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Abstract: Value added utilization of grape pomace (GP) has been the interest of many food researchers due to its high 
contents in fiber and polyphenols. However, the contamination of GP by molds and ochratoxin A (OTA) present a serious 
safety issue to food or feed use of GP. To ensure the safety of direct usage of GP as food ingredient, this study investigated the 
effects of drying method on mold viability and ochratoxin A (OTA) content of GP. Pomaces of seven grape cultivars were 
dehydrated by freeze, room temperature and vacuum drying methods. The total population of yeast and mold colonies was 
enumerated using Dichloran Rose Bengal Chloramphenicol Agar (DRBC) and Dichloran Glycerol 18% (DG18) media. The 
OTA was extracted by 70% methanol aqueous solution, and then quantified by an ELISA method. Regardless the grape 
cultivars, vacuum drying most effectively reduced the viability of mold in GP samples, while freeze-drying was the least 
effective method. OTA was present in all pomace samples tested but the contents of OTA in GP varied with grape variety. 
Vacuum drying and freeze drying significantly reduced the OTA contents of most of the pomace samples tested whereas room 
temperature drying increased OTA contents of all GP samples tested compared with OTA contents measured before drying. 
Overall, vacuum dry and freeze dry methods resulted in safer GP for food and feed use due to the greater reduction of viable 
molds and OTA content. 
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1. Introduction 

Ochratoxin A (OTA) is a mycotoxin produced by several 
species of Aspergillus including A. alliaceus, A. auricomus, 

A. carbonarius, A. glaucus, A. melleus, and A. niger and 
Penicillium fungi. Our previous study confirmed the presence 
of OTA producing mold spores in the pomaces of some grape 
cultivars grown in North Carolina [1]. OTA has been shown 
to be nephrotoxic, hepatotoxic, teratogenic, and immunotoxic 
to several animal species including causing kidney and liver 
tumors in mice and rats [2-3], although there is no 
statistically significant evidence for human health risks 
associated with OTA exposure [4]. Ochratoxin A has been 
found in barley, oats, rye, wheat, coffee beans, and other 
plant products [5]. Due to the potential toxicity of OTA to 

human, both European commission and Health Canada 
proposed maximum permitted levels of OTA in a variety of 
foods and drinks [6-7]. No specific limits for OTA in 
foodstuffs are set in the USA. 

Grape pomace (GP), the residue of grapes after wine 
making, contains the grape skins, pulp, and seeds. Grape 
pomace is a valuable source of phenolic antioxidants and 
dietary fiber [8], and thus may have technological 
applications as food ingredient for possible nutritional 
benefits. However, grapes are easily contaminated by molds 
due to its high sugar content and acidity. The presence of 
mycotoxin in the GP becomes a safety concern when GP is 
being used as a food ingredient. 

According to other researchers, OTA is the main 
mycotoxin found in grapes, wines and grape juices [9-10]. 
During wine making, most OTA is removed with the pomace 
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and lees [11-12]. Therefore, OTA concentration is usually 
low in the wine but high in the pomace. Because GP has not 
been widely used in foods, the safety of GP due to the 
presence of OTA has not been seriously evaluated. So far, 
only limited research has been done to assess mycotoxin 
level in GP [13]. Due to the potential health benefits of GP 
fiber and polyphenols, the interest of using GP as an 
ingredient in functional food development is increasing [14-
18]. Therefore, it is important to evaluate the presence of 
potential pathogenic factors such as pathogenic molds and 
OTA in the GP and develop method to reduce these risk 
factors. 

OTA is a stable compound, and common food processing 
methods could not reduce it. It possesses a resistance to 
acidity and high temperatures. Thus, once foodstuffs are 
contaminated, it is very difficult to totally remove this 
molecule [19]. However, some studies shows that roasting of 
coffee bean resulted in 14-94% reduction of OTA depending 
on the degree of roasting and dark roasting resulted in higher 
OTA reduction [20-21]. In addition, due to the fact that OTA 
producing molds grow at high humidity, the rapid removal of 
moisture in grape pomace should significantly reduce the 
viability of mold, thus the content of OTA. Due to the 
increasing interest in utilizing GP as food ingredient, it is 
important to investigate the effects of processing methods on 
the OTA level in the pomace to explore the methods that can 
reduce the viability of mold spores and the OTA content in 
grape pomace. The objective of this study was to investigate 
drying methods on the viability of mold and OTA level of 
pomace of different grape cultivars and to compare the OTA 
content of seeds and skins of grape pomace. 

2. Materials and Methods 

2.1. Materials 

Wet pomaces of seven grape cultivars including 
Muscadine Noble, Muscadine Carlos, Cabernet Franc, 
Cabernet Sauvignon, Merlot, Sangiovese and Chardonnay 
were collected from two North Carolina wineries (USA) in 
late September and early October of 2014. All pomace 
samples were collected within one hour of press. Among 
these pomace samples, Muscadine Noble, Cabernet Franc, 
Cabernet Sauvignon, Merlot and Sangiovese were red, 
Muscadine Carlos was green-brown and Chardonnay was 
green. The collected pomace of each grape variety was split 
into several bags (6x10 inch) which were stored at -20 °C 
until used, to prevent repeated freezing and thawing. 
Dichloran Rose Bengal Chloramphenicol Agar (DRBC), 
Dichloran Glycerol 18% (DG18) and Potato Dextrose Agar 
(PDA) plates were purchased from Thermo Scientific 
(Suwanee, GA USA) and used for the identification of mold 
and yeast. AgraQuant Ochratoxin A kit was purchased from 
Romer Labs, Inc (Union, MO, USA). The kit included 
antibody coated well strips, dilution well strips, conjugated 
solution, substrate solution, stop solution and a set of OTA 
standard solutions. 

2.2. Drying of Grape Pomace 

About 500g of each GP sample was freeze dried (FD), 
room temperature dried (RTD) and vacuum dried (VD). For 
freeze drying, GP samples were spread in plastic trays to 
about one inch thick, frozen at -80°C overnight, then dried in 
a Labconco Freeze Dryer for 48hrs. For vacuum drying, 
samples were spread into one inch layer in coated metal trays 
and dried in pre-heated a Isotemp vacuum oven (Fisher 
Scientific, USA) for 24 hours at 80°C. For room temperature 
drying, samples were spread into half inch layer in plastic 
trays, placed in a well ventilated room with temperature 
maintained at about 22°C for one week. Dried samples were 
ground into powders, bagged in moisture proof plastic bags 
and stored at 4°C. 

The moisture contents of all pomace samples were 
measured by vacuum oven. Briefly, 5.00g of wet pomace was 
weighed in a known weight aluminum weight boat and dried 
in an Isotemp vacuum oven (Fisher Scientific, USA) for 24 
hrs at 80°C. The moisture content was calculated as weight 
loss. The measurement was triplicate for the pomace of each 
grape variety. The moisture contents of GP samples were 
used to convert the OTA concentration from wet base (WB) 
to dry base (DB). 

OTA µg/kg DB = OTA µg/kg WB / (1-moisture) 

2.3. Determination of Total Fungal Counts in GP 

Five grams (5.00g) of each dry GP were mixed with 25 ml 
of 0.1% peptone water and blended with a stomach blender 
for 2 minutes, serially diluted and 100 µl of appropriate 
diluents were spread plated in duplicates on DRBC and 
DG18 plates. The total population of yeast and mold colonies 
was enumerated and results were reported in colony forming 
units CFU/ml from average fungal counts. To ensure the 
determination of accurate fungal population 3.00 of each dry 
GP samples was also directly plated by aseptically weighing 
the samples and directly adding each sample to both DRBC 
and DG18 agar media. Both sets of samples were then 
incubated at 25°C for 7 days. The total population of yeast 
and mold colonies was enumerated and results were reported 
in colony forming units CFU/g GP from average fungal 
counts. 

2.4. Determination of OTA in GP 

For dry GP samples, 5.00g of dry powder was mixed with 
25 ml of 70% methanol aqueous solution and stirred at room 
temperature for 60 minutes. For wet GP samples, 50.00g of 
each variety was mixed with 50 ml of DI water and 
homogenized into slurry using a Polytron Homogenizer PT-
MR2100 (Kinematic AG, Switzerland). Five grams of 
homogenized slurry was extracted with 10 ml of non-diluted 
methanol. Samples were centrifuged, and then filtered 
through 0.45um GF/CA filter. The volumes of filtrates were 
recorded. The filtrates were used for OTA analysis. The 
extraction of each GP variety was conducted in triplicate. 

OTA concentration in each extract was quantified using 
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AgraQuant Ochratoxin A kit (Romer Labs, Inc). The 
AgraQuant® Ochratoxin Assay has been validated by the 
vendor for barley, beer, cocoa, corn, cereal, green coffee, 
milo, soybeans, wheat and wine. Briefly, 100 µl of each 
extract was diluted with 200 µl of conjugated solution in the 
mixing wells by pipetting up and down several times. The 
diluted samples (100µl) were added to antibody coated wells 
and incubated for 10 min at room temperature. The wells 
were washed 5 times with deionized water, tap dried, then 
100 µl of substrate was added into the well. After 5 min 
incubation, 100µl of stop solution was added to each well to 
stop activity. The ELISA strips were read using a HTX 
Synergy Microplate Reader (BioTek, Winooski, VT, USA) at 
450nm using 630nm as differential filter. A standard curve 
was developed using a set of OTA standard solutions by the 
same procedure. The OTA concentrations of extracts were 
expressed as ng/ml extract, and the OTA contents of GP 
samples were calculated according to sample weight, 
volumes of extracts and moisture content, and expressed as 
µg/kg dry mass (pomace). 

2.5. Determination of OTA in Grape Seeds and Grape Skins 

To evaluate whether grape skins or seeds were more 
contaminated with OTA, the GP samples dried by different 
methods were separated into seeds and skins manually. The 
OTA contents of seeds and skins were extracted and 
determined as described in section 2.4. 

2.6. Data Analysis 

OTA data collected were expressed as mean ± 
standard deviation. The effects of drying methods on 
OTA content in GP were compared by Duncan multiple 
comparison using SAS version 9.2 (SAS Institute Inc., 
Cary, NC, USA). 

3. Results and Discussion 

3.1. Effects of Drying Methods on Viability of Yeast and 

Mold in Grape Pomace 

Our previous study showed the presence of ochratoxigenic 
molds in the pomace of certain grape cultivars [1]. Among all 
molds identified in Chardonnay pomace, A. niger, A. 

carbonarius and A. fumigatus contributed to 81.1%, 13.51 
and 5.39% of the contamination. Overall, the pomace 
produced from Chardonnay and Merlot grape cultivars were 
mostly populated with all three Aspergillus strains detected. 
No mold was detected in pomaces derived from Cabernet 
Franc and Sangiovese grape cultivars. In addition, yeast was 
also found in wet GP samples. 

Table 1 shows the effects of different drying methods 
on the viability of mold and yeast in GP samples 
detected by DG 18 medium. For room temperature dried 
GP samples, no yeast and mold were found in 
Muscadine Noble and Carlos pomaces, large number of 
yeast colonies and small number of mold colonies (1-2 
CFU/ml) were found in Cabernet Sauvignon, Cabernet 
Franc and Merlot pomaces, but large number of mold 
colonies were found in Chardonnay pomace (>300 
CFU/ml). For vacuum dried pomace samples, low 
numbers of mold colonies were found in Cabernet Franc 
and Chardonnay pomaces but yeast were found in all 
pomace samples at a much larger number. Larger 
numbers of mold colonies (2-300 CFU/ml) were found 
in freeze dried pomace samples except Muscadine 
Noble. The counts of yeast colonies in freeze dried 
Cabernet Franc, Sangiovese, Merlot and Chardonnay 
pomaces were higher. The highest mold counts of dry 
Chardonnay pomace corresponded to high mold load of 
wet sample found in our previous study [1]. 

Table 1. Fungal populations of grape pomace samples (CFU/ml) determined by indirect plating method using DG18 medium plates (incubated at 25 °C for 7 

days on DG18). 

Grape Pomace 
Room Temperature Dried Vacuum Dried Freeze Dried 

Yeast Mold Yeast Mold Yeast Mold 

Noble ND ND 10 ND 2 ND 

Carlos ND ND 34 ND ND 4 

Sauvignon 86 2 212 ND ND 3 

Franc >300 ND 94 3 37 2 

Sangiovese 7 1 20 ND 55 4 

Merlot >300 1 50 1 >300 6 

Chardonnay ND >300 30 ND >300 >300 

ND-not determined; NG-no growth, <10 = less than 10 colonies/ml. 

Table 2 shows yeast and mold populations of GP samples 
dried by different methods on DRBC medium. The yeasts 
existed in all GP samples tested regardless the drying 
method, but the mold counts were much lower and varied 
with drying method greatly. For room temperature dried GP 
samples, mold was only detected in Cabernet Sauvignon and 

Chardonnay pomaces at levels of 2 and 12 CFU/ml, 
respectively. For vacuum dried samples, only Merlot pomace 
showed 3 CFU/ml. The mold was detected in most of the 
freeze dried GP samples at 1-5 CFU/ml. The highest mold 
population was observed in room temperature dried 
Chardonnay pomace. 
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Table 2. Fungal populations of grape pomace samples (CFU/ml) determined by indirect plating method on DRBC medium (incubated at 25 °C for 7 days). 

Grape pomace 
Room Temperature Dried Vacuum Dried Freeze Dried 

Yeast Mold Yeast Mold Yeast Mold 

Noble 3 ND 5 ND 53 1 
Carlos 50 ND 35 ND ND 3 
Sauvignon 34 2 >300 ND 7 2 
Franc >300 ND 64 ND 12 1 
Sangiovese 6 ND 10 ND 40 1 
Merlot 175 ND 53 3 9 5 
Chardonnay 58 12 70 ND 170 ND 

ND-not determined. 

The yeast count in the GP seems varied with both grape 
cultivar and drying method. Yeasts represent the most 
important group of microorganisms to wine makers. The 
yeasts, naturally present on the grape surface, transform 
sugars (glucose and fructose) in musts into ethanol and 
carbon dioxide. Generally, the major species identified on the 
surface of grapes are non-Saccharomyces yeasts which 
impact the aroma and flavor composition of the finished wine 
[22]. Some wineries add yeast (S. cerevisiae) to the musts to 
the total population of 5x106 cells/ml to prevent undesirable 
compounds formation [23]. At the later stage of fermentation, 
the viable yeast population decreases because of the lack of 
nutrients and the increased level of ethanol, but some yeast 
remain active. Therefore, it is not surprising to see large 
number of yeast colonies in the wet and dry pomace. Because 
yeasts do not produce toxins, their presence does not generate 
a safety issue to GP. 

Among all vacuum dried GP samples, only Cabernet Franc 
and Merlot showed mold growth, but all freeze dried GP 
samples showed mold growth on both DG18 and DRBR 

plates. Regardless the grape cultivars, vacuum drying most 
effectively reduced the viability of mold in GP samples, 
while freeze drying was the least effective method. Among 
all pomace samples, room temperature dried and freeze dried 
Chardonnay pomace showed highest fungal population which 
might be related to its high fungi load as evidenced in our 
previous study [1]. 

To further confirm the presence and absence of molds in the 
dried GP samples, direct plating method was conducted. Dried 
pomace powders were directly spread on the surface of DRBC 
medium plates. The results did not show difference in mold 
counts among pomace samples dried by different methods 
(Table 3). Molds were not detected in all Noble, Carlos, 
Cabernet Sauvignon and Sangiovese pomaces. However, 6 
CFU/g of molds were detected in room temperature dried 
Cabernet Franc pomace and vacuum dried Merlot pomace, 1 
CFU/g was observed for Chardonnay pomace. High yeast 
count was observed in room temperature dried Sangiovese 
pomace. Low yeast population of other GP samples plated by 
direct plating might be caused by the low moisture.  

Table 3. Fungal populations of grape pomace samples (CFU/g) determined by spread (direct) plating of dry GP powders on DRBC (incubated at 25 °C for 7 

days). 

Grape Pomace 
Room Temperature Dried Vacuum Dried Freeze Dried 

Yeast Mold Yeast Mold Yeast Mold 

Noble - - - - - - 

Carlos - - - - - - 

Sauvignon - - - - - - 

Franc 8 6 - - 7 2 

Sangiovese >300 - 6 - - - 

Merlot - - - 6 - - 

Chardonnay - - - - - 1 

 
The OTA producing molds grow in the temperature range 

10-45°C and water activity range of 0.80-0.99 [24]. 
Depending on the species, the optimal growth temperature 
for ochratoxigenic mold could be 15-25°C [25]. The highest 
growth rate of A. carbonarius was reported to be 25-35°C 
[24, 26]. Another study shows the optimal growth 
temperature and water activity of A. carbonarius and A. niger 
are 23-33°C and 0.95-0.99 respectively [27]. Both mold 
growth and OTA accumulation are favored by high moisture 
(24, 27). At freeze drying temperature, molds could not grow 
and could die when the moisture was below the minimum 

requirement for growth and survival. At vacuum drying 
temperature used in this study, molds could not survive once 
the center of GP reaches 80°C. The fast drying method such 
as vacuum drying should quickly reduce the moisture content 
which is very important for the survival of mold cells, thus 
decreasing the possibility for mold to continually produce 
OTA during storage of pomace. The room temperature was 
about 22°C which fell into the optimal growth temperature of 
ochratoxigenic molds. Because it took one week to dry GP at 
room temperature, the molds in the pomace could grow and 
produce OTA although this could not be seen with eyes. 
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3.2. OTA Content of Fresh Grape Pomace 

 

Figure 1. OTA contents of grape pomace samples tested (OTA was determined using wet pomace samples). 

Figure 1 shows that OTA were present in all pomace 
samples tested but the contents of OTA in GP varied with 
grape variety. The moisture contents of wet GP samples of 
Muscadine Noble, Muscadine Carlos, Cabernet Franc, 
Cabernet Sauvignon, Merlot, Sangiovese and Chardonnay 
were 66.20, 75.06, 66.06, 61.89, 66.80, 66.12, and 65.95%, 
respectively. The OTA contents of wet GP samples was in the 
range of 11-35 µg/kg on the wet basis (WB), but 32-105 
µg/kg on the dry basis (DB). Muscadine Noble and 
Sangiovese pomaces had lowest OTA contents (11.0 and 13.5 
µg/kg WB or 32.5 and 35.8 µg/kg DB, respectively), while 
Muscadine Carlos and Chardonnay pomaces had highest 
OTA contents (25.53 and 35.96 µg/kg WB or 102.5 and 
105.6 µg/kg DB, respectively). The OTA contents of the rest 
of tested GP samples were about 22 µg/kg WB or 60 µg/kg 
WB. The high OTA content of Chardonnay pomace is 
corresponding to its high mold population. Because the OTA 
limit in GP was not established, the maximal GPA allowance 
of dry fruit (10µg/kg) set by European Commission was used 
as the upper limit of dry GP [5]. The results show that all dry 
GP samples had OTA contents higher than the maximal 
allowance of 10µg/kg, and the dry GP cannot be consumed 
alone. 

3.3. Effects of Drying Methods on OTA Contents of Grape 

Pomace 

Drying method has significant effects on the OTA content 
of GP (Figure 2). Compared with OTA detected in the wet 
pomace, vacuum drying at 80°C for 24 hours and freeze 
drying for 48 hours significantly reduced the OTA contents 
of Cabernet Franc, Cabernet Sauvignon, Merlot, Sangiovese 
and Chardonnay pomaces, but increased the OTA contents of 
Muscadine Noble and Carlos pomaces. Room temperature 
drying only decreased OTA contents in GP samples of 
Sauvignon, Merlot and Chardonnay compared with OTA 

contents measured before drying. The OTA contents were in 
the range of 20-30 um/kg for vacuum and freeze dried 
Cabernet Sauvignon, Merlot and Sangiovese pomace 
samples, and 40-60 µg/kg in vacuum and freeze dried 
Muscadine Noble, Cabernet Franc and Chardonnay pomace 
sample. Muscadine Carlos pomace showed highest OTA 
contents (130-168 µg/kg GP) regardless of drying method. 
During room temperature drying, the growth of mold was 
visualized in Muscadine Carlos pomace but not the other 
pomace. This could be why the OTA content of Muscadine 
Carlos pomace was higher than other pomace samples 
although the molded pomace was discarded before grinding. 

Vacuum drying quickly heated the GP to 80°C and rapidly 
reduced the moisture of GP which should kill OTA producing 
molds in a short period of time as shown by the extremely 
low mold counts of vacuum dried GP samples (Table 2 and 
3). Therefore, the possibility of producing OTA during 
vacuum drying is low. However, the OTA contents of 
vacuum dried Muscadine Noble and Carlos GP samples were 
higher than that of control. This is most likely due to the 
thick skin of Muscadine grape pomace. Freeze drying was 
conducted at -5°C. Although it took 48 hours to reach the 
desired dryness, molds should be in the inactive state and 
should not produce OTA during this period because the 
temperature for OTA production is 15-45°C with 35-37 ºC 
being the optimum temperature for the growth and 20 ºC 
being the optimal temperature of OTA production [24-25]. 
According to previous studies, the major molds responsible 
for the OTA production in GP are A. niger and A. 

carbonarius [1; 26]. Our room temperature drying was 
conducted at 22°C which is near the optimal OTA production 
temperature of A. carbonarius and A. Niger (15-20°C) [24, 
28-30; 27]. Therefore, it is easy to understand the increase of 
OTA in some room temperature dried GP samples, 
particularly, the thick skin pomace. 
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Figure 2. Effect of drying methods on OTA content of grape pomace (Control-OTA measured using wet pomace and converted into OTA µg/kg dry pomace), 

Control-wet GP (OTA content was calculated based on dry mass), VD-vacuum drying, RT-room temperature drying, FD-Freeze drying (For same grape 

cultivar, bars with same label are not significantly different at P<0.05). 

OTA is a highly stable mycotoxin which possesses a 
resistance to acidity and high temperatures [19]. Most of the 
food processes have variable effects on mycotoxins, with 
those that utilize the highest temperatures having greatest 
effects [31]. It was reported that roasting could reduce the 
content of OTA in coffee beans by up to 97% depending on 
the temperature and particle size and extrusion was less 
efficient [32]. The drying methods used in this study are very 
mild comparing to roasting, thus the effects of drying on 
OTA reduction is limited. However, quick drying after 
fermentation will preserve GP from further contamination 
due to mold growth and OTA production. 

3.4. OTA Contents in Grape Skins and Seeds 

Figure 3 shows that the impact of drying methods on the 
OTA contents of skins and seeds of GP samples is inclusive. 
The OTA contents of vacuum, freeze and room temperature 
dried GP skins were 27-301, 47-302 and 24-256 µg/kg, 

respectively, whereas the OTA contents of vacuum, freeze and 
room temperature dried GP seeds were 32 -229, 64-275 and 
21-303 µg/kg, respectively. Vacuum dried (VD) skins of 
Muscadine Noble, Muscadine Carlos and Cabernet Sauvignon 
pomaces had lower OTA contents than the skins dried by other 
methods (P<0.05), while room temperature dried (RT) skins of 
other GP samples had lower OTA than the vacuum and freeze 
dried skins (P<0.05) (Figure 3A). For the seeds, 3 out of 7 
freeze dried (FD) samples and 3 out 7 room temperature dried 
samples showed highest OTA (Figure 3B). Regardless of 
drying methods, the skins of Muscadine Carlos pomace had 
highest OTA contents (194-256 µg/kg) among all skin samples 
(Figure 3A), while seeds of Chardonnay pomace showed 
highest OTA content (191-303µg/kg) among all seed samples 
(Figure 3B). Overall, vacuum dried skins and seeds showed 
lower OTA content. However, vacuum drying may result in 
significant loss of anthocyanins due to the heat sensitive nature 
of most of these polyphenols [33]. 
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Figure 3. OTA contents in the skins and seeds of grape pomaces as affected by drying methods (VD-vacuum drying, RT-room temperature drying, FD-Freeze 

drying). (For same grape cultivar, bars with same label are not significantly different at P<0.05). 

4. Conclusion 

The degree of mold contamination and OTA content of GP 
varied with the grape cultivars and agricultural practice. 
Drying methods of GP had great impact on the microbial 
load and ochratoxin A content. Fast drying after press of GP 
greatly reduced viable mold count and OTA content in the 
pomace. For most of grape varieties tested, vacuum drying 
and freeze drying resulted in comparable OTA content in 
dried GP, but vacuum dried samples showed lower OTA in 
both skins and seeds. Vacuum drying could destroy mold 
spores but might damage polyphenols. In contrast, freeze 
drying could not destroy mold spores although it preserved 
polyphenol antioxidant in the pomace. Vacuum drying is 
faster and cheaper than freeze drying. Therefore, from safety 
of GP and economy point of view, vacuum drying method is 
recommended. The limitation of this study is that the OTA 
content of GPs was determined by one ELISA method and 
the reproducibility of the ELISA method was not very good. 
It is important to select or develop a more accurate and 
reproducible method for OTA analysis. In addition, it is 
necessary to develop a more effective method to reduce OTA 
content of GP to improve the safety of utilizing GP as a food 
ingredient. 
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