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Abstract.

Eukaryotic probiotics currently attract a lot of scientific attention, with Saccharomyces cerevisiae and Saccharomyces boulardii
being the most widely investigated probiotic yeasts. The range of yeast species with probiotic potential needs to be broadened.
In this respect, juice-providing plants may diversify eukaryotic probiotic sources for organism preference.

This study tested the probiotic potential of Pichia kudriavzevii and Kluyveromyces marxianus isolated from coconut juice and
Schizosaccharomyces pombe and Wickherhamomyces anomalus isolated from raffia palm juice in Nigeria. The in vitro tests
used the optical density method to assay the tolerance to acid (pH 2, 3, 5), alkaline (pH 7.5, 8.0), gastric juice (30%), bile (1, 2,
and 3%), and osmotic pressure (5, 10, 15, 20, 25, and 30% glucose solution).

All four yeasts survived in the test environments, exhibiting varying degrees of probiotic potential. After 96 h in simulated
gastric juice, S. pombe outperformed K. marxianus and W. anomalus by 13 and 97.7% (p < 0.05), respectively. W. anomalus
appeared to be the least viable in 30% gastric juice. After 96 h in the acid media, all yeasts performed better at pH 3.0 than
at pH 2.0, with roughly 89% (1.695/0.185 mean absorbance values) greater growth in pH 3.0 than in pH 2.0. The alkaline
media had a better effect on the growth rate. P. kudriavzevii fared best at pH 2.0 and 3.0 for up to 96 h. All yeasts maintained
viability in 1, 2, and 3% bile solutions, although the growth rate did not improve significantly in any of the assay periods.
Only minimal growth increase was registered in increased bile concentrations. All samples demonstrated sustained viability
in 5-30% glucose between 24 and 48 h of incubation. After 48 h of incubation, the yeast concentrations began to fall as the
glucose concentration rose from 5 to 30%. P. kudriavzevii was the least affected after 96 h (41.8%) and demonstrated the best
survival results by the four criteria tested in this study.

If this species meets all other non-assayed parameters which qualify a microorganism as a probiotic, P. kudriavzevii obtained
from Nigerian coconut juice can be recommended as a potential source of commercial probiotics.
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AHHOTAIIUSA.

DyKapHOTHYECKUE IPOONOTHKH IIPUBJIIEKAIOT BHUMaHKE yueHbIX. Hanbosee n3y4eHHBIMI BUAAMH APOKKEH — HCTOUHUKAMHU
MPOOHOTUKOB — ABIAIOTCS Saccharomyces cerevisiae u Saccharomyces boulardii. CriekTp BUJOB IpOAIKEH C MPOOHOTHIECKUM
MMOTEHIUAIOM MOXKHO PaCHIMPHUTH 3a CUCT PACTCHHUH, UCTIONB3YIONUXCS B KAUECTBE CHIPhS IIPH IPONU3BOJICTBE HATUTKOB.
OOBEKT UCCIIeIOBAHUS — TPOONOTUYECKUI MOTeHIMAI Ipoxkel Pichia kudriavzevii u Kluyveromyces marxianus, BbIJEICHHBIX
U3 KOKOCOBOTO COKa, a Takxke Schizosaccharomyces pombe n Wickherhamomyces anomalus, BBIIEICHHBIX U3 TaIbMOBOTO
coka padun (Hurepus). MeTtooM ONTHYECKOI IIOTHOCTH in Vitro ONpeAeswsin TojdepaHTHOCTh K kuciore (pH 2, 3 u 5),
menoun (pH 7,5 u 8,0), xemyaounomy coky (30 %), xemun (1, 2 u 3 %) 1 ocMOTHYIECKOMY JaBIEHUIO (PAcTBOP IIIIOKO3EI 5, 10,
15, 20,25 u 30 %).

Bce uetsipe Buma Aposxokel BBIKHIHM, IPOJAEMOHCTPHPOBAB Pa3HYIO CTENEHb NMpoOHOTHYECKoro noteHuuana. Ilocie 96 u
npeOBIBaHNS B HICKYCCTBEHHOM JKEIYILOTHOM COKe S. pombe PeB30IIIH 110 YHCICHHOCTH K. marxianus u W. anomalus ua 13
n 97,7 % (p < 0,05) coorBercTBeHHO. B 30 % pacTBOpE KEIyI0UHOTO COKA HANMEHEE KU3HECTIOCOOHBIMH OKA3aIUCh APOKIKH
Buna W. anomalus. Ilocne 96 4 B Kucioi cpeae Bce 00pa3ipl okasanuch Oonee xuzHecmocodbusiMu npu pH 3,0, gem mpu
pH 2,0 — npubnusurensHo Ha 89 %. Illenouynas cpena okasana OJIaronpusTHOEC BO3JEHCTBHE Ha CKOPOCTh pocTa. Jpoxiku
P. kudriavzevii mpogeMOHCTpUPOBAIN TydlIne MMoKa3aTenu BebkuBaemocTd npu pH 2,0 u 3,0 B Teuenue 96 4. Bee npoxxu
COXPaHsUIN KH3HECTIOCOOHOCTE B 1, 2 1 3 % pacTBOpax »elIdH, XOTsI CKOPOCTh POCTa CYIIECTBEHHO He yBeIn4miach. [loblmenne
KOHIICHTPALUHU KeJIYU BbI3BAJIO0 MUHUMAaIbHOE yBeanueHue pocra. Ilocne 24-48 4 unky6auuu B 5-30 % pacTBopax IIIOKO3bI
Bce 00pas3Iibl MPOIEMOHCTPUPOBAIH YCTOHYMBYIO )KU3HECTTOCOOHOCTE. [locie 48 1 mHKyOaIny KOHIICHTPAIHs JPOKIKeH Hadama
najaTh, a KOHIICHTPALUs TIK03bI Beipocia ¢ 5 10 30 %. Bun P. kudriavzevii oxasancs Hanbosee )KHU3HECITOCOOHBIM Yepe3
96 1 (41,8 %) 1o BceM YEThIPEM KPHUTEPHSIM.

Ecnn nanpHeiimme ucciegoBaHUs HOJTBEP/SAT, UTO 3TOT BHJ COOTBETCTBYET OCTAILHBIM, HE OXBAaUE€HHBIM B paMKaX JaHHON
paboThl mapaMeTpaM, KOTOPBIE MO3BOJISIOT KBAIN(UIUPOBATH MUKPOOPTaHU3M KaK MPOOHOTHK, TO ApOXIKU P. kudriavzevii,
TIOTYYCHHBIC U3 COKA HUTEPUICKOTO KOKOCA, MOTYT OBITh PEKOMECHIOBAHBI B KAUECTBE MOTEHIINAILHOTO HCTOYHHKA KOMMEPUECKHX
MPOOHOTHKOB.

KuaroueBbie cioBa. [IpoOuoTukH, IpOXKKH, in vitro, abcopOIHsi, KOKOCOBBIN COK, COK paduu, KU3HECITOCOOHOCTh

Jas nutupoBanus: JIpoxiku U3 COKOB KOKoca M paduu: nmpobuorndeckas oueHka in vitro / 3. O. Upokanyno [u ap.] //
TexHuKa U TEXHOJIOTHs MUILEBHIX nmpou3BojacTB. 2023. T. 53. Ne 4. C. 672—679. (Ha aurx.). https://doi.org/10.21603/2074-
9414-2023-4-2467

Introduction Criteria for in vitro assessment of potential probio-
Probiotics have a long history, dating back over tics. In 2002, the Food and Agriculture Organization
10 000 years. Fermented foods, such as yogurt, are high of the United Nations published guidelines for evalua-

in probiotics and are widely consumed worldwide. These ting probiotics in a variety of foods. Currently, the crite-
days, probiotics are part of various healthy diets, and ria for evaluating probiotic candidates include: low pH
supplements with probiotic microbes have long establis- tolerance, bile salt tolerance, osmotolerance, phenoty-
hed themselves in commercial production [1, 2]. pic and genotypic stability, carbohydrate tolerance, etc.
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In addition, probiotics possess antimicrobial activity
against Listeria monocytogenes, Shigella flexneri, Staphy-
lococcus aureus, Salmonella enteritidis, enteropatho-
genic Escherichia coli, Escherichia coli O157 H7, and
Bacillus cereus [3, 4].

Although the exact mechanism through which pro-
biotics exert their positive benefits remains uncertain,
a range of beneficial outcomes derived from probiotics
is well documented [5].

Sources of probiotics. Previously, most probiotics
ingested by humans came from fermented foods, e.g.,
dairy products. Eventually, the human body itself became
the predominant source, with faces and breast milk ser-
ving as the primary providers. Probiotics isolated from
human breast milk are mainly of the Lactobacillus ge-
nus, while those isolated from feces of healthy human
adults and breastfed infants belong to Lactobacilli and
Bifidobacterium [6].

Fermented foods with potential probiotics can be of
plant or animal origin. All other probiotic organisms are
bacterial species, except for Saccharomyces cerevisiae
(bakery and brewing), Saccharomyces bayanus (wine-
making), and Saccharomyces boulardii. These yeasts
have been isolated from a variety of sources, including
soy paste, and used as a probiotic in medicine [7, 8].

In Middle Eastern countries, fermented foods are
abundant sources of lactic acid bacteria. The list inclu-
des parboiled dried wheat, garlic, parsley and olives
among many others. Non-germinated cereals, such as sor-
ghum and millet grains, are known for their functional
properties [9]. Traditional non-dairy fermented beverages
are also high in probiotics. They are made from millets,
legumes, fruits, and vegetables [10, 11]. Probiotic featu-
res of lactic acid bacteria include resistance to pH 3 and
3% bile, as well as antibacterial activity against S. aureus,
E. coli, Pseudomonas aeruginosa, and Enterococcus fae-
calis. Such new developments as paraprobiotics and post-
biotics go beyond the current trend of consuming live
bacteria in food or as supplements: they imply that bac-
terial viability alone may not be required for health be-
nefits. This discovery presents a potential opportunity
for functional food producers [12].

Coconut and raffia palm juice are widely consumed
around the world. In tropical countries such as Nigeria,
they are natural refreshing beverages used to quench
thirst. In addition to minerals, these fruit drinks con-
tain several local microorganisms. For instance, coconut
juice contains Pichia kudriavzevii and Kluyveromyces
marxianus while raffia palm juice contains Schizosac-
charomyces pombe and Wickherhamomyces anomalus.
Raphia rinfera, Raphia hookeri, and Elaeis guineensis
are the most common sources of palm wine in Nigeria.
Fresh palm wine is widely regarded as a healthy beverage
that aids lactation, heals conjunctivitis, and even improves
vision [13, 14]. This delicious drink is popular in south-
eastern Nigeria, as well as in many tropical countries
all over the world, including Asia and South America.
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This study featured four yeasts. P. kudriavzevii and
K. marxianus were isolated from coconut juice; S. pombe
and W. anomalus came from raffia palm juice. They were
tested for potential use as probiotics.

Study objects and methods

Yeast strains. Pichia kudriavzevii and Kluyveromy-
ces marxianus (coconut juice) and Schizosaccharomy-
ces pombe and Wickherhamomyces anomalus (raffia
palm juice) were obtained from the Microbiology De-
partment of Landmark University, Omu-Aran, Nigeria.
They were subjected to four in vitro tests: survival
in low and alkaline pH, survival in 30% simulated
gastric juice, survival in 1, 2, and 3% bile, and survival
in 5, 10, 15, 20, 25, and 30% sugar (glucose) to check
osmotolerance.

Culture conditions. This study employed yeast ex-
tract peptone dextrose broth and agar as culture media.
After purification, the yeasts were counted to obtain
10° CFU/mL in sterile phosphate buffered saline, as
proposed by Moradi ef al. [15]. The tests took place
within 60 min after the count.

Gastric juice tolerance test. To test the capacity of
the yeasts to survive in simulated gastric juice, we modi-
fied the procedure described by Lohith & Anu Appaiah
and Ragavan & Das [16, 17]. In brief, the simulated gas-
tric juice was prepared by dispensing 10 mL of phosphate
buffered saline (0.9% w/v) into sterile universal tubes
(n=4) and adjusting pH to 2.0 with HCI. After that, we
added 0.03 g pepsin into the solution to achieve a con-
centration of 3 mg/mL. Subsequently, we put 20 pL of
overnight cultures (~ 10° CFU/mL) of each yeast into the
simulated gastric juice to inoculate and incubate them at
37°C for 90 min. Following the incubation, 10 pL simu-
lated gastric juice with yeast cultures was added to 10 mL
yeast extract peptone dextrose broth. Each test was per-
formed in triplicates. The optical density (absorbance)
values made it possible to determine the viability of the
yeasts spectrophotometrically. The test involved the use
of a UV/VIS Spectrophotometer, Model AE S80-2S
(A&E Lab, UK). After 0, 24, 48, 72, and 96 h of incuba-
tion, we measured the absorbance at 660 nm. All the
tests were carried out in triplicates, and each value was
a mean calculated from all three.

Survival in acid and alkaline environments. The
study used the methods developed by Lohith & Anu Ap-
paiah and Ragavan & Das with minimal modificati-
ons [16, 17]. The pH of the yeast extract peptone dext-
rose broth was adjusted with IN HCL to 2.0, 3.0, and
5.0 for acidic conditions. For alkaline conditions, the
adjustment was carried out using 1N NaOH to bring
pH up to 7.5 and 8.0. The samples of pH-adjusted yeast
extract peptone dextrose broth (9.9 mL) were dispensed
into clean universal bottles. After that, we inoculated
0.1 mL (~ 10° CFU/mL) yeasts purified in phosphate
buffered saline into 9.9 mL of pH-adjusted broths. The
obtained mixes were swirled to homogenate. The absor-
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bance of each inoculated broth at 660 nm was measured
before incubation and repeated the procedure every
24 h for a total of 96 h. All the tests were carried out in
triplicates, and the growth and survival of the yeasts were
measured from the mean absorbance values recorded
for each yeast organism.

Bile tolerance test. We prepared 1, 2, and 3% bile
in the yeast extract peptone dextrose broth. Then, we
dispensed 0.2 mL (~ 10 CFU/mL) of overnight culture
in phosphate buffered saline into the broth and mixed.
The absorbance of the broth cultures was measured at
660 nm before the incubation and 24, 48, 72, and 96 h
after the incubation. All the tests were carried out in
triplicates, and each value was a mean calculated from
all three.

Osmotolerance test. Glucose concentrations of 5,
10, 15, 20, 25, and 30% (w/v) were prepared in the yeast
extract peptone dextrose broth. From each of these stock
solutions, we dispensed 19.8 mL into sterile universal
tubes, to which was added 0.2 mL (~ 10° CFU/mL) of
each yeast (in phosphate buffered saline) for subsequent
testing. The test included three replicates per yeast.
Before incubation, the absorbance of the broth cultures
was read at 660 nm. During the incubation, measurement
of the absorbance was repeated every 24 h for a total of
96 h and the mean values calculated.

Results and discussion

Gastric juice tolerance test. Three of the four yeasts
showed remarkable ability to thrive in the simulated
30% gastric juice at pH 2.0 and 37°C for 96 h. Schizo-
saccharomyces pombe demonstrated the best results
with absorbance value of 2.704 at 96 h. Its concentra-
tion exceeded that of Kluyveromyces marxianus by
13% and that of Wickerhamomyces anomalus by 97.7%
(p» <0.05). W. anomalus appeared to be the least viable
yeast in the 30% gastric juice environment. The samples
showed no significant difference (p > 0.05) in viabi-
lity within the first 24 h. Pichia kudriavzevii, with an
absorbance value of 1.984 at 96 h, showed no signifi-
cant difference (p > 0.05) from S. pombe (2.704) and
K. marxianus (2.352) after 96 h. However, its difference
from W. anomalus for the same period was significant
(p <0.05) (Fig. 1).

Acid and alkaline tolerance test. All four yeasts
exhibited acidic tolerance, with P. kudriavzevii showing
evidence of remarkable survival at pH 2.0 and 3.0 for up
to 96 h when compared to S. pombe, W. anomalus, and
K. marxianus. Notwithstanding, all the yeasts fared bet-
ter at pH 3.0 than at pH 2.0 with an approximately 89%
(1.695/0.185 mean OD values) higher growth in pH 3.0
and 2.0, respectively, after 96 h (Figs. 2a and b). Simi-
larly, all four yeasts grew better at pH 5.0 than at pH 3.0
and 2.0. For pH 5.0, we recorded a mean increase of
14.05% for all four yeasts after 96 h. K. marxianus and
P. kudriavzevii showed better survival results (Fig. 2c).
At 96 h, S. pombe and W. anomalus survived best in
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the alkaline medium, with no discernible difference
between growth and survival results in acidic pH 5.0 and
alkaline pH 7.5 and 8.0. (Figs. 2c, d, e, and f).

Bile tolerance test. S. pombe maintained stable con-
centration in all three bile solutions for 96 h while other
yeasts showed variable concentrations after 48 h (Fig. 3).

Each of the assay periods demonstrated minimal but
not appreciable differences in yeast concentrations bet-
ween 1 and 2% bile and between 2 and 3% bile.

P. kudriavzevii was consistently the most viable spe-
cies in 1, 2, and 3% bile medium, especially at 48 h.

Osmotolerance test. All four yeasts demonstra-
ted signs of survival (5-30%) in the glucose solutions
(Figs. 4a—f). P. kudriavzevii, K. marxianus, and W. anoma-
lus reduced in concentration as the glucose concent-
ration increased from 5 to 30%. However, their concent-
rations increased as the incubation time proceeded
from 0 to 96 h.

S. pombe followed the same pattern as the other
three yeasts but had a slightly lower concentration as
the incubation time increased from 0 to 96 h.

Overall, as the concentration of glucose increased
from 5 to 30% after 48 h of incubation, we detected a va-
riable degree of reduction in yeast concentrations, with
P. kudriavzevii being the least affected (Fig. 4g).

Such yeast strains as Saccharomyces boulardi are
popular in healthcare and food industry for their well
documented therapeutic properties, e.g., alleviation of
digestive issues. K. marxianus is another highly resear-
ched probiotic yeast with a set of established methods
of screening and assessing probiotic potential [15].
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Figure 4. Viability of Schizosaccharomyces pombe, Wickerhamomyces anomalus, Kluyveromyces marxianus,
and Pichia kudriavzevii in increasing glucose concentration 5% (a), 10% (b), 15% (c), 20% (d), 25% (e),
30% (f); decline in viability yeast (g), 96 h after incubation

Pucynoxk 4. XXusnecroco6HOCTb nposxkeit Schizosaccharomyces pombe, Wickerhamomyces anomalus, Kluyveromyces marxianus u Pichia
kudriavzevii Ipu MOBBIIICHUN KOHIICHTPALUH IIIOKO3BL 5 % (a), 10 % (b), 15 % (c), 20 % (d), 25 % (e),
30 % (f); cHmKEHHE KU3HECTIOCOOHOCTH APOXKIKEH (g), 96 u mociae HHKybanuu

Because low pH is one of the most basic criteria,
most in vitro studies recommend selecting probiotic
yeast strains that can grow at extremely low pH. All the
yeasts tested in this work showed resilience to low pH
of 2, 3, and 5 for up to 96 h. P. kudriavzevii performed
remarkably well: its ability to thrive in low pH excee-
ded that of the other three yeasts. In addition, its pH
corresponded to the pH range of human stomach, which
is 1.5-3.5. This fact qualified P. kudriavzevii as a pro-
tic candidate, provided the strain meets other, untes-
ted criteria. The pH of human intestine ranges bet-
ween 6 and 7, and all the yeasts in this study were able
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to thrive in a comparable environment, which also
indicates their probiotic potential.

In a previous study, Moradi et al. compared Saccharo-
myces cerevisiae with K. marxianus and different strains
of P. kudriavzevii [15]. They reported that the other yeasts
thrived better in acid environments than S. cerevisiae.
Our findings imply that P. kudriavzevii and K. marxia-
nus from coconut juice, as well as S. pombe and W. ano-
malus from raffia juice, may have probiotic properties.

If these yeasts meet all other probiotic criteria that
were not investigated in this study, their ability to thrive
in low pH environments, gastric juice, bile, and 5-30%
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glucose qualifies them as prospective probiotic strains.
The capacity of bacteria to thrive in the stomach envi-
ronment with its hydrochloric acid depends on their
survival in gastric juice. This requirement makes it cri-
tical to test bacteria and yeasts in vitro for their ability to
survive in gastric juice as part of the probiotic approval
assessment. In this study, three out of four yeasts, namely
P. kudriavzevii, K. marxianus, and S. pombe, demonstra-
ted substantial survival ability in simulated gastric juice.
Earlier, Fadda et al. identified six Kluyveromyces strains
from a variety of cheese and proved that all of them
thrived in simulated gastric conditions at pH 3.0 [18].
In addition, Moradi et al. reported the survival of five
strains that were very marginally affected by gastric
juice exposure, with K. marxianus showing the most
resistance [15]. In this respect, our findings are consis-
tent with those mentioned above.

The small intestine and colon contain relatively large
quantities of bile salts, which are poisonous to living
cells. As a result, the ability of bacteria and yeasts to
tolerate bile is now an important criterion for probiotic
organisms [19]. In the human digestive environment,
the optimal bile content ranges from 0.30 to 0.60%.

In this research, all four yeasts isolated from plant
sources were able to grow in simulated bile salt con-
centrations of 1, 2, and 3%, all of which exceeded the
optimal concentration in human intestine. Their ability
to pass the bile tolerance test suggests that they could
be effective as probiotics.

Yeast can use a wide range of carbohydrates, inclu-
ding glucose, to fuel its growth. S. pombe, W. anomalus,
K. marxianus, and P. kudriavzevii survived well in all
glucose concentrations (5-30%). Other studies identi-
fied P. kudriavzevii as an osmotolerant yeast species to
be used in bioethanol production [20]. In our research,
P. kudriavzevii and K. marxianus remained the most
stable yeasts in the varied glucose concentrations, which
makes them excellent candidates for probiotics.

Conclusion

Bacterial species, such as Lactobacillus and Bifi-
dobacterium, are universally accepted probiotic orga-
nisms. Currently, the only probiotic yeast in use is

Saccharomyces boulardii. However, yeasts with thera-
peutic benefits can be found in a variety of fruits and
dairy products that people consume on a regular basis
in fermented drinks and yogurts.

As observed in this study, Pichia kudriavzevii iso-
lated from coconut juice survived in both acidic and
alkaline environments, concentrated gastric juice, 30%
pepsin, 1-3% bile, and 5-30% glucose medium. Its
survival properties exceeded those demonstrated by Schi-
zosaccharomyces pombe, Wickerhamomyces anomalus,
and Kluyveromyces marxianus. P. kudriavzevii showed
acid and osmotolerance survival which corresponds with
some earlier reports of its usefulness as an ethanologe-
nic yeast strain [21]. However, the other three yeasts also
exhibited reasonable probiotic potential, particularly
S. pombe, which thrived in the bile medium.

Probiotics’ microbial viability and metabolic activity
must be maintained throughout the production process,
i.e., fermentation, which demands further in vitro and
in vivo studies [22]. In this study, S. pombe, W. anomalus,
K. marxianus, and P. kudriavzevii all proved viable in
each of the four conditions studied. Presumably, other
plants used in national cuisines can offer new sources
of eukaryotic probiotic organisms with potential com-
mercial use as part of functional foods.
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Kpurtepun aBropcTBa

ABTOpBI B paBHOM CTENEHU y4acTBOBAJIM B HAIKCa-
HUM PYKOIIUCHU U HECYT PAaBHYI OTBETCTBEHHOCTbH 3a
njaruar.

Konduaukr nuarepecon

ABTOpBI 3asIBIISIFOT 00 OTCYTCTBUH MOTEHLIUATbHBIX
KOH(I)J'II/IKTOB HMHTEPECOB B OTHOICHNUHN UCCICA0BAHN,
aBTOPCTBA M/MJIN MyOJIUKALMN JaHHOW CTaThU.
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