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Abstract of thesis:

In the first series of experiments, we address an advantageous application of a urinary zearalenone
(ZEN) monitoring system not only for surveillance of ZEN exposure at the production site of breeding cows
but also for follow-up monitoring after improvement of feeds provided to the herd. As biomarkers of effect,
serum levels of the anti-Miillerian hormone (AMH) and serum amyloid A (SAA) concentrations were used.
Based on the results of urinary ZEN measurement, two cows from one herd had urinary ZEN concentrations
which were two orders of magnitude higher (ZEN: 1.34 mg/kg, sterigmatocystin (STC): 0.08 mg/kg in
roughages) than the levels of all cows from three other herds (ZEN: not detected, STC: not detected in
roughages). For the follow-up monitoring of the herd with positive ZEN and STC exposure, urine, blood,
and roughage samples were collected from five cows monthly for one year. A monitoring series in the
breeding cattle herd indicated that feed concentrations were not necessarily reflected in urinary
concentrations; urinary monitoring assay by ELISA may be a simple and accurate method that reflects the
exposure/absorption of ZEN. Additionally, although the ZEN exposure level appeared not to be critical
compared with the Japanese ZEN limitation in dietary feeds, a negative regression trend between the ZEN
and AMH concentrations was observed, indicating that only at extremely universal mycotoxin exposure
levels, ZEN exposure may affect the number of antral follicles in cattle. A negative regression trend between
the ZEN and SAA concentrations could also be demonstrated, possibly indicating the innate immune
suppression caused by low-level chronic ZEN exposure. Finally, significant differences (p = 0.0487) in
calving intervals between pre-ZEN monitoring (mean + SEM: 439.0 + 41.2) and post-ZEN monitoring (349.9
+ 6.9) periods were observed in the monitored five cows. These preliminary results indicate that the urinary
ZEN monitoring system may be a useful practical tool not only for detecting contaminated herds under field
conditions but also provides an initial look at the effects of long-term chronic ZEN/STC (or other co-existing
mycotoxins) exposure on herd productivity and fertility.

The second series of experiments, a herd of Japanese Black (JB) breeding cattle with sporadic
reproductive disorders was continuously monitored for an additional year to assess the effects of the urinary
ZEN concentration and changes in parameters (AMH and SAA) with time-lag variables and herd fertility
(reproductive performance). This herd had high (exceeded the Japanese dietary feed regulations) urinary
ZEN and rice straw ZEN concentrations (1.34 mg/kg). Long-term data of the herd with positive ZEN
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exposure revealed a decreasing ZEN concentration in urine and a gradual decrease in the AMH level with
age. The AMH level was significantly affected by the ZEN value 2-months earlier and the AMH level in the
previous month. The changes in ZEN and SAA values were significantly affected by the ZEN and SAA
values in the previous month. Additionally, calving interval data between pre-monitoring and post-monitoring
showed a significantly different pattern. Furthermore, the calving interval became significantly shorter
between the time of contamination (2019) and the end of the monitoring period (2022). In conclusion, the
urinary ZEN monitoring system may be a valuable practical tool for screening and detecting herd
contamination in the field, and acute and/or chronic ZEN contamination in dietary feeds may affect herd
productivity and the fertility of breeding cows.

The third series of experiments, widespread presence of Fusarium mycotoxins in animal feed is a
global issue, not only for the health of livestock but also for ensure the safety of food as an end product. High
concentrations of ZEN and deoxynivalenol (DON) have been detected in the diets of JB and Holstein Friesian
(HF) breeding herds. Consequently, we monitored serum biochemical parameters over a long time in both
herds, focusing on AMH levels and acute-phase inflammation. Additionally, urinary 8-hydroxy-2'-
deoxyguanosine (8-OHdG) and progesterone levels were measured in the HF herd. The JB herd, a ZEN-
dominant model with low DON contamination, demonstrated ZEN levels that exceeded the Japanese limit in
the purchased total mixed rations (TMR). Conversely, the HF herd, which primary consumes DON-dominant
feed with low ZEN contamination, had high DON levels in the dent corn silage. Specifically, the JB herd’s
TMR contained 1.79 mg/kg ZEN and 0.58 mg/kg DON, whereas the HF herd’s silage had 15.3 mg/kg DON
(dried sample) and 0.1 mg/kg ZEN. Enzyme-linked immunoassay were used to measure urinary ZEN-DON
levels following confirmation through liquid chromatography-tandem mass spectrometry. Urinary ZEN-
DON levels measured were significantly correlated (p < 0.05, » > 0.6) in both herds. In the HF herd, AMH
levels increased (p = 0.01) and serum amyloid A (SAA) levels decreased (p = 0.02) when contaminated and
at the end of the monitoring period. Additionally, urinary ZEN and DON levels were significantly correlated
with SAA levels (ZEN: p = 0.00, » = 0.46; DON: p = 0.03, » = 0.33), with an increase in ZEN and DON
levels resulting in higher SAA levels. The JB herd showed no significant differences. Additionally, in the HF
herd, 8-OHdG/Cre levels increased significantly during major contamination periods (p < 0.05). Clinical data
from the HF herd indicated an increase in mastitis cases and treatment rates during periods of major
contamination. Abortion rates in the HF herd decreased from 22.9% (before monitoring) to 8.9% (during the
high contamination period) and finally to 1% (at the end of the monitoring period), with corresponding
increases in progesterone levels. ZEN-DON contamination adversely affects breeding cattle’s productivity,
reproductive performance, and health. Therefore, monitoring urinary ZEN-DON is valuable for detecting
contaminants and ensuring the safety of food products.

In conclusion, ZEN-DON contamination can adversely affect the productivity, reproductive efficacy,
and health of breeding cattle. We examined the correlation of contamination measurements by ELISA and
LC/MS-MS methods. The parallel urinary ZEN and DON contamination monitoring system we developed
is effective for screening and detecting acute and/or chronic contamination of cow breeding herds on farms,

hence ensuring the safety of food products.
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On-farm application of urinary mycotoxin monitoring systems for feed hygiene

management to enhance cattle breeding herd productivity
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