the case of corn gluten, the mycotoxin 
content was higher than in raw materials due to the higher pro-

Table 3. AFT levels of processing stages and seasonal variations in feed mill implementing the HACCP system

Season
AFT level (ppb)

SEM p-value
Mixing Transferring Filling

Spring 3.40 4.22 3.82 0.19 0.248
Summer 2.86** 3.88* 3.45*,** 0.18 0.037
Autumn 3.06 3.49 3.52 0.18 0.578
Winter 3.21 3.89 3.66 0.19 0.382
SEM 0.14 0.17 0.11
p-value 0.630 0.552 0.738

AFT, aflatoxin; HACCP, hazard analysis and critical control point; SEM, standard error of the mean.
*, **Significant difference in same row. 

Table 4. OCT levels of processing stages and seasonal variations in feed mill implementing the HACCP system

Seasons
OCT level (ppb)

SEM p-value
Mixing Transferring Filling

Spring 1.87 2.30 1.82 0.13 0.263
Summer 1.96 2.22 1.82 0.13 0.522
Autumn 1.49 1.80 1.70 0.24 0.890
Winter 1.87 1.80 1.65 0.18 0.911
SEM 0.14 0.15 0.16
p-value 0.711 0.539 0.983

OCT, ochratoxin; HACCP, hazard analysis and critical control point; SEM, standard error of the mean.
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tein content [17]. The AFT content of edible corn produced in 
Nigeria is 3.0 to 138 mg/kg [18], and the AFT content of corn 
purchased at local shops in Kenya was up to 46,400 μg/kg [19]. 
In Japan, which imports most of its corn from the US (as does 
Korea), the AFT content is around 1 to 2 ppb [20]; this is simi-
lar to the results in our study. OCT and AFT contents of soy-
bean meal and corn produced as raw materials for poultry feed 
in the Slavonski area of Europe are 38.78 g/kg and 20.00 g/kg, 
respectively; these levels are much higher than those in other 
regions [21]. In the present study, AFT and OCT contents were 
higher in winter and spring than in summer. Sugiyama et al. 
[20] and Ismail et al. [22] reported that the AFT content of 
corn imported in January was higher than in corn imported in 
June. Dragacci and Fremy [23] also found that AFT content of 
raw milk in the winter season was higher than in the summer 
season; this result is similar to the results of this study.

AFT and OCT production in the processing facility
The AFT and OCT contents of the attached samples from 

the various stages of feed processing were higher than those of 
the raw materials and the feeds. Unfortunately, no other studies 
have examined mycotoxin contents of samples taken from feed 
processing facilities. However, in a food processing plant that 
was using corn as a raw material, the mycotoxin content of the 
corn depended on the temperature and speed of the processing 
facility [24]. The highest levels of mycotoxin are found in glu-
ten that has been processed as a raw material under high-mois-
ture conditions; mycotoxin levels vary under low moisture con-
ditions depending on whether the fungi penetrate into the inte-
rior of the material [5]. According to our results, the AFT and 
OCT contents of the attached samples from the processing 
stages were higher than those of raw materials or feeds. In this 
case, if these materials are mixed into the feed, the mycotoxin 
content of the feed may exceed the expected level. Therefore, in 
order to prevent such problems, the production facilities should 

be periodically cleaned and managed in accordance with HAC-
CP standards for feed mills.

Implementation of HACCP for the management of AFT 
and OCT in feed

We found that the mean AFT contents of laying hen and 
broiler feeds were 3.41 ppb and 3.44 ppb, respectively, and the 
mean OCT contents were 1.14 ppb and 1.17 ppb, respectively. 
Anjum et al. [17] reported that the mean AFT content of broil-
er feed was 20 ppb and the laying hen feed was 24.5 ppb. In 
general, AFT and OCT contents of poultry feeds produced in 
Korea are maintained at very low levels. When the AFT and 
OCT contents exceed 1 ppm, egg production is decreased, and 
feed efficiency is decreased at 2 ppm [25]. In addition, the com-
bination of AFT and OCT has a negative impact on egg quality 
[26]. Johnson and Parkes [27] suggested that in order to ensure 
the safety of feed, it is necessary to implement the HACCP sys-
tem, which is a management system that can identify possible 
hazards in each processing stage and prevent them in feed 
mills. In addition, Vlachou et al. [28] reported that the pre-req-
uisite program in the HACCP system implemented in feed 
mills could decrease the mycotoxin contamination level of the 
feed. In Korea, the HACCP system at the feed mill combines a 
prerequisite program and HACCP management. The prerequi-
site program includes feed mill management, feed manufactur-
ing facility management, feed manufacturing process manage-
ment, feed hygiene standard, disinfection management, per-
sonal hygiene and worker safety, feed storage and handling, 
feed transportation management, feed inspection facility, feed 
inspection standard, feed recovery procedure [10,11]. The 
HACCP principle of the feed mills HACCP system in Korea to-
tally follows the CODEX recommendation that consists of five 
preparation steps (assemble HACCP team, describe product, 
identify intended use, construct flow diagram and on-site con-
formation of flow diagram) and seven principles of HACCP 

Table 5. AFT and OCT levels of poultry feeds and seasonal variations in feed mill implementing the HACCP system

Season
AFT level (ppb)

SEM p-value
OCT level (ppb)

SEM p-value
Laying hen* Broiler† Laying hen Broiler

Spring 3.67 3.74 0.11 0.800 1.40 1.48 0.180 0.853
Summer 3.16 3.10 0.10 0.788 1.02 1.07 0.07 0.784
Autumn 3.39 3.43 0.25 0.956 0.95 0.96 0.10 0.978
Winter 3.42 3.51 0.15 0.810 1.19 1.17 0.05 0.856
SEM 0.08 0.16 0.08 0.11
p-value 0.164 0.623 0.151 0.427

AFT, aflatoxin; OCT, ochratoxin; HACCP, hazard analysis and critical control point; SEM, standard error of the mean.
*Mixed laying hen feed (35% of layer starter + 35% of layer grower + 30% of layer).
†Mixed broiler feed (50% of broiler starter + 50% of broiler finisher).
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system (conduct a hazard analysis, determine the critical con-
trol point, establish critical limits, establish a system to monitor 
control of the CCP, establish corrective action to be taken when 
monitoring indicates that a particular CCP is not under con-
trol, establish procedures for verification to confirm that the 
HACCP system is working effectively and establish documen-
tation concerning all procedures and records appropriate to 
these principles and application) [14]. Therefore, it would be 
possible to produce safer feeds by implementing the HACCP 
system in feed mills [13]. The use of the HACCP system has 
had a significant impact in Korea in reducing AFT and OCT 
contents in feed since its introduction in feed mills from 2005. 
The feed safety is one of important factor to ensure the safety of 
livestock products. Therefore, in order to secure the safety of 
feed, it is necessary to manage the feed ingredients, processing 
and storage stages. In particular, toxins produced by fungi in 
feed such as aflatoxin reduce the productivity of livestock and 
negatively affect of human health. This study was conducted to 
investigate the effects of HACCP implementation on the pro-
duction of mycotoxins in feed ingredients, processing and stor-
age of poultry feed in Korea. The results of the study showed 
that the level of mycotoxin in feed is well controlled below the 
level prescribed by the law but it can be changed according to 
the season and the environment of the feed ingredients import-
ing country. Our results here indicate that the systematic appli-
cation of the HACCP system has resulted in stable manage-
ment of mycotoxins in animal feeds.
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