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Abstract

This experiment was conducted to determine thesfief time and freezing
temperature during sampling on gastric phytatgofinositol [MY O] hexakisphosphate
[InsPs]), lower inositol phosphates (IngB) and MYO concentrations in pigs fed diets
containing different levels of phytase. Forty pigsre fed 1 of 4 wheat-barley diets onagh
libitum basis for 28 d. The diets comprised a nutritignatlequate positive control (PC), a
similar diet but with Ca and P reduced by 1.6 ar2d 3/kg, respectively (NC), and the NC
supplemented with 500 (NC + 500) or 2,000 (NC +@Q0TU phytase/kg. At the end of the
experiment, chyme were collected from the stom#mrpughly mixed and 2 subsamples (30
mL) were frozen immediately: one snap-frozen at*C%nd the other at -20 °C. The
remaining chyme were left to sit at room tempe{@0 °C) and further subsamples were
collected and frozen as above at 5, 10 and 15 rmam the point of mixing. There were linear

reductions in gastric IngRRoncentration over time during samplify< 0.001), irrespective
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of diet or freezing temperature. Moreover, IasBncentration was influenced by a diet

freezing temperature interactiof € 0.05), with less IngAneasured in chyme frozen at -20
°C than at -79 °C; however, this difference wastgein the control diets than the phytase
supplemented diets. Freezing chyme at -79 °C reedvaorey InsP._s + MYO than freezing
at -20 °C in pigs fed phytase supplemented dietwelver, this difference was not apparent in
the diets without phytase (diet freezing temperatur®, < 0.01). It can be concluded that
significant phytate hydrolysis occurs in the gasthyme of pigs during sampling and
processing, irrespective of supplementary phytaseity. Therefore, to minimise post-
slaughter phytate degradation and changes in #te@aositol phosphate profile, chyme

should be snap-frozen immediately after collection.

Keywords:. Pig; Inositol phosphate; Phytase; Sampling timegEing temperature

1. Introduction

Super doses of phytase have been shown to impnevgrowth efficiency of
monogastric animals, often beyond that expectedaliaproved phosphorus (P)
bioavailability (Cowieson et al., 2011; Santoslet2014). However, despite much research,
the ‘extra-phosphoric’ effects of phytase rematoimsistent. Factors known to influerioe
vivo phytase efficacy include phytase source, phytateentration, dietary calcium (Ca) to
phosphorus ratio and species (Dersjant Li et @lL52 Furthermore, although it has received
less attention, it seems reasonable to assumhthkck of standardised inter-laboratory
sampling and analytical methodology within the stifec community has played a major role
in generating these inconsistencies. Clearly, itleng the factors governing the phytase
response presents a tremendous opportunity toefuirtiprove the economic and ecological

value of phytase supplementation.
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The development of superior inositol phosphateR)reguiantitation methodologies has
seen a rise in the number of studies measuringaphgnd its degradation products in the
digesta of monogastrics, as a means of determphgtase efficacy. At present, there is no
standardised method for the sampling of digestatdbsequent InsP analysis. Ostensibly, the
most common practice is to freeze the digesta inmeelg at -20 °C (Kemme et.all999;
Schlemmer et 312001; Kuhn et al. 2016; Walk et al., 2018). HoweWeis method is not
shared by all, for example Blaabjerg et(2010) chilled the digesta on ice prior to fregzat
-20 °C, whereas Laird et al. (2018) froze the diges -79 °C. Many others have not
disclosed the freezing temperature (Blaabjerg.ef@ll1; Walk et al., 2014; Beeson et al.,
2017).

Therefore, the aim of this study was to determirmifierences in sampling
methodology, in particular freezing temperature taime taken to freeze the sample,
influence phytate (Insff, InsR_s andmyo-inositol (MYO) content in pig gastric chyme.
Moreover, chyme were obtained from pigs fed dietstaining differing levels of phytase
activity to determine if the response to differpricessing methods varies with phytase
inclusion rate. Gastric chyme were the focus of udy as the stomach is the primary site of
phytase activity in the pig (Kemme et al., 1998) & is clear that the rapidity and
extensiveness of phytate hydrolysis occurring ekey in determining the magnitude of the

phytase response (Adeola and Cowieson, 2011).

2. Material and methods
This protocol was approved by the University of dieénimal Welfare and Ethical

Review Body.

2.1. Animals and management
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As part of a larger experiment, 160 crossbred (eavhite X LandracexX Maxgro)
finisher pigs (~12 weeks of age; initial BWSE = 36.7-0.3 kg) were blocked into pens of 4

balancing for weight, sex and litter. Pens withireglicate were randomly allotted to 1 of 4
dietary treatments(= 10). Pigs were housed in an indoor finisher figcith rooms

thermostatically maintained at 212 °C for the duration of the 28 d experiment. géhs
(230 cmX 220 cm) had fully slatted plastic floors and wegelipped with a single spaced

trough feeder, 2 nipple drinkers and a ball andrcfa enrichment. Feed and water were

provided on arad libitum basis. On d 28, 40 mixed sex pigs (one per peanrB&V + SE =
58.7 = 0.6 kg) were slaughtered via captive bolt penieingbllowed by exsanguination for

the collection of gastric chyme. The pigs seleftedlaughter had a BW that closely

matched that of the pen average, and where postibkee within a replicate were littermates.

2.2. Dietary treatments and experimental design

This randomised complete block experiment was desigo determine the effect of
time and freezing temperature during sampling atrgalnsB_s and MYO concentrations in
pigs fed wheat-barley based diets containing diffefevels of phytase. The 4 dietary
treatments included: a positive control (PC) foratedl to meet or exceed the BSAS (2003)
nutrient recommendations for all nutrients; a negatontrol (NC) similar to the PC but with
reductions in Ca (1.6 g/kg), P (1.24 g/kg) and RELT0 MJ/kg), in accordance with the
matrix values for 500 FTU/kg of the tested phytas®l the NC diet supplemented with
phytase at 500 (NC + 500) or 2,000 (NC + 2000) KgUThe phytase doses were selected to
represent a standard (500 FTU/kg) and a super{@g3@0 FTU/kg) of phytase commonly
used in pig production. The phytase enzyme usedQuasitum Blue 5G (AB Vista, UK),
which is a modifiecE. coli derived phytase. One FTU denotes the amount gfre@activity

necessary to liberatepinol of inorganic phosphate/min from an excess opNgtate at 37



100 °C and pH 5.5. All diets were pelleted through m@+die at a temperature of 622 °C. A

101 detailed composition of the diets and formulatettiant content is presented in Table 1.

102

103  2.3. Gastric chyme collection

104 Following the confirmation of death, clamps weraitioned at the pyloric sphincter
105 and the lower oesophageal sphincter and the stomastexcised from the abdominal cavity.
106  The total gastric contents were mixed by massagmginverting the stomach. A subsample
107 of the gastric contents was collected into a gbesder, mixed further and the pH recorded.
108 Two representative subsamples of the mixed chyme80 mL) were decanted into separate
109 polypropylene screw topped tubes and frozen imntelgicone at -20 °C and the other snap-
110 frozen at -79 °C (on dry ice). Thereafter, the remmg chyme were left to sit at room

111 temperature (20 °C) before a further 2 subsampége wollected and frozen as above at 5, 10
112  and 15 min from the point of mixing. It should beted that the mixing of chyme occurred at
113 approximately 4 min following the confirmation oéath. Within replicate, sampling was
114 conducted in a random fashion in order to equédisgariance introduced due to post-

115 prandial time between the dietary treatments.

116

117  2.4. Laboratory analyses

118 Chyme were freeze dried, ground to pass a 1-mne séd frozen at -20 °C pending
119 subsequent analyses. Representative feed sampleseve to Sciantec Analytical Services
120 Ltd. (Stockbridge Technology Centre, UK) for Ca &hdnalyses by ICP-OES (SOP S1015).
121 Phytate and phytase activity in the feed were aealyoy Enzyme Services and Consultancy
122  (Ystrad Mynach, Wales, UK). Phytase was analysedramg to the internal manufacturer’s
123  assay for Quantum Blue (Standard Analytical Met@@d; AB Vista), whereas phytate was

124  analysed byear-infrared spectroscopy (NIR). Chyme and feecaealysed for InsP;and
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MYO. Inositol phosphates were analysed by anioriarge HPLC with post-column
addition of ferric nitrate in HCIQaccording to Lee et al. (2018). For MYO measurémen
extracts were diluted 50-fold in water and analyisgg@ulsed amperometric detection on a
gold electrode after 2 d separation on CarboPacdlCarboPac MA1 columns (Lee et al.

2018).

2.5. Satistical analysis

Data were analysed as a42 X 4 factorial using a three-way mixed ANOVA with

the individual pig serving as the experimental (8RSS Statistics, Version 22; SPSS Inc.,
Chicago IL, US). The model included the effectsliet, freezing temperature, time and all
appropriate interactions, with both time and fragzemperature included as repeated factors.
No three-way interactions were observed for anhefparameters measured. Data displaying
non-normal residuals or heteroscedasticity werdramgsformed log10 (x + 1) prior to
statistical analysis. Polynomial contrasts werelusdest for linear and quadratic effects of
time. Differences were classed as significaft € 0.05, or a trend P < 0.10. Significantly

different means were separated using the Tukeyigstcsignificant difference (HSD) test.

3. Results

The recorded temperature of the freezer used ¢éadérehyme at -20 °C throughout the
experiment was -26 °C. The analysed nutrient coitiposof the experimental diets is
presented in Table 2. Diets contained moderate ata@i phytate which are in line with
those reported in other wheat-barley based pig di&ltabjerg et al., 2010; Blaabjerg et al.,
2011). The mean pH of the gastric chyme from sltergh pigs receiving the PC, NC,
NC+500 and NC+2000 treatments were similar at4t,,3.6 and 3.7, respectively (SEM =
0.28,P = 0.516), and thus gastric pH was not deemed ®uooding factor for phytate

hydrolysis.
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3.1. Gastric phytate concentration

Phytate (Insk) was continuously hydrolysed over time during skmgp(linearP <
0.001), irrespective of diet or freezing temperat{ifig. 1). This equated to a 13.6% reduction
in gastric Inskconcentration from 0 to 15 min at a constant ohigpproximately 30.9
nmol/g DM per min. Delaying the freezing of the tgascontents by 5 min from collection
resulted in significant phytate hydrolysis (3,453 8,262 nmol/g DMP < 0.05). Chyme

InsR; concentration was also influenced by a significhat X freezing temperature

interaction P < 0.05), as presented in Fig. 2. Less pve&s hydrolysed in chyme frozen at -
79 °C compared with that frozen at -20 °C; howetlez,difference between the two freezing
temperatures was greater in diets devoid of adtgthpe. Moreover, within freezing
temperature, diets with added phytase had signiiicéess Insithan those without added
phytase P < 0.001); however, there was no difference betwkenwo phytase diets or the

two control diets.

3.2. Gastric concentration of phytate hydrolysis products

Time had no influence on the total concentratiomefsured phytate hydrolysis
products in chyme, or on individual Ingfsk; Insk, or MYO concentrations. The
concentration of InsPhowever, increased in a linear manner over tinteenPC, NC and NC
+ 500 dietsP < 0.05), but remained relatively constant in th@ N2000 diet, resulting in a

tendency for a diex time interaction® = 0.06; data not presented).

The effect of diet and freezing temperature oncthrecentration of InsPsand MYO
is presented in Fig. 3. As with IngRhe effect of freezing temperature on the sum of
measured phytate hydrolysis produténsP._s + MYQO) was dependent on the diet fed,

resulting in a significant dieX freezing temperature interactidd € 0.01). In diets with no
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added phytase, freezing temperature had no effegtrsP._s + MYO concentration;
however, in diets with added phytase, mptesP..s + MYO were measured in chyme frozen
at-79 °C.

Within freezing temperature, the composition of swead InsRhydrolysis products
between the PC and NC fed pigs did not differ. Addohytase at either level reduced ksP
content P < 0.001), though there was no difference betwkeriwo doses tested. Chyme
InsR; content was also influenced by freezing tempeeafik 0.001): chyme frozen at -20
°C contained 30% less Ingthan that frozen at -79 °C (1,353 vs. 1,941 nmblg). Gastric
concentrations of IngP(P < 0.001) Ins@ (P < 0.10; trend) and InsRP < 0.01) were each

influenced by a dieK freezing temperature interaction. In the PC anddwts, chyme

frozen at -20 °C tended to have higher levels sPjthan that frozen at -79 °® < 0.10).
Conversely, within the NC + 500 treatment, chynozén at -20 °C had lower levels of IasP
(P < 0.05) than that frozen at -79 °C. In the NC ©@€ed pigs, however, gastric InsP

concentration was similar irrespective of freezZiegperature. The diet freezing

temperature trend observed for lpsBncentration was similar to that described fePin
Within freezing temperature, increasing phytaseviigtfrom 500 to 2,000 FTU/kg reduced
chyme Insk and Insk concentrationsR < 0.01). Inositol bisphosphate (In$leoncentration
was similar between PC, NC and NC + 500 treatmemispective of freezing temperature;
however, in the NC + 2000 treatment, InsBncentration was higher in chyme frozen at -79

°C. Gastric MYO concentration was not influencedaby of the treatments.

4. Discussion
In the present study, the analysed inositol phagpt@mposition of pig gastric chyme
was influenced by time taken to freeze the chyner aampling. Phytase induced phytate

hydrolysis is a time-dependent process, which éngily is often limited by the relatively short
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retention time of the digesta in the stomach (Blegj et al., 2011). Therefore, it was
unsurprising that this enzyme catalysed reactignigoed in the chyme after sampling from
pigs fed diets with added phytase. Interestinghytate continued to be hydrolysed after
sampling in chyme from pigs fed steam-pelletedsdigthout supplementary phytase. These
data are contrary to the results of Kemme et 8062, who found that almost no phytate was
degraded in the stomach of pigs fed a low phytaSd-TU/kg) corn-soybean meal based diet.
The reason for the discrepancy between the findigisese two studies is unclear, but may
be due to differences in diet composition. Both attend barley possess much higher levels
of intrinsic phytase activity than corn (Eeckhontale Paepe, 1994); however, their
contribution to phytate hydrolysis is commonly digarded as this activity is generally lost
during the pelleting process. Given the degreehizhvphytate was hydrolysed in both
unsupplemented dietary treatments, an alternativece of phytase cannot be excluded. It is
known that certain species of lactic acid bactessade within the pig stomach (Cranwell et
al., 1976; Chow and Lee, 2006); however, whethesdlbacteria are capable of producing
and secreting extracellular phytase remains a ntotes issue (Reale et al., 2007).

Another key finding of the present study was thtlgsed InsPconcentration in the
chyme, irrespective of initial phytate concentrativas influenced by freezing temperature,
with samples frozen at -20 °C containing less §rikBn that snap-frozen at -79 °C. This study
is the first to demonstrate that phytate contirtodse hydrolysed throughout the freezing
process. It is, therefore, clear that chyme mudtdzen as quickly as possible in order to
terminate the enzyme catalysed reaction and preassible erroneous estimationioiivo
phytate hydrolysis. Although the analysed gastigR] content was consistently lower when
frozen at -20 °C, this difference was more apparenhyme collected from pigs fed diets
without added phytase. This interaction betweeezirgy temperature and diet was not

expected and is likely the result of phytase indudiéerences in initial phytate
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concentration. Phytate concentration was consitiehagher in chyme obtained from pigs
fed diets without supplementary phytase than thedeliets with added phytase, and
therefore, the scope for continued phytate hydmelgaring the processing of such samples
was greater. These findings suggest, whateventhal iphytate content at the point of
collection, both sampling duration and freezing penature are influential in subsequent
phytate estimation, even in diets without supplemgrphytase.

The gastric InsP and MYO profiles in the chyme igsded diets without added
phytase did not differ. This suggests that the gieyfrom these diets is likely being degraded
by the same mechanism, through similar phytasephosphatases with similar specificities
and reaction kinetics. It can also be inferred #maall reductions in dietary Ca and P
concentrations have no influenceiarvivo gastric phytate hydrolysis, which is in agreement
with the findings of Kiihn et al. (2016). Supplemegtthe control diet with 500 FTU/kg
changed the InsP composition of the chyme, witluegdns in Inskleading to small
increases in Insfand Insk content. Adding 2,000 FTU/kg to the diet effecyveeduced
levels of Insi and Insk, resulting in more complete phytate hydrolysise3dfindings are in
agreement with those of Laird et al. (2018) whangishe same phytase enzyme, found that
higher doses of phytase (2,500 FTU/kg) are neealeeduce levels of IngRand Inskin the
ileal digesta of weaner pigs.

Interestingly, the more complete phytate hydrolgsisieved with the super-dose was
not met with clear changes in Insft MYO concentration. Moreover, the sum of phytate
hydrolysis products in the chyme from these treatseas lower than that of the controls.
These results are suggestive of in&Pmation. Unfortunately, it was not possible teasure
InsP; using the InsP quantitation methodology usedimgtudy. Inskis considered a
transient compound that is present in minute gtiagtin the digesta, as it is rapidly

dephosphorylated by endogenous phosphatases, Siblgabsorbed directly across the brush
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border membrane of the small intestine (Adeola@oadieson, 2011). Therefore, InsB
frequently dismissed as having minor quantitatimpartance in ileal digesta; however, the
results presented herein suggest that this isheatdse in gastric chyme. These data are
consistent with the view that most microbial phgtaszymes are unable to completely
dephosphorylate phytate (Wyss et al., 1999). Istargly, results from in house studies,
including the present study (as yet unpublisheayeldemonstrated that super-doses of
phytase increase ileal and portal plasma levelY®D in pigs (Laird et al 2018). These
findings indicate complete dephosphorylation vigtpke supplementation by the terminal
ileum. Therefore, it seems plausible that whilegetwus phytase is unable to completely
dephosphorylate phytate to MYO within the stomaicis, able to degrade the phytate
molecule to lower molecular weight, more solublgtpte esters, which are available to the
animal’s own endogenous phosphatase enzymes thefutegradation to MYO.
5. Conclusion

It can be concluded that significant phytate hyghisl occurs in the gastric chyme of
pigs during sample collection and processing. Thene linear reductions in the chyme
phytate content when left to sit at room temperafar 15-min post-sampling. Furthermore,
freezing temperature during sampling was also amitial, irrespective of initial phytate
concentration, with greater phytate degradatiouwoty in chyme frozen at -20 °C than that
snap-frozen on dry ice. It is, therefore, the arghsuggestion that futui@ vivo phytate
guantitation assessments snap-freeze digesta aoedimmediately after collection to
minimise phytate degradation. Such measures wawgddre that post-sampling changes in the
gastric InsP profile are kept to a minimum and pré\possible erroneous determination of

phytase efficacy.
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346 Tablel Composition and nutrient specifications of experitaédiets (as-fed basis, %).

Item PC NC

Ingredient
Wheat 48.1 48.5
Barley 15.0 15.0
Wheat 10.3 12.0
Rapeseed meal 10.0 10.0
Sunflower seed extract 7.0 7.4
Soybean meal 3.6 2.7
Soya oll 2.7 1.9
Dicalcium phosphate 0.99 -
Limestone flour 0.62 0.91
Vitamin-mineral premik 0.25 0.25
Titanium dioxide 0.50 0.50

Calculated content
Net energy, MJ/kg 9.30 9.13
Crude protein 16.0 16.0
Ca 0.72 0.56
Total P 0.61 0.45
Digestible P 0.25 0.13

347 'PC, a nutritionally adequate positive control; MGimilar diet but with Ca and P reduced
348 by 1.6 and 1.24 g/kg, respectively.

349  ?Vitamin and trace mineral premix provided per kgliet : 7,500 IU vitamin A, 1,650 U
350 vitamin D3, 35 IU vitamin E, 2 mg vitamin K, 1.5 mg thiami(®,), 3 mg riboflavin (B), 2
351 mg pyridoxine (B), 15 ug vitamin B,, 8 mg pantothenic acid, 20 mg nicotinic acid, B0 u
352  biotin, 0.3 mg folic acid, 15 mg CuSQL mg iodine, 80 mg FeS(25 mg manganese, 0.25
353 mg selenium, 65 mg ZnSO

354

355
356
357

358
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361

362
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366

Table2 Analysed chemical composition of the experimenieisd(as fed-basis, nmol/d).

Item PC NC NC+500 NC+2000
Phytase, FTU/kg 85 <50 751 2,420
Ca, % 0.71 0.58 0.57 0.61
Total P, % 0.60 0.43 0.41 0.43
InsR 9,532 10,748 10,565 10,000
Insk 1,464 1,782 2,047 2,284
Insk 145 228 259 290
Insk 154 189 263 294
Insk 1,205 1,662 1,743 1,713
MYO 488 483 566 572

Insk; - myo-inositol hexakisphosphate; InsP= lower inositol phosphates; MY Omyo-
inositol.

1pC, a nutritionally adequate positive control; NGimilar diet but with Ca and P reduced
by 1.6 and 1.24 g/kg, respectively; NC+500, NC seimpented with 500 FTU phytase/kg;
NC+2000, NC supplemented with 2,000 FTU phytase/kg.
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Fig. 1. Effect of time from sampling to freezing ms$R; concentration in pig gastric digesta.
Insk; - myo-inositol hexakisphosphate. Values are the mead$ observations + SEM.
Trend analysis: lineaR < 0.001; quadratid® = 0.985.
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Fig. 2. Interactive effects of diet and freezingnperature on IngRconcentration in pig
gastric digesta. IngR myo-inositol hexakisphosphate; PGa nutritionally adequate positive
control diet (PC); NC = a similar diet but with @ad P reduced by 1.6 and 1.24 g/kg,
respectively; NC+500 = NC supplemented with 500 Fhytase/kg; NC+2000 = NC
supplemented with 2,000 FTU phytase/kg. Valuesragans of 10 observations + SD.
Significance: diet x freezing temperatuPes 0.05; dietP < 0.001; freezing temperatui@ <
0.001. Within a diet, an asterisks (*) denotesgaificant differenceR < 0.001) between



17 freezing temperatures, whereas a circle (°) deroteand P < 0.1).* ®Within freezing
18 temperature, mean values that do not share a coraupmrscript are significantly different
19 (P<0.01).
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Fig. 3. Interactive effects of diet and freezingnperature on inositol pentakisphosphate (dhsRositol tetrakisphosphate (IngPinositol
trisphosphate (Inglp, inositol bisphosphate (Ingf?myo-inositol (MYO) and total InsPs+ MYO concentrations (nmol/g DM). P€a
nutritionally adequate positive control diet (PR = a similar diet but with Ca and P reduced I8yand 1.24 g/kg, respectively; NC+500 =
NC supplemented with 500 FTU phytase/kg; NC+2000G=supplemented with 2,000 FTU phytase/kg. Valueg@eans of 10 observations +
SD. Significance} InsP_s+ MYO, Diet (D) x freezing temperature (FT)RP< 0.01, D =P < 0.001, FT =2 < 0.01; Insk, D x FT = not
significant (NS), D 2 < 0.001, FT &£ < 0.01; Insi, D x FT =P < 0.001, D =P < 0.01, FT =NS; InsR, D x FT =P< 0.1, D =P < 0.01, FT=
NS; InsB, D x FT =P < 0.01, D =P < 0.05, FT= NS; MYO, D x FT = NS, D = NS, FT NS.



