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Abstract: This study was designed to determine the effects of storage condition and period on mold-yeast, aflatoxin, E. coli
and E. coli 0157 in the wet sugar beet pulp (WSBP). For this aim, samples were taken from the first production of WSBP from the
sugar factory (Control) and the newly packaged sacks from the packaging company (Packaged Control). Afterwards, additional two
samples were taken from WSBP stored as packaged (Packaged) and as surrounded by a nylon cover outside near the barn (Non-
packaged) from the predetermined farms with one-month interval. The pH value of the Packaged group was significantly lower than
the Non-packaged group at the end of the 1%t and 2™ months (P<0.01). The yeast-mold count of Non-packaged and Packaged groups
at the end of the 1%t and 2" months was determined to be 4.61, 1.60 and 4.83, 1.26 log10 CFU/g, respectively (P<0.01). However,
aflatoxin (B1, B2, G1 and G2) was not detected in groups. The E. coli was detected as 1.48 (in the 1%t month) and 1.53 (in the 2"
month) log10 CFU/g in only Non-packaged group. It was worked for the identification of E. coli 0157 from E. coli positive samples
of Non-packaged group, but it was not detected. Consequently, it was determined that the use of packaged WSBP was better than the
Non-packaged in terms of microbiological analysis.

Keywords: Aflatoxin, E. coli, mold-yeast, storage conditions, wet sugar beet pulp.

Yas seker pancari posasinda farklh depolama kosulu ve periyodunun kiif-maya, aflatoksin, E. coli ve
E. coli O157 iizerine etkileri

Ozet: Bu arastirma, yas seker pancar posasinda (WSBP) kiif-maya, aflatoksin, E. coli ve E. coli 0157 iizerine depolama kosulu
ve siiresinin etkilerini belirlemek amaciyla planlanmistir. Bu amagla, fabrikadan WSBP’nim ilk iiretimi (Kontrol) ve paketleme
isletmesinin yeni paketledigi cuvallardan (Paket Kontrol) 6rnekler alinmistir. Daha sonra, birer ay araliklarla 6nceden belirlenmis
ciftliklerden paketlenmis (Paketlenmis) ve ahirin yakininda disarida bir naylonla gevrili olarak saklanan (A¢ik) WSBP’ndan iki numune
daha alinmugtir. Paketlenmis grubun pH degeri, 1. ve 2. aylarin sonunda agik grubunkilerden dnemli derecede daha diisiiktii (P<0,01).
1. ve 2. aylarin sonunda agik ve paketlenmis gruplarin maya-kiif sayis1 sirasiyla, 4,61; 1,60 ve 4,83; 1,26 logl0 CFU/g olarak
belirlenmistir (P<0,01). Bununla birlikte, gruplarda aflatoksin (B1, B2, G1, G2) tespit edilmemistir. E. coli sadece agik grupta, 1,48
(birinci ayda) ve 1,53 (ikinci ayda) logl0 CFU/g olarak belirlenmistir. A¢ik grubun pozitif E. coli orneklerinde E. coli 0157
identifikasyonuna ¢alisilmig, ancak tespit edilmemistir. Sonug olarak, mikrobiyolojik analizler agisindan paketlenmis WSBP
kullaniminin paketlenmemisten daha iyi oldugu belirlenmistir.

Anahtar sozciikler: Aflatoksin, depolama kosullari, E. coli, kiif-maya, yas seker pancari posasi.

Introduction (wheat, barley) and industrial crops, the high-quality
A great majority of livestock enterprises operate in roughage problem has been getting bigger (21). It is
the structure of small family-owned enterprises in Turkey. important to use the cheap feed resources efficiently in the

The enterprises should give importance to roughage animal feeding. Wet sugar beet pulp (WSBP), a by-
production by using their equity capital in order to earn an product of sugar industry, is a cheap and safe diet
economic income from animal husbandry. Since our component. It does not cause metabolic diseases since it
farmers have started to produce particularly cereals  has a high amount of pectin and a high level of
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digestibility and is rich in cellulose (11). However, it may
spoil rapidly if it is not stored under good conditions (13).
The nutritive value of the spoiled feed decreases and
several acute or chronic diseases develop in the animals.
Feed is exposed to a waiting period from production stage
until consumption stage. Even if several metabolic
changes are observed in feed during this period mainly,
microorganisms are responsible for feed spoilage. The
types and amount of these microorganisms in feed vary
based on the resource and type of feed. Also, they may be
also affected by the factors such as the applications
performed to prevent from formation of microorganism
and the storage conditions of feed (6, 14). There are many
microorganisms causing contamination in cereal kernels,
feed, and vegetable substances. Mold and yeast can
reproduce in 2-9 pH range, in the environments at 10-35°C
and with a water activity of 0.85 and above (17). As a
result of fecal contamination, feeds may be contaminated
by E. coli, Listeria and Salmonella species in the fields or
Aspergillus species in humid environments depending on
storage conditions (15). Some species of E. coli are
dangerous. Especially, E. coli 0157 which is known the
most dangerous species may be formed in the
environments at 37°C and pH 7.2 (30). This species is
found in cattle and, spreads through feces. Especially, the
fertilizers contaminated by E. coli O157 carry the bacteria
to the agricultural lands, and contaminate the products in
these lands. Also, it may be seen in feed due to the
irrigation of the cultivation areas with the contaminated
water (8). The feed contaminated by aflatoxins negatively
affects the health of animals. As aflatoxins are durable,
they cause problems not only in the cultivation stages of
products but also in their storage, transport and packaging
stages. The toxicity of aflatoxins varies based on their
species and, the most toxic ones are B1, G1, B2 and G2,
respectively (25).

To determine which method is better in this study,
samples were collected from businesses stored WSBP in
packaged form or in open area at two different times (at
one-month intervals). The samples were examined in
terms of yeast-mold, aflatoxin, E. coli, E. coli 0157 and
pH.

Materials and Methods

The ethics committee approval was obtained based
on the decision (04.05.2017 -08/01) of Firat University
Noninvasive Ethics Committee for this study.

Feed material and sample groups: For the first
method, the samples were collected from the enterprises
storing WSBP on the ground or covering with a tarpaulin
or nylon cover. For the another method, the samples were
collected from the enterprises providing of WSBP in the
air-tight sacks. In order to compare of these two methods,

the samples were taken from the same enterprises with
one-month intervals. For this purpose, the samples were
taken from the first production of WSBP in the sugar
factory (Control with 5 pieces) and from the sacks newly
packaged by the packaging enterprise (Packaged Control
with 5 pieces). Two more times with one-month intervals,
the samples of WSBP were taken from the enterprises
storing in packages (Packaged; 10 enterprises, 10
samples) or from the enterprises surrounded with a nylon
cover next to barn (Non-packaged; 10 enterprises, 10
samples). Since the number of the enterprises using
package was few, the number of samples was limited to
10. The sampling method was applied based on the feed
sampling regulation (4).

pH measurements of the sample groups: Twenty-
five grams of WSBP samples and about 100 ml distilled
water were placed in glass jars and, stirred in the mixer for
about 10 minutes. Then, the pH of WSBP was measured
with the calibrated digital pH meter (Orion star A111).

Microbiological analyses:

Yeast and mold count: The inoculation was
performed using the pour plaque method in a dual-parallel
manner. The samples were incubated at 25+1°C for 5 days
by using Dichloran Rose Bengal Chloramphenicol
(DRBC) (Merck, Darmstadt, Germany) Agar. At the end
of the incubation period, all the colonies developing in the
media were counted as total yeast-mold. The results were
given in CFU/g (3).

Aflatoxin analysis: Service procurement from a
private company (Nanolab) working with a Shimadzu
Prominence HPLC device for the determination of
aflatoxin was realized. All the chemicals and the mobile
phases in the analyses were HPLC grade. In accordance
with the method, 25 grams of each sample were taken for
aflatoxin analysis (B1, B2, G1 and G2) and, processed for
HPLC analysis. The final solution was taken to the 1.5 ml
HPLC vial. Afterwards, 100 ul of the solution was injected
into the HPLC system whose sensitivity was increased by
Kobra Cell (set to 100 pA). By using HPLC column
(Spherisorb ODS-3, 250x4.6 mm, 5 pm), the samples
were read in turn by using the fluorescence detector
adjusted to 1 ml/minute mobile phase containing 350p 4M
Nitric acid. Then, 119 mg KBr added Methanol/
Acetonitrile/Water (20:30:50) in 1 liter (excitation:362 nm
and absorption: 425) (5).

Before reading the samples, the HPLC device was
calibrated by drawing the standard curves. The peaks of
the extracted sample in their chromatogram were
compared with the retention time of the standard peak. In
case of determination of toxin in the sample, the amount
of aflatoxin (B1, B2, G1 and G2) in the injected sample
was calculated based on the following formula in the
standard graphic (5).
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Formula C = A/ (M/Vext) x (Vcol / Vfin) x Vinj.

A= The amount calculated in the calibration graphic
of the peak of the sample extraction (ng), M= Sample
amount (g), Vext= Extraction volume (ml), Vcol= Solvent
volume passing through the immunoaffinity column (ml),
Vinj= Volume of the injected sample (ul), Vfin= The last
volume at which the obtained eluate is dissolved (ml).

Escherichia coli count: It was taken twenty-five gr
of each sample brought to the laboratory for E. coli count,
and dilutions were prepared up to 102 and 10 from the
dilution of 1:10 in the 225 ml peptone water. Each dilution
was inoculated to TBX agar. After 24-hour incubation at
44°C, it was counted (16).

Escherichia coli O157:H7 isolation: In the feed
samples, FDA method (16) was used for E. coli O157:H7
isolation. 25 gr of each feed sample was subjected to
enrichment (for 24 hours at 37°C) in Tryptone Soya
Broth containing 225 ml Novobiocin (TSB+n). The
dilutions were prepared in Peptone Water up to 10, 100
pl of each dilution was inoculated in Sorbitol Mac
Conkey Agar containing Cefixime-Tellurite (CT-SMAC)
by using spread plate method. After the inoculation, the
petri dishes were incubated at 35-37°C for 24-48 hours.
Then, it was taken at least 10 typical colonies (colorless-
transparent) from the petri dishes in which growth took
place and, put in Tryptic Soya Agar with Yeast Extract
(TSAYE) agar and, incubated at 35-37°C for 18-24 hours.
Those with indole test positive among the growing
colonies were transferred into Levine's Eosin Methylene
Blue (L-EMB) agar and, incubated at 35-37°C for 18-24
hours. After the incubation, the metallic green or dark red
brown colonies were inoculated in the 100 mg/L in SMAC
agar containing 4-methylumbelliferone glucuronide
(MUG) by using the spot-on lawn method and, incubated
at 35-37°C for 18-24 hours. Afterwards, the colonies not
reflecting blue color (MUG negative) were taken under
365 nm UV light source and they were subjected to E. coli

Table 1. pH levels of experimental groups (mean+SE).
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0157:H7 latex test. The agglutination strains were sought
(16).

Statistical analyses: SPSS software was used to
determine the differences between the pH levels of the
study groups (20). In the data assessment, the normality
analysis was performed, then One Way Anova test was
applied for pH analysis. The T-test was applied for mold-
yeast analysis. Duncan multiple comparison test was
applied for determining the significance between the pH
levels. T-test was used for determining the pH, mold-yeast
and E. coli density between 1%t and 2" months. In the
statistical assessment of the results, the significance was
accepted as P<0.05.

Results

Table 1 shows the pH levels of the groups measured
at the end of the 1% and 2" months. The pH levels of the
Control and the Packaged control groups were measured
as soon as the samples were obtained. The pH levels of the
experimental groups at the end of the 1% and 2™ months
were compared with the baseline pH levels of the Control
groups. The pH values of the Packaged group significantly
decreased compared with the other groups at the end of the
1%t and 2" months (P<0.01). The pH level of the Non-
packaged group was significantly lower than the Control
groups at the end of the 2" month (P<0.01; Table 1). No
difference was found between the pH results of the Non-
packaged and Packaged groups in the 15t and 2" month.

Table 2 shows the mold-yeast analyses of the
experimental groups. Mold and yeast were not found in
the control groups. When the examination of the mold-
yeast analyses of the experimental groups, it was found
that the mold-yeast levels of the Non-packaged group at
the end of the 1% and 2" months were significantly higher
than the Packaged group (P<0.01). No difference was
found between mold-yeast results of the Non-packaged
and Packaged groups in the 1%t and 2" month. No aflatoxin
(B1, B2, G1 and G2) was detected in all groups.

Storage period, month Control Packaged Control Non-packaged Packaged P
1 4.06+0.032 4.00+0.092 3.84+0.05° 3.41+0.06°¢ P<0.01
2 4.06+0.032 4.00+0.092 3.80+0.06° 3.37+0.07¢ P<0.01
t 1.36 0.388 0.539 0.445
P NS NS NS NS

&¢: Mean values with different superscripts within a row differ significantly. NS: non-significant.

Table 2. Mold-Yeast count (log10 CFU/g) of the experimental groups (mean+SE).
Storage period, month Control Packaged Control Non-packaged Packaged t P
1 ND ND 4.61£0.29 1.60+0.09 9.70 P<0.01
2 ND ND 4.83+0.36 1.26+0.30 7.69 P<0.01
t -0.472 111
P NS NS

ND: Not detected; NS: non-significant.
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Table 3. E. coli and E. coli 0157 counts (log10 CFU/g) of the experimental groups (mean+SE).

Storage period, month Control Packaged Control Non-packaged Packaged
1 ND ND 1.48+0.13 ND

2 ND ND 1.53+0.08 ND

t -0,292

P NS

E. coli 0157 ND

ND: Not detected; NS: non-significant.

Table 3 shows the results of E. coli analysis in the
groups. In the analyses of the aforementioned groups, E.
coli was found in the Non-packaged group. At the end of
both 15tand 2™ months. E. coli counts were performed, but
no significant difference was determined between the
storage periods. E. coli 0157 was not identified in the E.
coli bacteria in the Non-packaged group.

Discussion and Conclusion

The pH values of the Non-packaged and Packaged
groups at the end of the 1tand 2" months were determined
to be 3.84, 3.41 and 3.80, 3.37, respectively (P<0.01).
Cerci et al. (10) determined that the pH value of WSBP
silage was 4.36. Owing to the pH of the main material in
the present study was low, the pH values of the Non-
packaged and Packaged groups were deceased slightly
(P<0.01; Table 1). This situation was attributed to the fact
that easily soluble carbohydrate content of WSBP is high
and therefore, an acidic environment was formed due to
the fermentation in feed. In another study (29), it was
reported that the pH value of WSBP was 4.36 and,
decreased pH values of the silages prepared with different
additives (P<0.05). In another study (31), the pH value of
WSBP silage was determined to be 3.76. Especially, the
pH is prime importance in terms of aflatoxin and some
microorganisms in feed. Aflatoxins grow within 3.5-8 pH
range (27, 28). In the present study, pH values in both
Non-packaged and Packaged groups did not show
significant differences to change the growth of
microorganisms, compared with the main material.
However, a significant decrease was observed in pH value
of the Packaged group depending on a better fermentation,
compared with the other groups. In the present study, the
mold-yeast rate of the Packaged group was found to be
significantly lower compared with the Non-packaged
group (P<0.01). This was associated with the fact that
WSBP is contacted with air much and is exposed to rain
in the open environment (19). When the animal breeders
store the pulp taken from a factory in bulk, 40-60% of the
nutrients of pulp get lost due to the undesired fermentation
events (2). The nutrient loss in this study was related to the
storage conditions. It has been reported that some yeast
species and, to a lower extent, some mold species cause a

thermal breakdown in the structure of WSBP as they
produce hemicellulosic enzymes (24). Similarly, it has
been reported that the storage duration and storage method
of sugar beet affects mold growth (19). In the present
study the mold yeast counts at the end of the 2" month did
not have a significant difference in both the Non-packaged
and Packaged groups. This indicated that factors such as
contact with air increasing the mold-yeast counts emerged
in the 1% month and, did not cause a statistically significant
effect in the following period. Indeed, it is known that
aerobic fermentation forms in the earlier stages in silage
production, oxygen consumption occurs in the first day in
normal fermentation, and the mold-yeast counts are
affected by the contact of feed with air (14).

As a result of mold-yeast growth, aflatoxin risk rises
in feed. But, as a result of the analyses performed in this
study, aflatoxin was not detected in all the groups. As
known, aflatoxins are produced at 12-40°C and pH 3.5-8.0
(27, 28). It was observed that the pH values of the groups
varied between 4.06 and 3.37 in the present study. Those
pH values were within the limits required for the
development of aflatoxin. However, low pH values of the
study may be effective in preventing aflatoxin production.
In a study conducted to determine the levels of aflatoxin
contamination in corn silage, Karakaya and Atasever (22)
reported that aflatoxin B1 was found in 95.84% of the
examined silage samples, but none of them had aflatoxin
B1 greater than the maximum tolerance limit. If anaerobic
conditions are maintained well, the pH remains around 4
and mold growth is no problem. However, if there is any
change in anaerobic conditions (e.g. air and water entering
the silo), molds can grow in the silage and, cause aflatoxin
formation (22). It has been reported that mold and yeast
grow in feed under inappropriate storage conditions and,
form toxin (1, 6). The fact that aflatoxin was not found in
all the groups in the present study indicated that the
storage conditions of the Non-packaged and Packaged
groups were not very bad. The Non-packaged group was
more likely to mold growth due to air and water contact
but this mold growth did not cause aflatoxin production.
Indeed, in a study (23) in which a simple guideline was
published for the identification of some common mold
spoilage, it was reported that the white mold growth did



Ankara Univ Vet Fak Derg, 68, 2021 165

not produce toxin, but the yellow-green, pinky-red and
purple, brown-black mold growth is an indicator of toxin
production. In this study, the absence of aflatoxin
production was associated with the mold growth in white
color (23). However, absence of aflatoxin production did
not eliminate the negative effects caused by mold growth.
Mold growth causes losses especially at the energy level
of feed (6, 23).

In the present study, E. coli was found in Non-
packaged group. However, E. coli 0157 was not found. In
a study conducted in Diyarbakir region to determine the
presence of E. coli in feed (6), it was determined to be
6x10?, 1.6x102, 3.3x10? and 1.4x102 CUF/g in the feeds of
dairy cattle, beef cattle, calf and lamb, respectively. As
seen in the results of this study, E. coli was not found in
the mixed feed types. The E. coli was not detected in the
Control and Packaged groups in the present study. This
was indicated that there was no contamination. However,
E. coli was found in the Non-packaged group even if not
detected at a high rate. This revealed the presence of
contamination in the environment. However, E. coli 0157
was not found at the end of the 1% and 2™ months. It has
been reported that E. coli O157 has an acid resistance
mechanism although it is known to grow in 7.2 pH under
normal conditions (12, 18, 30). If E. coli O157 is present
in the environment with 4.5-5 pH for a long time (18
hours), it is able to gain acid resistance and, may be
resistant in more acidic environments (pH 3-3.5) (7, 9).
Also, it has been reported that E. coli O157 can continue
its activity during cold storage (26). In the present study,
it was observed that E. coli O157 did not grow in the
storage environment under cold winter conditions.

It was determined that the Non-packaged and
Packaged groups, when compared with the control groups,
were cleaner than expected in terms of the bacteria
examined microbiologically. This, the pH levels under
both storage conditions were associated with the fact that
it was quite lower than the optimal pH conditions for the
growth of the examined microorganisms.

Consequently, the growth of mold and yeast may be
reduced to very lower levels by preventing air inlet in the
outside storage. Also, contamination of E. coli may be
prevented by attention to contamination from the
environment such as feces. It was determined that
packaging was partially better than the conventional
method (Non-packaged group). However, hydration may
occur in case of long-term storage. Therefore, packaged
pulp is recommended to be consumed in maximum 2
months and stored in cold environments.
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